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Preface

This volume, Water and Human Health, 1s intended to provide an overview of the
relationship between water and human health The primary focus 1s on water and
health in the developing world as influenced by provision of safe, adequate, accessible,
and reliable drinking water supplies Attention is also given to diseases associated with
occupational and recreational contact with water and with animate vectors of disease
which live or breed in water habitats. Emphasis throughout 1s on microbiological
agents of disease These are the water-related diseases of highest priority in the devel-
oping world The relationships of organic and 1inorganic chemucals, natural and man-
made, radionuchides, physical charactenistics (e.g., “hardness”), et al have been
intensively reviewed recently by the U S. Environmental Protechon Agency, the Na-
tional Academy of Sciences, and the World Health Organization Water supply and
disposal of human excreta and wastewater are closely linked, not only technically but
epidemiologically. Recent World Bank publications address the direct health aspects of
human excreta disposal.

Section 1 of this volume provides background and general overview Sections 2, 3, 4
and 5 cover water and health aspects of specific diseases Sections 6, 7 and 8 address
health considerations in production of drinking water. Section 9 reviews published
epidemiological and other models of the health impact of water supplies, primarily in
developing countries. Section 9 may be of special interest to those involved in imple-
mentation of programs related to the International Decade for Water Supply and
Sanitation.

The manuscript was prepared by the Environmental Services Corporation, Chapel
Hill, North Carolina under contract to National Demonstration Water Project. The
primary author of the book is F. Eugene McJunkin, formerly Vice-President of the
Environmental Services Corporation, now Chief, Community Water Supply and Sani-
tation Division, Office of Health, Bureau for Science and Technology, U.S. Agency for
International Development. James C Lamb, III, prepared Sections 6, 7, and 8 Frances
Clements of George Mason University edited the manuscript for publication under the
direction of Mary E Morgan, Institute for Rural Water

Full responsibility for the accuracy of and views expressed in Water and Human Health
rests with National Demonstration Water Project The book 1in no way represents the
formal or informal policy of the U.S. Agency for International Development Further
information regarding Water and Human Health may be obtained from the Development
Information Center, Agency for International Development, Washington, D.C.,
20523, U.S.A.
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SECTION 1
WATER AND HUMAN HEALTH: AN OVERVIEW

““Water contributes much to health.”—Hippocrates

Introduction

On November 10, 1980, the Umited Nations maugurated the
International Water Supply and Samtaton Decade (1981-1990),
with the goal of worldwide availability and use of readily accessi-
ble, safe, rehable, and adequate community water supphes and
sarutation by the year 1990. The “‘Decade” was shmulated by the
gross inadequacy of these basic human needs in the developing
world, where perhaps 1.5 billion people lack reasonable access to
safe water (See Table 1-1) The situation 1s even more bleak for
sarutation According to statistics compiled by the World Health
Organization (WHO), the rural areas of Africa, Asia, and Latin
America, in particular, are poorly served—only one 1n five resi-
dents has access to safe water.

Also during 1980, the World Health Assembly (WHO’s direct-
ing authornty, composed of member country representatives)
adopted the goal of “Health for All by the Year 2000,” with
increased emphasis to be placed on the goal of “primary health
care.” Water supply and sanitahon are by WHO (and UNICEF)
definition, a component of primary health care (WHO, 1978a,
UNICEF-WHO Joint Committee, 1979.)

Water 1s, of course, an absolute necessity for life. However,
water can also be a carrier of suffering and death Conversely,
the ready availabihity of water makes possible a hygienic envi-
ronment that prevents or limuts spread of many human and
animal diseases

In the United States, with occasional exceptions, endemic and

epidemic waterborne disease has been of minor consequence in
the overall national health status for over half a century. It 1s
often forgotten that during the 19th-century cholera pandemucs,
thousands died of waterborne cholera in such American cities as
New York, New Orleans, and St. Louis. Much of our under-
standing of the epidemiology of typhoid fever is due to the
pioneenng studies by Wilham T. Sedgewick of water supplies in
New England in the 1890s and by Wade Hampton Frost of Ohio
Ruver Valley communities during the first decades of the 20th
century At the turn of the century, diarrheal diseases killed
small chuldren in the Unuted States at rates comparable to those
of today 1n the developing world, where, in many countries, one
child in four never reaches his fifth birthday (See Figure 1-1).

The World Health Organization estimates that 500 mllion di-
arrheal episodes occur each year in children under five in Asia,
Afnca, and Latin Amenca. Three to four percent of these end 1in
death (WHO, 1979, also see Rohde and Northrup, 1976; Barker,
1975, and Gwatkin, 1980). These 1llnesses are the result of pover-
ty, ignorance, malnutntion, and poor environmental sanitation,
particularly inadequate water supply and excreta disposal.

To put these numbers 1n perspective, recall the crash on May
10, 1979, of a DC-10 airplane during takeoff at Chicago’s O'Hare
airport Two hundred and seventy-five persons lost their hives.
Coverage by news media was intense and worldwide and con-
tinued for weeks. DC-10s were temporarily grounded at great
expense.

Table 1-1. Estimated Population Having Reasonable Access’
to Safe Water in 1975 in 71 Developing Countries’

Population

WHO Region Urban® Rural® Total

(Countries) Millions Percent Millions Percent Mullions Percent
Africa (16) 14,152 65 19,272 21 32,710 29
Amerncas (21) 145,650 81 21,753 30 104,091 57
Eastern

Mediterranean (15) 46,272 80 23,955 16 67,673 34

Europe (2)° 10,980 81 20,180 63 40,160 71
South-East Asia (8) 127,521 68 145,118 19 272,639 29
Western Paafic (9) 36,036 91 18,046 30 54,082 54

TOTALS’ 450,000 77 313,000 22 763,000 38

LReasonable access”, in an urban area, was defined as a public fountain or stand post located not more than 200 meters from a house In rural areas,
reasonable access implied that “the housewife or members of the household do not have to spend a disproportionate part of the day In fetchung the

famuly’s water needs

24Safe water” supply includes treated surface waters or untreated but uncontaminated water such as that from protected boreholes, springs, and

sarutary wells

*Not including the population of China

*The nahonal defirution as determined by each country
>See note 4 above

SAlgena and Turkey.

7Extrapolated to include the 95 countnes surveyed 1n 1970,

SOURCES: Pineo (1975), Twenty-Ninth World Health Assembly (1975), U.N Water Conference (1977), WHO (1976); WHO (1977)



Figure 1-1. Probability of Dying Before the Age of 5 Years
in Major Regions
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During the same hour that the DC-10 passengers died in Chu-
cago, some six times as many children under five years of age
died of diarrhea in the developing world. Imagine the publcity if
a DC-10 crashed every 10 minutes, 24 hours a day, 365 days a
year. Yet an equivalent number of children die each year of
largely preventable diarrhea with hittle pubhic notice

Cholera, typhoid, and diarrheal diseases can be significantly
reduced by adequate water supply and sanitation, as can many
other diseases The role of water supply in improvement of
health 1s not limuted to those diseases transmitted through inges-
tion of water 1n food or drink. With adequate water supplies for
bathing, washing of clothes and cooking utensils, food prepara-
tion, and other hygienic purposes, water can have significant
effects on diseases of the eyes and skin, diseases transmitted by
ectoparasites (lice, scabies, and the like), food-borne diseases,
and others, particularly those controllable by hand washing
(See Table 1-2.)

Water contact, with skin penetration by pathogenic agents of
disease, 1s umportant in the tropics. Because many occupations
require the use of water—irngation farmers, fishermen, women
with no alternative to surface waters for washing clothes, uten-
sils, and children, persons performing religious ablutions, chil-
dren swimmung or washing animals mn hot chmates, and
others—much exposure can not be readily prevented Some of
these diseases are major health problems in many countres,
e g , schistosomuasis. Also vectors of many diseases live part or
all of therr lives 1n a water environment Mosquitoes and certain
fly and snail species are examples.

These diseases—malaria, onchocerciasis, schistosomiasis, etc
are, of course, important However, because (1) our major focus
1s on water supply interventions and (2) a huge hterature on
these diseases 1s available, coverage here will be shortened.

Sanitation, especially disposal of human excreta (feces, unne,
and vomitus), 1s closely alhed with water supphes, however, an
extensive treatise on sanitation/health relationships prepared at
the London School of Tropical Medicine and Hygiene for the
World Bank has been published (Feacham et al , 1980), therefore,
coverage 1s hmited to one section which provides guidance for
program design

With the exception of diseases sometimes associated with wa-
ter supplies (for example fluorosis), diseases associated with
water metabolism in the body (for example diabetes insipidus)
are not included, again because of our primary focus on water
supply interventions Chronic diseases, such as cancer and heart
diseases, are covered only in passing masmuch as their relation-
shup to water 1s lughly controversial, prionities for water supplies
in developing countries make the 1ssue largely irrelevant, and an
extensive hiterature review 1s available from the National Acade-
my of Sciences and the Environmental Protection Agency (Re-
ferences are provided 1n the approprate later section)

One other omussion should be noted Many respiratory dis-
eases could be termed “‘waterborne” n that they may be trans-
mutted via droplets and aerosols composed largely of water
These are not affected by provision of water supplies Remarks
here are confined to health hazards which might arise from cer-
tain methods of wastewater treatment

Table 1-2. Estimated Proportion of Preventable Water-
Related Disease in East Africa in 1966

Percent Reduction Expected

Diagnosis If Water Supply Were Excellent
Gumnea Worm 100%

Typhoid 80

Unnary Schistosomuasis 80
Leptospirosis 80
Trypanosomiasis, gambiense 80

Scabies

Yaws

Inflammatory Eye Disease
Schustosomiasis, unspecified
Trachoma

Bacillary Dysentery

Amebiasis

Dysentery, unspecified

Tinea

Gastroenteritis, 4 wk to 2 yr
Gastroenteritis, over 2 yr

Skin and Subcutaneous Infections
Diarrhea of the Newborn
Paratyphoid and other Salmonella
Louseborne Typhus

Intestinal Schistosomiasis
Ascariasis

Louseborne relapsing fever
Ottis Externa

Classic skin (leg) Ulcer
Trypanosomiasis, unspecified
Dental caries

ScBE8558858388888888383338

Overall

(%))
N

SOURCE: Whute, et al (1972)

Purpose

Water supply and sanitation to meet the goals of the Interna-
tional Water Supply and Sarutation Decade and of the Health for
All by the Year 2000 muhahves will require prodigious invest-
ments, both for new construction or rehabihtation and for recur-
rent operation, maintenance, and replacement costs Even with
assistance from external donors, most of these costs must be
borne by the developing countries themselves, many, if not



most, of whom have severely imited resources and many com-
peting needs

Thus treatise 1s written in the hope that 1t will assist the effec-
tive and efficient use of resources in the water supply sector, one
of the explicit goals of which 1s to improve health status, through
a better understanding of the relationships between water sup-
phes and health

Historical Development of Our Understanding of
Water Supply and Disease

Introduction

This discussion of the relationship between water supply and
sanutation and disease can be conveniently divided into (1) the
wisdom of the ancients, (2) natural experiments, (3) sanitary
revolution, (4) biological plausibility, (5) studtes of epidemic dis-
ease, (6) studies of endemic disease All these categones of
course overlap

Wisdom of the Ancients

Numerous savants of the ancient world related water and
health For example, Hippocrates was remarkably accurate in his
observations on goiter and water supply. Several ancient rel-
gous codes endorsed hygienic practices which even today re-
main appropriate.

Natural Experiments

The industnal revolution and the nise of large urban popula-
tions requiring public water supplies during the 19th century
were often accompanied by massive epidemics, many of which
could be considered natural experiments

The classic epidemiological study by Dr John Snow of an 1854
outbreak of cholera 1n London was a pioneering effort of scienti-
fic understanding. Over 700 deaths from cholera occurred 1n St.
James Pansh ina 17-week period Snow’s detailed study showed
that most of the victums had used water from the Broad Street
Pump and, further, that a leaky sewer which passed adjacent to
the well for the pump drained the house at No 40 Broad Street,
site of the onginal cholera case Remarkably, Snow’s study pre-
dated Pasteur’s germ theory of disease by one decade and
Koch’s identification of the causative organism, Cholera vibrio, by
three decades.

A senous epidemic of cholera occurred in Hamburg mn 1892
when unfiltered water from the River Elbe was supplied to the
aty In that outbreak Koch succeeded in 1solating Cholera vibrio
from the river water Hamburg and the conhguous town of Al-
tona both drew water from the River Elbe and discharged
sewage to 1t at a number of points The water of Altona—being
downstream from Hamburg—was itially the more polluted,
but Altona filtered 1ts water through slow sand filters and Ham-
burg did not In the course of a few weeks 18,000 persons 1n
Hamburg were attacked by the disease and 8000 dted. The death
rate from cholera in Hamburg was 13 4 per 1000 of the popula-
tion, Altona suffered much less, the death rate being 2 3 Almost
all of the cases that occurred in Altona had drunk Hamburg
water In Hamburg itself there was a block of tenements housing
some 400 persons, these tenements were supphed with Altona
water and the inhabitants escaped untouched

Sanitary Revolution

The work of Edwin Chadwick in England, Lemuel Shattuck in
Massachusetts, and others fostered a sanitary revolution in their

countnes in the latter half of the 19th century Diseases associat-
ed with poor samtation and crowded environments decreased in
numbers even without planned interventions, curative medi-
cne, or immunizations Lifespans increased (McKeon and Re-
cord, 1955, Wain, 1970)

It can be argued that many LDCs are repeating or on the verge
of repeating western history 1n thus regard The following exam-
ples are illustrative

Cvjetanovic (1975) shows the similanty of decline in enternc
disease in the Unuted States and 1n 51 developing countries if the
time scale 1s adjusted (See Figure 1-2)

A study (Johnson, 1916) of the fall (65 percent), in typhod
mortahty in 20 American cities following introduction of water
supply filtration bears a remarkable similanty to the fall in ty-
phoid mortality (63 6 percent), in 14 Indian towns following
mntroduction of water punfication a half-century later than in the
U S. aities (Zaheer, et al , 1962).

In the Punjab some 15 years ago, the infant death rate from
diarrhea 1n the second six months of life was 56 per 1000 A half-
century earher in New York City, the rate was precisely the same
(Rohde and Northrup, 1976)

Biological Plausibility

Although the London cholera studies by John Snow are con-
sidered epidemiological classics (and appear as examples in most
standard epidemiological textbooks), they had little impact on
then current practices Only after Pasteur, Eberth, Koch, ef al ,
identified the causative pathogenic micro-orgarnisms did full ac-
ceptance come—aided 1mmensely by Koch’s “postulates” for
confirming that a bactertum was indeed the agent of a specific
disease

Thus of course led to identification of the “portal of entry” of
the mucro-organisms to the human body Many, of course, were
through the mouth to the gastroenteric tract, carried by water or
food

It could be conclusively demonstrated for such diseases as
cholera and typhoid that fecal-oral routes were predominant in
transmission of the disease. (See Section 3 ) Thus any interven-
tion which broke the fecal-oral cycle could be effective obvious-
ly keep feces out of water, milk, and food and/or destroy or
remove pathogens in water, food, or soil or on hands through
treatment (e g., disinfection), cooking, or cleansing

Figure 1-2. Historical Trend of U.S. Mortality Rate for
Gastroenteric Disease Compared to 1959 Data for 51 Countries.

8
T T
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Studies of Epidemics

Snow’s and Koch's findings have been duplicated for hun-
dreds of common source outbreaks, due to cholera, typhoid
fever, and other enteric diseases No doubt remains that these
diseases can be transmutted by dnnking contaminated water

Waterborne diseases were widely prevalent in the U S. and in
other western countries during the late 19th and early 20th cen-
turies and were then among the leading causes of death and
illness Many of our largest cities suffered through awesome
cholera outbreaks during the 19th-century pandemucs

The decline of waterborne diseases in the U S closely paral-
leled the establishment of public water supphes and sewerage
and, 1t should be noted, economic development Correlations
were particularly strong for aities taking their water supply from
unprotected watersheds with major declines following, first, fil-
tration and then chlonnation of their water supplies Many epi-
demic outbreaks were traced to breakdowns or other deficiencies
in community water systems

Studies of Endemic Diseases

Although control of epidemucs is important in the developing
world, the on-going, continuing, everyday levels of disease are
more important—if less professionally exciting and news gener-
ating—in the aggregate.

Endemuc disease 1s not so clear-cut 1n 1ts relationshup to water
supply: for many diseases, there are alternative routes of trans-
mussion However, both the expenence cited earlier, a mammoth
body of empinical evidence, and over 100 published studies sup-
port the water supply and health relationshup Although the
relationshup exists, it 1s not easy to precisely quantify, either
prospectively or 1n retroprospect

An extensive World Bank review (Saunders and Warford,
1976) found that

Other things being equal, a safe and adequate water supply
1s generally associated with a healthier population. This has
been unequivocally demonstrated for urban areas and in
varymg degrees for rural situations The difficulty lies in
measurement rather than in quahtative trends The problem
with collecting field observations on the health effects of
water supply is that on a cross-section basis other things are
never equal On a through-tme basis other things usually
cannot be held constant or accurately controlled. Conse-
quently, 1t 1s extremely difficult to 1denhfy and measure
exactly the health effects of improved water supply, and
there1s a limit to the precision attainable Furthermore, even
if a case were found where governmental, physical, envi-
ronmental, economic, cultural and educational factors
which affect health could be reasonably controlled, the de-
talled findings of a health and water supply study are un-
likely to be transferable from that particular setting to
situations elsewhere

Other reviews include Hughes (1981), McJunkin (1969), World
Health Organization (1980); National Academy of Sciences
(1977), Wall and Keeve (1974), Whate, Bradley, and Whaite (1972),
and Miller (1962)

Interventions

Interventions for controlling waterborne transmussion include
the following-

Water Supply
(1) Selechon of uncontamimated sources, e g, wells from
deep aquifers.
(2) Treatment of raw water, especially chlonnation

(3) Replacement of contaminated water supphes by more
convenient, reliable, safe supphes

(4) Protection of watersheds.

(5) Water quahty surveillance

Samitary Excreta Disposal
(1) Protection of water supphes.
(2) Protection of environment
(3) Support of water supply and excreta control activities
(4) Destruction, removal, i1solahon, or dilution of fecal
wastes.

Health Education
(1) Personal and commumty hygiene
(2) Protection of environment
(3) Support of water supply and excreta control activities

Transmission of Water-Related Diseases

For converuence the more important water and excreta-related
diseases are categonzed 1n terms of appropriate interventions:

Waterborne-Microbiological Diseases

Basically, these are diseases in which the pathogens are in the
water and, when ingested at a sufficient dose, infect the drninker.
The majonty of these pathogens reach the water through con-
tamination with human excreta and ultimately enter the body
through the mouth, hence, the term “fecal-oral transmission "
Many fecal-oral diseases are readily transmutted through other
means, for example, fecally-contaminated food or hand to
mouth. Thus, not all typhoid, for example, 1s waterborne

The more important of these diseases include amebic dysen-
tery, shigellosis, cholera, diarrheas (non-specific etiology), E coli
diarrheas, viral diarrheas, hepatiis A virus, and typhoid fever
Section 2 covers these and others 1n depth.

Waterborne-Chemical Diseases

Bastcally, these are illnesses associated with ingestion of water
containing toxic substances i harmful concentrations These
may be of natural ongin or man-made. They are generally local-
ity-specific. Interventions include their removal (generally ex-
pensive) or selection of alternate sources On a global basis,
these are not major problems mn non-industrial countries and are
generally of lower priority than microbiological diseases

Water Hygiene Diseases

These are diseases whose incidence, prevalence, or severty
can be reduced by using water to improve personal and domestic
hygiene These include many of the fecal-oral transmusston dis-
eases also listed as waterborne Most of these diseases may also
be transmutted by food, hand-to-mouth contact, and numerous
other means Some of them, e g, shigellosis, are possibly more
predominantly transmutted in these ways than through drinking
water.

Other hygienic diseases include those of the skin, e g , inea
and eyes, e.g., trachoma Some hygienic skin diseases are associ—
ated with insect infestations, for example, scabies is caused by—
miutes, pediculosis by lice. Lice also can transmit other diseases___
for example, louseborne typhus

Sufficient water must be available for hand washing, bathing
laundenng, and cleaning of cooking and eahng utensils. Thy ==
quantity is needed 1n addition to that used for drinking.

A fallacious argument 1s sometimes advanced that quantity O
water 15 important, quality of water 1s not Economically—anc—



nevitably—only one water supply 1s feasible, this must provide
waters for both dnnking and hygiene. Microbiologically, safe
water can satisfy both purposes even large quantities of unsafe
water cannot Even where waterborne transmission does not
appear to be endemuc, the epidemic nisk of common source out-
breaks in community water supply systems should be avoided
by public agencies. In the majority of instances, the cost differen-
tial 1s neghgible

Water Contact Diseases

These are diseases transmitted by skin contact with pathogen-
infested water The most important of these diseases 1s schisto-
somiasis (bilharzia) Schistosome eggs in human excreta hatch
on reachung water The resulting larvae must invade suitable
snail hosts or perish Following a multiplication process within
the snail, the free-swimming schustosome larvae (cercariae) es-
cape from the snail and find and invade man by penetrating hus
mmmersed or wetted skin.

This important tropical disease infects over 200 milion people,
and 1ts prevalence 1s probably increasing Current control meth-
ods, primarily drugs for those mnfected and chemical control
(mollusciciding) of snails, have had limited success Both of
these methods require periodic repetition.

Controlling schistosomiasis by himiting the need for human
water contact through provision of public water supplies has
shown promuse in St Luaia, Brazil, Puerto Rico, and South Afri-
ca and 1s being tested in Swaziland by UNEP/UNICEF/WHO.

Water Vector Habitat Diseases

These are diseases which depend during part of their life cycle
on animal vectors which hve all or part of their lives 1n or adja-
cent to a water habitat. The archetypes are schistosomiasis (asso-
ciated with snails), malana (associated with mosquitoes), and
onchocerciasis (associated with aquatic flies)

The relahionship of schustosomiasis to water supply was pre-
viously described Water supply has little role n other snail-
vector diseases which are not dependent on water contact
Sanitary excreta disposal could theoretically interrupt the lLfe
cycle of these diseases However, this has not been demonstrat-
ed in practice Theissue s further complicated by the presence of
the diseases 1n wild and domestic animals

Mosquito-vectored diseases are not affected by water supply
except, sometimes, 1n a negative way Breeding may be promot-
ed by sullage and wasted water and uncovered water-storage
containers. Filariasis transmusston 1s increasing in many urban-
1zed areas where the vector Culex fatigans breeds readily in pol-
luted ditches and streams and even 1n privies flooded by high
water tables.

Other than direct attacks against the vectors, 1 e , spraying of
insecticides, sanitary engineering has little direct impact on
aquatic fly-borne diseases An indirect effect of a developed water
supply 1s to reduce human contact with tsetse flies, vectors of
Afnican trypanosomuasis, which for certain species are found
primanly in nverine habitats These same habitats are often the
source of hand-carried water supplies, particularly during dry
seasons and droughts.

Excreta Disposal Diseases

These are diseases whose transmission may be effectively in-
terrupted by samitary disposal of human feces and urine They
mclude most of the fecal-oral diseases previously described un-
der waterborne diseases, (theoretically) the snail-vectored para-
sitic diseases, and the following helminthic infections of the
intestinal tract ascariasis (roundworm), hookworms, strongy-

loides (threadworm), trichuris (whipworm), and several others
of lesser importance Ascanasis and trichuris are fecal-oral route
diseases, pnmarily by hand to mouth and by ingestion of con-
*‘amunated soil.

Water As a Basic Human Need

Physiological Needs of Man

Water 1s physiologically necessary for human survival Long-
term water intake and water losses must be 1n equiibrium Wa-
ter 1s taken mto the body 1n food and drnink, including water and
water-based fluids, and leaves the body 1n urine and perspira-
tion, and to a lesser extent, 1n feces and as water vapor exhaled
from the lungs

Individual water intake vanes widely with body weight and
surface area, ambient temperature and humudity, diet, activity
(e g, work), culture, clothing, and health status However, a
common average value of daily water intake for adult intake 1s 2
to 2.5 liters per capita per day (Ilcd) Women and children take
less Table 1-3 summarizes the average daily water intake for
adult males

Table 1-3. Average Daily Water Intake for Adult Males

Average Daily Intake in

Source of Information Luters per Capita (lcd)

World Health Organization

(1971) 25
Environmental Protection

Agency (1976) 20
National Academy of Sciences

(1977) 20
White, Bradley, and Whate

(1972) 18to0 3.0
Saunders and Warford (1976) 5

"Thus 15 water that 15 actually drunk, not design capaaty

The chuef means by which the human body regulates internal
temperature in warm climates 1s through evaporation of sweat
from the skin Hard work, in the sun, at 100°F (38°C.) daily
mean air temperature may require a daily water intake of as
much as 15 led (Whate, et al , 1972) Individuals with high salt
intake will require a higher fluid intake, Also individuals with
certain diseases, e g, diabetes insipidus, may require much
more water than the normal

Role of Human Physiological Need in Establishment of
Drinking Water Criteria

The daily intake of organisms or of substances dissolved or
suspended in water taken for drinking 1s the product of the
number or the concentration of the impurities 1n a fixed unit
volume, such as one liter, multiplied by the number of volume
uruts ingested. For example, for water containing 2 mulhgrams
per liter (mg/1) fluoride, a person who averages consumption of
2 hiters per day of such water will ingest 2 x 2 or 4 milligrams per
day of fluoride with his or her water. To this fluoride intake must
be added that from other sources, particularly food and air

Fluonde occurs naturally and at an optimum intake 1s hughly
beneficial for prevention of dental canes However, excessive
body intake may result in dental mottling or 1n crippling skeletal
fluorosis

Thus, m establishing quality standards for fluorine (and for



other substances), the long term average intake by the body from
all sources of fluoride must be weighed against the quantity of
fluoride which might be hazardous to health Adding a safety
factor, the allowable maximum concentration in drinking water
can be determined The margin of safety for fluonde in dnnking
water at not more than 1 mg/day 1s 2 to 8 fold of that for dental
mottling and 20 to 40 fold of that for skeletal fluorosis (NAS,
1977)

This, greatly simphfied, 1s the process used by the United
States Environmental Protection Agency, the World Health Or-
ganization, and other authorities for establishment of drinking
water standards.

Drinking Water and Maternal and Child Health'

Women and children of the developing world are the chief bene-
ficiaries of improvements in water supply and sanitation Wom-
en benefit because they are responsible for collecting,
transporting, and storing water 1n a vast majonty of cases, all at
the cost of a considerable expenditure of energy Children bene-
fit because the heaviest burden of morbidity and mortahity from
water-related disease falls upon them. As will be shown, these
benefits are cross-inked Their importance 1s underlined by the
Urnuted Nations Chaldren’s Fund (UNICEF) which presently de-
votes over one-fourth of its budget to improving water supply
and samtation 1n the developing world

Women and children in the developing world are ubiquitous
as drawers of water Consider water drawing and transport as a
form of calonc demand White ¢t al., (1972) estimated the aver-
age East Afncan rural woman used about 9 percent of her est-
mated 2,840 kalocalones (KCal) daily intake 1n providing water
This proportion represents a number of calones roughly equiv-
alent to the number of additional calories required a day dunng
pregnancy. This figure of 9 percent, however, apphes only to the
average. Women who must traverse steep or hilly terrain may
use from 15 to 27 percent of their caloric intake in water drawing,

Water collection 1s but one of several tasks making a demand
onawoman'’s energy. Table 1-4 summarizes the caloric demands

of these tasks Childreanng or childbearing, when combined
with water drawing, may account for a sizeable share of the daily
calonc demand Food gathening/cultivation and wood gathering
are eshmated as requining together the same number of calones
as are demanded for water drawing alone (based on an estimate
that the distance traveled for these tasks 1s roughly the same as
that for water drawing, but that both tasks are done simulta-
neously) When these numbers are added, the cumulative per-
centage for the pregnant woman becomes 25 percent, that for the
breastfeeding woman 53 percent, or over half her daily caloric
intake When the 30 percent required for mghttime metabolism
1s added, the breastfeeding woman is left with only 17 percent of
her daily calories to expend on other tasks, the pregnant woman,
45 percent

If a mother can reduce the 9 percent of more of her calonc
intake spent on water collechon to, perhaps, 1 percent, then she
will have that much additional energy for childbearing or rear-
ing, for other household tasks, or for herself. A fascinating com-
mentary on these inter-relationships 1s found in the study of
White, et a! (1972) 1n East Africa When rural women were asked
what they would do with hme saved through having water
piped 1n, with httle hesitation they agreed almost unarumously
that they would prefer to spend more time on other household
tasks—like sewing and cooking—and expressed almost no re-
gret at the potential loss of social contact at the niver, well, or
spring

Water may be contaminated at several points, including the
source 1tself (spring, well, or pond), the receptacle, the domestic
storage vessel, or the cup (White, et al , 1972) If the infant 1s
artithcally fed, contaminated water may lead to rapid multiplica-
tion of organisms in an unhygienically prepared formula Con-
taminated water used for mixing “gruel” and ““pap” for young
children 1s another potential hazard

Prevention of diarrhea, therefore, requires more than sumply
improving the quality of water at the source or even the access:-
bility, it also involves protechon of water from the source in
transport vessels, in storage vessels, and during handlhing. It
involves using safe water to wash hands, vessels, and containers

Table 1-4. Caloric Demands of Various Household Tasks for East African Women
(In Kilocalories and as Percent of Daily Caloric Intake)

Demand Daily Intake

Task (K Caliday) (Percent)
Nighttime metabolism 840 30
Childbearmg 200 7'
Childrearing (breastfeeding) 1,000 357
Food gathering/cultivation 120 45
Wood gathenng 120 45
Water drawing and transport 240 9?
Other household chores 60 2
Commeraal activity 60 2
Average daily caloric intake 2,840°

'National Academy of Sciences (1970)
e Note 1 above

White, G et al (1972)

*Gale, G W (1960)

SOURCE: Isely (1981)
"This section draws heavily on 1deas developed by Raymond B Isely,

M D, Assocate Director, Water and Sanitation for Health project
(WASH), Rosslyn, Va



and using proper samtary means of waste disposal, such as pit
latrines and garbage pits It1s not just a question of water alone,
but of water use and all associated human behavior If the Drink-
ing Water and Sanitation Decade reaches 1ts goal of improving
children’s health, it will be only by a comprehensive approach to
diarrhea prevention.

Water Supply and Nutrition

The interachion between diarrhea and malnutnition 15 well
known The linkage of contaminated water supply and malnutri-
tion, through malabsorption of food associated with frequent or
severe entenc disease episodes, 1s well established (Chen, 1980)

Water, Sanitation, and Primary Health Care

Avallability and use of adequate, safe water supplies and hy-
gienic means of waste disposal are integral parts of pnmary
health care and so recognized and recommended at the Interna-
tional Conference on Primary Health Care, convened by WHO-
UNICEF at Alma Ata in 1978 (Declaration VII)

Water supply and sanutation interventions should be integrat-
ed with other primary health care activihes in particular, with
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SECTION 2
WATERBORNE DISEASES

Introduction

Definition

These are diseases in which the pathogen, 1e, a disease-
producing agent or microorgansm, enters the body as a passive
component of drnnking water Two other critenia should be 1n-
cluded 1n a pragmatic definition

(1) A significant proportion of the disease 1s transmitted via
drinking water, and, a corrolary,

(2) removal of the pathogen from dnnking water will in many
mstances have a significant impact on inadence of the
disease, in other words, the provision of safe water supply
will have a significant effect on transmission of the disease

Waterborne diseases can be further categonzed as those due to
microbiological organisms and those due to inanimate toxic sub-
stances suspended or dissolved in the water. A major difference
in the two subcategories is that microbiological waterborne dis-
ease for individuals 1s generally manifested in acute episodic
form, whereas, disease due to toxic chemicals may be manifested
n acute or cumulative, chronic form depending on the concen-
tration 1n the water

Waterborne Microbiological Diseases: Fecal-Oral Transmission

Many of these diseases are transmutted through “fecal-oral” or
““anus to mouth”” pathways Sources of drinking water are con-
taminated by human excreta (or for a few ““zoonotic’” diseases by
animal excreta) voided by someone with an infection That per-
son may be someone ill or a “carrier ’ A carrier harbors the
disease organusms within his body without manifest symptoms
Carmers are often more mmportant 1n transmission than those
persons actually 1ll “Typhoid Mary” Mallon s a classic example
Working as a cook 1n homes and hospitals in New York State a
half-century ago, she carned typhoid fever to thousands of un-
fortunate vichims

Most of the fecal-oral diseases are manifested 1n the intestinal
tract, that 1s, they are “enteric diseases ” The most common
syndrome 1s diarrhea, 1 e , frequent, loose stools The etiologic
agent, 1 e., the pathogen, may be one of many candidate organ-
1sms, including viruses These diseases may also spread to other
parts of the body

Other Pathways

Animals transmit some waterborne disease Leptospirosts, for
example, may be transmutted via water contaminated by the
urine of infected rats Tularemia can be transmitted by the urine
of infected rabbits

Animportant although localized disease transmutted by drink-
g water, and only by drinking water, 1s guinea worm, or dra-
conhiasis Ova (eggs) of the worm enter the water from the adult
female worm as it protrudes from the skin of an infected person
who 1s collecting water from an open well, pond, or stream
Ingested by a small crustacean animal of the genus Cyclops living
in the water, the eggs develop into the infechve stage Man
swallows the infected copepods by dnnking water from the con-
taminated source The larvae of the guinea worm are liberated

during digestion, mugrate through the viscera to the subcutane-
ous hissues beneath the skin From these the gravid female worm
protrudes through an ulcerated blister in the skin, discharging
eggs to the water, reimtiating the cycle

Waterborne Disease Due to Chemical or Physical Agents

Illnesses due to chemucal or physical agents are caused by
ingestion of water containing harmful or toxic substances Injury
may be acute 1n rare cases but normally results from long-term
ingestion at low concentrations Many of the toxic substances
derive from the activities of man-spraying of pesticides, for ex-
ample Others may occur naturally—arsenic 1s an example, for-
tunately rare

In the United States research attention has recently been fo-
cused on the role of water supplies in the incidence of cancer and
of heart disease Do some cancers have some relationship to the
many organic chemicals which find their way into the water
supplies of industnal areas? Is heart disease related to water
hardness or other water quality parameters? Studies to date are
conflicing and controversial Even under the worst assump-
tions, only a small number of people would be affected The cost
of removing some chemicals from dnnking water would require
huge investments

In poor countries where large numbers of children die of con-
ventional waterborne diseases, priority on ““adequate supplies
for the many rather than perfect supplies for the few” seems
more appropriate. In many places, the entire 1ssue can be avoid-
ed by judicious selection of sources of water

Summary of the Waterborne Diseases

Table 2-1 summarizes waterborne diseases In rough order the
more important are diarrheal diseases, cholera, typhoid, bacilla-
ry dysentery or shigellosis, guinea worm disease, and leptospir-
osis Diarrheas are often unspecified but the causative agents of
much diarrhea are E coli bacteria and enteric viruses, particular-
ly rotaviruses

Amebiasis
Introduction

Although amebiasis actually means infection with amebas, the
word is generally construed as meaning infection of the large
mtestine by Entamoeba histolytica because only this species of the
six amebae that naturally parasitize the human intestine causes
significant disease However, Dientamoeba fragilis apparently can
cause mild intestinal symptoms

Amebuasis 1s found world wide, with perhaps 10 percent of the
population infected Prevalence in areas with poor hygiene and
sanitation 1s much higher, often 30 percent, and within some
developing countries as high as 83 percent (WHO, 1969)

Amebiasis 1s an asymptomatic carner state in most infected
individuals, but diseases ranging from chronic, mild diarrhea to
fulmmating dysentery may occur Extraintestinal complications



Table 2-1. Waterborne Diseases!’

Microbiological Sources

Disease or jyndromej

Fecal-Oral PathwnysZ

Amoebic Dysentery
(Amebiasis)

Ascariasis
(Giant roundworm)

Bacillary Dysentery
(Shigellosis)

Balantidial Dysentery
(Balanhdiasis)

Campylobacter
enterifis

Cholera
(Classical and El Tor)

Coccidiosis

Diarrheas
(Including Weanling Diarrheas
and Gastroenteritis)

E coh
(Enteroinvasive, Enteropathogenic,
and Enterotoxic)

Enteric viruses

Giardiasis
Hepatihis A virus

Hookworm and
strongylodiasis

Hydatid Disease
(Echinococcosis)

Non-cholera Vibrios
Norwalk virus infection
Paratyphoid Fever

Poliomyelitis
Rotavirus infection
Salmonellosis

Schistosomiasis
Travelers” Diarrhea

Trichuriasis
(Whipworm)
Typhotd Fever

Yersinosis

Epidemics mainly by water, endemic spread by water, food, and hand-to-mouth con-
tact Resistant to chlornation

Usually soil-borne but also waterborne on occasion

Also by food and milk, flies, and direct contact

Epidemics mainly by water Endemic spread by water, food, and fhes

Only recently recognized as important cause of pediatric diarrhea.

Classical waterborne disease, now pandemic High fatality in untreated cases

Rare, muld

Clinical syndromes of varied etiology, generally umidentified, especially in LDCs,
where frequently histed as the leading causes of death Primanly fecal-oral

Growing understanding of role in diarrhea of children and of travelers

Many are pathogenic Role not well understood. May cause diseases of central nervous
system
Receiving increasing attention. Resistant to chlorination

Several transmission routes including fecal-oral 30,000 cases in 1955-56 New Delhi
outbreak

Normally larvae in soil penetrate bare skin, usually of foot May also be transmitted in
water

Transmitted by ingestion of infective eggs 1n water and food contaminated by dog
feces.

Increasingly recognized as a cause of diarrheal disease
Apparently a significant cause of diarrhea

Dhrect or indirect contact with feces or unine of patient or carrier Indirect spread usual-
ly through food, esp mulk and shellfish, and, occasionally, through water supphes

Waterborne transmission has been observed but 1s rare

Newly 1dentified agent of infantile diarrhea. Probably fecal-oral

An acute gastroenteric, infectious disease usually spread by fecally contaminated food
Waterborne epidemucs are known, e g , 15,000 cases 1n Riverside, California, in 1966
from contamination of a public water supply

Waterborne transmission occurs, but skin penetration the major portal of entry

Often due to one of many serotypes of E colt bacterna

Usually sod-borne but also waterborne on occasion.

Spread through contaminated water and food. Uninary carrniers frequent in S fiemato-
biwum areas
Worldwide but rarely recognized

Transmtted by mgestion of contamnated drinking water
In some fecal-oral diseases, the pathogens may also be found in urine (e g , typhoid) and vomutus (e g , cholera)

seases of major importance are itahazed
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Table 2-1 (Continued)

Other Pathways

Disease or Syndrome

Remarks

Anthrax
Brucellosis

Cystcercosis
(Bladder Worms)

Gongylonemiasis
(Scutate Threadworm)

Guinea Worm Disease
(Dracontiasis)

Leeches
(Hirudimasis)

Leptospirosts
(Wel’s Disease)

Liver Fluke Disease
(Clonorchuasis, et al )

Melioidosis
Sparganosis

Tularerna

Transmussion by drinking water dubious although cited by various authors
Documented but probably very rare

Ingestion of eggs 1n food or water Larval infectton with T so/tum Other transmussion
routes A serious disease

Rare Ingestion of water containung larvae from disintegrated insect hosts.

Complex transmission route with intermediate vector (Cyclops) Not fecal-oral. Found
only in LDCs and transmutted only by water

Infestahon by young aquatic leeches
A zoonosis Transmussion more often by skin contact with contaminated water

Occasional ingestion of drinking water containing metacercanae from decomposed fish.
Most infections from eating raw fish

Rare Southeast Asia

Ingestion of water containing Cyclops infected with certain cestode larvae Other trans-
mission routes

Ingestion of untreated water from watersheds when infection prevails among wild ani-
mals, esp rabbits, 1s one of several transmission mechanisms.

Chemical and Other Sources

Remarks

Source Disease or Syndrome
Metals Toxicoses
Organic Toxicoses
Chemuicals Cancers
Mutations
Birth Defects
Radio- Cancers
nuclides
“Hardness” Cardiovascular
Disease
Others Fluorosis
Methemoglo-
binemia

Endemic Goiter

Asbestosis and
Mesothelioma

Hypertension

Intake of metals 1n drinking water, food, and air from both natural sources and human
activites These include arsenic, cadmium, copper, chromium, lead, mercury, selen-
um, vanadium, zinc, ¢t 2l Can be important on a local basis, e g, arsenic in parts of
Argentina

Intake of certain chemucals, esp certain synthetic organic chemicals, including some
pesticides Also some trithalomethane byproducts of chlorination are suspect carcino-
gens Not now a high prionty problem in LDCs

Natural and man-made radsoactivity Now now a high prionty in LDCs

Some epidemiological evidence indicates an inverse correlation of cardiovascular dis-
eases with hardness of drinking water

Damage to teeth and bones resulting from long-term mgestion of high concentrations
of naturally occurring fluondes.

Serious, sometimes fatal poisoning of infants following ingestion of well waters con-
taining nitrates (NO,) at concentrations higher than 45 milligrams/hiter.

Iodine-deficient water or water containing goitrogens
Asbestos 1n lungs known to cause cancer Fate in gastrointestinal tract unknown

Sodium-restricted diets necessary for parts of populahon
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may occur through spread of amebae via the blood stream or by
intestinal ulceration and perforation by invasive ameba The
most common complications are liver abscess and peritonitis
The case fatality rate is generally less than 5 percent (Plorde,
1977).

Transmission

Man becomes infected with E fustolytica by swallowing the
cysts (the only infective forms), which reach the mouth through
fecally contaminated food, water, or other objects, e g., fingers
Transmussion 1s highest in areas of poor sanitation

Fecal contamination of water for drinking and food prepara-
tion, use of might soil as a fertilizer for vegetables eaten raw, lack
of handwashing, especially by food handlers, and mechanical
contamination of food by house-flies and roaches are possible
sources of infection. General health and nutnition of the infected
population are important factors in the severity of the disease
Also, strains of E fustolyticasolated in tropical areas are general-
ly more virulent than those from temperate zones (WHO, 1969)

Water Supply

Certain factors are relevant to understanding the role of water
supply 1n transmission and prevention of amebiasis

(1) Amebuiasts 1s manifested primarily 1in endemic form The
mncubation penod 1s vanable, from a few days to several months
or years, although most commonly 2 to 4 weeks Thus epidemic
“peaks” are relatively flat and often unrecognized in the commu-
nity. Further, many people harboring E lustolytica do not devel-
op disease but may pass the cysts for years Also multiple
sources of infection are common

(2) A water supply contaminated with E histolytica can result
m epidemic amebiasts The first recognized water-borne outbreak
was mn Chicago in 1933,-where a cross connection between a
sewer and water supply for two hotels resulted 1n an outbreak
with 1,409 cases with 98 deaths (Bundesen, 1936) Despite such
spectacular outbreaks, the majomnty of cases probably stem from
cumulative, chronic, contamination Nevertheless, these out-
breaks serve as a remunder of the need for surveillance of drink-
ing water quahty.

(3) The cysts of E histolytica can survive for weeks 1n water

(4) The cysts survive chlonnation at normal levels. Filtration,
preferably through diatomaceous earth, 1s required to insure
therr removal. (Chang and Fair, 1941)

(5) “Fresheming” of raw vegetables by sprinkling with cyst-
contaminated water can result 1n transmission

(6) Handwashing following defecation 1s important

Very little quantitative information 1s available on water sup-
ply/amebiasis relationships One study from Lagos, Nigena
(Oyeninde, et al , 1979) estimated the prevalence of amebiasis in
respondents who had tap-water m their homes to be 12.6 per-
cent The rate among those who drank well water was 23 4
percent. The authors suggest that the higher rate of prevalence
mn the well-water users may have been due to contamination by
pit latrines close to the wells and by containers used to draw the
water Those using toilet paper for cleansing after defecation
showed a lower mfection rate (9.9 percent) than did those who
used water for cleansing (14 6 percent)
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Bacillary Dysentery (Shigellosis)

Introduction

Shugellosis is an acute bactenal disease, pnmarily of the large
intestine, characterized by diarrhea, fever, nausea, and some-
times, cramps, vomuting, and tenesmus Shugellosis is a serious
disease with signuificant mortality, especally in infants and chil-
dren There are four species in the genus Shigella dysenterue, S
flexner1, S. boydu, and S sonner S dysenteruse Type 11s the “shiga
baaillus” of Kiyoshi Shuga, 1solated during a severe epidemic in
Japan 1n 1897, associated with a mortality rate of 25 percent S
dysenterae virtually disappeared after 1920 until it returned in
1969 in Central America with an estimated 112,000 cases, with
8,300 deaths in the first 10 months in Guatemala alone (Gangar-
osa, et al., 1970) S sonnerand S flexner: are the most prominent
forms, in that order, in the United States The disease has always
fluorished under crowded conditions with poor sanitation



Low Infectious Dose

Infecting only humans and certain other pnimates, only a very
few shigella organisms need be ingested to cause clinical illness.
In the case of S dysenterize, as few as 10 to 100 bactena suffice to
produce symptomatic disease 1n 10 to 40 percent of adult volun-
teers. Because of this muniscule inoculum, shigellae can spread
by contact without need for a vehicle such as food, water, or milk
to amplify the infectious dose (Keusch, 1979) A thin veneer of
infected feces on the fingers may be all that 1s required Viable
shigella have been regularly cultured from the fingers hours after
expenmental inoculation of bacteria on the skin (Chnistie, 1968).
The hkehhood of transmussion 1s enhanced, however, when
sanitation 1s poor or there is opportunity for organisms to reach
food or water. Epidemic shigellosis 1s often traced to such hap-
penings and may mnvolve faulty water supply or sanitation

Importance of Water Quantity

The significance of a low infectious dose was shown 1n a series
of studies during the 1950s, shown 1n Table 2-2. Studies in poor
communittes in the United States and Guatemala showed that

the convenience and, imphatly, the quantity of water close at
hand, and convenient excreta disposal, had a significant impact
on prevalence of shigellosis. Prevalence of shugellosis in the com-
munuty could vary as much as 12-fold, for example, depending
on the location of water and sanitation faclities

Role of Water

The studies described 1n the table and the low infectious dose
have resulted in shigellosis being labeled a “water washed,” ora
“water hygiene,” disease. However, 1t 1s also a waterborne dis-
ease Black, Craun, and Blake (1978) in a 15-year review (1961-
1975) of 110 U.S outbreaks of shigellosis found that 38 were
waterborne, pnimarnly in small “semipubhc” water supphes A
review by Rosenberg, et al (1976) found more person-to-person
contact, but waterborne transmission was still sigruficant. Sever-
al large waterborne outbreaks have been documented, including
those in Newton, Kansas (Kinneman and Beelman, 1944), with
3,000 cases, mn Roosevelt, Utah (Drachman, ef al , 1960), and 1n
Montrose, Scotland (Green, et al , 1968)

Table 2-2. Shigella Prevalence’ Rates by Levels of Water Supply and Sanitation

Samitary Facilities Kentucky Guatemala  California Georgu Means Ratios of Means
for Each Dwelling 1954-56 1955-56 1952-53 1949-53 of Means to
% % % % % Lowest Means Highest Means
Water Inside/Flush Toilet
Inside 11 - 16 04 04 10 015

Water Inside/Privy Outside 24 63 30 22 22 3.5 054
Water Outside/Privy Outside 5.9 9.4 5.8 50 50 6.5 1.0
Water on Premuses 58 - - 41 41 50 0.70
Water off Premuses 6.0 - - 58 58 5.9 0.89

! Positive cultures from preschool children 1n Kentucky and from chuldren 10 years of age and under in Guatemala For Guatemala, water inside, pnvy
outside 1s for facilities in more than 50% of dwellings, water and privy outside 1s for facilities 1n less than 50% of dwellings

SOURCES: Schhiessmanr, et al. (1958), Beck, Munoz and Scnnmshaw (1957), Hollister, et al (1955), Stewart, et al (1955)
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Campylobacter Enteritis

Drarrhea due to infecthon by Campylobacter jejun: (Vibrio fetus)
is an acute, self-hmiting, enteric disease characterized by diar-
rhea, abdominal pain, malaise, fever, nausea, and vomiting.
Transmission is by contaminated food or water—and by contact
with infected animals or infants

Thorough cooking of food, milk pasteunzation, control of in-
fections 1n pets and domestic animals, screening of food han-
dlers, and proper hand washing are preventive measures for
campylobacter

Although well-known to veterinanans, campylobacters’ role
m human diarrhea was only realized during the 1970s, in part,
because of the special laboratory techniques required to identify
them

Butzler and Skirrow (1979) cite several waterborne outbreaks,
the most dramatic that of a Vermont town of 15,900 population
m which 3,000 people were affected with overwhelmng evi-
dence that the water supply was at fault (Tiehan and Voght,
1978) Longfield, et al (1979) describe a case who drank water
from a flowing stream mn West Virginia
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Cholera

Introduction

Cholera 1s an acute illness which results from colonization of
the small intestine by Vibrio cholerae, the cholera baallus The
disease 1s characterized by 1ts epidemic occurrence and the pro-
duction in the more severe cases of massive diarrhea with rapid
depletion of extracellular fluid and electrolytes.

Vibrio cholerae produces a protein enterotoxin which appears to
be responsible for all known pathophysiological processes in chol-
era. The incubation period 1s generally from 6 to 48 hours. This is
followed by the abrupt onset of watery, generally painless diar-
rhea. In the more severe cases, the inihal diarrheal stool may be
n excess of 1,000 ml, and several liters of fluid may be lost within
hours, leading rapidly to profound shock: Vomiting generally
follows, but occasionally precedes, the onset of diarrhea, the
vomiting 1s characteristically effortless and not preceded by nau-
sea. As saline depletion progresses, severe muscle cramps, com-
monly involving the calves, occur.

Epidemiology
Cholera has been endemic for a century and a half in the
Gangetic Delta of West Bengal and Bangladesh and 1s often epi-
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demic throughout South and Southeast Asia. The seventh and
most recent pandemic spread of this disease, from 1961 to 1975,
extended from the Celebes northward to Korea and westward to
the whole of Africa and Southern Europe The last major epi-
demic of cholera in the Western Hemusphere occurred during
1866-1867.

The majority of major epidemics have clearly been water-
borne, but direct contamination of food by nfected feces prob-
ably contrnibutes to spread dunng major outbreaks. Poor
sanitation appears to be primanly responsible for the continuing
presence of cholera, but host factors, such as relative or absolute
achlorhydna (abscence of hydrochlonc acid), also play an impor-
tant role in the susceptibility of the individual to infection. In
endemic areas, cholera 1s predomunantly a disease of children, in
rural Bangladesh attack rates are ten tumes greater in the one- 1o
five-age group than in those above fourteen years of age How-
ever, when the disease spreads to previously uninvolved areas,
the attack rates are mtally at least as high n adults as in
children.

Bibliography on the Relationship of Water Supply
and Cholera

Agency for International Development Interim Report of the Task Force on
Cholera Washington, D C 149 pp. 1971

Ahmed, S Z “Water Studies in Connection with Cholera Epidemics ”
East Pakistan Medcal Journal 7 13-15 1963

Araoz, J , and Subrahmanyam, D V “Environmental Sarutation Mea-
sures Agamst Cholera ” In Principles and Practice of Cholera Control
(Pubhc Health Paper No 40) World Health Orgamuzation Geneva
Pp. 95-110 1970

Azurnn, ] C, and Alvero, M “Field Evaluation of Environmental Sanita-
tion Measures Agawnst Cholera ” Bulletin World Health Organization 51
19-26 1974.

Barua, Dhuman, and Burrows, Wilham, Editors Cholera W B Saunders
Co , Philadelphia 458 pp 1974

Briscoe, John “Public Health in Rural India The Case of Excreta Dispos-
al.” Research Paper Number 12 Center for Population Studies, Harvard
University Cambndge 414 pp February 1976

Briscoe, John “The Role of Water Supply in Improving Health 1n Poor
Countnes (With Special Reference to Bangladesh) ” Working Paper No
6 Cholera Research Laboratory Dacca 33 pp , 1978 and with adden-
dum American Journal Climeical Nutrihon 31 2100-2113. 1978

Bniscoe, ] , Ahmed, S, and Chakraborty, M “Domestic Water Use 1n a
Village in Bangladesh, I A Methodology and a Prehminary Analysis of
Use Patterns During the ‘Cholera Season ' Progress in Water Technol-
ogy, 11(1/2): 131-141 1978

Curhn, George T, Aziz, KM A, and Khan, MR “The Influence of
Dnnking Tubewell Water on Diarrheal Rates in Matlab Thana, Bangla-
desh “” Working Paper No 1 Cholera Research Laboratory, Dacca 18
pp 1977.

Dupont, HL , and Hormuck, R B “Chinical Approach to Infechious Diar-
thea ” Medicine 52 265-270 1973

Feacham, Richard “Is Cholera Pnmanly Water-borne?” (Letter to the
Editor) Lancet October 30(2) 957-958 1976

Felsenfeld, O “Some Observations on the Cholera (El Tor) Epidemic in
1961-62 ” Bulletin World Health Orgamization 28 289-296 1963

Forbes, G.I “An Outbreak of Cholera El Tor in Hong Kong. The Temple
Street Well # Public Health 80 188-193 1965

Forbes, G I, Lockhart, ] D F, and Bowman, R K “Cholera and Night-
soil Infection in Hong Kong ” Bulletin World Heaith Organization 36
367-373 1967

Gangarosa, Eugene J. “The Epidemiologic Basis of Cholera Control ”
Bulletin Pan American Health Orgamization 8 189-197 1974

Gangarosa, Eugene ] and Mosley, Wiley H “Epidemuology and Surveil-
lance of Cholera ” Chapter 22 in Cholera, Dhuman Barua and Wilham
Burrows, Editors W B Saunders Co , Philadelphia Pp 381-403 1974



Hanss, S.A. “The Effect of Pipe Water Supphes on the Reduction of
Cholera in Urban Areas ” Proceedings Second All-India Samutation Con-
ference Vol. 3. 204-212 1913

Hoops, A L “Round Table Discussion on Cholera ” In Transactions of the
Ninth Congress of the Far Eastern Assocution of Tropical Medicine. Nank-
ing Vol 1, p 442 1934 Cited by Polhtzer

Hughes, James M, Boyce, John M, Levine, Richard ] , Khan, Mosle-
muddin, and Curlin, George T “Water and the Transmussion of El Tor
Cholera 1n Rural Bangladesh ” Working Paper No 2 Cholera Research
Laboratory, Dacca 24 pp 1977

Joseph, PR, Tamayo, J F., Mosley, W H, Alvero, MG, Dizon, J ],
and Henderson, D.A “Studies of Cholera El Tor in the Phullipines II
A Retrospective Investigation of an Explosive Outbreak in Bacolod
City and Talisay ” Bulletin World Health Organization 33 637-643 1965

Kawata, Kazuyoshi “Of Typhoid Fever and Telephone Poles Deceptive
Data on the Effect of Water Supply and Privies on Health 1n Tropical
Countnies ” Progress in Water Technology, 11(1/2) 37-43 1978

Khan, M U, Chakraborty, J, Sardar, AM , and Khan, MR “Water
Sources and the Incidence of Cholera in Rural Bangladesh ” Cholera
Research Laboratory, Dacca 31 pp 1975

Koch, R In “Die Konferenz zur Erorterung der Cholerafrage ” Ber! Kimn
Wschr 21 477, 493, 509 1884 Trans by Pollitzer

Kochar, VK “Human Factors mn the Ecology and Epidemiology of
Hookworm Infection in Rural West Bengal ” D Sc Thesis John Hop-
kins University, Balhmore 1975

Kolle, W “Cholera Asiatica ” In Handbuch der Pathogenen Mikroorganis-
men Jena Vol 3, p 1ff (excerpted by Pollitzer) 1904

Levine, Richard J , Khan, Motiur R, D’'Souza, Staruslaus, and Nalin,
DavidR “Cholera Transmussion Near a Cholera Hospital ” Lancet July
10 (2) 84-86 1976

Levine, Richard J , Khan, Motiur R, D’Souza, Stanislaus, and Nalin,
David R “Fatlure of Sanitary Wells to Protect Against Cholera and
Other Diarrhoeas 1n Bangladesh ” Lancet July 10(2) 86-89 1976

MacCormack, W H, and Curlin, GT “Infechous Diseases Their
Spread and Control “ In Disaster in Bangladesh* Health Crises in Develop-
tng Nations, Lincoln Chen, Editor Oxford Urnuversity Press, New York
1973

Martin, Albert R, Mosley, Wiley H, Sau, Binipar Biswas, Ahmad,
Shamsa, and Huq, Imdadol “Epidemiological Analysis of Endemic
Cholera in Urban East Pakastan, 1964-1966.” American Journal of Epide-
mwlogy 89. 572-582 1969

McCabe, De Soto B “Water and Wastewater Systems to Combat Cholera
m East Pakistan ” Journal Water Pollution Control Federation 42 1968-
1981 November 1970.

McCormack, Wilhlam M , Moxley, Wiley H , Fahumuddin, Mohammad,
and Benenson, Abram S “Endemic Cholera in Rural East Pakistan ”
American Journal of Epidemiology 89 393-404 1969

Mendelson, R.W , and Tait, R Johnston “The Recent Cholera Epidemic
in Bangkok, Siam ” Journal Tropical Medicine and Hygiene 24.1-6 1921

Mosley, W H “Epidenmuology of Cholera ” In Principles and Practice of
Cholera Control (Public Health Paper No 40) World Health Organiza-
tion Geneva Pp 24-27 1970

Mosley, W Henry, and Khan, Moslemuddin “Cholera Epidemiology—
Some Environmental Aspects “ Cholera Research Laboratory, Dacca
8 pp 1978

Pandit, CG, Pal, SC, Murh, GV S, Mistra, BS , Murtz, DK, and
Shnivastav “Survival of V' cholerae biotype El Tor in Well Water ”
Bulletin World Health Orgamization 37 681-685 1967

Phulippines Cholera Commuttee “Study on the Transnussion of El Tor
Cholera Duning an Outbreak in Can-Hom Commumty in the Phihp-
pines ” Bulletin World Health Orgamization 43 413-419 1970
Phihippines Cholera Commuttee ““Summary of the Prebmnary Report
on Effectiveness of Environmental Samutation in Cholera Control ”
Chapter 5 1n “Strategy of Cholera Control,” World Health Organiza-
tion Mimeographed Document BD/CHOLERA/71 1, pp 38-39 1971

Polhitzer, R Cholera (WHO Monograph Series No 43) World Health
Organization, Geneva. 1019 pp 1959

15

Shousha, AT “Cholera Epidermuc in Egypt (1947) A Preliminary Re-
port.” Bulletin World Health Organization 1 353-381 1948

Shnvastav, ] B “Prevention and Control of Cholera ” Chapter 23 n
Cholera Dhiman Barna and Wilham Burrows, Editors W B Saunders
Co , Philadelphia Pp 405-426 1974

Skoda, John D, Mendss, ] Bertrand, and Chia, Michael “A Survey in
Rural Bangladesh on Diarrhoel Morbidity, Water Usage, and Related
Factors ” First Report UNICEF, Dacca 46 pp 1977

Snow, John On the Mode of Communication of Cholera Second Edition,
Much Enlarged John Churchuill, London. 164 pp 1855 Reprnted in
Snow on Cholera Commonwealth Fund, New York xlvin + 191 pp
1936

Sommar, Alfred, and Woodward, Wilham E “The Influence of Protected
Water Supplies on the Spread of Classical/Inaba and El Tor/Ogawa
Cholera i Rural East Bengal ” Lancet Nov 11(2) 985-987 1972

Stack, RF “Cholera in Afnca ” African Environment Spectal Report 3
International African Institute, London 1976

Subrahmanyan, K “Note on the Importance of Environmental Saruta-
tion 1n the Campaign Against Cholera ” Mimeographed Document
WHO/Cholera/12 World Health Orgaruzation, Geneva 1951

Wood, W E “Cholera Control Through Environmental Sartation ” Un-
published Document WHO/EH/70 1 World Health Organization, Ge-
neva 11 pp 1970

World Health Orgamzation Principles and Practice of Cholera Control
(Public Health Paper No 40) Geneva 1970

World Health Organization “Strategy of Cholera Control ” Unpub-
lished Document BD/CHOLERA/71 5 Rev 1 Geneva 36 pp 1971

World Health Orgamization “Observations for Consideration on the
Implementation of Basic Sarutary Measures in Cholera Control.” (Pa-
per prepared by the WHO Secretariat for an “Informal Consultaion
for the Development of Plans for Extended Long and Short-Term
Global Cholera Control Programme of WHO”) Geneva 9 pp + an-
nexes 24-27 Oct 1972

World Health Organization, Regronal Office for South East Asia “Rela-
tionship Between Cholera, Typhoid, Dysentery and Number of
Tubewells ” Appendux II of Report on Rural Water Supply Bangladesh,
Document EH/SEARO/74 1 New Delhi 26 pp + 14 annexes 26 July
1974

Diarrheal Diseases
Introduction

The dramatic symptoms of diarrheal diseases have claimed the
attention of man from time immemonal Today all countnes
recognize that these are to a major extent diseases of an insani-
tary environment Lack of adequate, safe water, lack of protec-
tion from human excreta, contaminated food, filth, and flies—all
promote diarrhea

Drarrhea 1s so universal and the result of so many etiologies
(see Table 2-3) that 1t can have no prease definition other than
the abnormally frequent evacuation of watery, loose stools The
bowel habits of heaithy people vary widely, thus the term diar-
rhea has hmited meaning except when viewed as a change from
the individual’s customary pattern.

Drarrhea of abrupt onset occurring in otherwise healthy per-
sons 1s most often related to an infechious process A vanety of
accompanying symptoms 1S often observed, mcluding fever,
headache, anorexia, vomuting, malaise, and myalgia, but they
cannot always be used to distinguish the causative agent with
certainty.

Only during the past decade has medical science been able to
idenhfy with reasonable certainty the pathogens of many of the
more important diarrheal diseases, e.g., rotaviruses The role of
Escherichia coli has turned out to be much more important than
ongmnally beheved. Campylobacter enteritis, yersimosis, and



Norwalk-type viral diarrhea similarly have recerved mcreased
recognition

Table 2-3. Some Potential Causes of Diarrheas
Having Infectious Agents

Acute infectious non-specific gastroenteritis (AING)

Amebiasis (amebic dysentery)

Balantidiasis (balantidial dysentery)

Campylobacter ententis

Capillariasis, intestinal

Cholera

Clonorchiasis (Chinese liver fluke)

Coccidiosis

Diphyllobothriasis (fish tapeworm)

Escherichia colr diarrhea
(Enteroinvasive, enteropathogenuc, enterotoxigenic)

Fasciolopsiasis

Giardiasis

Gumnea-worm (dracontiasis) disease

Leishmaniasis

Malarna, pernicious

Non-cholera vibrio disease

Opisthorchchiasis

Paratyphoid fever

Rotavirus gastroenteritis

Salmonellosis

Schustosormiasis

Shigellosis

Strongyloidiasis

Trichunosis

Tuberculosis

Trichuriasis

Tularermia

Typhoid fever (conshipation more common than diarrhea)

Viral Diarthea (Norwalk type)

Yersiniosis

And Others

Having Noninfectious Agents

Amylotdosis
Cancer
Cathartics
Crohn’s disease
Daverticulihis
Drugs
Endocrine disorders
Erratic colon
Malabsorption disorders (e.g , sprue)
Poisoning
Chemucal
Food (e.g , staphyloccal and botulinal toxins, natural toxans in
fish, mushrooms, et al )
Radiation
And Others

The Intestine

The ahmentary tract of the human body 1s a muscular tube
commencing at the throat, which conveys food and fluid to the
sac-hke dilation of the stomach, then follows some 21 feet (6 4
meters) of torturous and freely movable small intestine with a
diameter in the adult of 1 5 inch (3 8 cm), this opens into the
large intestine of considerably greater diameter and 5 feet (1 5m)
in length, which terminates at the anus The stomach and small
and large intestine, together with the liver, are the larger organs
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fillng the abdominal cavity This 1s separated from the chest
cavity, containing the heart and lungs, by the muscular
diaphragm

The small intestine (duodenum, jejunum, and ileum, in order)
both digests contained food and absorbs its nutrients The large
mtestine, or colon, coverts the hiquid effluent from the lleum to
solid fecal matertal and advances it by rhythmuc squeezes to the
rectum where 1t 1s evacuated through the anus The colon ab-
sorbs fluid (excess water) and electrolytes during these
processes

In the normal adult about eight liters (about 8 5 quarts) of
water enter the duodenum each day, made up of about one liter
of saliva, two of gastric juice, two of pancreatic juice, and one of
bile, together with perhaps two liters in food and drink. In the
small intestine further fluid 1s added but absorption 1s such that
05 to 1.0 hter of water enters the large intestine There, net
absorption results in only 0 1 hiter appeanng in the stools as fecal
water (Rowland, 1978, Goldfinger, 1977)

Excessive water losses dunng diarrhea, resulting in dehydra-
tion, can become a sernious threat to health, even to life Thus,
despite their diverse etiology, most diarrheal illnesses can be
thought of as a single entity since the basic fluid and electrolyte
replacement therapy required to prevent a fatal outcome 1s simi-
lar for all.

Diarrhea in Children

Drarrheal disease 1s a particularly devastating problem during
early mnfancy and childhood, killing 10 to 20 million children
each year, most of them 1n the developing countries The child
has less nutntional reserve, weaker immunity and, often, less
protection from gastric acidity and intestinal peristalsis Most
mmportantly perhaps, the child has a relatively large volume of
extracellular fluid and large surface area of small bowel in pro-
portion to hus body weight compared to an adult. The effects of
an nfant’s fecal losses of water and solute approach the danger
levels much more quickly than they do in an adult “Dehydra-
tion, electrolyte imbalance, acidosis and shock can progress with
hghterung speed” (Gall and Hamulton, 1977)

The mortahty from acute diarrheal disease among young chil-
dren in developing countries would be even higher 1f it were not
for the near universal practice of breast feeding A good and
clean food 1s thus provided where nutrition and samtation are
major public health deficiencies However, supplementary
foods ordinarily have to be added when nursing 1s prolonged
beyond 6 months or so

So close 1s the connection between foods of poorer nutritional
quality prepared in unsanitary conditions and pediatric diarrhea
that the disease has a special name, “weanling diarrhea” (Gor-
don, Chitkara, and Wyon, 1963)
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Escherichia Coli Diarrhea

Introduction

Pathogenic E coli include at least three types (WHO, 1979)

Enterotoxigenic E colt (ETEC)

As late as 1968 the importance of ETEC as a cause of diarrhea
was unrecognized These organisms are a major cause of diar-
rheal 1llness 1n chuldren 1n the developing world and are by far
the most common cause of travellers’ diarrhea They are responsi-
ble for a severe cholera-like disease 1n children Although a com-
mon cause of diarrhea 1n the developing world, they are an
infrequent cause in the developed world, except in areas where
sanitation 1s poor They appear to be transmitted in water and
food and, 1n nurseries, person to person

Enteropathogenic E coli (EPEC)

Certain EPEC serotypes have been known to cause mfantile
enterttis since the 1940s Epidemuc EPEC 1s largely absent in
developed countries today, and 1its epidemuology not well de-
fined 1n the developing countries Waterborne outbreaks are
known

Enteromnvasive E coli (EIEC)
E col: serogroups causing a shigella-like disease were recog-
nized in 1967 EIEC have been known to cause waterborne
outbreaks

Role of Water

These organisms are spread by contaminated food, water, and
fomiutes Lack of hand washing, poor personal hygiene, and poor
environmental sanitation contribute to spread of the disease

An noculum of 10°-10° orgarusms 1s required to cause disease
For this reason only food and water, rather than person to per-
son contact, serve as a means of transmission of diarrheagenic E
colr (Gangarosa, 1978)

Rowe (1979), noting that the peak incidence for EPEC disease
in the developing countnes 1s at weaning, suggests that this 1s
due to the nfants’ exposure “to the hazard of environmental
contamunation especially from food and water ” EIEC has been
associated with several waterborne outbreaks, ETEC with many
(Rowe, 1979)
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Travelers’ Diarrhea

As noted above, over 70 percent of cases of travelers’ diarrhea
are beheved to be the result of infection by enterotoxigenic E
coli.

Merson (1975) describes travelers’” diarrhea as follows

The chinical syndrome of travelers’ diarrhea generally
follows a typical pattern Within two weeks after arrival
in a foreign country, and often withun the first week,
the traveler experiences the acute onset of water diar-
rhea, with somethimes as many as 10 to 20 episodes a
day. This diarrhea 15 frequently accompanied by ab-
dominal cramps, nausea, malaise, vomiting, chills, or
fever, with temperatures as high as 39.4°C The 1illness
15 usually self-limuting, although 1n severe cases 1t may
mcapacitate the otherwise active visitor.
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Viruses

Introduction

“Thirty years have passed since the first studies on the pres-
ence of human enteric viruses in water were begun 1n earnest,
but the public health significance of such contamination has yet
to be evaluated” (WHO, 1979) More than 100 different virus
types are known to be excreted in human feces More than
1,000,000 infectious virus particles may be excreted per gram of
feces by infected persons Viruses are common in sewage They
survive for months in water, soil, and shellfish They may resist
some water treatment processes

Human viruses that may be present in water are summarnzed
m Table 2-4 A long hst of diseases 1s associated with these
viruses, including systemic and central nervous system disease.
However, authenticated reports of these diseases are few The
viruses for which water probably plays a sigruficant role in trans-
mussion of disease are hepatitis A virus, gastroententis viruses of
the Norwalk type, and rotaviruses Evidence 1s strong enough
for these viruses that a WHO Scientific Group recommends that
“all potable water supplies from virus-contaminated sources
should be disinfected ”

Hepatitis A Virus

A worldwide disease, viral hepatitis 1s common where envi-
ronmental sanitation 1s poor It occurs at an early age and 1s
transmutted person to person Common-vehicle outbreaks due
to contaminated water and food, especially milk and shellfish,
occur frequently Illness vanes from mild to fulmmating with
fever, anorexia, malaise, and jaundice Fatality rate 1s low Pre-
ventive measures recommended include health and hygiene
education, personal hygiene, proper excreta disposal, and care-
ful handwashing

Viral Diarrheas

Viral agents commonly causing diarrhea include at least two
entities with distinct epidemiological differences Norwalk type
diseases and rotaviruses
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Norwalk Type Viral Diseases

These are diseases presenting acute gastroentenitis of viral
ongin, named after the location of the outbreak where they were
first 1dentified (Norwalk, Hawaii, Ditchling, et al) Their bio-
physical properties resemble those of parvoviruses They are
now found worldwide Transmussion 1s not fully known but 1s
probably fecal-oral Several outbreaks strongly suggest food and
waterborne transmission All age groups appear to be vulner-
able. These viruses are probably not major causes of severe diar-
rheal illness of infants and children (Kapikian, et al , 1972) This
disease 1s also known as “winter vomting disease ”

Rotaviruses

Rotaviruses are associated with severe diarrheal illness pre-
dominately of infants and small children and with sigmificant

Table 2-4. Human Enteric Viruses
That May be Present in Water

No of
Virus group types Dusease caused
Enteroviruses-
Pohovirus 3  Paralysis, meningitis, fever
Echovirus 34  Menngtis, respiratory
disease, rash, diarrhoea,
fever
Coxsackievirus A 24  Herpangina, respiratory
disease, meningitis, fever
Coxsackievirus B 6  Myocarditis, congerutal heart
anomalies, rash, fever,
meningitis, respiratory
disease, pleurodynia
New enteroviruses 4 Meningitis, encephalitis,
respiratory disease, acute
haemorrhagic conjunctivitis,
fever
Hepatitis type A 1 Infectious hepahtis
(probably an enterovirus)
Gastroenterihs virus 2 Epidemic vomiting and
(Norwalk type agents) diarrhoea, fever
Rotavirus ?  Epidemic vomiting and
(Reovindae family) diarrhoea, chiefly of chuldren
Reovirus 3 Not clearly established
Adenovirus >30  Respiratory disease, eye
mnfections
Parvovirus 3 Associated with respiratory

disease 1n children, but
etiology not clearly
established

(adeno-assocated virus)

Note Other viruses which, because of their stability, might contaminate
water are the following
(1) SV40-hke papovaviruses, which appear in the urine The JC sub-
type 1s associated with progressive multifocal leukoen-
cephalopathy
(2) Creutzfeld-Jakob (C-J) disease virus Like scrapie virus, the C-J
virus resists heat and formaldehyde It causes a spongiform en-
cephalopathy, charactenzed by severe progressive dementia and
ataxia
SOURCE: World Health Organization “Human Viruses in Water,
Wastewater and Soill ” WHO Technical Report Senies 639
Geneva P 71979




mortality in developing countries They were only 1dentfied.
within the past decade (1973), but a viral pathogen of diarrhea
had been long suspected The stabihty of the virus, together with
the large amounts excreted, makes environmental contamina-
tion more or less mevitable (Banatvala, 1979)
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Giardiasis

Introduction

Giardia enteritis 1s a protozoan (Gurdia lamblia) infection of the
upper small bowel Often asymptomatic, 1t may present with
chronic diarrhea, steatorrhea, abdominal cramps, frequent
loose, pale, greasy, malodorous stools, fatigue, and weight loss



It occurs worldwide 1n areas of poor samitation Approximately
30 waterborne outbreaks, affecting over 10,000 persons, have
been reported 1n the U S since 1970 Giardiasis 1s prevalent in
the tropics, and children are infected more often than adults
Maximum rates occur in children suffering from malnutrition
(Knught, 1978)

Transmusston 1s fecal-oral by water, food, and hand to mouth,
with water a common source of outbreaks, partly because the
usual concentrations of chlorine for water disinfection do not kill
giardia cysts. Some evidence of animal contamination of water
supples also exists, particularly by beavers

Role of Water

Reports, beginning about 1970, of waterborne, epidemuc giar-
diasis in travelers to the Soviet Union may have been responsible
for increased attention to this disease within the Unuted States.
Since then numerous small outbreaks of waterborne giardia
have been documented, including a 1974-75 outbreak in Rome,
N Y, affecting some 5,000 people (Craun, 1979) Giardia out-
breaks have occurred in communities with filtered water sup-
ples also Camas, Washington (Kirner, ef al , 1978) and Berlin,
New Hampshire (Lippy, 1978)

A 1978 Symposium on Waterborne Transrussion of Giardiasis
gives an excellent overview of the current knowledge (Jaku-
bowski and Hoff, 1978)
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Non-Cholera Vibrios

Many cases of gastroenteritis are caused by Vibrio species
which are not Vibrio cholera, the bacterium which causes cholera
These other vibrios are known collectively as “non-cholera vi-
brios ” They cause sporadic cases and outbreaks of cholera-hke
disease, but have not been associated with large epidemics or
pandemics At least six species have been implicated, the most
common being V cholerae (non-01) and V' parahemolyticus

V' cholerae (non-01) are so named because they do not aggluti-
nate in V cholerae 0-group 1 antiserum, a biochemical test to
identify V' cholera, V cholera (non-01) have often been referred to
as non-cholera vibrios (NAGs) V cholerae (non-01) strains are
widely distributed in the environment in Asia, Europe, and the
United States, especially in sewage, estuanne waters, and sea-
foods (Blake, 1980) They appear to be autochthonous (of local
ongin) estuarine bacterial species They are pathogenic (Spira, in
press) but the proportion of diarrheal illness associated with
these organisms 1s unknown (Blake, 1980) Transmission 1s prob-
ably almost exclusively by contaminated food or water (Blake,
1980) An outbreak due to contaminated well water has been
documented 1n the Sudan (WHO, 1969)

V' parahemolyticus was first recogruzed as a cause of food por-
soning In Japan 1n the early 1950s and since has been found to be
a significant cause of diarrheal illness in many parts of the world
It appears to be transmtted almost exclusively by food, particu-
larly by food from salt-water environments
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Typhoid Fever

Introduction

Typhoid fever 1s a systemic, infechous disease charactenized
by sustained fever, headache, anorexia, slow heart beat, rose
spots on the trunk, constipation more commonly than diarrhea,
and on occasion, intestinal hemorrhage or perforation. Untreat-
ed fatality rate may be 10 percent Mild and napparent cases
occur, especially in endemic areas (Benenson, 1981) The infec-
tious agent 1s Salmonella typhi, the typhoid bacillus

Occurring worldwide, the disease 1s spread by food or water
contaminated by the feces or urine of a patient or carner Shell-
fish and milk are also important vehicles for transmission

History

That typhoid can be a waterborne disease was recognized as
early as 1839 by Dr Wilham Budd, an English physician, who



described 1its transmussion by water some three decades before
the bacillus was 1dentified Budd’s famous report was actually
preceded by that of Dr Austin Flint, based on a httle known
study of an outbreak at North Boston, New York, a year before
Budd’s report

Thus typhoid, along with cholera, was the first disease identi-
fied as waterborne Cholera, however, was rarely 1dentified in
the Uruted States after the 1873 pandemuc Typhoid became the
standard measure of all waterborne diseases in the Uruted States
and was thoroughly studied by early sanitary engineers and
epidemiologists, including such pioneers as Wilhlam T
Sedgewick (1892), James H Fuertes (1901), George C Whipple
(1907), and Wade Hampton Frost (1914) The work of the Massa-
chusetts State Health Department’s Lawrence Experiment Sta-
tion, led by Sedgewick, early established the link between
typhoid and drinking water Figure 2-11s illustrative Figure 2-2
repeated the experience for post-war Greece durng
reconstruction.

Table 2-5 shows early studies, by Wade Hampton Frost, then
with the U.S. Public Health Service, on the Ohio River, where
mmtiation of water treatment reduced the typhoid death rate by
over 80 percent A study by Johnson (1916) for other cities
showed a reduction of 64 percent (See Table 2-6)

For the United States, “the improvement of public water sup-
phes has been the largest single factor in the decltne of typhoid”
(Anderson, Arnstein, and Lester, 1962, p 220) Europe had simu-
lar expenences (Moore, 1971).

Military campaigns and disasters often produced virulent out-
breaks In the 19th century, in many campaigns the death toll
from typhoid exceeded that from gunfire.

Typhoid also gave 1ts name to America’s best known carrier,
“Typhoid Mary” Mallon, a cook for upper class New York fam-

thes and for hospitals, who was responsible for numerous
outbreaks

In the Urnuted States, typhoid 1s rare However, 1n those coun-
tries that still have inadequate water supply and sanitation, 1t
continues as a significant public health problem

In the United States and in England, typhoid and cholera were
major factors in the sanitary reforms in both countries, epito-
mized by the work of Edwin Chadwick and Lemuel Shattuck

Table 2-5. Typhoid Death Rates for 26 Ohio River Cities Without
Water Treatment Plants in 1906 and for the Same Cities in 1914
Following Initiation of Water Treatment in 16 of the Cities

Number of Cities/ Typhoid Death Rate per 100,000 Population
Status of Water Treatment In 1906 In 1914
10 Cities
No Treatment 1n 1906 768 74.5
No Treatment in 1914
16 Cities
No Treatment mn 1906 9 5 153

Treatment in 1914

Note Source of water supply for each of the 26 cities was unchanged
between 1906 and 1914

SOURCE: Frost (1941)

Causes of Typhoid

Typhoid fever, unlke most other salmonelloses, 1s strictly
hmuted to man Infection results from ingestion of S typhi, ex-
perimentally in the range of 1,000 to 100,000 organisms. In na-
ture the infectious dose 1s probably lower. The sources of

Table 2-6. Reduction in Typhoid Fever Death Rates in American Cities Following the Filtration of Their Public Water Supplies
(Averages for Five Years Before and Five Years After Filtration)

Average Typhod
Fever Death Rates

Percent reduction in typhoud
fever death rates which
followed the filtration of
the public water supply

Before After

City Filtration Filtration

Albany, N Y 109 28 74
Charleston, S C 106 62 41
Cinannati, O 56 11 80
Columbus, O 83 17 78
Harnisburg, Pa. 72 33 54
Hoboken, N | 18 13 28
Indianapolis, Ind. 46 28 39
Lawrence, Mass 110 23 79
Louisville, Ky 57 24 58
New Haven, Conn. 40 25 38
New Orleans, La 39 26 33
Paterson, N | 29 9 69
Philadelphia, Pa 63 20 68
Paittsburgh, Pa 132 19 85
Providence, R 1 19 13 31
Reading, Pa 53 35 34
Scranton, Pa 25 10 60
Springhield, Mass 22 22 0
Washington, D.C 55 31 43
Wilmington, Del 35 24 31
Weighted averages 60 21 65

SOURCE: Johnson (1916)



i fection are the sick, or more often, carrniers who excrete S typhi
in their stools or urine

The epidemuology of typhoid has been thoroughly studied
Numerous observations leave no doubt about the role of food
and water (Cvjetanovic, 1973) Infection 1s often transmutted by
contamuinated water Because S typh: can survive in sea water,
seafood, particularly shellfish, collected near sewage outlets 1s
particularly dangerous

Prevention of Typhoid

Preventive measures include detection and treatment of carri-
ers, immunization, and personal and community hygiene, par-
ticularly water supply and samtary excreta disposal
Immunization 1s effective but 15 overwhelmed by large doses of
S typhi orgarusms, 10° or more (Cvjetanovic, 1973, Mandal,
1979) An epidemic model (Cvjetanovic, Grab, and Uemura,

Figure 2-1. Typhoid Rate Versus Water Supply Over Time: Massachusetts
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Figure 2-2. Typhoid Cases and Vaccination Versus Water
Supply Over Time: Greece
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1971), using cost data for southeast Asia, showed sanitation to be
a more cost-effective control measure than immunuzation when
its influence on control of other diseases 1s also considered

The success of water supply interventions in the United States
in reducing the inaidence of typhoid fever has been duplicated in
many areas of the developing world Bahl (1976), Misra (1971),
Zaheer, et al (1962), and Zebec (1980, reporting work 1n the
1920’s) describe dramatic reductions 1n typhoid 1n cities in Zam-
bia, India, and Yugoslavia, following mtroduction of communuty
water supplies

Paratyphoid Fever

Introduction

Paratyphoid Fever 1s a bactenal entenc fever chmcally similar
to typhoid fever, but generally milder and with lower fatality
rates Mild and asymptomatic infechons occur

Three main groups of infectious agents are recognized

Salmonella paratypht A,
Salmonella paratyph1 B (S. schottmuller1),
Salmonella paratyph C (S hirschfeldi),

all of predominately human ongin

Transmussion 1s fecal-oral, by food or food handlers Occasion-
al outbreaks are related to water supplies, including swimming
water.



Prevention

Preventive measures are similar to those for typhoidd Howev-
er, standard vaccines are less effective
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Salmonellosis

Introduction

Salmonellosis 1s an acute, infectious, bactenal disease with
sudden onset of abdominal pain, diarrhea, nausea, fever, and
sometimes vomiting Fatality 1s low except among the young,
the old, and the debilitated Over 2,000 serotypes of Salmonella
are pathogenic, with S typhimurium the most common Typhoid
fever and paratyphoid fevers are salmonelloses but are dis-
cussed 1n a separate section Salmonellosis is very much associat-
ed with animals as well as man



Transmission mees (OCCGE, 1980). An estimated 10 to 48 milion people

suffer from the disease each year
Transmussion 1s fecal-oral from person to person and via con-

taminated food or water Epidemucs are usually traced to food or

muk Fecal contamination of chlornated public water supplies Transmission
has been involved in some extensive outbreaks Salmonellae are The life cycle of the parasite, D medinensts, shown in Figure
found worldwide. 2-4, 15 the reason that transmussion 1s so readily stopped by
One of the most noteworthy waterborne outbreaks of water- safe water supplies Guinea worm enters its human host only
borne salmonellosis was that at Riverside, California, 1n 1965 via drinking water If the water can be protected from con-
(Ross, Campbell, and Ongerth, 1966, Greenberg and Ongerth, tamination by larvae 1ssuing from a guinea worm 1n an infect-
1966), which affected an estimated 18,000 people This epidemic ed person, transnussion ceases Simply sealing dug wells and
was attmbuted to S typhimurium step wells with sanitary covers and installing hand pumps will

stop transmission from these wells. Guinea worms and their
I copepod ntermediate hosts are readily removed from drnnk-
Bibliography on Salmonella ing water by filtration They are readily destroyed by boiling or
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Guinea Worm Disease

Background

Guinea worm (Dracunculus medinensis) 1s a threadlike para-
sitic worm, 30 to 120 centimeters (12 to 48 inches) long, which
mhabuts the subcutaneous and intramuscular tissues near the
skin of 1its human host It 1s found in Africa, Asia, and the
Middle East. (See Figure 2-3 ) Not a killing disease, except
when tetanus appears as a sequela, 1t can be severely incapaci-
tating Arthntc complications are not uncommon. Kale (1977)

W wrECTED
3/ IECSES

PNOMINFECTED  f
CYCLOPS

cites the average duration of incapacity from effective work as B The mature female worm pierces the skin of the lower leg causing an

100 days in western Nigeria Annual remnfection 1s common ulcer ! discharsed h
Guinea worm 1s the example par excellence of a disease for " y;’;‘r‘ the ulcer 15 in contact with water, larvae are discharged into the

which transmussion can be totally interrupted by provision of @ The larvae infect Cyclops, a small crustacean

safe dnnking water supplies In thus regard the eradication of @ The water, conatamnated with the infected Cyclops, 15 consumed

8 PP 8 yclop
the disease has been promoted as part of the International m The ingested larvae mature in humans in one year
Water Sllpply and Sanitation Decade by the Centers for Dis- ® Guinea worm disease 1s transmitted entirely by dnnking water

@ The contamunated water 1s typically from open surface sources such as

ease Control of the U.S Public Health Service (1981a, 1981b), stagnant ponds or “step wells ”

the United Nations Development Programme (1981), and the
(West Afnica) Organization Centrale Contre les Grand Ende- SOURCE: Muller, R (1971)
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Effectiveness of Water Supplies

Numerous examples exist which show the effectiveness of
water supplies against guinea worm disease Endemic guinea
worm was elimunated in Tashkent and Samarkand by filhng in
step wells and providing protected wells The construction of
piped water for a town of 30,000 population in Nigena re-
duced the inadence of guinea worm from over 60 percent to
zero within two years
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Leptospirosis

Introduction

Leptospirosis 1s a group of diseases caused by various serovars
(formerly serotypes) of Leptospires e.g , L icterohaemorrhagiae
Symptoms include fever, headache, chills, severe malaise, vom-
1ting, myalgia, and others Fatality 1s low except for cases with
jaundice and kidney damage

The pathogens are t.ansmutted through skin contact with wa-
ter, soil, or vegetation contaminated with the urine of infected
rats or other hosts or occasionally through ingestion

Exposure 1s largely occupational with farm or fish workers or
others who are frequently in contact with contaminated water or
with infected animals and their urine Recreational exposure 1s
also mportant, e g , with swimmers 1n contaminated water

Role of Water Supply

“Leptospirosis tn man 1s so frequently associated with water
that this disease has often been classified as a waterborne zoono-
sis” (Crawford, et al , 1971). The first reported waterborne epi-
demic of leptospirosis in the United States occurred in 1939
(Havens, et al ,1941) Crawford, etal (1971) review 11 other U.S
epidemucs, all attnibutable to swimming in contaminated water
Cattle or swine were the probable sources of the leptospires for
most of the outbreaks.

Chrnistie (1974) suggests that “in the vast majonty of cases
leptospirosis 1n the human results from rat-contaminated water
or soil ” He also notes that sewer workers have suffered from the
disease and reports transmussion by drninking water



However, Gillespie (1963) and Diesch (1956) emphasize the
hazard of L. pomona from domestic cattle,
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Tularemia

Introduction

“Tularemia 1s a congeries of syndromes” (Hornick, 1975) relat-
ed to the route of introduction and the virulence of the pathogen,
Francisella tularensis, a zoonotic coccobacilh When transmutted
by ingestion, 1t may produce pharyngitis, intestinal pan, diar-
rhea, and vomiting Most commonly the skin 1s the portal of
entry, and the most common form 1s as an indolent, febrle
disease with a skin ulcer and draiming lymph nodes. Pneumonia,
typhoid, and oculoglandular forms also occur

Rarely transmitted from one person to another, 1t 1s most com-
monly acquired through handhing of the carcass or eating the
undercooked flesh of infected amimals Rabbits are the most
common anumal victims

Role of Water

Sporadic episodes and epidemic tularemia have occurred
among humans following contact with water and fish contami-
nated by infected amimal carcasses (Cluff, 1977) Quan,
McManus, and von Fintel (1956) have shown that F tularensis in
water can penetrate unbroken skin

A domestic water supply in the USSR, contaminated with F
tularensis, resulted 1n “over 43 cases” in a group of farm laborers
(Jellison, et al , 1950) Natural waters in the U S have often been
found contammated by beavers and muskrats (Parker, et al ,
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1951) Drnking water directly from streams in areas where the
disease 1s known to exist should be avoided

Bibliography on Tularemia

Cluff, Leighton E “Tularemia ” Chpt 145 in Thorn, George W , et al ,
Editors, Harrison’s Principles of Internal Medicine, 8th Edition, McGraw-
Hill Book Co , New York Pp 858-860 1977

Hornick, Richard B “Tularemia ” Chapter 133 1n Hoeprich, Paul D,
Editor, Infectious Diseases, 2nd edition, Harper and Row Publishers,
Hagerstown, MD Pp 1043-1049 1977

Jelhison, W L, Epler, Deane C, Kuhns, Edith, and Kohls, Glen M
“Tularermua in Man from a Domestic Rural Water Supply " Public Health
Reports 65 1219-1226 1950

Karpoff, S P, and Antonoff, N1 “The Spread of Tularemia Through
Water as a New Factor 1n Its Epidemuology ” Journal Bacteriology 32
243-258 1936

Parker, R R, Steinhaus, Edward A , Kohls, Glen M , and Jellison, Wil-
ham L “Contamination of Natural Waters and Mud with Pasteurella
tularensis and Tularemia in Beavers and Muskrats in the Northwestern
Unuted States ” Natiwonal Institutes of Health Bullentin No 193 Pp 1-61
1951

Poland, Jack D “Tularemia ” Chapter 71 in Top, Frankhn H , 5r, and
Webhrle, Paul F , Editors, Communicable and Infectious Diseases, 8th Ed ,
C.V Mosby Company, Saint Lowis Pp 754-759 1976,

Quan, S F , McManus, A G , and von Fintel, H “Infectivity of Tularemia
Applied to Intact Skan and Ingested in Dnnking Water ” Science 123
942-943 1956

Sanders, Charles V “Tularemia ” Chpt 23 1n Tice’s Practice of Medicine,
Vol III, Harper & Row, Publisher, Hagerstown, Md 15pp 1970

Cardiovascular Disease and Hardness of Drinking
Water

Associations have been found between the hardness of local
dninking water and local cardiovascular mortality rates Most of
these studies have been hmuted to geographic units wherein
mortality rates are related to the average concentrations of var-
10us constituents of drninking water. They have not demonstrat-
ed the biological plausibility of these geographic associations
Many authors, in fact, have questioned whether constituents in
drinking water comprise a substantial enough proportion of hu-
man daily ingestion to affect human metabolism or health Fur-
ther, no clear patterns have emerged in the studies Sharrett
(1979) concludes 1n an extensive review that “the findings on
waterborne trace elements and mortality should be accorded
little credence at this time ” In another extensive review, Com-
stock (1979) noted that “the more ngorous the experimental de-
sign, the less the association at best ” Further, “its effect, 1f any,
must be very weak compared with the effects of known nsk
factors ”

A recent review of this 1ssue by the National Academy of
Science (1979) concluded- “Given the current status of knowl-
edge regarding water hardness and the inadence of cardiovas-
cular disease, 1t 1s not appropnate at this time to recommend a
national policy to modify the hardness or softness of public wa-
ter supphes ”

Bibliography on Cardiovascular Disease and Water
Hardness
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Carcinogens in Drinking Water

The increasing number of organic chemicals reaching water
supplies in industnal areas has generated growing concern as to
their carcinogenic potential in dninking water. Some compounds
known to be caranogenic (in tests of animals exposed to hugh
doses) have been found 1n water supplies, albeit in low concen-
trations One of these 1s chloroform, which can be a by-product
of the chlorination process for water disinfection, a process prac-
ticed in the U S since 1908 which has undoubtedly prevented
great loss of life.

The question of the effect of potential carcinogens found 1n
dnnking water has been intensively studied by the National
Academy of Sciences (NAS), which recently reported on chloro-
forms and other tnihalomethanes (THMs) in dninking water The
NAS has summarized (1980), based on its review of 12 epidemu-
ological studies, that any association between THMs and blad-
der cancer “was small and had a large margin of error” and that
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inherent methodological complexities make 1t “virtually impossi-
ble to establish a causal link between THMs and an increase in
cancer of the bladder or of any other site ”

This subject has also been recently reviewed by Wilkins,
Reiches, and Kruse (1979), who found that “the association be-
tween organic chemical drinking water contaminants and cancer
15 not well confirmed,” and “at present, the evidence of a few
statistically significant results must be tempered by recogmzing
the large number of test statistics that have been computed, as
well as therr reported levels of significance.” However, “even
though strong drinking water-cancer relationshups have not
emerged 1n these exploratory efforts, there still appears to be a
justification for pursuing the drninking water question ”
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SECTION 3

WATER HYGIENE DISEASES

Introduction

Water hygiene diseases are those whose incidence, preva-
lence, or severty can be reduced by regularly using water in
sufficient quantities to improve personal and domestic hygiene
These include most of the fecal-oral transmission diseases, also
listed as waterborne. Many of these diseases may also be trans-
mitted by food, hand-to-mouth contact, and other means Some
of them, e g, shigellosis, are possibly more predominantly
transmitted in these ways than through drinking water !

Other hygienic diseases include those of the skin (example
yaws) and eyes (example trachoma) Some hygienuc skin dis-
eases are assoclated with ectoparasitism, 1 e , 1nsect infestations
For example, scabies 1s caused by sarcoptic mites, pediculosis by
lice. Lice also can transmut other diseases, for example, typhus
fever

Sufficrtent water must be available for hand washing, bathing,
laundering, and cleaning of cooking and eating utensils This
quantity ts needed in addihion to that used for dnnking See
Figure 3-1 for the impact of hand washing on the spread of
shigella in Dacca, Bangladesh (ICDDR, 1979)

A fallacious argument is sometimes advanced that quantity of
water 1s important, quality of water 1s not Economucally, only
one water supply 1s often feasible, thts must provide waters for

Some Shigella are very virulent, 1 e, they are infectve at very small
dosages However, they have a low hfespan in natural waters and are
rarely identified duning waterborne epidemucs They may be the causa-
tive agents of much non-differentiated diarrhea

both drinking and hygiene With judicious source selection and
protection, particularly of groundwater sources, microbiolog:-
cally safe water can often be found to satisfy both purposes even
large quantities of unsafe water cannot Even where waterborne
transmussion does not appear to be endemuc, the epidemic risk of
common source outbreaks in piped community water supply
systems should be avoided by public agencies In most n-
stances, the cost difference 1s neghgible
Table 3-1 summarizes water hygiene diseases

Bibliography on Water Hygiene Diseases

International Centre for Diarrhoeal Disease Research 1979 Annual Re-
port International Centre for Diarrhoeal Disease Research, Dacca
1980

Enteric Diseases

Reliable, regular, conveniently accessible water supples of at
least 20, preferably 40 to 50, liters per person per day have been
shown conclusively 1n Section 9 to reduce the level of entenc
diseases in the communities served Field evidence 1s particular-
ly strong for shigellosis (bacillary dysentery) Most of the other
fecal-oral diseases are also favorably impacted Section 2 de-
scribes these diseases and gives bibliographues

Table 3-1. Water Hygiene Diseases’

Disease or Syndrome

Remarks

Enteric Diseases
Drarrheas, Dysenteres,
Gastroenteris, etc

Skin Diseases
Ottis Externa,
Scabies, Skin
Sepsis and Ulcers,
Tineas (Ringworm)

soap

Louse-Borne Diseases
Louse-borne Fever,
Pediculosis,
Relapsing Fever,
Typhus Fever,
Wolhyman Fever

clothing

Treponematoses
Endemic Syphilis,
Pinta,

Yaws

Eye Diseases
Conjunctivitis,
Trachoma

Prevalence of most fecal-oral diseases 1s less with adequate quantity of water

Prevented by personal hygiene, including frequent bathing and launderning with use of

Prevented by personal hygiene, including bathing and laundering and changing of

Prevented by general public and personal hygiene Non-venereal

Trachoma rare where ample water 1s available

I Transmission reduced by use of water for cleansing Quantity, convenience, reliabiity of water supply important
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Figure 3-1. Effect of Hand Washing on the Spread of Shigella in
Families in Dacca City.

50% Secondary infection 1n study and control
r groups by age and percent
0% = Study Group D
30% |- Control Group -
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ol I l
0%

20-39

40+

10-19
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Age Average

Intervention of Shigellosis by hand washing
SOURCE: International Centre for Diarrheal Disease Research, 1980

Skin Diseases’

Introduction

" Skin diseases are a considerable problem in many of the devel-
oping countries, often a leading complaint presented at health
uruts. Prevalence rates may be as high as 80 percent and comph-
catons and secondary infections are not uncommon (Clark,
1970, Jelhffe, 1972, Masawe, 1975, Morley, 1973, Porter, 1977,
Vibhagool, 1970, et al )

Scabies

Scabies 15 a disease resulting from infestation by the itch mite,
Sarcoptes Scabier Barely large enough to be seen by the naked
eye, its discovery in 1687 marked scabies as the first disease of
man with known cause (Orkin, 1971). It 1s found worldwide
whenever personal hygiene 1s lacking Epidemics appear to wax
and wane over long-term cycles The mite burrows under the
skin Resulting itching can be intense. Transfer of parasites 1s by
direct skin-to-skin contact and to a imited extent by contact with
clothing or bedding contaminated by infested persons It 1s fre-
quently acquired duning sexual contact

Dermatophytoses (Ringworm infections)

AL -

Ringworm 1s a general term applied to fungal diseases of kera-
tinized areas of the body (hair, skin, and nails) These diseases
are subdivided by site of infection scalp, nails, groin and peri-
anal region, body, and foot Strict personal hygiene can help
prevent transmission. However, the infections may be found
globally

Lopez Martinez (1980), 1n one of the apparently few quantita-
tive studies published, found 1n a Mexico Cuty study, that der-
matophytes could be 1solated from the scalp of 14.8 percent of
persons living mn “dirty” sanitary conditions, but in only 4 6
percent in “clean’” conditions Children were found to be infect-
ed twice as often as adults

Other Skin Diseases
Many other skin diseases can be prevented or controlled by

"Does not include systemic disease with symptoms or syndromes which
appear on the skin, e g, measles
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personal and public hygiene, assisted by adequate, converuent
water supplhies These diseases include pediculosis (covered in a
separate section), pyodermal infections with various bactena,
primartly Staphylococcus aureus, Streptococcus pyogenes, and Coryne-
bactertum diphtheriae, mycobactenal ulcers, tropical ulcer, impeti-
go, otitis externa (infection of the outer ear), other skin sepses,
and secondary infections and sequelae of other parts of the
body, e.g , acute glomerular nephntis, septicemua, ¢t al Chil-
dren are the most often infected

Role of Water Supply

The control of many of these diseases 1s unlikely without an
adequate supply of water (Clark, 1970, Jelliffe, 1972, Morley,
1973, Porter, 1977, and Vibhagool, 1970) Some dramatic exam-
ples of reductions 1n skin diseases are described by Misra (1971)
n India and Henry (1981) in St Lucia, when scabies dropped 98
percent and skin diseases at clinics dropped 82 percent
respectively
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(Including Scabies)

Adams, Robert M “"The Skin and Today’s Environment ” Chapter 27 1n
McKee, Witham D , Editor, Environmental Problems [n Medicine, Charles
C Thomas, Spningfield, Ill Pp 726-773 1974

Allen, Arthur C The Skin, A Chinicopathological Treatise, 2nd Ed Greene &
Stratton, New York 1182pp 1967

Bradley, David ] “Measunng the Health Benefits of Investments in
Water Supply ** Unpublished notes 1974

Clarke, G HV “Diseases of the Skin ” Chapter 25 in Jelhffe, D B , Edi-
tor, Diseases of Children in the Subtropics and Tropics, Wilhams & Wilkins
Co , Baltimore Pp 604-638 1970

Goldstein, Elliot ““Ottis Externa ' Chapter 157 in Hoeprich, Paul D,
Editor, Infectious Diseases, 2nd Ed , Harper & Row, Publishers, Hagers-
town, Md Pp 1185-1186 1977

Henry, Fitzroy ] “Environmental Sanitation, Infection, and Nutnitional
Status of Infants in Rural St Lucta, West Indies * Transactions Royal
Soctety Tropical Medicine and Hygiene 75(4) 507-513 1981

Jelliffe, D B “Dermatological Markers of Environmental Hygiene " The
Lancet 11 49 July 1, 1972

Lopez Martinez, Ruben “Isolation of Dermatophytes from Different
Natural Sources ” Superficial, Cutaneous, and Subcutancous Infections
Scientific Publication No 396 Pan Amernican Health Organization,
Washington Pp 205-210 1980

Masawe, Aaron E ], Nsanzumuhire, Herbert, and Mhalu, Frederick
““Bactenal Skin Infections 1n Preschool and School Children 1n Coastal
Tanzama " Archives Dermatology 111 1313-1316 1975

Misra, KK “Safe Water 1in Rural Areas—An Experiment in Promoting
Communuty Participation 1n India ” International Journal of Health Edu-
caton 18 53-59 1971

Morley, David Pediatric Priorities in the Developing World Butterworths &
Company Ltd , London 470pp 1973

Orkan, Milton ““Resurgence of Scabies " Journal American Medical Associ-
ation 217(5) 593-597 1971

Porter, Michael ] “An Epidemiological Approach to Skin Disease in the
Tropics ” Tropical Doctor 7 59-66 1977

Radclhiffe, Chnstan E “Scabies ” Chapter 60 1in Top, Franklin H, Sr,
and Wehrle, Paul F , Editors, Commumicable and Infectious Diseases, 8th
Ed, CV Mosby Company, Saint Lowis Pp 612-615 1976

Sonneidau, ] D, Jr ““Systemic Mycohc Infections *’ Chapter 28 1n Jelliffe,
D B, Editor, Diseases of Children in the Subtropics and Tropics, Willhams &
Wilkins Co , Baltimore Pp 706-726 1970

Taphn, D, Lansdell, L. , Allen, A M “Prevalence of Streptococcal Pyo-
derma in Relation to Climate and Hygiene ” Lancet 1 501-503 1973



Vibhagool, A “Ecological Aspects of Common Dermatoses in Thai-
land ** International Journal Dermatology 9(3) 186-188 1970

Williams, Roger W ““Scabies "’ Chapter 1101n Hoeprich, Paul D , Editor,
Infectious Discases 2nd Ed , Harper & Row, Publishers, Hagerstown,
Md Pp 870-873 1977

Louse-Borne Diseases

Introduction

The louse 1s confined (to those) who hive 1n great
distress and great poverty But there are still many of
these with us and there are regions of the earth where life
15 stll primitive, where bathtubs remain luxur-
1es The louse will never be completely exterminat-
ed, and there will always be occasions when 1t will spread
widely to large sechions of even the most sanitated popu-
lations And as long as 1t exists, the possibility of typhus
epidemics remains (Zinsser, 1935)

One of the serendipitous byproducts of community water sup-
plies and the practices of personal hygiene fostered thereby has
been the virtual elimination in modern communities of the body
louse, vector of epidemic typhus and relapsing fevers However,
Zinsser’'s remarks of almost a half century ago remain true today

Table 3-2 shows those diseases for which the human lice are
the vectors The most important disease 1s epidemic typhus fe-
ver, which has historically been a major enemy of mankind
Indeed, typhus may have changed the course of history (Cart-
wright, 1972, McNeill, 1976, and Zinsser, 1935) For example,
legend has 1t, reinforced by Tolstoy’s War and Peace, that almost

the whole of Napoleon’s army was destroyed 1n the retreat from
Moscow But the legend 1s wrong More soldiers perished on the
way to Moscow, through Poland and western Russia, than on
the retreat (Cartwnight, 1972) Disease, led by typhus, killed
more of Napoleon’s troops then did the Russian soldiers

Epidemic typhus fever occurs today 1n Africa, Asia, and Latin
America, with major endemuc foci in Ethiopia, Burundi, Rwan-
da, and the Andean countnes (Tarizzo, 1973) The potential for
major outbreaks 1s high, especially under conditions of social
stress, such as war, insurrection, famine, natural disaster, and
severe poverty

“Normal” conditions favoring lousiness include lack of water
and soap for bathing and laundering of clothing, inadequate
changes of clothing, harsh climate (cold, wind, sun, or wind-
blown sand—encouraging weanng of clothing), sleeping in
clothing, crowding—especially of sleeping quarters, malnutri-
tion, and 1gnorance about lice and disease

Lice

Man 1s infested by three kinds of lice, commonly called body,
head, and pubic lice Pubic lice are also colloquially kngwn as
crab lice The common names are denved from the portion of the
human body that 1s the common habutat of the particular louse
The body louse and the head louse are vaneties of the same
species. The body louse 1s the common vector of the febrile
louse-borne diseases

Lice normally pass their entire ives on their human host and 1f
detached attempt at once to regain their place on the onginal or

Table 3-2. Louse-Borne Diseases

Disease/Synonym Case Fatality Rate "Vector Infectious Agent Occurrence Remarks
2Typhus fever, epidemic 10 to 40% Body louse Rickettsia Africa, Asia, Major epidemics
louse-borne (classical sometimes 70% protwazeki E Europe, Latin  1n crowded un-
typhus fever) America sanitary environ-

ments under stress

Brill-Zinsser disease Uncommon Body Louse Ruckettsia Worldwide Flare-up of old
(Recrudescent typhus) prowazeki typhus infection
*Relapsing fever, epidemic 2 to 10% Body louse Borrelia Limited areas Relapses are
louse-borne sometimes 50% recurrentts of Africa, Asia, common

(a spirochete) Latin America
Wolhyman fever Non-fatal Body louse Rickettsia Europe, Russia, Wartime
(Trench fever, Quintana quintana Ethiopia, North epidemics among
fever, Five-day fever) Afnca, Mexico soldiers
Pediculosis Extremely Body louse Infestation Worldwide Associated with
(Lousiness, Vagabond’s rare Head louse with one or poor hygiene,
disease) Crab (pubic) more spp (var) lack of clothes

louse of lice (Note washing, and

not an nfection) crowding
Skin diseases from Rare Lice and man Staphylococci Worldwide Secondary
secondary infections as mechanical and streptococci infections of
(Dermatitis, eczema, vectors, e g , and other bacteria lousy skin

furunculosis, impetigo,
pyoderma, et al )

biting and scratch-
Ing respectively

1Body louse (Pediculus humanus corporis) and head louse (Pediculus humanus capitis) are closely related and head lice may also be
vectors of febrile louse-borne diseases Crab or pubic louse (Phithirus pulis) 1s not
%Flea-borne and mute-borne forms of tvphus fever also exist
A tick-borne form of relapsing fever also exists
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another human host Lice will die within hours or days (depend-
ing on the ambient temperature) if they do not find a new host
Lice prefer a narrow temperature range and will leave a host
whose skin temperature 1s too warm due to fever or too cold due
to death The louse’s preference for man and its aversion to
abnormal temperatures (e g , fevers or chills of its host) causes
the spread of louse infestation in the commumnity

Adult lice have been recorded as moving at a rate of 9 inches
(23cm) per minute, but they never move in straight hnes Experi-
ments have shown that a louse-free person lying in the same bed
as a lousy person will begin to complain of lice 1n 5 to 6 hours
(Busvine, 1969)

Lice live solely on blood When they are feeding, the skin of
the host 1s pierced by parts (stylets) of the mouth of the louse, a
salivary secretion to prevent coagulation of the host’s blood 1s

_mjected into the wound and up to one milhgram of blood sucked
out at a feeding

Lice can only be acquired, directly or indirectly, from an infect-
ed person The likhihood of acquiring an infection depends on
the general prevalence of infestation in the community and the
intimacy of human contact and crowding

Under modern cavilized conditions, body louse infestations
are very rare and are virtually restricted to people of obviously
low standards of hygiene who rarely change their underwear
and commonly sleep in their clothes Regular laundernng of un-
dergarments makes 1t impossible for body hce to survive (Bus-
vine, 1969) Body lce are still quite prevalent mn some
communities with low hygienic standards whose residents are
unable to wash and change their clothing

Head lice are much more prevalent than body lice and are
found worldwide, including in the United States. Long, un-
washed, and uncombed hair can result in a thriving nursery for
lice and their nits (eggs) Fortunately, head lice are not the seri-
ous health hazard that body lice are

Water Supply and Lice

The relationship of water supply and lice, particularly body
lice, already described, may be summarnzed to prevent or re-
duce lousiness, water should be readily available in sufficient
quantity for frequent bathing and for washing of clothes Bath-
ing loses 1ts value for lousy persons if the old clothing carrying
the lice and ruts 1s put on again without being freed from the lice
The impact of bathing and changing of clothing 1s enhanced
when done at the same time within groups living 1n the same
household Bathing and laundenng and changing of clothes are
required on a continuing community scale to be fully effective
and to prevent reinfestation with body hice Total eradication of
lice 1s preferable, but low levels of prevalence and of lice per
person will generally suffice to prevent epidemic louse-borne
disease.

The effect of clothes washing and changing on community
prevalence of lice infestation was shown by a recent study in
Ethiopia Prevalence of lousiness 1s as high as 97 percent among
those who do not wash or change their clothing and as low as 14
percent among those who do As important as the prevalence,
the average number of lice per infested person for those who
wash and change their clothing at least once a week 1s a single
louse (Sholdt, et al , 1979)

Pnior to the development of insecticides such as DDT, bathing
and disinfestation of clothing by physical measures, e g , heat,
were common lice control measures Insecticides are today the
method of choice for frank lousiness and have many advantages
immediate effechiveness, low cost per person, mimmal neces-
sary action by population at nisk, ef al However, lice have prov-
en their ability to develop resistance to insecticides and to readily
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reinfest commumties when basic hygienic conditions are un-
changed The majonty of communities in developed countries
were freed of louse-borne disease before the advent of chemical
mnsecticides

Epidemic Louse-Borne Typhus Fever

Louse-borne typhus 1s an acute, highly infectious, febrile, ex-
anthematous (characterized by a rash) disease which manifests
itself in epidemic form In the absence of specific therapy, the
case fatality rate varies from 10 percent to 40 percent and 1n-
creases with age and malnutntion It 1s found in Mexico and
Guatemala, the Andean countries, much of Africa and the Mid-
dle East, mountainous regions of Asia, and eastern Europe

The infectious agent, Rickettsia prowazeki, 1s transmutted from
man to man by human lice, principally the body louse (Pediculus
Humanus var corporis), but at imes the head louse (Pediculosis
humanus var capitis) (Faust, Russell, and Jung, 1970) The louse
15 infected (and dies within two weeks) by feeding on the blood
of a typhus-infected person Infected lice excrete rickettsia in
their feces and usually defecate at the time of feeding Man 1s
infected by rubbing feces of hice into the wound made by the
louse bite or into skin abrasions resulting from scratching Inha-
lation of dried infectious louse feces or dust from dirty clothes
may account for some infections (Benenson, 1975)

Preventive measures include repeated applications of residual
mnsecticides, e g , DDT or malathion, immunization (with annual
booster dose), and improvement of iving conditions, with provi-
sions for frequent bathing and for washing and changing of
clothes

Brill-Zinsser Disease

This disease, first observed by Brill in New York in 1910, was
found by Zinsser in 1934 to be a mild, recrudescent form of louse-
borne typhus (Woodward, 1977) The early confusion was due to
the appearance of the disease in louse-free environments

Climical recovery from an attack of epidemic typhus fever does
not necessarily mean that the rickettsiae have been eradicated
After years of quiescence the rickettsiae may again become achi-
vated Thus man himself serves as the carrer of the disease
between epidemic outbreaks Thus return of body lice to an
apparently typhus-free part of the world may result in new ep1-
demucs of typhus fever

Epidemic Louse-Borne Relapsing Fever

Relapsing fever 1s the name given to a disease characterized by
1, 2, or even 10 relapses of the primary febrile paroxysm There
are two main forms, the epidemic form transmutted by body lice,
and the endemic form, transmitted by certain ticks The infec-
tious agent 1s Borrelu recurrentis, a spirochete

Symptoms include abrupt onset, shivering, headache, body
pain, sometimes nausea or vomuting, fever of 102° to 104°F ,
jaundice 1n 20 to 60 percent and bronchitis 1n 40 to 60 percent of
those attacked Temperature falls 1n 3 to 9 days and relapse may
occur 11 to 15 days later Pregnant women abort With good
conditions, case fatahty 1s 5 percent or so, durning war or famine,
fatality may reach 70 percent (Wilson and Miles, 1975) Trans-
mussion of epidemuc louse-borne relapsing fever 1s similar to that
for typhus fever However, the louse hives longer, up to 40 days

Devastating outbreaks have occurred in Europe, during the
Insh famine of 1846-50 and during World War I in Russia and
central Europe An outbreak during the 1920s killed hundreds of
thousands in northern Africa, over 200,000 mn the Sudan alone
The majonty of current cases reported continues to come from
Afnca (Tanizzo, 1973)



Like epidemic typhus fever, “relapsing fever 1s associated
with poor sanitation and personal hygiene, particularly over-
crowding, undernutrihon, and dirty, infected clothing” (Wilson
and Miles, 1975)

Prevention and control measures are similar to those for ep1-
demic typhus, however, no vacane 1s available for relapsing
fever.

Wolhynian Fever (Trench Fever)

A nonfatal, acute incapaatating, febnle, self-hmiting infec-
tious disease caused by Rickettsia quintana (syn. R pediculi, R
weigly, and R wolhymica) Epidemucs occurred among soldiers in
European battlefields in both World Wars Sporadic cases in
areas of endemuc foa probably go unrecognized Endemuc foc of
mfection have been detected in Poland, Russia, Mexico, Ethio-
pla, and North Africa. The orgamsm probably can be found
wherever man and the human body louse co-exast Prevention is
by louse control measures as for other louse-borne diseases

Pediculosis (Lousiness)

Pediculosis 1s infestation by human body hice, head hce, or
public ice Pediculosis, especially with infestation by body hce,
1s a warning of the potential transmission of hfe-threatening
disease such as typhus fever However, the cutaneous lesions
resulting from lousebites invanably cause a desire to scratch the
affected sites. Frequently the skin becomes scarred and at times
thickened and bronzed by pigment, a condition known as vaga-
bond’s disease The saliva and feces of the louse may induce a
dermal (skin) hypersensitivity

Skin Diseases

Lesions from lousebites and from skin irntation, sensitvity,
and severe scratching may result in secondary dermatitis and
infections with staphylococc, streptococcl, and other bacterna,
as manifested by eczema, furunculosis, impehgo, pyoderma,
and other pathologic skin conditions Although rarely death-
threatening, these conditions can be important in the aggregate
For example, 10,000 (10 percent) of the Brnihsh Second Army’s
total admussions to casualty stations in 1917 were for inflamma-
tory skin conditions attributable to lice (Buxton, 1947)
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Nonvenereal Treponematoses: Yaws,
Pinta, and Endemic Syphilis

Introduction

Yaws, pinta, and endemiuc syphihs (bejel) are diseases of man
caused by infectious agents that are morphologically indistin-
guishable from Treponetoma pallidum, the spirochete that 1s the
infectious agent of venereal syphilis. However, yaws, pinta, and
endemuc syphihis are not sexually transmitted They are diseases
of children and are associated with poverty and with poor per-
sonal and communty hygiene

Endemicity has dechned with improved standards of living
and of hygiene. Yaws was the target of a massive global cam-
paign of penicillin treatment during the 1950-1960's However,
nonvenereal treponematoses are still found over a wide area, as
shown in Figure 3-2, primarily in tropical Latin America and the
Carnibbean, Africa, and southeastern Asia and the Pacific Yaws
15 found 1n humid areas and endemic syphilis 1n and areas
Recent WHO surveys of endemuc syphilis in the Sahel region of
Afnca have found approximately 2.8 mllion of the regton’s 30
mullion people at risk (WHO, 1981) Yaws has resurged in parts
of Africa and scattered foc1 persist in the Amerncas



Figure 3-2. Geographical Distribution of the Endemic Treponematoses in the early 1980's
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Table 3-3. Etiology, Epidemiology, and Clinical Manifestations of the Treponematoses

Venereal syphuilis Endemc syphilis Yaws Pinta
Organism T pallidum T pallidum endermucum T pertenue T carateum
Transmission Sexual, l'ransplacental1 Household contacts Skin-to-skin Skin-to-skin
Mouth-to-mouth or via  ? Insect vector ? Insect vector
dnnking, eating utensils
Usual age Adult Early childhood Early chuldhood Adolescent
Primary lesion Cutaneous ulcer Rarely seen Framboise (raspberry), = Nonulcerahng papule
(chancre) or “mother yaw” with satellites
Secondary lesion Mucocutaneous, Flond mucocutaneous  Cutaneous papulo- Pintides

lesions {mucous patch,
spht papule, condyloma
latum), osteoperiostitis

occastonal periostitis squamous lesions -

Tertiary Gumma, cardiovascular, Destructive cutaneous Destructive cutaneous Dyschromic, achromic

and CNS lues osteoarticular gummas  osteoarticular gummas  macules
! Since the nonvenereal trepanematoses are usually acquired n childhood and treponemal bactererma ceases with time, only n adult-onset venereal syphilis is there any
Dikelthood of a mother grnng birth to an infected child

SOURCE: Holmes and Harnisch, 1977

Characteristics of the Treponematoses

Table 3-3 summanzes the etiology, epidemiology, and clinical
manifestations of the treponematoses (Holmes and Harnisch,
1977). Transmussion of endemic syphilis 1s of particular interest
Considerable evidence suggests that common drnking vessels
are an 1mportant transmission mechanism (Demus, 1977, Grin,
1953, Guthe, 1969, and Willcox, 1970) The infectious agent 1s

transmitted from lesions 1n the mouth of the infected person
The moisture of the cup enables the fragile spirochete to survive
In 1ts external environment until ingested by a new host

Nonvenereal treponematoses are rarely fatal but can be dishi-
gunng and disabhing As many as 10 percent of untreated yaws
victtms can be invahded (Guthe, 1969)



Role of Water Supply for Control of Yaws, Pinta, and Endemic
Syphilis

At the close of World War II, there were perhaps 100 million
people infected by yaws, with a prevalence of 25 percent in
endemuc areas of Africa, Asia, and Latin America (Guthe, 1969)
Pinta and endemic syphilis were also widespread (WHO, 1981)
Although the penicilin campaigns accelerated the reduction of
prevalence, all three diseases were dechining without direct at-
tention as endemic areas achieved better environmental hy-
giene. The efficacy of water supply as a preventive measure for
these diseases 1s well established The following quotes are
illustrative

g an 1mportant factor in reducing the prevalence of
yaws in a community, probably by reducing transmussion, 1s
the presence of a moderately readily available and adequate
water supply . . . of about five gallons per head per day-

. more water conveniently located where water

supplies may not be adequate at all times of the year” (Hack-
ett, 1960)

“Health education should aim at improvement of personal
hygiene (soap) and communtty hygiene (water)” (Guthe,
1979)

“Endemic syphulis 1s easily prevented by improving the gen-
eral level of hygiene and the standard of living” (Demus,
1977).

“Simply itroducing the use of soap and water has regularly
been followed by a dimmnution in the number of cases of
yaws” (Demus, 1977)
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Trachoma
Background

Thus disease 1s the world’s leading cause of preventable loss of
vision and bhindness An estimated 400 to 500 million people are
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afflicted with trachoma, with two mullion blinded and eight ml-
lion at nisk of blindness (Helen Keller International, 1980, WHO,
1979, WHO, 1973) In areas of severe endemicity, uncontrolled
trachoma may result in blindness 1n one percent or even up to
three percent of the population (WHO, 1979)

The disease 1s widespread, and the worst affected areas are
North Africa, the Middle East, and certain regions in Afnica and
Southern Asia Trachoma 1s a disease of low infechivity Its ab-
sence 1n physicians and tournsts in epidemic areas suggests that
long term, repeated exposure 1s necessary to establish the dis-
ease Unsanitary habits, lack of water for personal hygiene, over-
crowding and abundant houseflies characterize endemic areas

The course of the disease vanes considerably. In some cases,
reinfections, possibly associated with hypersensitivity reactions
and/or related infections (e g , bacterial conjunctivitis), may lead
to progressive damage to the eye and ulhimately to biindness
Mechanical irntants, particularly dust and smoke, may play an
mportant role

Pathology

Trachoma is a word denved from the Greek and may be literal-
ly translated as “rough eye” (Gilkes, 1962) The term 1s of consid-
erable antiquity and was used by Hippocrates The disease 1s
basically a severe and prolonged inflammation of the conjuncti-
va of the eye, with associated corneal lesions and scarnng, which
1n their gross form are known as pannus ! Later stages of tracho-
ma may lead to cicatnzation (scarnng) of the conjunctivae, which
may lead to gross deformity of the eyelids, progressive visual
impairment and bhndness. The margins of the eyehd may turn
inwards (entropion) as well as the eyelashes (tnchiasis). Lacn-
mation (tear function) may also be impaired. This process may
develop insidiously and over decades

The infechious agent 1s Chlamydia (Bedsona) trachomatis, a para-
site with some properties of both viruses and of bactera, e g , 1t
multiphes only intracellularly, as do viruses, but contains both
rbonucleic aaid (RNA) and deoxynbonucleic aaid (DNA), as do
bacteria (Wilson and Miles, 1975)

Epidemiology and Control

Trachoma 1s basically transmitted eye to eye in endemic re-
gions, although venereal transmission is possible Susceptibihty
1s general and there 1s no evidence that infection confers immu-
nity (Benenson, 1981). No effective vaccine has yet been proven
for field use (Holmes, 1981; Helen Keller International, 1980, et
al)

In endemuc areas,children generally have active disease more
frequently than adults. Severity of disease 1s often related to
environmental conditions—lack of water, dust and dry sand,
dry winds, flies, poor hygienic conditions, and overcrowding

Prevention and control measures include

(1) Case-finding and treatment, especially of young children

(2) Health education, especially personal hygiene The risks

of common wash basins and towels should be empha-
sized, as should the role of mothers in transmission

(3) Chemotherapeutic treatment with antibiotics The most

extensively used is tetracycline omntments as o1l suspen-

The conjunctrvae are the delicate membranes lining the eyehids and cov-
ering the eyeball The cornea 1s the transparent front part of the eye
Pannus 1s invasion of the cornea by blood vessels and small, rounded
masses of hssue dunng the healing processes, formung a veil over the
corneal surface See Figure 3-3 ‘“The Human Eye ”



Figure 3-3. The Human Eye
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sions Treatment requires repeated apphcation over many
months.

(4) Surgical treatment when tissues have been damaged or
destroyed by the infection process or by scarnng

(5) Improved basic sanitation, especially availability and use
of soap and water

Water Supply and Trachoma

Most authorities are 1n general agreement that personal and
public hygiene emphasizing the use of water 1s the most effective
method for prevention or reduction of trachoma Use of water 1s
emphasized An ample quantity of water should be readily acces-
stble, 1 e , close at hand Chlamydia trachomatis can be transmatted
directly by water, @pecially through use of common wash ba-
sins However, this 1s only one of numerous mechanisms for
transmussion Direct contact with discharges from infected eyes
or materials soiled by such discharges (for example, a mother’s
apron used to wipe the faces of her chuldren) is probably the most
important means of transmission

Water’s role in prevention 1s that when 1t 1s readily available,

36

trachoma infections do not ““take,”’ 1 e , lead to manifestations of
disease.

Three extant studies demonstrate this through quantitative

field measurements

(1) Trachoma 1n the Ryukyu Islands duning 1960s (Carter,
1968) Trachoma was six imes more prevalent (24 1%) ina
cty without piped water to households than in another
city (4.1%) with piped water to households. Trachoma
prevalence in a village without piped water (42%) was
almost ten imes as high as prevalence in four villages with
prped water (4 5%).

(2) Trachoma in Bamnbank: Bloch, Uttar Prasdesh, India
(Misra, 1971) and (Cvjetanovic, 1980) Following introduc-
tion of a piped water supply 1n 1965, trachoma morbidity
dropped 90 percent and conjunctivitis fell by 80 percent.

(3) Trachoma i Taiwan during 1970-71 (Assaad, et al , 1969).
Trachoma prevalence in a population using water from
household taps was 14 5 percent Prevalence increases to
24.1 percent for users drawing water from wells attached
to their houses. When the population had to go 100 meters
or more, the prevalence of trachoma doubled

Although the number of ngorous quantitative field studies 1s

hmited, the importance of water supplies in prevention and
control of trachoma (and conjunctivitis) 1s widely recognized.
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SECTION 4

WATER CONTACT DISEASES

Introduction

Water-contact diseases are transmutted by skin contact with
pathogen or toxin-infested water The most important of these
diseases 15 schustosomiasis (bilharzia) Schistosome eggs in hu-
man excreta hatch on reaching water The resulting larvae must
mvade suitable snail hosts or perish Following a multiphcation
process within the snail, the free-swimming schistosome larvae
(cercanae) escape from the snail, find, and invade man by pene-
trating his immersed or wetted skin

This important tropical disease infects over 200 million people,
and 1its prevalence 1s probably increasing Current control meth-
ods, pnmarly drugs for those infected and chemucal control
(mollusciciding) of snails, have had hmited success Both of
these methods require periodic repetition

Controlling schistosmiasis by limiting the need for human
water contact through provision of public water supples has
shown promuse in St Lucia, Brazil, Puerto Rico, and South Afri-
ca and 1s being tested in Swaziland by UNEP/UNICEF/WHO

Leptospirosis and tularemua are the next most important con-
tact diseases One portal of entry for their causative agents,
Leptospira serotypes and Francisella tularensis, 1s the penetration of
abraded skin or mucous membrane when man 1s immersed n
water contamunated by infected animals Because they are also
transmutted by drinking water, leptospirosis and tularemia are
reviewed mn Section 2

Many diseases can be acquired during occupational or recrea-
tional exposure to open water Most of these are due to infec-
tions of the skin, eye, ear, nose, and throat, 1 e , the surfaces and
onfices of the body

Table 4-1 presents a summary of these diseases

Schistosomiasis

Background

Schistosomuasis (Bilharziasis', snail fever) 1s a parasitic disease
of man transmitted 1n over 70 countries of the tropics and subtro-
pics Authoritative esimates by the World Health Organization
are that over 200 mullion people are currently infected An addi-
tional 600 to 800 mullion are constantly exposed to the nisk of
infection

The parasitic worm or Schistosoma® must spend part of its early
life 1n a water environment 1n order to be transmitted from one
person to another It must also infect an intermediate snail host
before infecting man, the definitive host Both infections require
water contact Thus the dynamucs of schistosomiasis transmis-
sion are intimately related to water-resources development, n-
cluding 1rngation, hydro-electric power, dams, reservoirs,
fishertes and other development efforts Such development,
without proper attention to potental schistosomiasis transmus-
sion, may actually increase the burden of schistosomiasis
through increased human exposure to infection and creation of
environments more favorable to the parasites and their interme-

1 Often used in Africa after Dr Theodor Bilharz, a German physician,
who during a postmortem examnation in Cairo 1n 1851 first 1dentified
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Table 4-1. Water Contact Diseases’

Dusease or Syndrome Remarks

Darect Contact

Drowning 7,000 deaths by drowning per year in

the U S
Ingestion dunng bathing or swimming
Mycobacteria in water. Swimmung or

Enteric Disease
Granulomal Skin

Infections occupational exposure
Ichthyotoxism Poisonous coelenterates or fish
Hirudiniasis Aquatic leeches
Leptospirosis Zoonosis, contact of abraded skin or
dnnking of water contaminated by in-
fective rat urne.
Otitis Ear infection from immersion
Pharyngoconjunc- Virus infection associated with
tival Fever swimming pools

Primary Amoebic Rare but fatal disease of swimmers and
Menungoencephalitis divers

Rhinosporidiosis Fungal disease marked by large polyps
often of nasopharynx.

Schistosomiasis Free-swimming cercanal larvae pene-
trate skin, over 200 milhon people in-
fected worldwide The most important
disease transmutted by water contact

Sinusitis Sinus infection from immersion.

Swimmers’ Itch Avian schistosomiasis, aberrant in man.

Tuberculosis Infection from near-drownings

Tularemia Inoculation of skin with water contami-

nated by blood or urnine of infected ani-
mals

Indirect Contact

Afrnican Trypanoso-
muasis (T b
gambiense only)

Riverine tsetse flies (e g G palpalis live
and bite near waterholes, especially 1in

dry season).

'Transmussion by water contact with skin, eye, or cavities of
head

While much exposure 1s occupational for farmers and fisher-
men, many, if not the majority, of infections are through expo-
sure of women and children dunng bathing, laundering,
drawing of drinking water, and other domestic activities The
International Water Supply and Sanitation Decade (1981-90) will
offer many opportunities for reduction of schistosomuasis as well
as classical waterborne enteric diseases

one of the schistosome worms responsible for the disease In 1966, the
World Health Organization officially designated the name as schustoso-
muasis 1n the interest of uniformuty

? Greek for “spht, divided body” after the appearance of the adult male
worm, which 1s flat, with the sides of its body inverted so as to form a
groove 1n which 1t carnes the female



Table 4-2. Examples of Increased Prevalence of Schistosomiasis
Resulting from Water Resource Development Projects

Pre-project

Post-project

Project prevalence prevalence Schistosome
Country (year completed) (percent) (percent) species
Egypt Aswan Dam (first) 6% 60% (3 yrs later) S haematobium
(1900) S manson:
Sudan Gezira Scheme 0% 30-60% (15 yrs later) S mansom
(1925) S haematobium
Tanzama Arusha Chini low 53-86% (30 yrs later) S mansont
(1937)
Zambia and Lake Kariba 0% 16% adults S manson
Rhodesia (1958) 69% children S hacmatobium
(10 yrs later)
Ghana Volta Lake low 90% (2 yrs later) S haematobium
(1966)
Nigena Lake Kainjt low 31% (1 yr later) S hacinatobiuin
(1969) 45% (2 yrs later)
Iran Dez Pilot 15% 27% (2 yrs later) S hacmatobrun
Irngation Project
(1965)

SOURCE: Rosenfeld, P L, and Bower, B, 1978

Schistosomasis 1s spreading, 1ts severity 1s increasing in estab-
hshed foci, and successful control programs have been imple-
mented 1n only a few areas of the tropical world While direct
mortality from the disease 1s low, the sheer size of the epidemu-
ological phenomenon, the high global prevalence, and the multi-
phaity of the chronic pathological sequalae of infection represent
a major burden on the public health and medical services n
countries where transmission 1s endemic

Table 4-2 gives some examples of the association of schistoso-
muasis with water resources development

Pathology

Schistosomiasis 1s the state of infection with worms of one or
more of the species of Schistosoma, usually S hematobium, S
mansom, or S japomcum

While a short-lived 1tchy rash of the skin where the schisto-
some larvae (cercariae) penetrated may develop, along with a
temporary fever and cough, 2 to 4 weeks following the infection,
the major damage to the body results from long-term (typically 2
to 5 years) egg-laying by the adult female worm and the response
of the body to the eggs and the migration of the eggs Eggs that
lodge in Mr}\an tissues may cause development of fibrosis,
granuloma, lesions, ulceration, bleeding, diarrhea, ascites (accu-
mulation of serous fluid in the abdomen), liver and spleen en-
largement, and other major disturbances Occasionally aberrant
eggs may result in brain, lung and heart complications and even
paraplegia (paralysis of the lower body)

Egg laying by S mansoni and S japonicum occurs n the small
mesenteric veins of the bowel Egg laymg by S hematobium is in
the small veins of the bladder, 1 e , the vesical veins The relative
locations of egg-laying characterize the common course of the
disease InS hematobtum, blood commonly appears in the urine
Late stages of these infechons may manifest urinary tract dis-
eases, such as calafied bladders, non-functioning kidneys, and
ureteric deformity. Many authorities suggest a strong correlation
of S hematobum and cancer of the bladder S manson: and S
japonicum eggs have a greater predilection for the hver and
spleen and for portal hypertension
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The seniousness of the infection 1s proportional to the number
of eggs and, therefore, to the number of adult, egg-laying
worms Unlike bacteria, schistosomes cannot complete therr life
cycle without re-entering the external water environment Thus
one cercarial larvae entering the body can develop into only one
adult worm (A significant percentage will not mature ) Infre-
quent infection by only a small number of worms generally does
not result 1n significant illness Ordinarily the disease develops
slowly as more and more worms are acquired dunng childhood,
with the maximum number reached at about 15 to 20 years of
age

The worm/egg/disease relationships of schistosomiasis are im-
portant in evaluation of the seriousness of schistosomiasis trans-
mussion and the efficiency of control measures Three evaluation
measures In common use are the following

Prevalence: percent of the population testing posi-
tive for schistosome infection (for exam-
ple, excreting eggs as determined by a

urine or stool examination)

Transmussion survey of prevalence by age in children
repeated at yeaily intervals The actual
prevalence rate 1s compared with the
“expected” rate based on previous
years If today’s 10-year olds have the
same prevalence as today’s 12-year olds
had two years ago, transmission 1s con-
stant, if less, transmussion 1s dechining, 1f
more, Increasing

Intensity as for prevalence but refined to include
for each person the number of eggs per
unit of unne or feces

Ordinanly, intensity increases with increasing prevalence Sit-
uations may exist where prevalence appears high but intensity
may confirm that most of the schistosomiasis 1s asymptomatic or
achnical



Symptoms

During the invasive stage, symptoms may or may not occur A
fever and cough may develop 2 to 4 weeks after exposure, lasting
only a few days

After egg laying begins, S hematobum vichms micturate more
frequently than normal with the last portion of urine containing
blood Micturition may be difficult or painful S manson: and S
japonicum infections are characterized by diarrhea with blood,
feeling of lassitude or weariness, sleepiness, lack of concentra-
tion, dull aches, cramps, and loss of weight

Positive diagnosis can be assured only when living ova (eggs)
are found 1n the stool or urine or by rectal biopsy Mass programs
may rely on serological tests based on the detection of an anti-
body-antigen reaction by the body The most widely used 1s the
skin test, in which a minute amount of schistosome proteins 1s
mnjected under the skin Formation of a lump 1s a strong positive
indication of infection

Treatment

Drugs have been available for over 60 years. However, avail-
able drugs may be toxic, have serious side effects, be contraindi-
cated for speafic patients, require medical adminustration, be
expensive for developing countries, and not be universally
effective

There 1s no drug yet available to prevent infection, erther
through prophylaxis or by immunization Prior infection does
not prevent the cured patient’s being reinfected if he or she
returns to a schistosome cercanae-infested environment Fur-
ther, because of the huge numbers of eggs that a single infected
person can discharge to the environment, thereby keeping the
transmission cycle alive, treatment must necessanly be onacom-
munity basis to stop transmission

Public Health Impact

Mortality (deaths) attributable directly to schistosomiasis 1s
generally low However, in endemic regions, schistosomuasis 1s
a contributing factor to many syndromes and diseases, ranging
from hver and kidney diseases to cancer Seventy of infections 1s
generally proportional to cercaral exposure, worm load, and
intensity of egg laying Significant geographical differences exist
even for the same schistosome species S japonicum 1s generally
the most severe infection and the most difficult to cure The
disease, untreated 1n a single vichm, may last for many years,
with increasing 1ll effects due to cumulative damage to tissues
and to repeated re-exposures

Transmission Cycle of Schistosomiasis

An understanding of the life cycle of the schistosomes 1s es-
sential to understanding transmission and control of the disease
of schustosomiasis Figure 4-1 shows a schematic of the cycle for
S haematobium With the exceptions previously noted, 1 e , egg
ovi-position in the small vens of the bowel and egg evacuation
via fecal evacuation, Figure 4-1 applies also to S mansont and S
japonicum

Sexually mature schustosomes found in man, the defimitive
host, vary 1n length from about 7 to 26 mm and in width from
about 0 3 to 1 mm and have the appearance of elongated threads
Once mated, the male and female schistosomes proceed in pairs,
S mansoni and S japonicum generally to the veins of the bowel
and S haematobium generally to the veins of the bladder, where
the females deposit their ova or eggs A few eggs are carried In
the blood stream to the liver, lungs, and other parts of the body,
but most go through the vern walls into the surrounding tissues
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Figure 4-1. Life Cycle of Schistosoma haematobium

Female Male
S

Adult male and female flukes
or “worms” (hifetime—several
years)

In veins of wall of bladder Heart (cercanae)

Lungs (cercanae)

Veins (cercanae)

Llyer (adult)

Cercanae penetrate skin
(within two days),
beginnuing eight weeks
journey to maturity in

veins of wall of bladder

Eggs penetrate
bladder wall into
urine

Unne evacuated -

Eggs reach water — Cercanae

Eggs 1n water hatch out

free swimming miracidia Cysts release free swimmung

M p cercanae male and female
rracidia penetrate water
snall (within one day \ \3 //

after hatching)

Development 1n cyst in liver of
snail (6 weeks)

SOURCE: McJunkin, 1970

Some become trapped in the tissues and die, but others work
their way into the bowel or bladder and leave the body 1n feces or
urine As the disease progresses, tissues around the veins thick-
en and the proportion of arrested eggs increases

To survive, the eggs (70-170 microns long, 40 to 70 microns
wide) must reach water within a month, a task greatly aided by
madequate sanutation The change of osmotic pressure n the
water results in the hatching from each egg of a small, cihated,
swimming larva known as a “miracidium ” Miracidia must pene-
trate the body of a suitable freshwater snail (the intermediate
vector host) within 24 hours or die

In the snail the miracidia undergo an essential development
stage, lasting 4 to 8 weeks, and, by a process of asexual reproduc-
tion, each miracidium may produce a thousand larvae known as
cercariae Liberation, or “shedding,” of cercariae from the snail
may continue over a period of several months The barely visible
fork-tailed cercaniae may average 0 4 to 0.5 millimeters in length,
swim about vigorously, tail first, for 24 to 72 hours without
feeding and die if they fail to contact their definitive host, which
as a rule must be man for S mansont and S haematobium and 1s
often man for S japoricum, but may also be dogs, cats, rats,
cattle, pigs, deer, or horses

Upon making contact with human skin, the cercariae attach by
means of suckers and penetrate their host within several min-
utes Within hours they are in the blood stream and are eventual-
ly carnied to the liver, where they grow to maturnity within a few
weeks They mate and travel together against the flow of blood
to small blood vessels in the wall of the intestine or bladder Egg
production starts about six weeks after penetration of the skin by
the cercaniae The infection has been known to persist for over 30
years in man, but the hife-span of the schistosomes 1s generally
much less than that, typically from 1 to 5 years



|Figure 4-2. Life Stages of Human Schistosomes Showing
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Species of schistosomes which are parasitic in other mamma-
lian hosts may produce infections in man. These include S bovzs,
a parasite of cattle and sheep and found 1n Africa, S mattheci, a
parasite of domestic and wild animals also found in Afnca, S
mtercalatum, found 1n Zaire, 5. margreboun, a parasite of Central
Afncan antelopes and practically indistinguishable from S ja-
ponicum, and possibly S rodhaini These anumal schustosomes
are of relatively hittle public health importance

Control Measures

The six stages of the life cycle of human schistosomes, togeth-
er with possible control measures for each, are shown schemati-
cally in Figure 4-2 Complete disruption of any one stage would
terminate transmussion Four stages occur generally in a water
environment (eggs are initially deposited mn the human host,
then found 1n the host’s excreta, but they must ultimately find
water, sporocysts of S japonicum are specific to the amphibious
snail genus Oncomelania) The worms may be attacked directly
using drugs (chemotherapy); classical sanitation (protection of
the snail from infection), creation of a land environment that
Limuts contact with water (protection of man), and creation of a
water environment unfavorable to snail vectors (use of toxic
chemucals to destroy snails or habitat modification, 1 e , environ-
mental control)

Snails

Before 1t attacks man, each schistosome worm lives as a para-
site of asnail Thus a water habitat favorable to specific snail hosts
1s essential Environmental changes in snail habitats may result
in increased or decreased transmussion of schustosomuasis, de-
pending on their effect on the vector snails Schistosomiasis
control projects, and especially those using environmental, bio-
logical, or chemucal control of snail vectors require project field
expertise in snau biology (malacology) and 1dentification

Schistosomiasis, Man, and Water

Role of Water Contact

Three ammals—the parasites, the snails, and man—are in-
volved n transmussion of schistosomiasts Most pest control pro-
grams have emphasized attacks on the parasites (chemotherapy)
and the snails (molluscicides) Recent years have seen increasing
interest 1n working with the third and most intelhgent animal,
ie, man How does human behavior affect transnussion of
schistosomuasis? Can human behavior be modified so as to disfa-
vor schistosomuasis transmission’

On theoretical grounds the answer 15 clear If man avoids skin
contact with water containing schistosome cercariae or if he
avoids contamunating his water resources with his feces or urine
(and thereby schustosome eggs), the cycle of transmission of
schistosomuasis would be broken

Observations of human water contact in areas endemic for
schustosomuasis indicate the following

(1) Much contact 1s occupational—for males primarily through
agricultural and fishing activities, for females through collection
of domestic water supply, washing of cooking utensils, and
launderning of clothes

{2) Much contact by children 1s through bathing and playing
For younger children, contact often occurs while accompanying
their mothers during collection of water, washing, etc.

(3) For adults water contact activities are often essential to their
livelihood, e.g , farming and collection of drinking water These
adults are generally members of the “poor rural majonty.”

(4) The nsk of infection for different water contact activities
depends on the extent of body surface exposure, duration of
contact, and the time of day due to the ciurnal shedding of
cercariae. Cercanae of S japomcum are shed at might, whereas
those of S manson: and S haematobium are released during the
daylight hours

Washing of clothes may be associated with prolonged water
contact of hands and legs This activity 1s frequently performed
from mid-morning onwards and thus at the peak period of cer-
canal density While the women are washing, children accompa-
nying their mothers to the washing sites usually splash and play
in the water for several hours, often with a high degree of body
exposure at a ime of maximum cercarial density Bathing carnes
with 1t a considerable nsk of infection since 1t mvolves total
bodily exposure even if for only a short period of ime (Jordan
and Unrau, 1978)

(5) In general, females have more frequent water contacts than
males, and children have more water contact than adults

(6) A similar study in St Lucia showed that important water
contact activities for the males were mainly swimming and bath-
ing and for the females 1t was clothes washing, bathing and
swimming These activities accounted for 66 percent of the con-
tacts and 95 percent of the contact ime (Dalton, 1976)

Importance of Site Locations

One important method of imiting human contact with infec-
tive watercourses 1s to increase the distance between these com-
ponents of the transmission cycle The settlements need to be
sited away from canals and natural watercourses and provided
with therr own adequate supples of safe water This 1s most
easily accomplished 1n the planning and design phase of a new
scheme

In connection with Egypt’s Aswan High Dam 1t was recom-
mended that new canals be constructed at least 500 meters away
from willages (Ayad, 1965) That communities located some dis-



tance away from infected watercourses have lower prevalence
than those nearby has been documented In a study of physical
factors related to schistosomiasis in children in the Sudan Ga-
zira, the only factor which appeared to influence the incidence of
infechion was the distance (1000 meters or more) of the village
from the trrigatton canal (Greany, 1952) This supports the the-
ory that “convenience” 1s one of the most effective motivating
forces on human behavior It must be easier to get at safe water
than unsafe water, both for consumption and clothes washing

In the Phulippines the snail habitats nearest to housing were
found to have the hughest infection rates (Hairston, 1973) Con-
sequently the siting of residential areas away from water courses
results 1n two-fold actions which complement each other and
will go a long way to reduce infection in both man and snail

Physical barriers may also be used to alter the water contact
pattern InSouth Africa (Pitchford, 1970) human access to poten-
tially dangerous water was reduced 1n the immediate vicinity of
habitations by fencaing dams and streams and by building fenced
bnidges over streams

Use of pipes to convey irngation water and for drains 1s hughly
desirable due to low transportation losses from leakage and
evaporation This practice hmuts the human water contact. In
addition, closed conduits have lower maintenance costs and
eliminate weeds, insect and snail habitats Pipes cannot be used
in large canals having capacities over 10 cu meters/sec The
mitial cost 1s hugh, but 1n some areas the cost can be justified by
the saving of land and protection of the population In the Nile
Delta an estimated 7 percent of the usable land 1s taken up by
rights-of-way for canal and drains (Lanoiwx, 1958). But for mea-
sures that imut human contact to be successful, alternate water
supply sources for domestic and recreational purposes must be
available

Health education 1s a desirable but insufficient means of avoid-
g cercanae or environmental contamination The most suc-
cessful programs have emphasized passive participation by the
population at risk, e g, a good water supply—closer, more reli-
able, and more convenient—to replace trips to canals, streams,
or lake-shores

Role of Community Water Supplies

Recognizing the role of human contact with water supporting
infecthive snails as a prerequisite for continued transmission of
schistosomuasts has prompted many suggestions for reducing
the contact. A study of environmental factors in Egypt (Faroog,
etal., 1966) concluded that a more abundant piped water supply
distnbution would result in a dimiushing incidence of schistoso-
muasis and certain other imnfections. As an alternative to contin-
ued contact with cercanae-infested water bodies, a safe and
adequate water supply for domestic and recreational use rates a
high order of prionty, however, the effectiveness of water sup-
phes as a schistosomiasis control measure 1s not as well
documented

InJapan the incidence of infection tended to decrease wherev-
er safe water was supphed for dninking, washing and bathing
(Yokogawa, 1974)

The provision of safe potable water and simple swimming
pools, along with fenaing nearby infested stream, 1n an endemic
area of South Africa appeared to be the reasons for gradual
reduction in prevalence of S haematobium and S mansont, follow-
ing the start of these measures. No comparison area was avail-
able for study (Pitchford, 1970)

In Brazil, evidence of reduced transmission was obtained fol-
lowing the provision of well-water, laundry, shower and la-
trines Some reduction was also noted 1n villages without these
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facilities but to a much lesser degree (Barbosa, 1971).

The effects of a domestic water supply on the transmussion of
schistosormuasis was mnvestigated 1n a detailed pilot study 1n St
Lucia which involved household water supplies, communal
laundry-shower umts, and simple swimming pools (Unrau,
1975, Jordan, et al , 1975, 1978). Five rural communihes with a
total population of about 2000 were provided with a household
water supply In addition, laundry-shower uruts and simple
swimmung pools were located at strategic locations 1n the com-
munihes Water contact studies made under simular conditions
as pre-controlled studies showed a reduction of 82 percent in the
number of contacts and 96 percent reduction 1n contact ime a
year after water was supplied to the first village. (See Table 4-3 )

Table 4-3. Number and Duration of Water Contacts Before and
After Water Was Supplied in Grande Ravine

1969 1970

Number of  Total Time  Number of  Total Time

Age Contacts (Minutes) Contacts (Minutes)
04 48 2,320 3 1
5-9 104 3,299 9 9
10-14 84 2,767 23 31
15-19 71 1,414 5 89
20-29 38 953 3 81
30-39 21 536 7 6
40-49 2 89 5 156
50 7 189 11 70
Total 375 11,563 66 443

Observations were made on the same day of the same months 1n the two
years (Dalton, 1976)

Figure 4-3. Incidence of New S. mansoni Infections Before
and After 5 Years of Water Supply in Grande Ravine, St. Lucia
(Unrau, 1978)
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Figure 4-4. Prevalence of S. mansoni Infections After 5 Years Water
Supply 1n Grande Ravine, St. Lucia (Unrau, 1978)
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The change in incidence of new S manson: mfection 1n chil-
dren up to ten years old hving 1n the first village to be suppled
with water fell from 31 percent to 12 percent after five years of
water supply (See Figure 4-3.) The change in prevalence rate for
all ages 1n this same village dropped from 72 percent to 36 per-
cent 1n five years of water supply Changes in prevalence are
registered more slowly because the infection of S manson: 1s
retained for many years (See Figure 4-4 )

The intensity of S manson: infection as measured by egg out-
put 1s relevant because numbers of eggs excreted are related to
the degree of contamination of the environment and also be-
cause people with light infection may have very little health
impairment A measurement of the environmental pollution
with S manson: eggs 1s obtained by using the sum of the preva-
lence multiphied by the intensity of different age groups and the
proportion of the age groups in the population to develop an
mdex of potential contamination.

The 1ntensity of infection was generally higher in the project
area than in the comparison area pnor to the water installation
Over a five year period the potental contamination was reduced
by 70 percent in the communities provided with a water supply.
Hence, the chances of becoming infected by water contact were
greatly reduced

The comparison area included six settlements in the same
valley, where the government of St Lucia had installed a water
supply comprised of communal standpipes at 200 to 300 meter
intervals along the main road. All indices of infection increased
in the comparison area during the same five-year study period,
and the water supply system had no effect on transmission of
schistosomiasis, even though this source provided essentially all
the water for home use The nivers continue to be used for wash-
ing, bathing and swimming

The expennmental water project in St Lucia has demonstrated
that impressive results can be obtamned in the reduction of trans-
mussion of schistosomiasis when adequate, rehable and conve-
ruently delivered water supplies are available The water supply
in the comparison area was unreliable, inadequate, and inconve-
nient during the study period and thus had no effect on the
transmussion of schistosomiasis Not only was there a reduction
mn the prevalence of infection but also a reduction 1n the intensity
of infection, which may be more important over a longer time
span The project also demonstrated that conveniently delivered
water can change old customs and habits, such as washing and
bathing in the nver As a result of the reduced water contact, not

only 1s infechon prevented but contamination of the water 1s
decreased

Aside from the direct benefit associated with safe water sup-
ples, there are many other “quality of hfe” benefits which place
water supply on a hugh priority when community improvements
are considered Because water supplies are not disease specific,
local authonties may find them more acceptable when interested
in the broad spectrum of social and health programs (Unrau,
1978)

One of the conclusions in a report on 25 years of schistosomia-
s1s control in Puerto Rico (Negron-Aponte and Jobin, 1979) was
that water supply improvement accounted for 80 percent of the
decrease 1n skin test positivity in areas without snail control The
data showed a direct relation between decreased schistosomiasis
as measured by skin tests and water supply improvements

Effectiveness of Water Treatment Processes in Re-
moving Cercariae

Storage

Storage can provide simple and effective water treatment un-
der favorable conditions Storage can be valuable in the control
of schistosomiasis, inasmuch as the miracidia must find the in-
termediate host, the fresh water snail, withun a few hours after
hatching and the cercariae from the infected snail must find a
mammalian host in less than 48 hours 1n order to survive In
practice, penetration of the skin usually takes place within 24
hours. Thus two days’ storage capacity 1s sufficient to constitute
a sigruficant barrier to transmussion, provided infected snails do
not enter the reservoirs

The effect of the total ime taken for water to pass through the
system (from collection through delivery) 1s such that if 1t ex-
ceeds two days, no hve cercariae will be delivered in the water

Ample storage 1s also necessary to ensure an uninterrupted
supply, avoiding the possible need for users to resort to contami-
nated sources Any storage period will reduce the number of
organisms, but some short circuiting of the water in a reservoir 1s
difficult to prevent and, therefore, treatment should not rely
solely on storage

Coagulation, Flocculation and Sedimentation

A commonly used process for domestic water treatment 1s
clarification by means of a coagulant and sedimentation Tests
performed to determine whether schistosome cercariae are af-
fected by the clanification of water by coagulation and sedimenta-
tion indicate that although some cercaniae are entangled 1n the
floc formed, they soon free themselves to return to the superna-
tant These results suggest that the use of aluminum sulfate
alone or with lime 1s not effective against cercariae (Lerper, 1916,
Witenberg and Yofe, 1938, Jones and Brady, 1947, Pellegrno,
1967)

Filtration

One of the most important and universally used forms of
water treatment 1s filtration. Various types of filters can be used
to improve the physical, chemical, and bacteriological quality of
domestic water

The two prinapal types of filters used in communty water
supplies are the slow sand or biological filters and the rapid sand
filters

Attempts to use sand filters for removing the schistosome
larvae are not new (Leiper, 1916), and some of the past laborato-
ry experiments with vertical sand columns reported negative



results (Leiper, 1916; Witenberg and Yofe, 1938) Other refer-
ences (WHO, 1970, Wagner and Lanoix, 1959, Benarde and John-
son, 1971) state that cercanae are removed by sand filtration The
reasons for the differing reports are speculative, but may 1n part
be due to the great varety of filtennng media and expenmental
procedures used Most of these tests were conducted with a
clean, vertical column of sand Since filtration 1s more involved
than simply straining a fluid through a sand bed, there remains
some uncertamnty of the applicability of test results to field
situations

Disinfection (Clorination)

The final method of treatment 15 water disinfection Although
water can be disinfected by boiling, this 1s difficult, tedious, and
expensive 1n localities where fuel 1s scarce or boiling 1s done 1n
charcoal pots Chlorination 1s usually the cheapest method, but
the chlorine supplies must be reliable for there 1s hittle value in
spasmodically treating a supply

The World Health Organization has stated that 1 0 milligram
per liter of residual chlorine, maintained for thirty minutes, will
kall all cercariae without reference to the related pH of the water

Several factors may effect the cercaricidal activity of chlorine
Perhaps the most important are water pH and contact time.
Failing to take them into account may affect the value of chlorine
dosages (Witenberg and Yofe, 1938) Some of the early exper-
mental work produced inconsistent and conflicting results, as no
attention was given to pH and the contact time (Pellegrino,
1967). Frick and Hillyer (1965) found the minimal free chlorine
concentrations to mnactivate 5 manson: cercariae in 30 minutes at
20°C were 0.3 mg/latpH 50, 0 6 mg/lat pH7 5and 5 0 mg/l at
pH 100

Sanitation

The basic reason for transmission of schistosomiasis 1s the low-
level sanitation that allows the schistosome eggs to enter water
containing susceptible snails It follows that if the safe disposal
of human wastes could be accomplished, 1t would eliminate not
only schistosomiasis but many fecal-borne infections
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Diseases Associated with Swimming

Surprisingly, perhaps, bathers can swim in waters that are
heavily sewage-laden and not contract diseases, apparently be-
cause hittle of the water 1s ingested Sewage-laden water 1s a
potential source of orgarusms that cause enteric disease (Cabell,
1978, 1979) Mallman (1970) lists numerous typhoid outbreaks
associated with swimming 1n fresh and sea waters

Swimmung pools present a somewhat different setting—pollu-
tion 1s limited to those orgarusms discharged from the body of
the swimmer, dilution 1s hmited, and disinfection with chlorine
is the usual practice

Inflammations of the ear (otitis), sinuses (sinusitis), eye (con-
junctivitis), and skin (dermatitis) are not uncommon A skin
infection of abrasions, usually on knees and elbows, known as
“swimming pool granuloma” also 1s found among pool users
(and occupationally as well) It1s caused by Mycobactertum balne:
(Feldman, 1974) A muld viral infection, of the nose, throat, and
eyes known as pharyngoconjunctival fever 1s also associated
with swimming pools (Bell, 1957)

“Swimmers’ itch,” also called schustosome dermatitis, 1s found
m swimmers and waders 1n several areas. This 1s an Avian schus-
tosomiasis in which cercariae attack the skin of man but are
unsuccessful in establishing themselves The 1itch 1s an allergic
reaction Most skin infections of swimmers are mild and heal
rapidly (Hicks, 1977).

Ichthyotoxism (poisoning by fish) 1s occasionally a threat to
swimmers or fishermen who encounter the toxins or venoms of
jellyfish, eels, coelenterates or certain fish species.

A rare but often fatal disease of divers, particularly, 1s “pnma-
ry amebic meningoencephahtis ” Certain pathogenic amebae
species may enter the brain through the upper nasal cavities and
the cnbiform plate with dire consequences (Chang, 1972).

Cases of tuberculosis have been documented for swimmers in
highly polluted water who have come close to drowning (Miller
and Anderson, 1954, Greenberg, 1957)

Rhinosporidiosis is more an occupational disease than a re-
creational one Found in India, and 1n a few other areas, among

workers who spend much of their ime in streambed sand and
gravel quarres, 1t 1s characterized by the growth of sometimes
grotesque, large polyps in the nasal cavities.

Blood-sucking leeches are also found in some natural waters
and may attach themselves to the skin or to the membranes of
the throat if ingested in drinking water

But the most serious disease associated with swimmung, in
endemic areas, 1s schustosomuasis
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SECTION 5

WATER HABITAT VECTOR-BORNE DISEASES

Introduction

These are diseases which depend for transmission during part
of the life cycles of their pathogens on animal vectors which hve
all or part of their ives in or near a water habitat The archetypes
are schistosomiasis (associated with snails), malaria (associated
with mosquitoes), and onchocerciasis (associated with aquatic
flies) These and others are major public health problems in the
developing world

Insect vectors directly transfer the pathogens through their
biting and blood-sucking activities Snail vectors do not bite but
hberate free-swimming larval forms which penetrate the 1m-
mersed skin of man, or which invade aquatic animals later eaten
by man, or which encyst on aquatic vegetation and are inadver-
tently eaten by man In a few diseases (but not schistosomiasis),
transmission to man 1s by his ingestion of infested snails.

The more important of these diseases are described in Table 5-
1

Snail Vector Diseases

Schistosomiasis

The most important of these 1s schistosomiasis This disease 15
described in some detail in Section 4, “Water Contact Diseases,”
including the role of snails in the transmission of the disease

However, there are several other significant diseases for which
various species of aquatic snails are vectors

Clonorchiasis

Also known as Chinese or Oriental hiver fluke disease, clonor-
chiasis 1s a chromc disease of the bile ducts, which may follow
ingestion of the trematode, Clonorchis sinensis Toxemua, loss of
appetite, diarrhea, and a sensahon of abdominal pressure are
early symptoms Severe cases may have bile duct obstruction,
arrhosis, progressive ascites, and edema but are not often fatal.
The disease 1s found m Asia—China, Japan, Korea, and
Vietnam

Man 1s infected by eating raw fish containing encysted larvae.
Fish culture 1n fecally contaminated ponds fosters transmission
of the disease Dogs, cats, and some other animals may also be
infected Certain species of snails are the first intermediate hosts,
fish the second

The disease could be readily prevented by thorough cooking
of fish However, food habuts are difficult to change and the cost
of cooking (or deep frying) 1s prohibitive for many Public aware-
ness may be helpful Sanitary disposal of feces to avoid contami-
nating sources of food fish 1s also important

Table 5-1. Water Habitat Vector Diseases’

Disease or Syndrome

Remarks

Snail Vector Diseases
Schistosomiasis

Major tropical disease transmitted through direct contact and penetration of immersed

skin by schistosome cercartae 200 mullion people are infected

Clonorchiasis
(Asiatic liver fluke)
Opisthorchiasis
(Cat hiver fluke)
Fascioliasis
(Lwver fluke)
Fasciolopsiasis
(Intestinal fluke) water caltrop
Paragonimuasis
(Lung fluke disease)
Others
Mosquito Vector Diseases
Arboviruses
Filanasis

Human infection by eating raw or partly cooked infective fish
Human infection by eating raw or partly cooked infective fish
Human 1nfestion by eating raw, infective aquatic plants, especially watercress

Human infection by eating raw, infective aquatic plants, especially water chestnut and

Human infection by eating raw or partially cooked, infective crabs or crayfish

Many different viral diseases including yellow fever and dengue
Bancroftian form increasing in populous areas due to propensity of Culex fatigans for

breeding in polluted waters 250 milhon people are infected

Malana
Fly Vector Diseases
Loaiasis
(Loa Loa)
Onchocerciasis
mon in W Africa
Afnican Trypanosomiasis
(Sleeping Sickness)

Classical tropical disease with high death toll
Mangrove fly of genus Chrysops breeds in water in West and Central Africa
Simulium spp breeds n flowing water in Africa and Central America Blindness com-

Some tsetse fly vectors live and breed 1n nverine and waterhole areas

! Transmussion by vectors hving all or part of their lives in water



Opisthorchiasis

Opisthorchiasis 1s an infechion of man and other mammals
resulting from ingestion of raw fish infested with the cysts of the
trematodes Opisthorchis felineus or O vwerrim: Found in parts of
Europe and Asia, 1t 1s said to infect 3 5 million Thais (Malek,
1980) Prevalence has increased in the USSR as a result of
construction of dams on certain nvers, especially the Volga and
the Dnieper (Malek, 1980)

Control and prevention measures are similar to those for
clonorchiasis

Fascioliasis

Fascioliass 1s a disease of the iver caused by large trematodes
that are natural parasites of herbivores, especially sheep and
cattle The infectious agents, readily visible to the eye (3 cm or
more 1n length), are Fasciola hepatica and F gigantica They may
cause tissue damage and enlargement of the liver, biliary colic,
and jaundice

Human infection 1s found in sheep and cattle-raising areas of
South America, the Caribbean, Europe, the Middle East, and
Austrahia Infection 1s acquired by eating aquatic plants, such as
watercress, which are infested by encysted larval forms known
as metacercanae

The disease 1s controlled by killing the intermediate host vec-
tor snails with toxic chemicals (molluscicides), drainage, and
chemotherapy for livestock Public awareness may help

Fasciolopsiasis

Fasciolopsiasis 1s also a trematode disease, caused by Fasciolop-
sts busk:, a fluke which may reach 4 5 cm 1n length (almost 2
inches). A disease of the small intestine, 1t may result in inflam-
mation, ulceration, obstruction, toxic effects, diarrhea alternat-
g with constipation, and vomiting However, death 1s rare
Though the disease 1s found only 1n Asia, especially China, local
prevalence 1s often extremely high Pig, man, and dog are defini-
tive hosts, snails are intermediate hosts

Transmuission 1s through infective metacercariae encysted on
aquatic plants, espeaally water caltrop and water chestnut. In
fection from the latter frequently results when 1ts hull or skin 1s
pulled off with teeth and hps.

Prevention 1s by boiling or drying plants, prevention of fecal
pollution by man or pig of ponds used for growing aquatic food
plants, and public education

Paragonimiasis

Paragonimiasis 1s a trematode disease of man, dog, cat, and
other carnivores caused by Paragomimus westerman: and other
species in Asia, P africanus and P uterobilateralis in Africa, and
other spp 1n the Americas Three and a half million people are
infected, primanly 1n Asia (Malek, 1980) The intermediate snail
hosts are often found in swift mountain streams Lungs are most
often parasitized, with development of fibrous, cystic lesions
Other organs may also be infected

Transmussion to man s by ingestion of infective, raw crabs and
crayfish Prevention is possible by thorough cooking of the crus-
tacea Education, sanutary excreta disposal, and mollusciding are
other measures

Other Snail Vector Diseases

Other snail vector diseases include gastrodisciasis (Gastrodis-
coides honunus), heterophyiasis (Heterophyes heterophyes), and me-
tagonimasis (Metagonmus yokogawai) The first occurs in Asia,
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the second in the Far East, the Middle East, Turkey, the Balkans,
and Spain, but particularly in the Nile delta, the third in the Far
East and Siberia Gastrodisciasis 1s transmutted through inges-
tion of raw, infective aquatic plants, the other two by ingestion of
raw, infective fish Prevention includes cooking of plants and
fish Most human cases are benign

Angiostrongyliais (rat lungworm), unhke the other snail-re-
lated diseases, 1s caused by a nematode (roundworm) Further,
1ts snail vectors include land as well as aquatic snails Man 1s an
accidental host, a dead end in the life cycle of the parasite,
Angostrongylus cantonensis Transnussion 1s by eating raw, infec-
tive plants, snails or slugs, fish, or crustacea. Control or preven-
tion 1s sumilar to that for other snail vector diseases
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Mosquito Vector Diseases
Arboviruses

General

An arbovirus 1s a virus that multiplies in a blood-feeding ar-
thropod (mosquito, tick, sandfly, midge, or gnat) and 1s trans-
mutted by bate to a vertebrate animal (mammal or bird) These
“arthropod-borne” wirus infections are thus classified ecological-
ly rather than taxonomically

There are over 300 known arboviruses Only about 100 of
these infect man, about 40 may produce significant disease
Some arboviruses are highly lethal, for example, yellow fever,
dengue, and the encephalitic arboviruses The more important
mosquito-borne arboviruses that infect man are lhisted in Table 5-
2

Most human arboviruses are mosquito-borne’ zoonoses, acci-
dentally acquired (often through occupational exposure, e g , by
forest workers), with man an unimportant host in mamntaining
the transmission cycle Most arboviruses are endemic only 1n the
tropics but are responsible for sporadic summer epidemics n
temperate zones Fortunately, the majonty of arbovirus infec-
tions of man are subclinical, 1 e , for every identified case, there
are hundreds of mnapparent infections

Chinical manifestations can be quite varied, not only for differ-
ent arboviruses but for different cases due to the same arbovirus
For convemience of description, arboviruses are categorized in
five clinical groups below (Sanford, 1977)

'Rocky Mountain spotted fever 1s an important tick-borne arbovirus
endemic 1in the United States



Table 5-2. Mosquito-Borne Arboviruses'

Virus/Disease Disease in Man Distribution

Apeu Fever South America
Banzi Fever Africa
Bunyamwera Fever Africa
Bussuquara Fever South America
Bwamba Fever Afnca
Califforma Encephalitis US A, Canada
Caraparu Fever South America
Catu Fever South America
Chandipura Fever India
CHIKUNGUNYA Fever, hemorrhagic Africa, Southeast

DENGUE 1, 2, 3, and 4
(Breakbone Fever)

Eastern equine
Germiston
Guama
Guaroa

Ilheus

Itaquu
JAPANESE
Kunjin

La Crosse
Madnd
Marituba
Mayaro
Mucambo
Murray Valley
Murutucu
Nyando
O’'NYONG-NYONG
Onboca
Oropouche
Ossa

Pira
Restan

Ruft Valley
Ross River
Shurn
Sindbis

Spondwenu

St Lous

Tahyna

Usutu

Venezuelan equine

Wesselsbron
WEST NILE

Western equine

Wyeomyia
YELLOW FEVER

Zika

fever, arthralgia
Fever, rash,
hemorrhagic fever,
polyarthalgia

Encephalitis
Fever
Fever
Fever

Fever, encephalitis

Fever
Encephalitis
Fever
Encephalitis
Fever

Fever

Fever

Fever
Encephalitis
Fever

Fever
Fever, arthralgia
Fever
Fever
Fever
Fever

Fever

Fever
Arthntis, rash
Fever
Fever

Fever

Encephalitis

Fever

Fever

Fever, encephaltis

Fever

Fever, encephalitis,
rash

Encephalitis

Fever
Hemorrhagic fever,
hepatitis, jaundice,
polyarthalgia
Fever

Asia, Philippines
Africa, Asia,

Paaific Islands,
South America,
Caribbean, New
Guinea, Australa
Americas

Africa

South America
South America,
Panama

South America
Central America
South America
Asia, Pacific Islands
Australha, Sarawahk
US A, Canada
South Amernca
South America
South America
South America
Austraha, New Guinea
South America
Africa

Africa

South America
South Amernca
South America
South America
South Amenica
Afnca

Austraha

Africa

Afrnica, Southeast
Asia, Phihppines
Africa

Americas, Jamaica
Europe

Afrnica

South Amenca,
Mexico, U.S A
Afrnica, Asia

Africa, India, Middle
East, Europe
Amerncas

South America, Panama
Africa, South and
Central Amernica

Africa, Southeast Asia

1
The most important mosquito-borne arboviruses are shown 1n capital letters

SOURCES: Benenson (1975) and Fenner and White (1976)
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Arbovirus Infections Presenting Chiefly with Fever, Malaise,
Headache, and Muscle Pain

These infections tend to be abrupt but short-lived, often mild,
without lasting effect other than immunity to reimnfection Fatali-
ties are rare Arboviruses in this group include Venezuelan
equine encephalitis, Rift Valley fever, Mayaro, Zika, Apu, Cara-
paru, Itaqui, Mantuba, Murutucu, Oriboca, Restan, Madnd,
Ossa, Bunyamwera, Germuston, Ilesha, Guaroa, and Wyconyia

Arbovirus Infections Presenting Chiefly with Fever, Malaise,
Joint Pain, and Rash

These are somewhat more widespread, more serious infec-
tions characterized by the sudden onset of distinctive jomnt pains
The most widespread 1s Chikungunya virus, found in eastern
and southern Afnca, India, and southeast Asia O’'nyong-nyong
fever s a similar disease also found in East Africa In an outbreak
there from 1959-1961, 2 mullion cases of O'nyong-nyong fever
were recorded Ross River virus 1s a simular disease found in
Australia

Arbovirus Infections Presenting Chiefly with Fever, Malaise,
Lymph Node Pathology, and Rash

This grouping includes dengue fever, second only to yellow
fever in importance among arboviruses, and found over large
areas of the tropics and subtropics Dengue 15 discussed 1n more
detail 1n a later section

West Nile virus 1s found from South Africa to India but 1s a
cause of signficant disease only in the Near East where 1t can
produce a disease clinically similar to dengue The disease 1s
highly endemic in Egypt but goes largely unrecognized, presum-
ably the adult population 1s immune and the infection in child-
hood 1s an undifferentiated febrile illness (Sanford, 1977) Culex
unittatus 1s the principal vector in Egypt In Israel, most pa-
tients are young adults, evidence of another disease in which
exposure at a later age results in a more severe attack (Polio 1s
another example—also due to a virus ) Fatalities in this group are
rare

Arbovirus Infections Presenting Chiefly with Central Nervous
System Involvement

Some dozen arboviruses are capable of causing serious central
nervous system (CNS) disease, including encephalitis (inflam-
mation of the brain) and meningitis (inflammation of the mem-
branes covering the brain and spinal cord) Four are recognized
as numercally important causes of CNS disease in the United
States St Lous encephalitis virus, eastern equine encephalitis
virus, western equine encephalitis virus, and the California en-
cephalitis group of viruses

Clinical features of arboviral encephalitis differ among age
groups In infants symptoms may be confined to sudden onset
of fever, often accompamed by convulsions Older children are
acutely 1ll, febrile, and lethargic and may also present with nau-
sea, vomuting, muscular pain, photophobia and/or convulsions
Adults commonly present with fever, nausea with vomiting,
severe headache, mental aberrations, and sometimes coma.
Mortality can be high for chinical cases, ranging from 2 percent or
less for Califorma encephalitis to over 50 percent for eastern
equine encephalitis Children have lower rates than adults but a
greater likelthood of developing severe disability

Arbovirus Diseases Presenting Chiefly with Fever and
Hemorrhagic Manifestations

The striking feature of this lethal syndrome 1s hemorrhage
(bleeding) which appears as petechiae (minute red spots due to
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escape of small quantities of blood) and ecchymoses (swelling
due to blood escaping from vessels into the tissues) on the skin
and mucous membranes, with bleeding from all the body on-
fices, the gums, and 1nto the visceral organs In fatal cases the
vichm collapses from hypotensive (low blood pressure) shock.

The three arboviruses which can manifest hemorrhagic syn-
dromes are Chikungunya virus, dengue virus, and yellow fever
virus All three may result in morbidity without hemorrhagic
syndromes Chikungunya was described earlier as causing fever
with joint pain Dengue virus infection often exhibits a simular
pathology Yellow fever may also result in jaundice and
nephnhs

The term mosquito-borne hemorrhagic fever was first used in
the Philippines 1n 1953 Subsequently, hemorrhagic fevers have
grown steadily as a disease problem in Southeast Asia Hemor-
rhagic dengue and chikungunya (and also yellow fever) are all
caused by viruses transmitted by Aedes aegypt:, mosquitos well
adapted to breeding in the water habitats of urbanized areas
Outbreaks have occurred 1n the Philippines, Vietnam, Cambo-
dia, Thailand, Malaysia, Singapore, and India Hemorrhagic fe-
ver 15 a disease of children Most outbreaks occur dunng rainy
seasons

Yellow Fever

Yellow fever 1s an acute infectious disease of short duration
and extremely vanable sevenity It remains the most dramatic
and the most serious arbovirus disease of the tropics As late as
1905, southern ports in the United States experienced at least
5,000 cases and 1,000 deaths Its role in thwarting French ambu-
tions in the New World are legendary DeLessups’ failure to
build the Panama Canal and Napoleon'’s loss of Louisiana, de-
nving ultimately from the loss of 33,000 French soldiers to “yel-
low Jack’” 1n Hait1 A tenth of the population of Philadelphia died
of yellow fever between April and September of 1793 (Cart-
wnght, 1972)

A sylvatic form of the disease, “jungle yellow fever,” in which
treetop species of Haemagogus, Sabethes, or A africanus mosqui-
toes maintain transmission in wild primates means that the po-
tential for human exposure and reestablishment of man-A
aegypti mosquito-man transmission cycles with urban outbreaks
1s ever present (See Figure 5-1) Aedes aegypt1 1s widespread n
Asia Why there 1s no yellow fever in Asia has never been satis-
factorily explained Yellow fever leaped the Atlantic Ocean from
Afnica to Amenica Why not the Indian Ocean from Africa to
Asia?

Protective measures must continue to be maintained against
human disease, as demonstrated by recent outbreaks in Trinidad
in 1954, Central America in 1948 to 1957, the Congo 1n 1958, the
Sudan and Ethiopia 1n 1959 to 1962, Senegal in 1965, central West
Africa in 1969, Panama and Columbia in 1974, Ecuador 1in 1975,
and the Gambia 1in 1979 and 1980 Fifteen thousand to thurty
thousand people died of yellow fever in the Ethiopian outbreak

Figure 5-2 shows the areas of Afnica and the Americas which
remain endemic to yellow fever

Dengue Fever and Dengue Hemorrhagic Fever

Dengue occurs 1n two forms, dengue fever (also known as
““breakbone fever”) and hemorrhagic dengue fever Dengue fe-
ver 1s an acute febrile disease of sudden onset with fever for
about 5 to 7 days and various other symptoms including head-
ache, pain behind the eyes, joint and muscle pains, and rash
Recovery may be associated with prolonged pain and depres-
sion Epidemucs are explosive, but fatality 1s low Dengue fever
occurs 1n most of tropical Asia, in much of the Caribbean, 1n



Figure 5-1. Transmission of Yellow Fever
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several Latin American countres, in Polynesia, and in East and
West Africa It 1s the most widely distnbuted arbovirus

Hemorrhagic dengue fever 1s a much more serious disease
caused by the same virus Its pathology 1s described in the sec-
tion on hemorrhagic fevers The hemorrhagic form 1s found only
mn Asia

Both forms are transmutted by the bite of an infected Aedes
mosquito. A agegypti 1s a common vector

Role of Water

As for malanal and filanasis vectors, mosquito vectors of arbo-
viral diseases live in water during their larval hfe stages Most
common species are Aedes and Culex, but Mansona, Psorophora,
Anopheles, Eretmapodites, Culiseta, et al also may transmit some
arboviruses.

Japanese encephalitis 1s transmitted by the mosquito Culex
tritaeniorhynchus, a rural mosquito which breeds in nice fields.
Culex tarsalis 1s another vector associated with rural irngation, a
vector of encephaliides 1n the United States. In urban-suburban
epidemucs of encephahtides, the vectors have been mosquitoes
of the Culex pipiens complex (See section on filanasis )

Yellow fever, dengue, and chikungunya viruses are transmit-
ted by Aedes aegypti, an urban vector par excellence often found 1n
water storage containers The maintenance of A aegypt: in water
casks of 16th- to 19th-century sailing vessels was responsible for
outbreaks which decimated their crews and led to stones of
ghost ships such as the Flying Dutchman

Prevention of Arbovirus Disease

Preventive measures include the destruchon of mosquitoes
directly through use of insecticides and larvicides and indirectly
through ehmination of aquatic breeding sites for mosquitoes
through alteration of habitats (e g, by drainage) These mea-
sures have been demonstrated to be effective against urban yel-
low fever and dengue and other arboviruses transmitted by A
aegyph

Other measures mnclude spraying of human habatats, screens
and bed nets in living and sleeping quarters, use of repellants,
health education, and, for yellow fever and Japanese encephali-
tis, use of vaccines
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Filariasis

The World Health Organization estimates that at least 250
mullion people are infected wtth the filanal nematode parasites
Whucherera bancrofti and Brugia malay:, transmitted by mosquitoes
(WHO, 1974). The adult worms live 1n vanous parts of the hu-
man lymphatic system, causing the diseases known as Bancrof-
tian and Brugian filanasis Persons may harbor the parasites
with no apparent symptoms, or the filanal worms may cause
inflammation and other comphcations In some persons who
have had prolonged and repeated infections, there may be ex-
treme enlargment of the external genitaha, breasts, or legs,
hence the chirucal term elephantiasis for pronounced enlarge-
ment of parts of the body, often with a thickened rough skin

The young filarial worms are transmitted from person to per-
son by vanous species of mosquitoes. These nematodes undergo
developmental changes 1n the mosquito, which 1s an essential
link 1n the cycle of transmussion The immature worms, called
mucrofilanae, occur 1n the human bloodstream Here they are
picked up by mosquitoes as they feed A munimum of 10 to 11
days 1s required for the developmental stages in the mosquito
thorax before infective forms migrate to the mosquito proboscis,
from which point they reach the new host at the next feeding.
The infective filariae are not injected into the new host by the
mosquito but actively penetrate the skin, perhaps at the site
where the mosquito punctured the skin. Important vectors of
Wuchereria bancroft: include species of the genera Culex, Aedes,
and Anopheles The generally accepted vectors of Brugu malayt
are mosquitoes 1n the genus Mansonia

Filanasis 1s widespread 1n many tropical and subtropical re-
gions throughout the world The Bancroftian type of filanasis 1s
apparently an increasing public health problem in many of the
larger cities 1n southeastern Asia, 1n part because tt adapts itself
readily to transmussion by Culex pipiens fatigans, one of the com-
monest tropical mosquitoes, which breeds in sewage and la-
trnines In the Western Hemisphere 1t occurs in the West Indies,
Venezuela, Panama, and the coastal portions of the Guianas and
Brazil. Filariasis control programs are based on control of the
mosquito vectors and treatment of the human cases with drugs.
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Malaria

Introduction

Of all vector-borne, water-related diseases, malana 1s the most
important, the most widespread, the greatest killer Malana still



causes more than a mullion deaths per year, most of them in
tropical Afnica, and approximately 150 million clinical cases an-
nually (Wernsdorfer, 1976) It occurs or has occurred 1n all con-
tinents 1n areas extending roughly from 60° North latitude to 40°
South latitude About 1 2 billion poeople hive 1n areas currently
endemic for malaria About 350 million of them, mostly in Afn-
ca, hve in areas unprotected by any speafic anh-malana
measures.

Malana 1s an infectious disease caused by four protozoan para-
sites of the genus Plasmodur and transmutted by female mos-
qurtoes of the genus Anopheles The disease 1s characterized clini-
cally by fever, often periodic, chills, sweating, anemia,
enlargement of the spleen, and various comphcations resulting
from the mnvolvement of the liver, spleen, kidneys, and other
organs and the crculatory system The most serious form of
malana, falaparum, or malignant tertian, malaria may have a
case fatahty among untreated children and non-immune adults
exceeding 10 percent (Benenson, 1975)

Transmission

The malana parasite 1s taken from the human blood stream
through the bite of a suitable species of Anophehine mosquito
(See Fagure 5-3 ) The transmussion of infection by the mosquito
from man to man 1s not merely mechanical, the plasmodiae must
develop (from gametocytes to sporozoites) 1n the mosquito be-
fore infection of another man can occur dunng a subsequent bite
and blood feeding by the mosquito The time for the necessary
development 1s temperature dependent Below about 60°F
(16°C) development simply does not happen, and transmission
of malana does not occur At the optimal temperature for growth
(70° to 80° F, 21° to 27° C), 8 to 10 days are required

The mfective forms of the parasite, 1 e., sporozoites, concen-
trate in the salivary glands of the mosquito and are mnjected into
man as the insect takes blood meals The parasites develop and

Figure 5-3. Life History of the Malarna Parasite (Plasmodum vivax)
in Man and the Anopheles Mosquito
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multiply in the liver of the human host, invade the red blood
cells, and produce new cells (gametocytes), which when sucked
mto the stomach of the female mosquito reimtate the develop-
ment of sporozoites The mosquito 1s then infective to man at its
next blood-feeding bite

Prevention

All mosquitoes ltve the juvenile stages of their hves in water,
1e, as eggs, larvae, and pupae. Early control efforts in Cuba,
Panama, and Malaysia and 1n the Tennessee River Basin of the
Unuted States focused on measures such as drainage, reduction
of breeding sites, and destruction of mosquito larvae in the water
through use of larvacides (including o1ls) and mosquito fish (Ma-
goon, 1945, TVA, 1947) These methods are feasible only where
the local vector species and surface water characteristics are suit-
ed to such measures On national levels, including rural areas,
they have limited utility for most endemic areas in comparison
with use of residual insecticides to lall adult mosquitos

Most mosquito vectors bite at dusk, night, or dawn, indoors,
and rest on nearby walls for hours The advent of DDT during
World War Il provided a cheap, effective msecticide with residu-
al kiling power. Readily applied to walls, an effechve method of
breaking the cycle of transmission of malana was within the
reach of the malara-endemic developing countnes (Smuth,
1977) Successful malaria control projects were undertaken in the
post-World War II years in numerous countries

By 1955, these successes stimulated the launching by the
World Health Organization (WHO) malana eradication pro-
grams on the premuse that the means were at hand to eradicate
by a two-pronged program of wall spraying and surveillance and
treatment of all remaining cases of malana (Smith, 1977, WHO,
1972, WHO, 1974). Some 37 countries have been certified by
WHO as having achieved eradication of malaria However, this
leaves nearly 50 other countries which attempted eradication
and did not succeed. Nevertheless, overall, the annual incidence
of malaria has been reduced worldwide from 300 mullion to 150
mullion cases

Eradication refers to complete interruption of transmission of
the malana parasite, not to ehmination of vector mosquitoes.
The goal of wall-spraying 1s to kill infective mosquitoes, thereby
breaking the transmussion cycle Treatment of malana infected
persons reduces not only the number of infected people but the
number of infected mosquitoes As the numbers and density of
infected people and mosquitoes decline, the parasite population
(r.e , the plasmodiae) ages and dies out

Other control measures include chemotherapy and chemopro-
phylaxis (drugs to cure and prevent malaria) The Agency for
International Development, the World Health Organization
(through 1ts Tropical Disease Research Programme), et al., are
supporting vaccine research, but this 1s some years away yet
from field trals and further yet from widespread use.

Increasing resistance by mosquitoes to insecticides, increasing
resistance to drugs by the parasites, and increasing costs of in-
secticides and drugs are leading to increased interest in integrat-
ed pest management programs for mosquito control and,
consequently, renewed interest in old methods of attacking mos-
quitoes by changing their water environment. (See WHO, 1973,
McJunkin, 1975, NAS, 1973)
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Water Related Fly Vectors

Loiasis (Loa Loa)

Sometimes called the “eye worm” disease, this chromic filanal
mnfection 1s found in tropical West and Central Africa In the
Congo River basin up to 90 percent of the indigenous population
mn some villages are infected Infections are accompanied by
mugration of the adult worm through the body, causing transient
swelling, pain, and pruritus (itching) Occasionally the highly
mobile worm may come dramatically and rapidly nto full view
as 1t crosses the white of the eye

The deer or mango flies of the genus Chrysops which transmut
L loa, a nematode, are generally found in shady woodlands,
especially forest swampland Their eggs are laid in water or 1n
branches overhanging water and the larvae drop into the water
or mud below on hatching. Densely shaded, slow-flowing
streams are preferred

Loiasis affects more than one mulhon people Where 1t 1s high-
ly endemuc, 1t 1s a major cause of lost worktime, and the treat-

ment of heavily infected persons can be highly unpleasant and
even dangerous to the patient

Onchocerciasis

Onchocerciasis, or “niver blindness,”” 1s caused by the filanal
worm, Onchocerca volvulus, and 1t occurs throughout Africa south
of the Sahara (except South Afnica) and in Yeman, Guatemala,
Mexico, Venezuela, and Colombia. A disease of underdevel-
oped areas, it infects over 30 million people. It does not shorten
hife The most important complicahions are eye lesions causing
loss of vision, frequently bindness, with its attendant personal
tragedy and socio-economic problems, intense prurntus, dermal
and lymphatic lesions and tumors, and fear In many parts of
west and equatonal Afrnica more than 50 percent of the inhabi-
tants are infected, 30 percent have impaired vision, and 4 to 10
percent are blind. In some villages of the Upper Volta and Gha-
na, blindness may reach 35 percent

Some of the most fertile valleys in tropical Afnca are infested
by the onchocerciasis vector, Stmulium flies, and consequently
are being abandoned by nverne populations plagued by skin
and eye diseases. The presence of Stmulium flies and the fear of
onchocercal blindness may threaten implementation of irnga-
tion and dam-building projects on which future agncultural and
mdustrial productivity of developing countnes depends.

The vector Simulium species require highly aerated running
water for breeding. Thus the construction of dams and their
spiliways often creates new sites of superabundant breeding that
spread onchocerciasis to new areas.

The principal control measures in current use are addition of
larvicides to infected streams and chemoprophylaxis of infected
populations

African Trypanosomiasis

African trypanosomuasis or African sleeping sickness 1s a se-
vere, frequently fatal, disease caused by Trypanosoma bruce: gam-
biense and T b rhodestense, hemoflagellates. Occurrence of the
disease 15 confined to the tropical African range of its tsetse fly
vectors (Glossina spp )

Where flies of the Glossina palpalis group are the principal vec-
tors, as in West and Central Africa, infection occurs mainly along
streams This charactenistic both explains transmssion patterns
and suggests ecological control measures, particularly, destruc-
tion of the tsetse fly habitat by clearing of tsetse-protective brush
along selected watercourses and around villages

Nash (1970) describes thus water-related transmission pattern
eloquently

In the dry season, the requirements of man and fly are
similar, man sites his village near a stream at a point
where he knows that water will be available even in the
driest year Such places are vital to the survival of the
nverine tsetse, which vacate long stretches of waterless
stream-bed and concentrate at the permanent pools
where they obtain the benefit of suitable microchmates
and of a steady food supply Since man, his stock and
wild animals are dependent on the same pools for water,
the hosts have to come to the nverine tsetse whose dry
season behavior resembles that of the spider in 1ts web
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SECTION 6

METHODS FOR EVALUATING THE QUALITY OF DRINKING WATER AS
TO THE RISK OF TRANSMISSION OF MICROBIOLOGICAL DISEASE

Introduction

In approaching this subject, 1t must be recognized that assess-
ing the nisk of contracting water-borne disease 1s a complicated
matter It cannot be evaluated simply by determining the pres-
ence or absence of pathogens because this 1s not a queshon
whach can be resolved 1n terms of “yes or no,” “’black or white,”
or “go or no-go "’ The probability of becoming a vichim of water-
borne disease 1s a statishical question related to many vanables,
especially the type and number of pathogens ingested Not all
types have equal virulence, and a very high percentage of any
given type may be ineffectual in causing the disease because of
mactivation by unfavorable environmental conditions 1n the in-
testinal tract, or for several other reasons

Table 6-1 (Rohlich, 1977) summarizes observations of some
investigators on the relationship between numbers of different
types of pathogens ingested and the number of instances which
resulted in actual transmission of diseases The data demon-
strate clearly that doses required for infection vary substantially
among different types of pathogens For example, some Shigella
are highly virulent and caused infection after ingestion of rela-
tively few cells, while some of the other organisms required
much higher doses for the same result The table indicates, fur-
ther, that there 1s a wide range 1n the number of cells, even of a
single type of organism, required to cause infection, demonstrat-
g that virulence may vary widely within each group For exam-
ple, 1t was observed that Shigella dysentenae could cause
infection with a dose as low as 10 organisms, while other strains
of Shugella could be safely administered at much higher doses of
organisms Although there are substantial variations in the data,
Table 6-1 shows that the probability of contracting disease gener-
ally increased with increase in the dose of pathogens

With that background, and without becoming very technical
or profound, one can reasonably conclude that the risk of con-
tracting a disease via the water route depends upon the type of
organism and the number of viable cells ingested Other data
compiled over the years have demonstrated that the statistical
risk also depends upon influence of several other variables af-
fecting virulence of the pathogen to the potential victm Some
varnables affecting this complex system may be summarized as
follows (Rohlich, 1977)

1. The type of pathogenic orgamism under consideration,
2. Virulence of the specific strain of orgamisms, which can
vary widely because of several factors,
. The number of viable cells ingested,
4. Age of the potential vichm (infants and the aged often
exhubit greater susceptibility),
. General health of the individual,
Extent to which the individual may have acquired immuru-
ty to the pathogen through earher exposure, and
7. Many other factors affecting the relahonship between or-
garnusm and individual, including presence of certain types
of chemicals or synergistic relationships with other organ-
1sms which may be present simultaneously

w
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Relying on this hmited discussion of some factors which may
affect the complex statistical system involved here, we will ex-
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plore a few alternatives which are available for evaluating risk of
water-borne disease transmission. This also will make 1t possible
to 1dentify some practical tools which are used to assess the
public health safety of water supplies and to understand advan-
tages and limitations of each technique

Enumeration of Pathogens

Techniques are available which can be used to identify and
enumerate most of the common types of pathogens in water
They have been employed successfully in research activities con-
cerned with occurrence and survival of those organisms and in
studies conducted during outbreaks of water-borne diseases It
appears reasonable to employ those methods to 1dentify and
enumerate pathogens in a water supply as a direct method for
evaluating risk to the public health However, thus “direct’”” ap-
proach to the question 1s not used in practice because 1t has
several limitations and because other alternatives are available
which are better suited for evaluating the nsk (McFeters, 1978,
Rohlich, 1977) We will explore this briefly before proceeding to
consider the techniques which actually are used

A recent major publication on drinking water and health (Roh-
lich, 1977) points out that there 1s no single procedure which can
be employed to test for presence of pathogens Each type of
pathogen must be assayed separately, using different laboratory
techruques, and the tests require sigmificant expertise for reliable
execution. Also, most of the available techniques are best suited
for grossly contaminated waters, in which pathogen populations
are relatively high Enumerating the pathogens mn a typical fin-
1shed water supply would be much more difficult, tugher in cost,
and less reliable. The procedures available now which are
judged to be sufficiently accurate for practical use are capable of
enumerating only Salmonellae organusms Existing methods for
enumerating Shigella, Vibrio, Leptospira and many other patho-
gens are judged to be inadequate (Rohlich, 1977)

Above and beyond the difficulhies and expense of direct enu-
meration of pathogens, this approach has a severe, or even fatal,
hmitation for assaying risk of water-borne disease transmission
It 1s capable of evaluating that nisk only in samples actually
containing the pathogens in question It 1s highly desirable for
nsk evaluation to go beyond merely enumerating pathogens
when they happen to be present—which should be rare 1n pota-
ble water—to provide a measure of the probabihty that patho-
gens mught be present in that water supply on other occasions
The importance of this can be illustrated by pointing out that
water contaminated by sanitary sewage often may contain few or
no pathogens simply because an active case of the disease may
not be a contributor to the wastewater system at that time Al-
though the absence of pathogens would infer that the sample of
water tested 1s safe, clearly the rnisk could increase quickly upon
addition of a case or carrer to the contnbuting population

In summary, then, direct enumeration of pathogens is not
usually used to assess the safety of a potable water That s not
merely because of difficulty or expense involved in conducting
the necessary tests, which may be considerable It 1s a matter of
choice, because simpler and more economical methods are avail-



Table 6-1. Infective Doses for Man of Bacterial Enteric Pathogens

Subjects Infected/Total Tested

Enteric Pathogen

Dose Vaable Cells 10! 10? 10° 10* 10° 10° 10 10° 10°
Shigella dysentenae
Strain M131 1/10 2/4 7/10 5/6
Strain A-1 1/4 2/6
Shigella flexnen
Strain 2A# 6/33 33/49 66/87 15/24
Strain 2A## 1/4 3/4 7/8 13/19 7/8
Salmonella typhi
Strain Quailes 0/14 32/116 16/32 8/9 40/42
Vibrio chloerae
Strain Inaba
With NaHCO, 11/13 45/52 22
No NaHCO, 0/2 0/4 0/4 2/4 1/2
Enteropathogenic
E. coli
Strain 4608 0/5 0/5 4/8

SOURCE: Rohlich, 1977

able which actually can assess the risk more reliably, as we will
demonstrate.

The Concept of Using Indicator Organisms

The limitations inherent in attempting to evaluate public
health safety of water through direct enumeration of pathogens
have caused the water supply field to use “indicator organisms”
mstead. These do not necessarily have direct relationship to the
numbers of pathogens present in a given water sample but are
more useful for assessing the degree to which that water has
been polluted by fecal contamination from humans and other
warm-blooded animals Thus, instead of attempting to deter-
mine the actual risk of contracting some specific disease through
consuming the water, thus test provides a measure of opportuni-
ty for transmitting any type of water-borne disease which might
result from fecal contamination. In many respects, thus method is
more meaningful because the results are not limited only to
specific pathogens but relate to overall opportunity for contract-
g a wide variety of water-borne diseases

Desirable charactenstics of indicator organusms have been dis-
cussed by many authors (Rohlich, 1977, McFeters, et al, 1978,
Anonymous, 1976, Allen, 1978), and some may be summarized
as follows:

1 Laboratory tests for the organisms should be applicable to

all types of water to be investigated, both raw and treated,

The indicator organisms should be present in sewage and

polluted waters when pathogens are present,

. They should be present in polluted waters even when
pathogens are not present, if they reasonably may be ex-
pected to enter the water at some future date after an
active case or carrier of the disease becomes part of the
pollution system;

. They should be present in polluted waters in numbers
greater than the pathogen population,

. The population of indicator orgarusms should be correlat-
ed with the degree of pollution and opportunity for patho-
gens to be present,

. They should be easy to 1dentify through relatively simple

2.

58

laboratory tests, in a short period of time;
. They should be easy to enumerate in those laboratory
tests,
They should have well-defined charactenstics to permit
accurate laboratory tests and should be consistent in their
reactions 1n those tests,
. The indicator organisms should not multiply under condi-
tions where pathogens do not multiply;
Survival ime for the indicator organisms under unfavor-
able environmental conditions should exceed survival
times for pathogens This insures safety of waters which
have been treated to produce very low or zero populations
of indicator organisms;
They should be more resistant to disinfectants and other
stresses in the aquatic environment than pathogens,
12. They should be harmless to man and animal.

10

11.

As might be expected, no indicator organism has been found
which meets all of those cntena, and 1t's reasonable to suppose
that none ever will be. Nevertheless, the criteria are helpful by
providing a basis for evaluating different types of organisms for
thus purpose and for identfying advantages and hmitations of
those actually used in assessing water quality

The Coliform Group of Bacteria

In 1884, studies by Escherich established that hugh popula-
tions of certain specific bacteria were present n the intestinal
tracts of humans. Subsequently, 1t was recognized that presence
of those organisms (Escherichia coli) in water may be interpreted
as evidence that the water has been contaminated with fecal
matter and their population 1s a function of the extent of that
contamination.

The ““cohform group’” of bactena includes Eschernchia coli, as
well as numerous other bactena ongimnating 1n fecal discharges
and from many non-fecal sources, as well (Allen, 1978, Anony-
mous, 1966; Anonymous, 1976) It has been estimated that the
coliform bacteria in fecal discharges amount to, perhaps, 200 x
10° cells per person per day.

For over 70 years, the coliform group has been employed
widely to evaluate sanitary quahity of dnnking water. It should



be emphasized that the rationale behind using this group of
bactenia as “indicators” 1s not based on potential for causing
disease in humans, although under some circumstances certain
coliforms may cause infections They are valuable as indicators
simply because large numbers are present in fecal discharges
and their population 1s related to the extent of pollution by those
discharges. Presence of the coliform group does not establish
that pathogens of any type necessarily are in the water. Results
of the test should be interpreted as a measure of the opportunity
for pathogens to be 1n that water either then or, perhaps, at some
subsequent time, as outlined earlier.

The cohform group meets several of the critena for indicator
organusms outhined earlier, but possesses serious lmitations 1n
several respects For example, the group includes many types of
bacterta which may not originate in the intestinal tract of man
and which have little or no relahonship to the potential for pres-
ence of pathogens from that source Further, many coliform
organisms are capable of multiplying under conditions present
mn treatment facihties or streams. This can result in very high
populations of coltforms having little or no sanitary signuficance
because pathogens do not multiply under those same environ-
mental conditions

Table 6-2 summanzes die-off rates of several types of fecal
indicator bacteria and enteric pathogens (McFeters, et al, 1978).
With respect to survival 1n streams and treatment systems, coli-
form organisms usually outlast most of the common pathogenic
bactenna However, thatis not always true with respect to viruses
and certain other types of important pathogens. Work by Butter-
field and other investigators (Rohlich, 1977) established that coli-
forms and pathogens are simular in sensitivity to disinfection. On
the other hand, viruses typically survive longer than bactenal
pathogens or coliforms (Rohlich, 1977, Sobsey, 1979)

Table 6-2. Comparative Die-Off Rates (Half-Time)' of Fecal
Indicator Bacteria and Enteric Pathogens

Bacteria No of

Bacteria Half-time  Strans

(h) Analyzed

Indicator Bactera
Coliform bacteria (avg.) 170 29
Enterococc (avg ) 220 20
Coliform from raw sewage 17 5
Streptococa from raw sewage 19.5
Streptococcus equinus 100 1
S. bovis 4.3 1
Pathogenic bactera

Shigella dysentenae 224 1
S Sonner 24.5 1
S flexnen 268 1
Salmonella enteritidis ser. paratyphi A 16 0 1
S. ententidis ser paratyphi D 192 1
S ententidis ser typhimunum 16.0 1
S. typhu 60 2
Virbio cholerae 72 3
S ententdis ser paratyphi B 24 1

'The half-time was determined as the time required for a 50% reduction
in the 1tal population

SOURCE: McFeters, et al (1978)

Dafficulties in interpreting the significance of coliform tests
sometimes are compounded by the fact that there are two accept-
ed procedures for enumerating them, and results yielded by

59

those procedures often may be significantly different. The two
will be outhned bnefly in the following paragraphs.

The MPN Test

The MPN (Most Probable Number) test is based on moculating
tubes containing lactose broth with samples of the water being
tested and observing them after 48 hours of incubation to deter-
mne whether gas has been produced in each The presence of
gas 1n a tube is considered to be evidence of the presence of
coliform organisms, whose identity 1s further confirmed by addi-
tional tests.

Under thus procedure, the “cohform group” 1s defined as 1n-
cduding all “aerobic and facultative anaerobic, gram-negative,
non-spore-forming, rod-shaped bactena which ferment lactose
with gas formation, within 48 hours at 35°C” (Rohlich, 1977).
Most, but not all, E. coli and several other organusms are capable
of forming gas under these conditions, and those which do are
considered to be members of the “coliform group ”

Using data for the amount of sample introduced into each
tube, the number of tubes tested and the number showing gas
formation, statistically derived tables show a “most probable
number” of coliforms 1n the water. This method of enumerating
bacteria 1s very imprecise, as pointed out by past investigators
(Woodward, 1957, Litsky, 1978) Thus 1s illustrated in Table 6-3,
whuch shows variations 1n results obtained for tniplicate samples
of marmne waters, chlonnated sewage effluents and laboratory-
chlonnated sewage effluents. Litsky (1978) points out that the
resuling MPN’s are spread over a ten-fold range, 1n spite of the
tests’ being conducted carefully by a technician with 10 years of
laboratory experience Woodward (1957) pointed out that the
95% confidence himuts for a typical MPN test covered 13- and 33-
fold ranges for two examples presented by him

The lack of preasion in determining population of cohform
organisms by the MPN procedure makes 1t difficult, or even
impossible, to attribute much significance to results of one or a
few tests without extensive further confirmatory work This in-
herent vanability must be recognized in interpreting results from
the MPN colform test to avoid erroneous conclusions.

The MF Test

Currently, there 1s a second accepted technique for determin-
ing the number of coliform organisms in water. The membrane-
filter (MF) method 1s based on passing a known volume of
sample through a speaial filter which, subsequently, 1s incubated
on special media under standard conditions Using this test, the
“cohform group” 1s defined as including all orgamisms which
produce a dark colony (purple-green) with a metallic sheen with-
in 24 hours.

The “coliform bacteria” detected and enumerated by this tech-
nique are not necessarily the same as those capable of ferment-
ing lactose in the MPN procedure, although they are generally
accepted as having the same sanitary signuficance. The MF test
procedure has the advantage of improved reproducibility over
the MPN techruque However, results obtained by the two pro-
cedures usually are numerically different, creating difficulties in
interpretation

Other Advantages and Limitations

Some deficiencies of cohforms as indicator organisms have
been outhined previously Additional shortcomings include the
fact that coliform growth may be suppressed by high popula-
hions of other organisms (Geldreich, et al , 1978; Rohhich, 1977)
Also, Geldreich, et al (1978) reported that suspended matter in
water may preclude use of the MF procedure because deposits



Table 6-3. Triplicate Fecal Coliform MPN Range

SAMPLE MPN/100 ml

Marine 49 310 310

79 350 540

94 220 350

8 1,300 1,300

700 1,700 7,900

Chlonnated 2,200 7,900 13,000

Effluent 49,000 130,000 490,000

490,000 790,000 2,400,000

Lab 35,000 110,000 240,000
Chlornnated 240,000 540,000 2,400,000+

Effluent 49,000 130,000 490,000

SOURCE: Woodward, 1957 and Litsky, 1978

on the membrane surfaces interfere with filtrabon Further, they
mndicated that coliforms trapped in turbidity particles may not
produce gas in the MPN procedure unless the organisms are
released by vigorous agitation. They concluded that drinking
water turbidity should not exceed one unit as measured by a
standard test and that bactenal densities over 500 organisms per
multliliter, as measured by total plate count, should not be tolerat-
ed False negative results because of strains which are unable to
ferment lactose sometimes may lead to an unwarranted sense of
securnty and false-positive test results may occur because gas-
produang organusms outside of the cobform group are not
uncommon.

These objections and himitations notwithstanding, the coli-
forms remain the preferred indicator orgarusm group because of
their ongin, ease of detection and enumeration, survival charac-
teristics, and hustorical use

Fecal Coliforms

Fecal coliform bactena are a subgroup of the total coliforms,
discussed earher, and are thought to include organisms more
likely to have originated in the intestinal tract Accordingly, they
exhibit improved correlation with extent of fecal contamination
Fecal cobforms are characterized by ability to ferment lactose and
produce gas at a temperature of 44 5°C Also, they may be deter-
mined by the MF technique by conducting the test at higher
temperature.

Because fecal cohiforms are less subject to regrowth in streams
and provide more rehable correlation with amount of fecal pollu-
tion, they now are used extensively in the U 5.A for evaluating
stream qualty, especially 1its suttability for bathing or shellfish
production (Geldreich, 1966, Deaner, 1969) Also, the fecal coli-
form test now 1s widely used for evaluating microbiological qual-
ity of effluents from wastewater treatment facihties Of course,
the change from total coliforms to fecal coliforms has made 1t
necessary to reduce the permissible concentrations considerably
because fecal coliforms are far fewer in number than the total
coliform group

However, this test has not been employed to a significant
extent for evaluating the quahty of potable water This 1s not
attributed to shortcomings of the fecal cohiforms as indicators of
pollution, but to the perceived value of the total cohform group
for evaluating performance of treatment systems This was ex-
pressed by Kabler and Clark (1960) as follows

The presence of any type of cohform organusm in treat-
ed dninking water suggests either inadequate treatment

or access of undesirable matenals to the water after
treatment . . . The presence of coliform organisms 1n
treated water calls for definitive action for their
elimination

Accordingly, the coliform group 1s considered to be the most
rehable indicator for evaluating adequacy of water treat-
ment and 1s preferred to the fecal cohform group for that
application

Other Indicator Organisms

For many years,investigators have searched for indicator or-
ganisms better suited to needs of the water field than the coli-
form and fecal coliform groups Fecal streptococa have been
used occasionally 1n stream pollution control investigations but
have demonstrated poor recovery rates and poor agreement
with other methods for evaluating microbiological quality of
drinking water supphes Geldreich and Kenner (1969) point out
that fecal cohform bacternia are more numerous than fecal strepto-
cocci in the feces of man, providing a coliform/streptococcus
ratio always greater than 4 0 in domestic wastewaters Con-
versely, fecal streptococci are more numerous than the cohforms
n feces of farm arumals, cats, dogs and rodents, producing a
cohiform/streptococcus ratio of less than 0 7 in wastes flows from
farms This suggests that simultaneous analyses for fecal coli-
forms and fecal streptococci and calculation of the ratio between
the two could be helpful in evaluating the probable source of
coliforms found 1n stream waters

Other organisms which have been suggested as indicators,
but have found even less acceptance, include Clostndium per-
fringens, Klebsiella pneumoniae, several species of Aeromonas,
Pseudomonas species, bifidobacterium and some pathogenic
Salmonella species (McFeters, et al, 1978, Rohlich, 1977).

In summary, although several alternates have been proposed
from time to time, and some used intermuttently as adjuncts to
the coliform tests, no organism has yet been found whuch ap-
pears convincingly to be better than the coliform group

Bacteria Plate Counts

It has been proposed that more attention should be devoted to
use of standard plate counts (SPC) for dninking water, based on
plating water samples 1n nutrient agar medium and incubating
aerobically for 1-2 days at 20-35°C. Bacterial concentrations com-
monly mentioned as acceptable by health agencies are at various
levels up to about 500/ml

One rationale for thus test 1s that 1t may more accurately assess
finished water quality because the higher numbers of organisms
detected may provide improved opportunity for observing
changes 1n bacteniological quality This 1s viewed as a practical
method for monitoring effectiveness of chlorme throughout a
distnbution network and warning of deterioration in treatment
plant performance Also, the SPC hmitation may reduce the
problems which have been reported (Geldreich, 1977, Rohlich,
1977, McFeters, et al , 1978) concerning interference by non-
cobform bactena with detection of low concentrations of
cohforms

This approach, philosophically, 1s consistent with the ratio-
nale involved in using the total coliform group to evaluate water
treatment and distribution systems instead of using the more
spectfic fecal coliforms As summarized by McFeters, et al,
(1978)

The philosophical basis that we consider fundamental to
the indicator concept 15 that an indicator system that 1s
more encompassing 1s better than one that 1s more restnc-



tive, In terms of the source of the contamination that will
be detected. Addihonally, false negatives are to be avoid-
ed more than false positives if one has to select the lesser
of two evils.
Among those discussed here, the least encompassing, or most
restnictive, indicator would be to use E col, followed by fecal
coliforms, total coliforms and SPC, in order of reduced restric-
tiveness In a well-treated and properly protected water supply
system, most of the bacteria should be at or very near zero in
concentrahon That leaves the SPC as the test which might pro-
vide the most sensitive indication of quality changes simply be-
cause 1t 15 the only test among the group of alternatives which
yields significant numbers of bacteria, even n a properly operat-
ed treatment and distribution network.

Measurement of Chlorine Residual

A relatively recent development 1s the adoption of chlorine
residual measurements to substitute for some of the indicator
organism monitoring i US A water distnbution systems
(Anonymous, 1976) The rationale 1s based partly on the obser-
vation that a substantial proportion of disease outbreaks can be
attributed to deficiencies in disinfection Also, studies have dem-
onstrated an inverse correlation between chlorne residuals 1n
distribution systems and coliform bacteria in samples taken from
those systems (Anonymous, 1976, Craun, 1978, McCabe, 1978)

The extent of substitution 1s limited to 75% of the required
bacteriological samples The remaining 25% must be monitored
for indicator organisms to assess adequacy of disinfection and to
assure continuity of water quality records Also, whenever the
chlorine residual 1s determiuned to be less than the level specified
for the system in question, samples for total coliform analyses
must be taken immediately from that same sampling point.
When this approach 1s adopted, the number of chlorine residual
samples analyzed must be at least four times the number of
mucrobiological samples discontinued with a further require-
ment for at least daily measurement of chlorne residual Thus 1s
feasible to require because the chlorine residual test 1s easy,
quick and economical to perform

Table 6-4 summarizes effects of different levels of free chlorine
residual on the number of instances in which cohform organisms
were observed 1n a major distribution system Also, the average
Standard Plate Counts 1n the system are presented (Geldreich, et
al, 1978). Table 6-5 shows the percent of water supply systems in
amajor U S A. study to have average total coliforms exceeding
the drinking water standard of one organmism per 100 m] of water
(Anonymous, 1976) Eight to one hundred percent of the sys-
tems which were not chlorinated were observed to contain coli-
forms 1n excess of the standard Systems in which chlornmnation
was practiced without producing residual chlorine showed low-
er incidence of coliform organisms Those systems in which a
detectable residual was maintained produced the lowest inci-
dence of coliforms, varying from 0 to 3 percent of those
surveyed
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Table 6-4. MPN Coliform Occurences vs. Free
Chlorine Residuals (DPD)’

FEree Chlorne Number of Coliform SPC Average
Residual (mg/1) Occurrences (bacteria/ml)
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"Typical values for finished waters were 1-2 mg/1 free chlornne
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SECTION 7

PUBLIC HEALTH EFFECTIVENESS OF WATER TREATMENT
The Public Health Role of Water Treatment

Evaluation of water treatment as a tool for protecting the pub-
lic health requires understanding of 1ts role within the context of
many measures for controlling health impacts in potable water
systems.

In a very real sense, treatment should be considered as a last
resort Sometimes local conditions make 1t impossible or unecon-
omucal to produce satisfactory potable water without treatment
In other 1nstances, adoption of treatment may reflect fallure by
planners, engineers and admunistrators to develop suitable wa-
ter supply through simpler, more reliable and cheaper alterna-
tives which could be available but not recognized Treatment
should not be 1nstalled without good reason because far better
solutions often may be developed

Provision of a safe potable supply begins with the crucally
important step of source selection Selection involves three fun-
damental considerations, the first of which 1s that water must be
adequate in quantity Clearly, there is no substitute for provid-
ing enough water to meet needs of the community 1n question
and goals of a water supply project cannot be met without ade-
quate flow It1s mportant to note that public health integrity of a
system often 1s seriously compromised if water cannot be sup-
plied continuously in quantities adequate to meet needs of the
municipality, maintaining satisfactory pressures throughout the
distribution system at all times

Given adequate quantity, the next most important characteris-
tic of a source 1s water quality There 1s no absolute measure of
quality in a practical water system Its health suitability may be
viewed as depending upon the statistical probability of adverse
mmpacts. In evaluating those risks, water supply professionals
tend to be conservative because of heavy responsibility for pro-
tecting the health of large segments of the pubhc Accordingly,
standards for protecting water quality typically begin with selec-
tion of the best quality source among those available, within
reasonable economic constraints

Where alternative sources are both adequate in quantity and
entirely satisfactory in quahty, the third important consideration
1s total costs

Selection of municipal water sources and their subsequent
protection depend heavily on the sanitary survey This inspec-
tion 1dentifies and evaluates condihons which mught be poten-
tially dangerous to the integnty of the water system. Often, the
sanitary survey includes sampling and laboratory analyses, but
1t goes far beyond that type of data collection to evaluate basic
hazards in the source and other system elements which might
cause problems in the future, whether or not water quahty defi-
ciencies actually exast at the time of sampling The survey 1s a key
factor 1n establishing the need for treatment (McJunkin, 1976).

To illustrate the importance of source selection in determining
the type and extent of required treatment, consider a commumnty
having a choice between using a surface stream as a supply
source or developing a groundwater system. Almost all surface
supphles are subject to pollution from runoff and point sources of
wastewaters and usually require extensive treatment before use
as a potable supply. On the other hand, where an opportunity 1s
available to use springs or wells, the combined effects of time of
travel and filtration during passage through soil often provide
very effective natural removal of objechionable constituents Ac-
cordingly, water taken from a good groundwater source often
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needs little or no further treatment to correct deficiencies in
quality, although chlonnation may be used to insure a residual
throughout the distribution system to protect consumers from
subsequent water contamination

The distribution system 1s of crucial importance in maintaining
adequate quality of water dehivered to the consumer It must be
adequate 1n capacity and other design features and free from
opportunities for contamination which might undo the results of
careful source selection and approprate water treatment

The importance of proper surveillance in safeguarding water
quality from source to consumer cannot be over-emphasized It
must be considered, however, 1n a broad context because proper
survelllance goes far beyond mere sampling and bacteriological
or chemical analyses to include all activihes necessary to mnsure
that components of the system function without risk of failure
In this respect, 1t has been stated that (McJunkin, 1976)

Surveillance 1s not merely finding out what is wrong
and putting matters right, 1t includes undertaking re-
medial action to reduce or eliminate health hazards and
advising on, assisting with, and stimulating improve-
ments whenever possible Surveillance also includes
more general activities to promote the safety of water
supphes—operator training and health education of the
public in the prevention of waterborne enteric disease,
for example

It 1s pninaipally through surveillance that knowledgeable indi-
viduals and agencies are able to identify current problems, an-
ticipate others which have not yet occurred but are at nsk and,
most importantly, prevent them from occurrnng

It should be clear that water treatment represents only one
part of a complex matrix of tools available for controlling health
impacts in potable water systems It should be applied judicious-
ly and only within the context of all alternatives within the
matnx

Various Goals of Water Treatment

As indicated earlier, the basic role of municipal water treat-
ment s to correct deficiencies in quality It should be recognized,
however, that not all of the deficiencies are health-related Some
standards, especially those relating to bacterial quahty of water,
are based specifically on protecting the public health Other stan-
dards established because of concerns about potential impacts
on health include those for heavy metals, radioactive sub-
stances, nitrates, fluondes and selected organic chemicals

Treatment often 1s directed towards correcting aesthetic char-
acteristics of water, with httle or no relationship to real or poten-
tial health problems. For example, removal of iron, manganese,
color, phenols and other substances capable of producing unde-
sirable tastes and odors sometimes form the principal motivation
for treatment Also, treatment often is undertaken to correct the
corrosiveness of water or the tendency to form scale in pipelines
and water heaters

In some instances, treatment may correct a characteristic
which otherwise could interfere with use of the water in certain
industnal processes In some communities, this has been done



because of the importance of the industry in the commumnity and
recognition that treatment to provide water suitable for its needs
could be more economucal at the municipal plant than at the
industry itself. In other instances, special treatment may be bet-
ter left to the industrial organization because of excessive cost of
applying those steps to all waters used in the municipahty

Evaluation of Water Quality

The types of treatment processes which should be used in
water punfication plants and efficiencies which must be attained
by them ultimately depend on constitutents in the raw water and
concentrations acceptable in uses to which the water will be
placed. The speaific degree of removal necessary for each con-
stituent 1s that required to correct the quality of the raw water to
meet needs specified for the fimshed product To reach those
decisions, we should be able to define water qualty goals in
terms which, preferably, are both quantitative and accurate

With respect to protection of health, we need a basis for evalu-
ating nisks accompanying various concentrations of specific con-
stituents 1n water. When that type of information is available,
mformation about the concentration of each constituent in the
raw water and the final concentration which would be acceptable
in the finished supply can be used to specify what treatment
must accomplish Correlations between consthtuents in water
and health nsks incurred by their presence often can be estab-
hished through epidemiological studies or through animal stud-
1es Unfortunately, however, difficulties often are encountered
in either because low levels of chronic or genetic damage may
appear only after consuming the water for many years

Sometimes 1t 1s possible to evaluate conditions through direct
measurement of constituents, perhaps using very complex and
sophisticated analytical techniques, but in other instances even
those cannot produce the information required for an accurate
assay of health nisks In those it may be necessary to use param-
eters other than the concentration of one or more specific con-
stituents 1n the water A few aspects of evaluating water quahty
to esimate health nsks will be discussed briefly

Communicable Diseases

One obvious method for evaluating water quality with respect
to disease transmission would be to enumerate the numbers of
pathogenic organisms in representative samples of the water,
but this could present serious problems Many types of patho-
gens can be transmitted via the water route They have wide
differences in charactenstics, numbers mngested to produce
probable infection, numbers discharged in wastewaters from
infected hosts, rates of dieoff outside the hosts in natural waters,
and resistance to destruchon or removal by various water treat-
ment processes.

Direct enumeration of pathogens would be both difficult and
expensive Many techniques would be necessary for 1solating
and identifying different types because methods appropriate for
one would not be suttable for assaying others Some (for exam-
ple, the hepahtis virus) are not quantifiable at all The necessary
expertise seldom 1s available in water laboratonies to conduct
these types of tests, and even if it were, analytical difficulties and
tedious work necessary to measure the low number of patho-
gens 1n most waters, especially after treatment, would result in
very high costs. Beyond those disadvantages, results from such
analyses would not be the most desirable type of information, in
any event. Success or failure n 1solating a pathogen could de-
pend upon only whether or not 1t happened to be 1n the spealfic
sample of water studied A water indicated to be safe by this

approach might, nevertheless, become unsafe shortly thereafter
upon recerving waste discharges from one or more persons in-
fected with the disease in question

A far preferable approach would be to employ a technique
which measures “risk” mn terms of opporturuty for receiving
pathogens or, 1n other words, the extent of recent pollution by
wastewater discharges This potenhal for transmitting commu-
nicable diseases commonly 1s evaluated through enumerating
“indicator organisms ” One such orgarism 1s Eschericha cols,
which 1s discharged in large numbers from intestinal tracts of all
humans Measurements of numbers of E coli in water indicate
the degree to which the water has been polluted by fecal contam-
mation from humans This provides a better measure of the
“nisk” of transmitting waterborne pathogens, both presently and
at some future hme

Indicator organisms most commonly used in the water treat-
ment field are the “coliform group” which includes, in addition
to E coli, some organisms derived from other animals and soils
Thus broader group of bacteria 1s present in larger numbers and 1s
easier to 1dentify and count under conditions found 1n most
water laboratories Also, it provides a more conservative evalua-
tion of treatment plant operation because good performance
should be successful 1n reducing even this larger and more di-
verse group to the vamishing point In general, studies have
mndicated that survaval charactenistics of coliforms are simular to
those of important pathogenic bacteria, providing confidence
that the water should be safe once the coliform group has been
eradicated by treatment.

Unfortunately, absence of coliforms provides a less accurate
measure of safety with respect to pathogenic viruses and proto-
zoa Serious reservations often have been expressed about reli-
abihity of ths test, leading to searches for other types of indicator
organisms which might be better suited for the purpose To date,
no consensus has been reached on any of several proposed alter-
native organisms

Today, the safety of water with respect to transmission of
communicable diseases 1s evaluated principally 1n terms of 1ts
population of coliform bacteria. Dnnking water standards pres-
ently used 1n many areas of the world allow approximately 1
coliform organism per 100 ml of water This does not entirely
exclude the possibility of acquiring intestinal infection but 1s a
practical standard, established partly through expedience It can
be attained economucally in most water supphes and appears to
hmt the incidence of waterborne diseases to a level below the
detection threshold A recent major study inthe U S A reached
the following conclusion (Rohlich, 1977)

The present coliform standards appear adequate to pro-
tect public health when raw water 1s obtained from a
protected source, 1s approprately treated, and 1s dis-
tnbuted 1n a contamination-free system Current coli-
form standards are not applicable for water reclaimed
directly from wastewater

This suggests that the standard, which appears to be entirely
adequate in many industrialized nations where inadences of
waterborne diseases are low, may be less satisfactory in coun-
tries with high incidences of those diseases In an area having a
high incidence of waterborne disease, treatment to produce the
same level of cohform organisms would be expected to result in
mgestion of more pathogens because of increased ratios of path-
ogens to coliforms 1n wastewater discharges.

For purposes of momitoring daily operations, other more rapid
types of analytical procedures have been employed. One 1n-
volves measurement of turbidity at frequent intervals at the
plant and throughout the distrnbution system Significant depar-



tures from the very low turbicity levels which are customary
with properly operated systems would signal that an unsahsfac-
tory situation has arisen, perhaps improper treatment plant op-
eration or cross-connections in the distnbution system
Measurements of chlonne residuals also have been used for
similar purposes. Using these types of tests, in addition to bacte-
niological analyses, offers the advantage of rapid and easily con-
ducted methods for identifying presence of water quality
hazards

Inorganic Chemicals

The allowable content of an morganic chemical in water usual-
ly can be defined directly in terms of concentration of the chermu-
cal in question Accordingly, evaluation of raw water quality in
thus respect usually involves measurement of concentrations of
heavy metals, chlondes, sulfates, nitrates, fluondes and others
through use of readily available analytical methods Treatment
requirements then can be established through comparing those
data with allowable concentrations specified for potable waters

Organic Chemicals

Speafying allowable concentrations of orgamic chemicals in
potable water presents special problems because of difficulties in
analyzing water for low concentrations of those constituents For
several years, U5 A standards included a maximum recom-
mended concentration for “carbon chloroform extract (CCE) ”
This empirical measurement of organic matter was accom-
phished by filtering a large sample of water through activated
carbon and subsequently eluting organics from the carbon with
chloroform The test was of little value for assaying safety of a
water because of 1ts very gross nature and absence of defimitive
information about the types of organics present The rationale
simply was that organic content of the water should be kept at a
low level. If the raw water contained what was considered, em-
pincally, to be excessive organics, steps should be taken to re-
duce them during treatment, usually by using activated carbon
for adsorption.

Currently, standards have been established for several types
of specific insecticides, widely recognized as having significan*
health implications in potable water and for certain other organic
compounds Chlorinated hydrocarbons, especially the trihalo-
methanes, are receiving extensive mterest in some countries cur-
rently Identification of most trace organics in water requires
very sophisticated analybcal techmques, usually going far be-
yond the capability of analytical equipment and personnel at
typical water treatment facilities. If analyses are required for
these constituents, specal analytical instrumentation and per-
sonnel usually must be provided, often on a consulting basis

Mechanisms for Reducing Health Risks
Through Treatment

Physical Removal

Some water treatment processes function by simply removing
the undesirable constituent without significantly changing 1ts
character. For example, sedimentation or filtratton may remove
bacteria and viruses from water efficiently without influencing
viabihity of the orgarusms Of course, viability of the organisms 1s
mmportant when evaluating disposal of sludges and other by-
products from treatment facilities because they usually contain
much higher concentrations of undesirable constituents than
water entering the plant. Other processes which function prina-
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pally through separation include distillation, reverse osmosis
and other membrane processes

Pretreatment to Enhance Removal

In some instances, constituents may be separated after pre-
treatment to facilitate the removal process For example, heavy
metals often are removed through precipitation to convert the
soluble 10ns to mnsoluble forms, followed by setthng and, per-
haps, filtrahon Removal of bacteria and viruses may be im-
proved substantally by coagulation to agglomerate them into
larger particles before settling. Removal of iron and manganese
may be enhanced by aeration or chlonnatton to oxidize the metal
to a hugher valence state, facilitating its precipitation and remov-
al by subsequent settling and filtration.

Destruction

Other types of processes operate through destroying objec-
tionable charactenshics of the constituent, either before removal
by a subsequent process or sometimes without removal at all
For example, chlorination of water can oxidize sulfides and other
reducing agents to different chemical forms which no longer are
objectionable In simular fashion, cyarudes may be oxidized to
produce innocuous products which do not require subsequent
removal On the other hand, orgamc iron compounds some-
times are oxidized by chlorne or ozone to break the bond be-
tween the orgamc molecule and 1ron, facilitating subsequent
precipitation of the iron. In general, disinfection processes func-
tion through chemical reaction with enzymes or other cell com-
ponents to inactivate the organusm and effectively destroy 1t as a
living system

Secondary Effects

In some nstances, treatment occupies a role which may be
secondary, but important, in determining efficiency of disinfec-
tion. It has been observed that disinfection of turbid waters may
be difficult to accomplish efficiently because some organisms are
shielded withun turbidity particles, blocking contact between
them and the chlorine compounds Subsequently, they may be
separated from the turbidity particles and remain viable in the
water after the chlorine has been dissipated. Accordingly, re-
moval of turbidity 1s considered to be an important facet of water
treatment for destruction of pathogenic bactena and wiruses,
even though the turbidity itself has no direct role in disease
transmission

Protection from Bacterial Pathogens

An mmportant consideration 1n desigrung, constructing and
operating a water treatment plant 1s reduction in risk of transmit-
ting pathogenic bactena to the public

For reasons discussed earlier, bacteriological quality of water
actually 1s assessed through enumerating coliform bactena. That
also permuts evaluation of effectiveness of the treatment system
in reducing nsk of transmithing waterborne diseases, whether or
not pathogens happen to be present at the ime of measurement.
Some 1nvestigators have adopted an even broader approach to
evaluating efficiency by analyzing removals of bactena, repre-
sented by total plate counts instead of only the coliform
organisms.

Effects of Storage on Bacteriological Quality

It long has been recognized that self-purification processes in
nature serve to reduce risks of transmitting waterborne diseases



Thus has been observed through measurements of pathogens, as
well as montoring of cohform organisms or total bactenal
populations

Some have observed that for a short time after discharge of
municipal wastewater mnto a stream there 1s an increase in popu-
lation of coliform organisms. Some have attributed that to break-
mng of clumps of bacteria, producing only an apparent increase.
Others have concluded that growth of coliform organisms actu-
ally was occurring in the stream On the other hand, growth of
pathogens has not been observed in receiving streams, where
conditions are unfavorable as compared with the rather special-
ized environmental needs of most pathogens

Subsequently, the numbers of pathogens and coliforms both
have been observed to decrease with time, due to dieoff. Many
factors affect the dieoff rate, including temperature, pH, pres-
ence of predator organisms, and concentration of pollutional
matenals 1n the water It has been reported (Fair, Geyer, and
Okun, 1968) that destruction of entenc bactena 1s more rapid n
heavily polluted waters than in clean streams, 1n warm weather
than 1n cold, and in shallow turbulent streams than in deep,
sluggish bodies of water.

Specific removal rates reported by past mnvestigators vary
widely depending on experimental conditions under which their
studies were conducted Accordingly, great caution should be
exercised 1n attempting to project any quantitative relatonships
between time of storage and extent to which pathogens may be
reduced 1n numbers Data summarized by a few past investiga-
tors suggest removals ranging from 50% to over 99% of entenc
bactena with storage times of three to sixty days (Wagner, 1959,
Fair, Geyer, and Okun, 1968, Anon., 1979). McJunkin (1976)
reports that storage of water for 48 hours results in death of
cercanae responsible for transmission of schistosomiasts.

Physical Removals in Water Treatment Plants

Slow sand filtration has been reported to remove 85-99% of
bacterial pathogens from water. This can be attnbuted to effec-
tiveness of the filtration process in removing suspended matter,
mcluding bactena, and to natural dieoff of those bactena during
storage in the filter under conditions environmentally unfavor-
able to their survival (Wagner, 1959).

Higher efficiencies usually can be attained in properly operat-
ed rapid sand filter plants Coagulation and settling are capable
of removals in the range of 95-99% of the bactena When fol-
lowed by rapid sand filters, overall removals well in excess of
99% should be readily attamnable in a properly operated plant
Disinfection

Extensive removal of bactena by various water treatment pro-
cesses notwithstanding, disinfechon remains the prinaipal line
of defense agamnst transmussion of waterborne diseases. Even
removals well 1n excess of 99.9% of cohform organisms from
typical surface waters usually will be inadequate to insure safety
from waterborne diseases as represented by commonly accepted
drinking water standards. Accordingly, production of a fiashed
product consistent with those standards almost always depends
heavily upon effective disinfection Slow sand filtration, or co-
agulation, setthng and rapid sand filtration, followed by disin-
fection of the treated water can virtually assure freedom from
sigruficant risks of transmitting communicable diseases via the
drinking water route.

The disinfectant which has been used for three quarters of a
century with great success 1s chlorine. It must be recognized that

addition of chlorine to water actually may result in formation of
several different disinfectants because of subsequent reaction

between the chlonne and constituents of the water Addition of
chlorine to water results initially in formation of hypochlorous
aad (HOCI), in accordance with the following reaction-

¢, + H,0 = HOCI + HCl 1)
Chlorine  Water Hypochlorous Hydrochloric
Aad Aad

The hypochlorous acid subsequently dissociates in water to yield
hypochlonte 1ons (OCl™), as shown in the following equation

HOClI —= oca" + H* (@)
Hypochlorous Hypochlonte Hydrogen
Aad Ion Ion

It generally 15 accepted that the hypochlorous acid 1s the most
effective killing agent In a water in which the above reactions
are the only ones which occur, the percent of hypochlorous acid
present depends principally on pH (acidity) of the water The
sum of the hypochlorous acid and hypochlonte 10n s termed
“free residual chlorne

It 1s worthwhile to point out that a “free chlorine residual” may
be produced in water through addition of agents other than chlo-
nine gas For example, addition of sodium hypochlonte (NaOCl)
can result in introduction of hypochlonte 10ns to the water They
subsequently enter into exactly the same chemical equilibrium as
that presented above

NaOCl > Na* + oar- (3)
Sodium Hypochlonte Sodium Ion  Hypochlonte Ion

ocr- + H* HOCl (4)
Hypochlonte Ion  Hydrogen Ion Hypochlorous Aad

Effectiveness of the disinfectant in this instance 1s identical with
that produced through addition of an equivalent amount of chlo-
rine because, clearly, the same products ultimately are produced
m solution (Equation No 4) and have the same potental for
killing bacteria, whatever their source. Although hypochlontes
may be effective in producing the desired type of chlorne resid-
ual, 1t should be noted that commeraal products tend to lose
strength over ime Accordingly, caution must be exercised 1n
storing and applying those products to insure that they remain
effective when used.

Figure 7-1 summarizes some chlonne residuals and contact
times whach have been recommended over many years for disin-
fection of dnnking waters (Anon , 1951) Wagner (1959) has
suggested maintenance of a residual of 0 5 mg/l for thirty mn-
utes contact for ordinary disinfection and 2 mg/l free chlonne
residual for thirty minutes contact to control amebic cysts

Because of possible interference by turbidity with contact be-
tween chlonne and organisms, the most effective time for chlor-
mation 1s after filtrahon In many plants multiple chlonnaton
has been employed for treatment of water with high bacteral
counts This involves addition of a hugh chlonne dosage when
water first enters the treatment plant and maintenance of a resid-
ual throughout the entire process, usually over several hours
After filtraton, additional chlorine may be added, if needed, to
raise the residual to the desired level before pumping water into
the distribution system In other instances, sulfur dioxide or
some other reducing agent may be added to reduce chlorine
residual 1f 1t remains too high after passage through the entire
plant

High residual chlonnation produces extremely effective disin-
fection, but recently a reluctance has developed in the U 5.A to
continue that approach That can be attrnibuted to recent recogm-
tion that undesirable chlorinated hydrocarbons may be formed
through reaction between chlonne and organic constituents of



Figure 7-1. Minimum Free or Combined Available Chlorine
Residuals Proposed by Butterfield
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the water One way to prevent their formation 1s to withhold
chlonnation until after most of the organic content has been
removed by the coagulahon, sedimentation and filtration pro-
cesses. Because of uncertainty about possible health effects of
chlonnated products, several U S A communtties have discon-
tinued prechlornation of water

Many communuties throughout the world now employ ozone
for water disinfection Ozone offers the advantage of producing
a highly active disinfectant which does not react to form pro-
ducts comparable with chloramines, causing slower or less effi-
cient disinfection Also, there 1s less tendency to form odorous
compounds, which sometimes are produced through reactions
between chlonne and organic constituents On the contrary,
often the ozone actually oxidizes some of the organics and re-
duces tastes and odors 1n the treated water Reaction products
which may be formed by ozone to produce the same ulhmate
problems as chlonnated hydorcarbons, referred to above, are
not known at this time, but are presumed by some to offer less
nisk than chlorine

Ozone has the disadvantage of being substantially more ex-
pensive than chlorine Also, 1t must be produced at the point of
use when needed, without opportunity for storage. Further, 1t 1s
not feasible to maintain a residual of disinfectant which persists
throughout the distribution system 1f ozone 1s used Many who
favor maintenance of a residual, therefore, prefer chlornne,
which does produce a residual that can be maintained through-
out the distribution system to afford some degree of protection
against subsequent contamination through cross-connechons,
mnfiltration of raw water into pipes when pressure drops, or
other inadequacies
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Protection from Pathogenic Viruses

The state of knowledge for evaluating water quality and treat-
ment effectiveness with respect to viruses 1s much poorer than
for bactenal pathogens The problem onginates with inadequate
knowledge about quantities of viruses which must be ingested to
cause disease, making 1t virtually impossible to define the goal
whuch treatment processes must attain Much of that problem, 1n
turn, can be related to the difficulty, and in some cases impossi-
bility, of accurately enumerating viruses in water because of
problems inherent in growing many of them (for example, hepa-
titis) 1n the laboratory

Major problems exist 1n trying to establish probable relation-
ships between commonly used indicator organisms (coliforms)
and viruses in water to evaluate nisks of viral infections Further,
the relative survival patterns and resistances to disinfectants of
coliforms and viruses are not known. Some viruses which can be
enumerated in drinking water mught prove useful eventually as
indicators for pathogens, but the relative relationships between
those organisms are not yet known A recent major U S A pub-
lication on water and health (Rohlich, 1977) indicated that “safe-
ty of drinking water, from the virus standpoint, cannot at
present be defined in numerical terms ”

Processes used today to treat potable water oniginally were not
developed specifically to remove or destroy viruses, but most do
have substantial impact in that respect Evaluation of virus re-
movals 1s difficult because current analytical techniques permit
accurate measurement only of very high numbers—much hugher
than those which occur normally in water considered for human
consumption All of the problems notwithstanding, results ot
many laboratory and epidemiological studies give ample reason
to believe that current water treatment technology 1s capable of
msuring substantial protection from waterborne viral diseases
This section will describe briefly some findings of past investiga-
tors with reference to removal or destruction of viruses in drink-
g water by vanous processes.

Coagulation and Sedimentation

These processes are used to agglomerate and remove sus-
pended and colloidal matter from water, including bactena and
viruses Several extensive studies have indicated that virus re-
movals ranging from 90% to substantially higher than 99% can
be achueved 1n carefully operated coagulation and setthng sys-
tems (Rohlich, 1977; Sobsey, 1979). It has been pointed out,
however, that viruses removed by adsorption on floc in this
fastuon usually are not mnactivated, but remain viable Accord-
ingly, the sludges often contain high concentrations of enterc
viruses and may require further treatment to nactivate or de-
stroy them before disposal

Filtration

Slow sand filtration has proved capable of removing viruses
from water 1n excess of 99%, in laboratory studies. One invest-
gator (Slade, 1978) conducted a field study in which entenc vir-
uses were removed from polluted waters at 97-99 8% efficiency,
averaging 98% He concluded that virus removals were compa-
rable to coliform removals 1n those filters

Because of large grain size, rapid sand filters alone are relahive-
ly neffective for removing viruses However, they typically are
used only 1n conjunction with coagulation and sedimentation
The combination of the three processes commonly produces re-
movals 1n excess of 99% through setthng, adsorption, and in-
corporation 1nto suspended matter large enough to be
mechanically removed



Lime Softening

Lime softening 1s employed 1n some plants to remove calcaum
or magnesium, or both Precipitation of calcium at a pH of about
10 has been reported to produce about 75% removal of viruses,
principally through entrapment in the precipitate, similar to co-
agulation and sedimentation. When the excess lime process 1s
used to precipitate magnesium, pH customarily 1s raised to lev-
els above 11 Under those conditions, viruses not only are re-
moved by the floc, but also are inactivated by the high pH This
has been observed to produce removals over 99%

Disinfection

Chemucal disinfection appears to be the most reliable method
for inactivating viruses in water Treatment by other processes
prnor to disinfection serves principally to reduce virus load on
the disinfection process and to prepare the water for efficient
disinfection by removing suspended matter and other interfer-
ring substances

Most enteric viruses are more resistant to chlorine than are
enteric bactena As observed for coliforms and other bactera,
hypochlorous acid appears to be the most efficient disinfectant,
and chlorine dosages and pH should be maintained which 1n-
sure that the residual 1s present predominantly in that form
Sobsey (1979) has concluded that “1t 1s likely that enteric virus
reductions of greater than 99 9% can be obtained 1n relatively
clean water having low turbidity, low dissolved organics and a
pH below 8 5 by using a free chiorine residual of 0.5 mg/l and a
30-minute contact time ” Other laboratory studies have indicat-
ed that free chlonne residual of 0 4 mg/l, wath 30 minutes con-
tact, can mnactivate infectious hepatitis viruses. Chloramines
have been found to be much less effective than free chlorine
residual—perhaps by a factor of 50

Chlornne dioxide (Cl0,) 1s less reactive with ammonia and less
affected by temperature and pH, offering some advantages over
chlorne. Ozone has been shown to be very effective for virus
mnactivation at dosages of 0 3-1 0 mg/l A disadvantage of these
agents 1s their inability to maintain residuals until delivery to the
ultimate consumer Accordingly, they alone do not provide pro-
techon against further contamination in the distribution system

Summary

Sobsey (1979) has summarized effectiveness of water treat-
ment systems for reducing viruses as shown in Table 7-1 Over-
all, a typical alum or 1ron coagulation, sedimentation, filtration
and chlorination system 1s expected to reduce enteric virus con-
centrations by over 99 9999% when operated properly

A recent field study using a pilot treatment system, including
those elements and activated carbon adsorption, actually at-
tained virus removals in excess of 99 9995% (Lamb, 1980) Under

Table 7-1. Expected Virus Reductions in a Water Treatment
System’

Virus Reduction - %

Treatment Process Unit Process Cumulative
Coagulahon-flocculation

and Sedimentation 99 99
Filtration 90 999
Chlonnation >99 9 >99 9999

From Sobsey (1979)
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normal operating conditions, expected virus reductions by a
typical rapid sand filter water treatment plant should approxi-
mate 5 0 to 6 0 logs (99 999 to 99 9999%)

Reduction in Inorganic Chemical Content

Removals in Conventional Treatment Systems

The water treatment systems commonly employed in munici-
pal practice range 1n removal of inorganic constituents from zero
to 100%, depending upon many factors Clearly, a key consider-
ation 1s identity of the constituent and its chemcal and physical
characteristics, especially particle size Generally, relatively large
suspended particles should be removed efficiently by water
treatment processes commonly employed for reducing turbidity
Also, most colloidal matenals could be reduced substantially by
processes which are effective in reducing colloidal turbidity and
many natural organic constituents Removal of dissolved mnor-
ganic substances will be much less efficient unless they become
involved in floc formation or are precipitated through change in
pH, oxidation by chlorine, or other treatment steps

Effectiveness of the process in removing inorganic constitu-
ents also depends heavily upon the specific process employed
and 1ts operating conditions Removal of an 1norganic substance
at relatively low pH dunng coagulation could be radically differ-
ent from that in hme softening at very hugh pH For example,
softening would be very efficient in removal of many metals
from water, whereas typical coagulation may be meffective
Many ground waters may be subjected to no treatment other
than disinfection, using chlorine That would not remove most
morganuc constituents, but could be excellent for oxidizing sul-
fides. On the other hand, some constituents might be rendered
more objectionable through oxidation For example, oxidation of
ferrous (Fe "?) iron to the fernc (Fe *®) form could cause precipita-
hon and discoloration of the water Sometimes that problem may
be avoided by adding certain chemuicals to the water to prevent
precipitation upon addition of chlorne or oxygen

Pretreatment to Enhance Removal

Sometimes removal of an inorganic constituent during con-
ventional treatment can be enhanced substantially by appropr-
ate pretreatment or change in process parameters. For example,
many metals can be removed very efficiently through precipita-
tion at moderately hugh pH Accordingly, if that goal must be
immposed on a coagulation, sedimentation and filtration system,
additional treatment steps often may be avoided by modifying
the process Sometimes metal removals may be enhanced by
changing hme and alum dosages to operate the process at a pH
somewhat above the normal optimum range In other instances,
it 1s preferable to change coagulants, perhaps to an iron com-
pound which may be better suited for floc formation in a pH
range which produces good removal of the metal

Chlorination before coagulation frequently 1s used to enhance
removal of some constituents Inorganic iron usually can be re-
moved by coagulation and setthng if the iron 1s present in the
trivalent form (Fe*) Sometimes, 1ron 1s encountered 1n raw
waters n the divalent (Fe*?) state or may be combined 1n a
complex with organic matter Prechlorination often can enhance
removal of iron by oxidizing 1t to the ferric state or by breaking
the organic complex Other oxidizing agents also have been used
for similar pretreatment, including ozone, chlorine dioxide and
potassium permanganate

Several other constituents may require change in valence be-
fore effechive removal by coagulation, precipitation and settling



Arsenic 1s easily removed 1n its oxadized state (As*?), but not by
coagulation 1 1its reduced states (As*?) The oxidation may be
accomplished by adding chlorne or potassium permanganate
Trivalent chromium (Cr*®) 1s readily removed by coagulation
with ferric sulfate in a pH range of 6 5-9 3, or less effectively by
alum coagulation at pH 6 7-8 5 On the other hand, hexavalent
chromium (Cr*®) 1s not removed effectively by alum or ferric
sulfate coagulation, or even by lime softening Efficient removal
of chromtum requures its reduction to the trivalent form (Cr*?),
by pH adjustment and addition of a reducing agent, followed by
precipitation at higher pH

These examples are provided to illustrate that sometimes rela-
tively simple changes in treatment processes may greatly influ-
ence the removal of certain morganic constituents Detailed
coverage of this subject 1s beyond the scope of this publication

Special Treatment for Removal of Inorganics

Many morganic constituents are influenced little or not at all
by conventional treatment processes It 1s infeasible to remove
chlondes,; sulfates, sodium, potassium and many other mnorgan-
1cs without resorting to more sophisticated (and more expensive)
processes Where conventional processes are not effective
enough 1n removing norganics and cannot be made suitable
through pretreatment or process modifications, 1t may be neces-
sary to resort to reverse osmosis, 1on exchange, distillation, elec-
trodialysis, freezing or other approaches These processes have
been employed successfully to remove mnorganic constituents
from sea water or saline well waters where alternate supplies are
not available at acceptable costs All of them are more expensive
than conventional systems discussed earlier, and therr justifica-
tion requires careful analyses of capital and operating costs

It 1s unusual to use these processes to treat large flows for
municipal supplies Where other alternatives make them neces-
sary, consideration also should be given to desirability of em-
ploymng dual supplies A relatively small flow of expensive
desalted water could be produced and be used for drinking,
cooking and other purposes requiring high quahity. The sahine
water, after mimimum treatment, could be employed for other
purposes for which water of higher sahmty may be entirely
satisfactory

Examples of Treatment Systems

Treatment systems which have been found effective for re-
moval of mnorganic constituents are summarnzed in Table 7-2
(Anonymous, 1977) This 1s only a partial summary of some of
the more effective methods and 1s not intended to be a compre-
hensive treatment of the subject

Reduction in Organic Chemical Content

Naturally occurring organic chemicals, many derived from de-
composition of vegetation, long have been of concern in water
treatment because of their capability for causing objectionable
color, tastes and odors Except for those constituents, phenol,
and a few other organics which cause objectionable odors or
other aesthetic problems, removal of organic substances from
drninking water received surpnsingly httle attention until only a
few yearsago Interestin possible health implications of organics
in water first peaked as a result of increasing use of pesticides,
for which toxic implications were obvious During the past dec-
ade, i particular, concern about health effects of organics in
water has increased rapidly until now 1t occupies a position of
major significance and concern in the U S A and other industn-
alized countries
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Table 7-2. Most Effective Treatment Methods for Inorganic
Contaminant Removal

Contaminant Most effective methods
Arsenic
As*? Ferric sulfate coagulatron, pH 6-8
Alum coagulation, pH 6-7
Excess lime softening
Oxidation before treatment required
As*? Ferric sulfate coagulation, pH 6-8
Alum coagulation, pH 6-7
Excess lime softenung
Barium Lime softeing, pH 10-11
Ion Exchange
Cadmium Fernic sulfate coagulation, above pH 8
cdt3 Lime softening
Excess hme softening
Chromium
Crt? Ferric sulfate coagulation, pH 6-9
Alum coagulation, pH 7-9
Excess lime softening
Cr*¢ Ferrous sulfate coagulation, pH 7-9 5
Fluonide Ion exchange with activated alumina
or bone char media
Lead Ferric sulfate coagulation, pH 6-9
Alum coagulation, pH 6-9
Lime softening
Excess lime softening
Mercury
Inorganic Ferric sulfate coagulation, pH 7-8
Organic Granular activated carbon
Nitrate Ion exchange
Selenjum
Se** Fernc sulfate coagulation, pH 6-7
Ion exchange
Reverse osmosis
Se*6 Ion exchange
Reverse osmosis
Silver Fernc sulfate coagulation, pH 7-9

Alum coagulation, pH 6-8
Lime softening
Excess lime softerung

Potentally toxic organics may enter drinking water supplies
from nonpoint sources, such as runoff from agncultural and
urban areas, and from accidential spills They also may be intro-
duced through point source discharges from industrial manufac-
turers or users A source which has created special concern in the
US A dunng the past few years 1s production of chlorinated
hydrocarbons dunng chlorination of potable waters There has
been a great amount of research to evaluate the extent to which
these chemicals occur in drinking waters, their potential impact
on health of persons consuming those waters over many years,
and methods for reducing their concentrations A detailed re-
view of this question 1s beyond the scope of this publication, but
information 1s available elsewhere (Harris, 1977, Rohlich, 1977).

Removal of Organics by Conventional Treatment Systems

Conventional treatment processes have been developed over
the years to correct quality deficiencies in dninking waters ansing



from, among many other things, excessive concentrations of
naturally occurring organic substances which can produce objec-
tionable color, tastes and odors Accordingly, 1t 1s reasonable
that typical water treatment systems based on coagulation, sedi-
mentation and filtration are capable of attaining efficient removal
of many of those organics In some instances, typical treatment
systems have been supplemented by adding oxidizing agents or
using activated carbon to destroy or remove some of those
chemicals.

On the other hand, removal of pesticides and many other
organic chemicals by conventional water treatment systems usu-
ally 1s relatively ineffective, as reported by many investigators
(Anon , 1979, Blanck, 1979, Robeck, 1965; Rohlich, 1977) Table
7-3 summanzes removal of selected organics by conventional
water treatment processes (Anon., 1977) Endnn was removed
to the extent of 35%, although other authors have reported lower
removals. All of the other chemicals histed there were removed to
a neghgible degree, if at all, by coagulation and filtrahon

In instances where removal of organics 1s necessary tn water
treatment, it must not be assumed that conventional systems
will attain signuficant efficiency. Some chermucals may be re-
moved efficiently but others could be untouched The effective-
ness of removal depends upon many factors, especally
charactenstics of the chemical in question and whether 1t 15 ad-
sorbed or otherwise enmeshed in suspended matter in the water
or floc developed during treatment.

Special Treatment for Removal of Organics

Table 7-3 also summarizes experience reported by some inves-
tigators 1n removing certain pesticides, using powdered activat-
ed carbon, granular activated carbon, and oxidation by chlorine,
ozone or potassium permanganate Activated carbon has dem-
onstrated excellent capabihty for adsorption and removal of
many chemicals When combined with conventional treatment
for surface water, 1t appears that activated carbon often could be
effective 1n attaining substantial removals of pesticides and for
many other organic chemicals, as well

Granular activated carbon has extubited greater efficiency
than powdered carbon for removing many organics. That can be
attnbuted to the hydrodynamic charactenstics of carbon col-
umns, which are capable of more effechve adsorption than sin-
gle-stage addition of powdered activated carbon mn a
conventional treatment system Economic considerations of the
two approaches for using activated carbon are very different
Powdered carbon can be added in conventional treatment sys-
tems, with little or no additional capital investment On the
other hand, granular activated carbon columns require substan-
tial investment for construction of the treatment facilities. In
return, however, operating costs for carbon purchases are lower
because of more efficient carbon utilization, and treatment effi-
ciency 1s substantially higher

Some organic chemicals can be destroyed effectively by chemi-

Table 7-3. Percent Organics Removed by Water Treatment Processes

Endrin Lindane Toxaphene 2,4-D reduction, percent
Reduction Reduction Reduction
Sodum Isopropyl Butyl Isooctyl
Process % % % salt ester ester ester
Coagulation, filtration 35 <10 <10 <10 <10 <10 <10
Coagulation, filtration,
and adsorption with
Powdered activated
carbon, mg/l
5-9 85 30 93
10-19 92
80 55 90 90 90
20-29 94 80-90
30-39 90
40-49 97 97
50-59 98 97
70-79 99 98
Granular activated
carbon, 7-5-
munute full bed
contact time >99 >99
Oxidation:
Chlorne, mg/1
5 <10 <10
8 <10
50 <10
100 <10 <10 <10 <10 <10
Ozone, mg/l-
11 <10
38 55
Potassilum permanganate,
mg/l’
10 <10 <10 <10 <10 <10
40 <10
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cal oxidizing agents, including chlorine, ozone and potassium
permanganate Effectiveness of each depends on the type of
chemucal used, dosage apphed, and environmental conditions
Chemucal oxidation has been used only infrequently because its
cost usually exceeds that of attaining equivalent removal by acti-
vated carbon

It 1s generally considered that granular activated carbon col-
umns provide the most stable and reliable treatment They can
be used without pretreatment on ground waters or other low
turbidity supplies Where the raw water contains significant tur-
bidity, 1t usually 1s necessary to precede granular carbon col-
umns with conventional water treatment Otherwise, rapid
clogging rates are experienced, causing premature termmnation
of the run and more frequent purchase of expensive replacement
carbon.

Removal of Precursors

It has been mentioned earlier that a topic of substantial con-
cern currently in some industnialized nations 1s formation of
chlorinated hydrocarbons by reactions between chlorine and hu-
mucs or other organics in raw water supplies There 15 irony n
thus situation because chemicals which could be potentially
harmful are formed through reaction between mnocuous, natu-
rally occurnng organics in the raw water and chlorine, which 1s
added for disinfection to protect the public health

Concern about the resulting chlonnated hydrocarbons 1s
based on the fact that some have been demonstrated or suspect-
ed to have capability for causing cancer in humans when applied
at igh dosage The question of crucial importance here 1s the
nisk, if any, incurred by the public in drninking water containing
very low concentrations of chlornnated hydrocarbons over many
years There 1s substantial controversy on the question now, and
1t 1s unlikely that a definitive answer will be obtained soon

Inthe U S A, a standard currently 1s being established to himut
concentration of trnhalomethanes (THM) in drinking water to a
maxtmum of 0 1 mg/l This group of chemicals includes chloro-
form and other potentially harmful organics produced during
chlonnation of water

A recent study (Blanck, 1979) of operating water treatment
plants in the U S A indicated that THM’s in water supplies can
be reduced by 59-90% The trihalomethanes can be removed
through adsorption on granular activated carbon to the extent of
23-60% A change 1n the type of disinfectant used to pretreat
water at the plant influent by using chlorine dioxide was capable
of reducing THM by 59-90%

A very effective method for reducing THM concentration in
the finished water 1s through preventing its formation by remov-
ing precursors before chlorination That can be accomplished by
adsorbing the precursor organic chemicals on granular activated
carbon, or by changing the location of disinfection to a point after
removal of most of the organics through coagulation and sed-
mentaton This was capable of reducing THM formation by 76%
and sometimes could be accomplished at a net cost savings
(Blanck, 1979)

Treatment to Enhance Beneficial Effects

No discussion of health effects of potable water treatment
would be complete without at least mentioning fluoridation
Exhaustive investigations over many years, beginning in the
1930’s, have demonstrated conclustvely that incidence of dental
caries decreases sharply with nise in fluoride content of dninking
water consumed by children. Beyond some concentration of flu-
oride, however, discoloration of tooth enamel (motthng) occurs
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with increased frequency The optimum fluoride concentration
appears to be in the viainity of 1 0 mg/l, which produces substan-
tial protection against caries without incurrning significant nisk of
motthng

Today, the water supphes to millions of persons are being
treated to increase fluoride content to a level calculated to pro-
duce mos. of the benefit, while mimmizing the nsks In the
US A, this 1s accomplished by adding fluoride to produce a
total concentration in drinking water between 0 7 and 1.2 mg/l,
depending upon ambient temperature in the locale Current
U S A dnnking water standards hmut fluonde concentrations to
a maximum of 1.4-2 4 mg/l, depending upon ambient tempera-
ture The importance of temperature lies in the relationship be-
tween the amount of water ingested by children and air
temperature
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SECTION 8

PUBLIC HEALTH EFFECTIVENESS OF EXCRETA AND
WASTEWATER TREATMENT AND DISPOSAL

Potential Health Impacts

Constituents of excreta and murnicipal and industnal waste-
waters which can offer signuficant risks for adversely affecting
health of persons consuming or otherwise contacting waters in
streams recerving them have been discussed earher and the de-
tails do not require repetition here They include many types of
mfectious agents and a wide varnety of inorganic and organic
chemicals which are potentially harmful.

Infectious agents in excreta and domestic wastewaters include
pathogenic bacteria, capable of causing the classical waterborne
diseases and discussed earlier Also, viruses and other patho-
gens commonly are encountered 1n those wastewaters Often,
cohiform organisms are employed to evaluate health risks associ-
ated with use of water, but those indicator organsims may not
always provide a reliable measure of the actual risks

Many types of inorganic and organic chemicals may be present
in municipal wastes and, to an even larger extent, 1n discharges
from industnal establishments, but health implications are un-
derstood accurately only for relatively few of them In some
mstances, their discharges are regulated to control known ad-
verse impacts In others, they are regulated because of concern
about suspected, but unknown, effects In many, they are not
regulated at all because knowledge 1s unavailable about their
potential impacts and concentrations which might be objection-
able 1in the environment

Basic Mechanisms for Reducing Health Risks

The health nsks attending discharge of excreta and
wastewaters involve the probability of (a) release of the harmful
agent to the environment, (b) its transmission from the point of
disposal to a person who might be adversely affected, and (c)
subsequent mteraction of the agent with the victim, actually
producing adverse effects Viewed in the broadest terms, reduc-
tion or ehmination of the risks may be based on attacking this
chain of events at one or more locations to reduce probability
that the harmful agent ultimately will reach and interact with the
recpient It should be recognized, however, that this stmphstic
scenarto 1s influenced greatly by many factors between the origin
of the discharge and the potential vichm, either dimmishing or
enhancing the chances for unfavorable impacts

To ilustrate, excreta from humans may include infectious
agents which sometimes may be transmitted directly via food,
mgestion of water, or body contact with water to produce dis-
ease in other humans In other situations the transmission route
may be less direct, involving an intermediate host with a key role
in the life cycle of the disease-producing organism, as illustrated
by schistosomuasis In this instance, another factor 1s introduced
mto the transmission pattern and another point 1s provided at
which the disease transmission may be interrupted

In simular fashion, harmful effects of chemicals discharged 1n
industrial wastewaters sometimes may result from their direct
transmission via the water route to a human who may suffer il
effects as the result of consuming water from the receiving
stream In other instances, the path of transmission may be far
less direct. For example, a chemical present mn the receiving
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water at low concentration may be accumulated 1n aquatic organ-
1sms, magmfying its concentration through food chains until 1t
finally reaches unacceptable levels in fish or other aquatic life
which may be consumed by humans In this fashion, chemicals
mtially present at mnnocuous concentration in the water may be
“bro-accumulated” to levels which are very harmful to the per-
son at the end of the food chamn

Considenng the many patterns in which objectionable con-
stituents may be transmutted and factors affecting those pro-
cesses, there clearly are several basic mechanisms which may be
employed to reduce health nsks attending excreta and
wastewater disposal These are techniques which can be em-
ployed to interrupt movement of objectionable agents from their
ongmns to consumers and include (a) 1solating the discharges
from the population at risk, (b) storage to provide time for natu-
ral reactions to reduce risks, (c) treatment of the excreta or
wastewater to remove or destroy objectionable constituents and
(d) control of host organisms which sometimes may represent a
necessary step in the transmission process Each mecharism will
be discussed briefly in this section before reviewing the specifics
of selected approaches employed 1n practice

Isolation

Perhaps the most direct method for breaking the chain of
transmussion 1n excreta disposal 1s adoption of systems which do
not utiize water carriage of the waste at all These rely upon
separate collection and disposal 1n ways designed to mimimize
contact with persons or msect vectors through preventing pre-
mature dispersion of the wastes to the environment Some tech-
niques for accomplishing this are discussed i detall by
Feachem, et al (1978)1n a detailed review of the health aspects of
excreta and wastewater management

Three types of systems employed for this purpose mnclude the
pit latnine, the composting latrine, and cartage systems, all of
which will be discussed briefly in a subsequent section If poorly
operated, these types of systems may result in major health risks
through increasing opportumty for disease transmission On the
other hand, in commurnities where these systems are employed
and managed properly, they are capable of producing substan-
tially the same health benefits as far more expensive water car-
nage systems Accordingly, movement from this type of
domestic wastes handling system to water carriage should be
done only after serious evaluation of alternatives available to the
community Often, a more cost-effective approach could be to
mmprove the systems for collecting, treating and disposing of
nightsoil instead of moving prematurely to adoption of full water
carriage of human wastes, with 1its opportunity for broader dis-
persal of infectious agents to the environment

Control or elmination of the problems resulting from inorgan-
1¢ or organic chemucals often may be approached most effectively
at their sources This technique has been used extensively in
industnalized countries and 15 attracting increased attention to-
day as pollution control regulations are tightened, causing n-
creased costs for end-of-the-pipeline solutions through
treatment Typically, this approach involves changing manufac-
turing operations to eliminate the use or production of objection-



able wastewater constituents by instaling treatment and
recovery systems within the manufacturing plant at the point of
wastewater generation or by changing the manufacturing proc-
essitself Decisions between inplant control of these wastewater
constituents and application of more conventional end-of-pipe-
line treatment systems usually depend heavily upon the eco-
nomucs of the alternatives

In many manufacturing industnes, some wastes are segregat-
ed in concentrated form at the point of production before release
into the wastewater collectfon system. These wastes, which usu-
ally are relatively small in volume, may be disposed of in dumps
or landfills. The intent here 1s 1solate the toxic or otherwise harm-
ful chemucals to prevent contact with the human population
Where properly controlled, this represents a viable approach to
the problem On the other hand, inadequate controls can lead to
unacceptable or even highly hazardous conditions in the future

A classic example 1n which 1solation represents the principal
approach 1s the field of radioactive wastes disposal. Lack of suit-
able technology for reducing radioactivity of wastes requires that
they be collected, concentrated and stored for many years, or
centunies, under conditions which can be guaranteed to avoid
dispersal into the environment or contact with humans

Die-away

It has long been recognized that conditions outside of the
human body usually are unfavorable to survival of pathogenic
orgarusms because of adverse physical and chemical environ-
mental factors, as well as competition and predation by other
organisms Accordingly, only 1n a few instances have pathogens
demontrated capability to multiply under conditions found 1n
receiving streams On the contrary, most pathogens in
wastewater discharges or receiving streams have been observed
to decrease 1n number over extended periods, ultimately reduc-
ing nisks of transmitting waterborne diseases

Sometimes, Chick’s Law has been used to describe the de-
crease n population of pathogens (Anonymous, 1975; Farr,
Geyer and Okun, 1968).

-dN = kN
dt

or. (N, - Ny = ™

where N; = bactenal at time t
N, = mtal bactenal population
k = rate constant (loganthms to base e)

t

time of exposure

This “law” 1s based on the concept that for a given set of environ-
mental conditions there will be a constant death rate Stated
differently, under a given set of conditions the number of organ-
1sms dying per unut hime 1s directly proportional to the number of
organisms present in the system at that tme Thus indicates that
a constant percentage of the organisms in the system would be
mactivated 1n each succeeding time interval and provides a rela-
tionship simular to the curve in Figure 8-1 When plotted in terms
of the logarithm of organisms remaining in the system, as shown
in Figure 8-2, a straight line results with a slope k The death rate
constant would depend upon many factors, including the type
of organism, temperature of the system, pH, presence of inhibi-
tory substances, and many aspects of the environment Al-
though this relationship often provides an acceptable
approxumation of the die-away curve, it seldom 1s true when
viewed ngorously, as pointed out by Fair, Geyer and Okun
(1968).
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Figure 8-1. Die-Away Curve

Number of Live Organisms

Time
SOURCE: Fair, et al (1968)

Figure 8-2. Semi-Logarithmic Die-Away Curve

AN

k = Slope = AT

Log of Live Orgamisms

Time
SOURCE: Faur, et al (1968).

According to Feachem, et al (1978), viruses and protozoa al-
ways decrease in number outside of the body, but some bacteria
may multiply under suitable conditions. For example, this can
occur with Salmonellae 1n certain foods and E coli have been
observed to multiply in sewage effluents after chlorination.
However, multiphication of pathogens 1n streams is very uncom-
mon and highly uniikely to continue for long Feachem, et al
(1978) summarized the survival of pathogens in feces and mght-
soil as shown 1n Table 8-1

The rate of die-off depends on many factors, including espe-
aally temperature and compehtion. Most organisms survive for
longer periods at reduced temperatures Presence of diverse
populations, including predators, results in more rapad die-off of
the pathogens Viruses may survive substantially longer than
bactera, especially at lower temperatures Feachem has report-
ed two months as a likely maximum survival time at 20-30°C and
nine months for 10°C Protozoan cysts survive poorly, with a
likely maximum for Entamoeba histolyctica in sewage or polluted
water at about 20 days Helminth ova vary widely from very
fragile organisms to Ascaris ova, which may survive more than a
year

Although there may be substantial regrowth of coliforms in
waters polluted with organics, ultimately die-away occurs and
survival 1s very unlikely to exceed 50 days, with 20 days being a



Table 8-1. Survival of Organisms in Feces and Nightsoil

Type of Organism Usually Less Than Maximum
Enteric viruses 3 months 5 months
Indicator Bacteria 4 months 5 months
Salmonellae, shigellae 1 month 5 months
Vibrios 5 days

Tubercle baall 5 months 2 years
Protozoan cysts 10 days 1 month

Helminth Ova -
Ascaris

Others
SOURCE: Feachem, ef al (1978)

Many months
Highly varnable

more reasonable maximum survival time. Salmonellae have
been observed to survive as long as three months, but one
month 1s a more common himit Shugella and Vibrio cholerae are
less persistent and seldom survive longer than 20 days
This information provides a practical approach for preventing

dissemination of waterborne diseases, in many instances This
can be accomplished by storing the excreta or domestic
wastewaters long enough to allow die-away to reduce popula-
tion of pathogens to acceptable levels This die-away will occur
naturally because of unfavorable environmental conditions and
predation by other organisms in the stored wastes This ap-
proach 1s discussed in more detail with respect to die-away 1n
waste stabilization ponds in the publication by Gloyna (1971)
The addition of chlorine or other chemicals as disinfectants or
elevation of temperature acts principally by accelerating the die-
away process through various mechanisms to accomphsh more
rapid reduchon 1n pathogen population In many instances, the
same basic types of relationships (Chick’s Law, for example) still
apply to the process, although rate constants would be substan-
tially different under the less favorable environmental condi-
tions As pointed out by Fair, Geyer and Okun (1968),

We arnve at the paradoxical conclusion that the destruc-

tion of enteric bacteria 1s more rapid (1) in heavily polluted

streams than 1n clean streams, (2) in warm weather than

in cold weather, and (3) in shallow, turbulent streams

than 1n deep sluggish bodies of water

The die-away mechanism also 1s significant in many mnstances

for removal of objecttonable organic matenals, many of which
are biodegradable For these chemicals, provision of adequate
storage time, 1n the presence of appropriate bactena, can result
in extensive reduction or eimination of the chemical from the
wastewater This approach 1s practiced often through applca-
tion of various types of biological treatment systems for reduc-
tion of chemicals causing biochemical oxygen demand (BOD)
and other biodegradable constituents of wastewaters. However,
1t must be noted that in many instances there may be httle or no
sigruficant die-away of some organic compounds, which cannot
be degraded by organisms, as well as most inorganic chemicals
and slow-decaying radioactive materials Although these may be
removed from the water environment through volatlhzation,
absorption on suspended matter and settling, or other mecha-
rusms, 1t must be recognized that they have not been destroyed
but only removed to a different niche 1n the environment, from
which they may return to cause problems subsequently

Wastewater and Water Treatment

Treatment processes can be employed to remove or destroy
pathogens or objectionable chemicals before discharge of the
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excreta or wastewater to the environment This approach often
can be employed to prevent the objectionable matenal from en-
tering the environment, from which it may refurn subsequently
to endanger man An alternative or supplementary approach
mvolves utihzation of treatment processes to remove those or-
ganisms and other constituents from water prior to its delivery to
the population for potable purposes

Many treatment processes are capable of removing substantal
numbers of bactena, viruses and chemcal precipitates through
settling or other separation techniques Removal by this type of
mechanism may have little or no effect on character of the con-
stituent, but may improve quahty of the discharge by removing
the objectionable constituent from the flow released to the re-
ceving stream Thus frequently results in corresponding increases
In concentration of the same constituents in sludges produced by
the process and subsequently requiring treatment and disposal
This may have mmportant implications 1n disposing of those
sludges because of increased nsks which may be encountered in
handling them or in distribuhng them into the environment
Processes which function principally through this mechanism of
physical removal include setthng, flotahion, filtration, distilla-
tion, reverse osmosts and membrane processes

Sometimes, the removal of wastewater constituents through
physical separation may be enhanced by flocculation, chemucal
coagulation, or biochemical agglomeration These function
through agglomerating small particles which otherwise might
not be removed efficiently by the process in question into larger
particles which may be more readily removed Sometimes, that
15 accomphished through natural turbulence in the system or by
inducing gentle mixing through use of mechanical equipment
(flocculation) Usually the efficiency of agglomeration may be
enhanced by adding appropriate chemucals to form gelatinous
floc to coagulate the bacteria, viruses and small precipitates into
larger masses ahead of settling, filtrahon and other physical
separation systems Removal of metals, for example, usually
may be enhanced substantally by proper pH adjustment and
addition of chemucals to improve formahon and growth of
precipitates

These same types of flocculahon-coagulation reactions can oc-
cur extensively in biological treatment systems, often leading to
efficient removal of constituents which otherwise might be large-
ly unaffected by the biological reactions For example, preapi-
tate particles, bactenia and viruses may be enmeshed in the
biologtcal floc. Also, organisms which function actively 1n the
biological process may produce chemircals having capability for
inducing precipitation, adsorption or coagulation of the con-
stituents Accordingly, it often 1s observed that biological treat-
ment processes may provide relatively lugh efficiency of removal
of bacteria, viruses, metals and many other inorganic and organ-
1c chemicals, many of which are not involved 1n the biochemistry
of the process 1tself

Disinfection may be applied to reduce health risks from patho-
genic bactenia and viruses. Often, this can be accomplished
merely through providing storage which mnsures adequate time
for natural die-away of the pathogens As pointed out earler,
die-away usually 1s enhanced by presence of diverse populations
of orgarusms and increased temperatures in the system The so-
called “disinfectants” funchon through increasing die-away
rates because of toxic action of the chemaical or its reaction pro-
ducts to the organmisms 1n question. The most common disinfec-
tants 1In wastewater treatment include chlorine and ozone,
whuch are viewed as funchoning principally through reaction
with enzymes or other key components of the organisms, there-
by mterferning with their metabolic achvities or mactivating
them by other mechanisms



Strong chemical oxidizing agents, such as ozone, chlorne
dioxade and chlorne, also can be used to destroy certain organic
chemicals through direct chemical reachion Sometimes, these
reactions result in disintegration of the molecules into relatively
small and innocuous compounds, while other possibiliies may
mvolve only certain key sites upon the molecule and leave by-
products which are very complex but of substantially different
character It should be recognized that sometimes those byprod-
ucts also may have potentially harmful health effects, as illustrat-
ed by current concern over formation of chlorinated hydro-
carbons through reactions between chlorine, used a disinfectant,
and various organic molecules 1n waters or wastewaters

Most of the treatment systems employed for mumnicipal
wastewaters reduce health risks through a combination of the
above mechanisms Removal and destruction of pathogenic or-
garusms 1n conventional end-of-the-pipeline treatment plants 1s
accomplished partly through physical removal and accumula-
tion n sludges and partly by destruction of orgarusms through
die-away because of extended detention tmes and increased
populations of competitors and predators The prachical effects
of these mechanisms will be discussed in more detail later

Control of Host Organisms

Transmussion of many diseases in which water plays a major
role requires functioning of an intermediate host for pathogenic
organisms between discharge of excreta and subsequent infec-
tion of a vichm This situation 1s true of schistosomiasis and
many mosquito-borne diseases

Where this situation prevails yet another mechamsm 1s made
available for controlling transmussion of the diseases That -
volves taking appropnate steps to control or eradicate the inter-
mediate host, thereby breaking the chain of transmussion of the
pathogens Accordingly, much interest has been directed to-
wards the possibility for controlling schistosomiasis through
eradication of certain snail populations which serve as interme-
diate hosts for pathogens causing that disease, in a fashion simi-
lar to apphcation of mosquito control techniques to reduce
instances of the many diseases in which those insects play a key
role 1n development of the pathogens and their transmission
between humans

Systems Which Minimize Discharges to Surface
Waters

Systems considered m this category attempt to prevent the
spread of waterborne diseases through preventing contact be-

tween excreta and population for extended periods of time, or
perhaps indefinitely Some are based on use of virtually no car-
riage water 1n attempts to minimize volume of discharges requir-
ing treatment and disposal In other instances, hmited quantities
of carnage water are employed, but the resulting wastewaters
are subjected to treatment and disposal in ways which minimize
discharges to streams and dispersal in the environment

Quantities of excreta vary widely depending upon diet, ch-
mate and state of health of the population, ranging from 20-1500
grams/capita/day Feachem, et al (1978) summarized a substan-
tial amount of data on characteristics of waste produced in differ-
ent countries, leading to the conclusion that a reasonable
working assumption for a developing country 1s a per capita
production of about 350 grams of feces and 1200 grams of urine
per day in rural areas and 250 grams of feces and 1200 grams of
unne 1n urban areas Typically, nightsoil volumes approximate
1 5-2 0 liters per capita per day, with a solids content overall of
about 3%

Table 8-2 summanzes typical composition of human feces and
urine, as reported by Gotaas (1956) and Feachem, et al (1978)
The very low carbon/mitrogen (C/N) ratios require addition of a
carbon source, such as garbage, vegetable leaves or sawdust, for
successful composting, in which the ratio 1s required to be about
20-30 for efficient operation

Pit Latrines

The pat latrine 1s the simplest on-site disposal system, consist-
ing of a hole in the ground which 1s replaced by a new pit when
about 2/3 full Cleanhness in this urut 1s of utmost importance
because otherwise the installation may become a focus for dis-
ease transmussion Also, insect control 1s very important because
otherwise the pit latrine may become a breeding site for flies and
mosquitoes

When about 2/3 full, the typical latrine 15 filled and may not be
disturbed for many years, if ever Under these circumstances,
survival of pathogens 1s virtually impossible, but shorter periods
of storage could reduce the margn of safety drastically The use
of pit latrines may be undesirable where ground water 1s high
and wells are used nearby because there 1s potental for trans-
mussion of organisms through the soil for short distances

Composting Latrines

Both continuous and batch composting toilets require addition
of a carbon source for adjustment of the carbon/mitrogen ratio
Continuous composting units, siurular to the Swedish “mul-
trum” toilet, have had only limited application in developing

Table 8-2. Composition of Human Feces and Urine'

Quantity (wet) per person per day
Quantity (dry sohids) per person per day
Mouisture content

Approx composition (% dry weight)
Organic matter

Nitrogen

Phosphorus (as P,Os)

Potasstum (as K,0)

Carbon

Calcium (as CaO)

Facces Urine
100-400 g 10-1 31kg
30-60 g 50-70 g
70-85% 93-96%
88-97 65-85
5070 15-19
3054 25590
1025 3045
44-55 11-17
45 4560

!Adapted from Gotaas (1956)
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countrnies and very little data exist on their performance or on
survival of pathogens.

Batch composing toilets are common i China and Vietnam,
but worthwhile mucrobiological data on these units do not exist,
according to Feachem, et al (1978) Compost from these units
usually 15 applied to agncultural land, requining that pathogen
destruction be as complete as possible The efficiency of patho-
gen destruction depends principally on time and temperature
The temperature, 1n turn, depends on rate of air supply, the C/N
ratio and moisture content Anaerobic composting systems sel-
dom rise beyond 35°C but aerobic units may involve temperature
nise to 50-70°C 1f C/N ratio and moisture content are proper It1s
suggested that a minimum retention time of 3 months 1s required
to produce a product free of pathogens, except for the most
persistent helminth ova

Cartage Systems

Cartage systems are based on collecting nightsoil in containers
1n or near each house and periodically transporting 1t elsewhere
for treatment and disposal Potential health impacts of cartage
systems depend upon sanitary safeguards in deposition, collec-
hon, transportation, treatment and reuse of the wastes The
collection and transportation systems offer the greatest risks,
unless carefully established and supervised Use of good equip-
ment and well-trained personnel operating vacuum trucks to
collect nightsoil from the vaults can be a hygienic and risk-free
operation On the other hand, bucket latrines always present
health hazard problems Spillage of the material during transfer
or transportation represents the greatest hazard in this type of
operation For this reason, well-equipped and operated vacuum
trucks are considered to be preferable

Nightsoil can be digested and dewatered like sludge or 1t can
be mixed with sewage and subsequently treated in conventional
plants or stabihzation ponds Often, nightsoil 1s buried in trench-
es although this may offer senious health imphcations because of
potental hazards to those who work in the area used or other-
wise have access to 1t.

Reuse 1n agriculture 1s practiced widely, but 1s highly undesir-
able because of adverse health implications, unless treatment or
long-term storage are practiced before application to the land
These systems are discussed 1n considerably more detail by Fea-
chem, et al (1978) and Rybczynsk, et al (1978)

Nightsoil Composting

Thermophilic composting 1s capable of producing a product
which 1s safe for agricultural reuse within two months Compost
produced by this process 1s useful as a soil conditioner and
source of nutnents for plant growth This approach has been
discussed 1n deta1l by Gotaas (1956) and Shuval (1977) All of the
approaches for composting require addition of a carbon source,
such as refuse or sawdust, to achieve a C/N ratio of about 20-30
Optimal performance also requires control of moisture content
to 20-60%

As indicated earher, the temperature achieved dunng com-
posting depends on the C/N raho, moisture content, and oxygen
content of the material, as well as particle size and pH Relatively
Iittle change 1n temperature 1s produced dunng anaerobc com-
posting, which typically releases gases with foul odors Aerobic
composting generates substantial heat and produces organic
breakdown more rapidly with little or no odor This may lead to
temperatures of 55°C or higher in the center of the compost pile
Pernodically 1t 1s necessary to mux the pile to provide adequate
oxygen for maintaining the thermophilic composting tempera-
tures Feachem, et al (1978) indicate that in well-managed there-
mophilic aerated compost systems, temperatures can rise as
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high as 80°C, and that all parts of the pile may be maintained for
several hours above 60°C, producing rapid destruction of patho-
gens. Ascarts ova are the most hardy pathogens, but the follow-
ing time-temperature combinations will guarantee even their
destruction

1 hour at 62°C

1 day at 50°C

1 week at 46°C

1 month at 43°C

Fly breeding 1s a major problem 1 management of compost

systems. Attainment of tugh temperatures (above 51°C) n all
parts of the compost pile 1s essential for control of fly larvae
Improper control of fies may result in health hazards because of
potental for carrying pathogenic organisms

Wastewater Treatment and Subsoil Disposal

Typically, a septic tank 1s designed to recerve all wastewaters
from a house, both excreta and sullage, and to provide an aver-
age retention time for the hquid of about 1-3 days After anaero-
bic digestion for that period, effluent from the tank normally
passes 1nto a cesspool or soakaway or to an undergound tile field
for subsurface disposal through leaching An aqua privy usually
15 located directly under the toilet and receives only excreta and
small volumes of flushing water Liquid retention times in this
unit may be as much as 60 days and effluents typically flow to
soakaways or small sewerage systems If the aqua pnivy also
receves sullage water, retention times may be as low as a few
days

Princaipal processes affecting removal of pathogens in these
uruts include setthing of sohds, with entrainment of many bacte-
na and viruses, as well as ova and cysts Pathogen die-away 1n
the unit depends heavily on retention time and ability of the
organism 1n question to withstand anaerobic conditions in the
tank It 1s impossible to generalize, but it appears that most
pathogens 1n septic tanks will be removed to an extent equiva-
lant to less than 2 orders of magnitude (<99%) Aqua privies
which recerve sullage and have short detention times probably
perform 1n similar fashion. On the other hand, a well-designed
aqua privy with deterntion time exceeding 20 days should pro-
duce substantially better quahty effluent because of increased
opportunity for die-away

Effluent from either type of system should be assumed to be
highly populated with pathogens, precluding safe discharges to
surface waters or application to agncultural lands except after
further treatment Subsurface disposal, as often practiced for
these effluents, usually represents a much safer approach be-
cause of extensive removal of pathogens during filtration of the
hiquid through soil Nevertheless, care must be exercised to pre-
vent hazards through ground water pollution of nearby wells or
failure of the system hydraulically, with overflow of nadequate-
ly treated wastewater to the surface of the ground The latter 1s
especially prevalent where large quantities of water are used and
soil conditions are unfavorable Properly designed and operated
septic tank and subsurface disposal systems are capable of safe
long-term operation where satisfactory soil conditions exist
Commonly, failure of these systems occurs through mnadequate
maintenance Typically, the faillure may result from clogging of
the so1l surrounding the cesspool or tile field by particles escap-
ing from the sephic tank after 1t has become filled with sludge
This can be delayed or even prevented through regular pumping
of sludge from the tank for subsequent treatment and disposal
With proper mantenance, this type of approach can provide a
satisfactory solution and protection against waterborne health
hazards for extended periods of time



Land Treatment and Disposal

Health nisks resulting from application of nightsoul, sludges or
wastewaters to land may be classified as (a) an occupational
hazard to those involved in applying the waste to land and
tending the crops and (b) the risk of infection through subse-
quent handling and consumption of the crops by man. Although
1t appears rational that those who work in fields contaminated by
wastes containing pathogens suffer risks greater than other per-
sons, there actually is little or no epidemuological evidence which
convinangly demonstrates that Whatever the nisks, they can be
muniumuzed or eliminated by reusing only wastes which have
been treated to render them free of pathogens Accordingly, 1t
appears to be reasonable policy to require that wastes applied to
agncultural land should be very low in pathogen content

Survival of enteric bactena on soils 1s affected significantly by
moisture content, temperature, pH, sunhght, organic matter
and antagomism by other organisms Under some conditions,
fecal coliforms may survive for as long as several years, but 99%
reduction appears to be likely m about 25 days, in warm ch-
mates Salmonellae may survive up to a year in moist soil, but 50
days 15 considered to be more typical maximum Viruses which
adsorb on soil particles appear to become protected to some
degree, resulting 1n survivals up to 3 months in warm weather
and up to 6 months 1n winter Protozoan cysts are unlkely to
survive more than 2-10 days, but helminth survivals vary wide-
ly, up to several years Table 8-3 summarizes observations re-
ported by Feachem, et al (1978)

Bactena and viruses do not penetrate undamaged vegetable
skins, but may adhere to and survive for extended periods on
their surfaces The extent to which pathogens become attached
to crop surfaces depends upon the method of waste application
and type of crop Therr death rates increase in the presence of
extensive sunshine and low humidity Table 8-4 summanzes
survival characteristics of some organisms on crops, indicating
little or no survival projected past two months

Table 8-3. Survival of Pathogens on Soil

Type of Organism Usually Less Than Maximum
Viruses 3 months 6 months
Bacteria 2 months >1 year
Protozoa 2 days 10 days
Helminth ova 2 years 7 years

SOURCE: Feachem, et al (1978)

Table 8-4. Survival of Pathogens on Crops

Type of Organism Usually Less Than- Maximum
Entenc viruses 1 month 2 months
Indicator bactena 1 month Several months
Salmonellae 1 month 6 months
Vibrios 7 days —

Cysts 2 days 5 days
Helminth ova 1 month 5 months

SOURCE: Feachem, et al (1978)
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A recent pubhcation by Crnites and Uiga (1979) compares
health nisks between land treatment of wastewater and activated
sludge treatment and discharge to surface waters They con-
clude that although more concerns are voiced about the health
effects of land treatment, the risks of human exposure to patho-
gens 15 as low with land treatment as 1t 1s with conventional
treatment and discharge They conclude that land treatment re-
moves viruses to a higher degree than conventional treatment
and disinfection Also, land treatment systems involving slow
mfiltration were found to offer greater protection against para-
sites and viruses, trace metals, nitrates, trace organics and halo-
genated organics Tables 8-5 and 8-6 summarize some of the data
reported by them concerning removal and survival of indicator
organisms and pathogens on soils and vegetation

Conventional End-of-Pipeline Treatment

Goals of Typical Systems

In treating potable water, protechon of the public health clear-
ly has top prionity Effechive treatment to that end 1s accom-
plished through removing or destroying pathogens or chemicals
present in the raw water at concentrations above levels judged to
be acceptable for potable purposes. Sometimes, treatment 1s un-
dertaken to correct aesthetic or other deficiencies not directly
related to consumer health, but even 1n those instances quality of
the fimished water still 1s judged principally on 1ts suitability and
safety for human consumption

Wastewater treatment, on the other hand, typically 1s based
on a very different priority system Most treatment plants in
industralized countnes are constructed and operated principal-
ly to remove oxygen demanding matenals, suspended matter
and other constituents which could have undesirable impacts on
aesthetics or aquatic life 1n the receiving stream Inthe US A,
for example, performance of virtually all municipal wastewater
treatment plants is judged according to biochemical oxygen de-
mand (BOD) in the plant effluent, mn response to concern about
dissolved oxygen levels in receiving streams Clearly, this crite-
non 1s not motivated by public health consideration because 1t
never has been demonstrated that there 1s any relationship be-
tween dissolved oxygen content of water and health of persons
consuming 1t. Accordingly, whenever pollution control regula-
tions are based on oxygen demand, that indicates that program
goals clearly must be directed towards maintaining watercourse
quahity adequate for supporting aquatic hfe, protecting recre-
ational uses, and maintaining desirable aesthetc characteristics

It 1s not suggested that health protection never i1s an important
consideration 1n planning, constructng, and operating
wastewater treatment faciities in the U S A |, or other industrial-
1zed countries. On the contrary, it may be a major factor in
controlling certain industnal wastewaters, as well as 1n regulat-
ing bactenal populations in municipal wastewaters discharged
into shellfish producing or recreational waters Even in those
mstances, however, most of the treatment facility, as well as 1ts
capital and operating budgets, 1s intended principally to remove
oxygen demanding matenals, suspended matter, and other con-
stituents not directly related to the public health Concern about
health aspects typically is reflected in additional requirements for
disinfection of plant effluents and limitations on allowable con-
centrations of coliform or other indicator organisms These as-
pects of treatment, which are related principally to protection of
the public health, usually represent a relatively munor propor-
tion of the facihity and 1ts capital and operating budgets



Table 8-5. Removal of Enteric Microorganisms by Soil Systems

Observed
Enteric concentration Observation
microorganisms Location Removal, % No /mL depth, ft
Fecal coliforms Hanover, Essentially <1/100 5
New Hampshire complete
Coliforms Lods, California Essentially 1/100 4-7
complete
Coliforms Whittier Narrows, Complete None >4
Cahfornta
Fecal streptococc Santee, California 99 5 20/100 —a
Fecal streptococci Santee, Califorrua 99 8 6 8/100 —b

a 200 ft of lateral undergound flow
b 1,500 ft of lateral underground flow

SOURCE: Cntes and Uiga (1979)

Table 8-6. Survival Times of Enteric Microorganisms on Soil and Vegetation

Enteric Survtval Estimated die-o,
microorganisms Environment time, days after 7 days, %
Coliforms Fodder 6-34 98
Vegetables 35 90
Soil surface 38 88
Shigella sp Fodder <2 Below detection
Leaf vegetables 2-7 Below detection
Orchard crops 6 Below detection
Salmonella sp. Fodder 12-<42 94
Souil surface 15-46 93
Leaf vegetables 1-40 98
Orchard crops 075-<2 Below detection
Enterovtrus Leaf vegetables 15-60 89

E hstolytica Leaf vegetables

Below detection

a Calculated from median survival hme

SOURCE: Crites and Uiga (1979)

It 15 crucial that this situation should be understood clearly by
those responsible for planning and implementing pollution con-
trol programs in the less developed countrres If the goals of their
programs relate principally to protecting the receiving stream
and 1ts aquatic hfe, then some of the treatment technology cur-
rently being employed in the hughly industrialized nations could
be appropmnate for consideration On the other hand, if the prin-
apal goal 1s to protect the public health of downstream consum-
ers by reducing nsks of waterborne diseases or adverse impacts
by inorganic or organic chemicals, then entirely different treat-
ment approaches may be necessary As expressed by Feachem,
et al (1978),

Those whose job 1t 1s to select and design appropriate

systems for the collection and treatment of sewage 1n de-
veloping countires, must bear in mind that European and
North Amernican practice does not represent the zemith of
scientific achuevement nor 1s 1t the product of a logical and
rahonal design process Rather, developed countries prac-
tice 1s the product of hustory, a history that started about
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100 years ago when httle was known about the fundamen-
tal physics and chemustry of the subject and practically
none of the relevant mucrobiology had been discovered
. The historical and conservative nature of the devel-
opment of current practice in industrialized countres . .
is not especially clever, nor logical, nor completely effec-
tive and 1t 15 not necessarily what would be done today 1if
those same countries had the chance to start over again
The conventional sewage treatment works were ongin-
ally developed in order to prevent gross organic pollution
m European and North American nvers and they were
never intended to achieve high removals of excreted
pathogens

Even though not constructed principally for that purpose,
wastewater treatment systems currently employed 1n industral-
1zed countries usually do have significant impact on concentra-
tions of organisms and other constituents which may be
important from a public health viewpotnt This chapter will ex-
amune briefly some of those effects



Primary Treatment

In many conventional, end-of-pipeline wastewater treatment
plants, the first treatment step consists of settling to remove
suspended matter. Typically, this involves sedimentation for 2-4
hours, dunng which perhaps % of the suspended sohds are
removed from mumnicipal wastewaters The removals can include
some pathogens large enough to attain adequate settling veloci-
ties, such as ova Also, many other pathogens too small to settle
to a significant extent may be removed by being enmeshed n
larger suspended matter

Bacterial removals in prnimary setthing may approximate 50-
90% of organisms 1n the raw wastewater, but viruses are re-
moved to a much lower degree—perhaps 0-30% Larger
orgarusms (for example, schustosome ova) may be removed to a
higher degree because of larger size and correspondingly faster
setting velocities Table 8-7 summarizes the observations of Fea-
chem, et al (1978) on removal of various types of organisms n
pnumary settling units, ranging from none to a maximum of 2
orders of magritude (99%) The removals may be improved sig-
nificantly through flocculation and coagulation of the sewage
before setthng

This process is effective only 1n removing suspended matter
significantly heavier or lighter than water and large enough to
attain terminal settling velocities permutting separation from the
liquid throughout within detention time available 1n the tank It
will be relahvely inefficient in removing small and slowly-set-
thing particles and will not remove colloidal or dissolved con-
stituents at all unless they become associated with settleable
particles  Accordingly, metals aid other constituents may or
may not be removed efficiently, depending upon physical char-
actenstics of the particles in which they exist in the wastewater
In many instances, particle size and other characteristics may be
altered radically through precipitation or other chemuical reac-
tions, thereby mfluencing removal efficiency in pnimary settling

Table 8-7. Removal of Pathogens in Primary Settling

Reduction
Type of Organism Logygp Units % Removal
Viruses 0-1 0-90
Bactena 0-1 0-90
Protozoa 0-1 0-90
Helminths 0-2 0-99

SOURCE: Feachem, et al (1978)

Secondary Treatment

Tnckhing filters appear to be relatively nefficient in removing
viruses from sewage (15-75%), but bacteria and protozoa are
removed to a shghtly ligher extent (80-95%) Tnckling filter
treatment plants, including primary setthng, trickling filter and
secondary settling, usually attain removals of pathogens less
than 2 orders of magnitude Activated sludge systems appear to
be slightly more effective in removing pathogens, with virus
removals reported as high as 90% (Sobsey, 1979 and Feachem, et
al , 1978) Bacteria removals usually fall in the range of 60-99%

Table 8-8 summarizes data from literature surveys by Fea-
chem, et al (1978) for removal of pathogens by secondary treat-
ment plants, indicabng removals less than 2 orders of
magnitude Table 8-9 presents similar information from the pub-
hcation by Cntes and Uiga (1979)
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Table 8-8. Removal of Pathogens by Trickling
Filters and Activated Sludge

Reduction
Type of Organism Log;o Units % Removal
Viruses 0-1 0-90
Bactena 0-2 0-99
Protozoa 0-2 0-99
Helmnths 0-1 0-90

SOURCE: Feachem, et al (1978)

Table 8-9. Enteric Microorganism Reduction
By Conventional Treatment*

Primary treatment
removal, %

Secondary treatinent

Microorganism removal, %

Total coliforms <10 90-99
Fecal coliforms 35 90-99
Shigella sp. 15 91-99
Salmonella sp. 15 96-99
Escherichia coli 15 90-99
Virus <10 76-99
Entamoeba histolytica 10-50 10

*Without disinfection

SOURCE: Cntes and Uiga (1979)

Sludge Digestion and Dewatering

Sludge from pnimary settling and final setthng tanks in trickling
filter and activated sludge plants commonly 1s subjected to an-
aerobic sludge digestion Typically, digesters operate at deten-
tion tmes of 2-15 weeks, depending upon operating
temperature and degree of digestion required Continuous flow
digesters release higher concentrations of pathogens than batch
units, and effectiveness of pathogen destruction increases with
rise in temperature Feachem, et al (1978) indicate that vartually
no protozoa survive digestion, small numbers of ova and bacte-
rna may survive thermophtlic digestion for two weeks, while
some bacteria and ova persist for 4-15 weeks in digesters operat-
ed at lower temperatures The only digestion process producing
pathogen-free sludge 1s batch thermophilic digestion

Sludge dewatering by drying on open beds for 2-3 months
destroys most (possibly even 100%) of enteric viruses and bacte-
na at temperatures exceeding 20°C Protozoa also will be de-
stroyed, leaving only persisent ova surviving i significant
numbers Other dewatering processes, including vacuum filtra-
tion, pressure filtration and centrifugation have relatively httle
effect upon pathogen content High temperature systems, such
as the Zimmerman and Carver-Greenfield processes, result in
sterilization of the sludge

Oxidation Ponds

Oxidation ponds are large, shallow earthen basins which pro-
vide opporturuty for destruction of organic matter over extended



peniods The most common types of ponds are facultative instal-
lations, with retention times of 10-40 days, in which oxygen 1s
supplied through algal photosynthesis Maturation ponds may
recerve effluent from facultative ponds or other treatment unuts
to improve effluent quality before discharge Frequently, they
are designed for detention times of 5-10 days Sometimes, anaer-
obic ponds with 1-5 days detentton may be used for pretreat-
ment ahead of facultative or maturation ponds

Ponds are discussed 1n detail by Gloyna (1971), Feachem, et al
(1978) and many others Because these ponds provide long de-
tention times, more opportunity 1s afforded for die-away of path-
ogens, leading to very effective destruction of those organisms
Investigators have reported coliform removals of 70-85% at 20°C
in 3 5 days, with lower removals at 9°C Single facultative and
aerobic ponds with 10-30 days detention may provide from 80 to
over 99% removal at various temperatures

Feachem, et al (1978) indicate that a desirable system to insure
low pathogen survival involves multiple ponds in series For
example, a good design may incorporate a facultative pond fol-
lowed by 2 or more maturation ponds 1n series to provide effi-
cient treatment Strong wastes may be pre-treated through use
of anaerobic lagoons ahead of facultative ponds to mimimize land
requirements Three or more ponds in series have been reported
to provide pathogen removals in excess 099 99% A sernes of 5-7
ponds, each with 5 days detention, can produce an effluent
containing less than 100 fecal cohforms and fecal streptococci per
100 ml, making this effluent suitable for unrestricted use n 1rri-
gation Investigators have reported removals of 90-99% Salmo-
nellae and other pathogenic bacteria and have indicated that
complete ehmmation of those organisms can be achueved in
pond systems with long detention times, especially at tempera-
tures over 25°C Much less 1s known about the fate of viruses in
warm chmates and developing countries Essentally 100% re-
moval has been reported for protozoan cysts and helminth ova
by multi-cell ponds with detention times exceeding 20 days
Hookworm larvae may survive up to 16 days in aerobic ponds,
but have not been reported 1n the effluent from ponds with over
20 days detention Table 8-10 summanzes data reported by
Cntes and Uiga (1979) on removal of enteric microorganisms by
lagoon systems

Unfortunately, waste stabilization ponds sometimes may pro-
vide excellent mosquito breeding sites Species commonly found
mclude Culex pipiens, which serve as vectors for disease trans-
misstion. With proper maintenance, this can be controlied by
preventing growth of vegetation in ponds and making them over
1 meter deep, as well as using concrete slabs or np-rap at the
water surface.

Table 8-10. Maximum Removal of Enteric Microoganisms
By Lagoon Systems

Enteric microorganmism % Removal
Coliforms 60-99 99
Fecal coliforms 99
Total bacteria 99

S typhi 995
Virus 99 99!
P aerugiosa 99 69

1Laboratory Study

SOURCE: Cntes and Uiga (1979)
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Summary

Tables 8-11 through 8-13 summarize data reported by Fea-
chem, et al (1978) on removal of bactena, viruses and cysts and
ova by various types of wastewater treatment systems Most
conventional secondary treatment plants appear capable of pro-
ducing pathogen removals of 90-99% This suggests high effi-
ciency, but often 1s really very poor when the goal is to protect
the public health Feachem, et al (1978) point out that even 99%
removal represents 1% survival and that it 1s the population of
pathogens remarning in the water which determines the degree
of risk With an influent sewage containing 10° pathogenic bacte-
ria per liter, 99% removal would leave 10° pathogenic bacteria
per liter in the effluent, which often may be madequate for pro-
tection of downstream populations who come 1nto contact with
the water or use 1t for potable purposes.

Accordingly, conclusions about relative effectiveness of var-
10us types of conventional treatment plants with respect to path-
ogen removal would have httle significance because none are
satisfactory in most instances As pointed out earlier, these pro-
cesses actually were not developed for the purpose of pathogen
removal, but for removal of oxygen demanding substances and
suspended matter Satisfactory removal of pathogens would re-
quire not the 90-99% levels attained by those systems, but num-
bers perhaps in excess of 99 999%. Of the conventional end-of-
pipeline treatment systems, only oxidation ponds appear to be
capable of producing those types of removals consistently, due
largely to their long detention times, which provide extended
opportunuty for die-away of the organisms Even those installa-
tions, however, are rehable for high efficiency of pathogen re-
moval only when employed as multiple cells in series and with
generous detention times Of course, simular effects can be at-
tained through using maturation ponds after conventional sec-
ondary treatment plants

Where land 1s relatively reasonable 1n cost, however, faculta-
tive ponds followed by maturation ponds provide economical
and relable approaches for control of pathogens i muncipal
wastewaters These offer the additional advantages of avoiding
the complex equipment and operations nvolved mn tnckling fil-
ter and achivated sludge plants and of capability for construchion
using local labor and materials entirely

Cntes and Uiga (1979) summarnzed information on removal of
trace metals from municipal wastewaters by primary and secon-
dary treatment plants, as well as by two types of land treatment
systems This information 1s presented in Table 8-14 and indi-
cates removals 1n conventional treatment systems ranging from
20 to 80% of the influent metals Removal by slow rate land
treatment usually was successful in reducing metal concentra-
tons to levels lower than those specified in current drinking
water standards Land treatment involving rapid infiltration was
less effective

Disinfection

In most instances, chlorination has been the techruque em-
ployed for wastewater disinfechon Its use has been a direct
result of success enjoyed for so many years in the water supply
field, although conditions in that application are substantially
different from those in wastewater systems The differences
raise some serious questions about effectiveness of chlormnation,
as commonly applied in the US A, in insuning safety from
pathogens

It must be recognized that wastewater effluents have high
organic and ammonia contents, as contrasted with municipal
water supplies That results 1n more extensive side reactions



Table 8-11. Removal of Bacteria in Wastewater Treatment

Processes

Per Cent Removal

E coli

Salmonellae

Shigella

Cholera
vibrio

Primary Settling
Tnckling Filter Plant
Pnmary Settling
Tnckling Filter
Secondary Setthng
Sludge Digestion
Sludge Drying
Activated Sludge Plant
Primary Setthng
Aeration
Final Setthing
Sludge Digestion
Sludge Drying
Oxadation Ditch, Settling,
Sludge Drying
Stabihization Ponds
3 cells
25 days Detention
Septic Tank
Tertiary Lagoons

Land Apphication or Slow
Sand Filters

Chlorination

50-90
90-95

90-99

90-99

99 99-
99 99999

50-90

99-

99 9999
99 99-100

<100

50-90
90-95

90-99

90-99

99 99-100

50-90

99-100

100

100

50-90
90-95

90-99

90-99

99.99-100

50-90

99-100

100

100

50-90
90-95

90-99

90-99

100

50-90

99-100

100

100

SOURCE: Feachem, et al (1978)

Table 8-12. Removal of Viruses in Wastewater Treatment

Influent
Processes No./liter

Effluent
No /liter

Per Cent
Removal

Pnmary Setthng 10%-10°
Trickhing Filter Plant 10%-10°
Prnimary Settling
Trnckling Filter
Secondary Setthing
Sludge Digestion
Sludge Drying
Activated Sludge Plant 10%-10°
Primary Setthng
Aeration
Final Settling
Sludge Digestion
Sludge Drying
Oxidation Ditch, Setthing, 10°-10°
Sludge Drymng
Stabilization Ponds 10%-10°
3 cells
25 days Detention
Septic Tank 0-10°
Tertary Lagoons 10-10*
Land Application or Slow 10-10*
Sand Filters
Chlonnation

10%-10°
10%-10*

10-10*

0-108

0-10%
0-10°

0-30
90-95

90-99

90-99

99.99-100

50

99-100
99-100

Uncertain

SQURCE: Feachem, et al (1978)
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Table 8-13. Removal of Cysts and Ova in Wastewater Treatment

Per Cent Removal

Entamoeba Hookworms Ascaris Schistosomes Taenta
Processes histolytica ova ova ova ova
Pnmary Settling 10-50 50 30-50 80 50-90
Trickling Filter Plant 50? 50-90 70-100 50-99 50-95
Primary Settling
Trickling Filter
Secondary Settling
Sludge Digestion
Sludge Drying
Activated Sludge Plant 50?7 50-90 70-100 50-99 50-95
Primary Setthng
Aerahon
Final Settling
Sludge Digestion
Sludge Drying
Oxidation Ditch, Setthng, 50?7 50-90 70-100 50-99 50?
Sludge Drying
Stabihzahion Ponds 100 100 100 100 100
3 cells
25 days Detention
Septic Tank 0 50-90 50-99 50-90 50-90
Tertiary Lagoons 100 100 100 100 100
Land Application or Slow 100 100 100 100 100
Sand Filters
Chlorination 100? 0 0 100? 0

SOURCE: Feachem, et al (1978)

between chlorine and organic constituents, with production of
many chloro-compounds having markedly different disinfection
capabilities Further, effective control of pathogens in municipal
water systems frequently requires use of “free”” chlorine residu-
als, attamned through breakpomnt chlonnation That approach 15
not feasible in wastewater treatment because the high levels of
ammonia would require prohibitive additions of chlorne to
reach the breakpoint Accordingly, substantially all wastewater
chlorne residuals are present as chloramines, or other combined
forms of chlorine, demonstrated repeatedly to be far less effec-
tive 1n killing pathogens than free chlorine residual

It 15 possible to achieve relatively low cohform concentrations
m wastewaters by using high chlorine dosages and generous
contact times Chlorination also 1s relatively effective against
pathogenic bactena, provided chlonne demand of the
wastewater 15 not too high In many instances, regrowth of coli-
forms has been observed following chlonnation, although 1t 1s
unlikely that regrowth of pathogens represents a significant
problem, or even occurs Data in Table 8-11 show chlormation to
be relatively effective for destruction of bactenia, but Tables 8-12
and 8-13 show that 1ts utihty for destroying viruses and ova 1s
dubious. Sobsey (1979) estimated that chlorination of effluents
from secondary treatment produced virus reductions eshmated
at 50% Thus resulted in overall removal of viruses in the entire
treatment system of about 97 5% (Table 8-15)

In summary, chlornnation of wastewater treatment plant ef-
fluents must be viewed as controversial with respect to effective-
ness for reducing pathogen content Exceedingly high dosages,
with long contact pertods, would be capable of producing effi-
cient removals, but effechveness of the type of chlorination com-
monly practiced in the USA and other countries 1s
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unconvincing In many countries, chlornation of wastewater
effluents 1s not practiced because of doubts about 1ts benefits and
concern over possible harmful effects in the stream and on sub-
sequent water users through production of chloro-organic com-
pounds This question has not been adequately resolved and will
require considerable study before conclusions are reached as to
whether effluent chlorination would be reliable in developing
countries

Other disinfectants which could be used include ozone and
chlonne dioxide These circumvent some of the difficulties with
respect to formation of chloro-compounds but, unfortunately,
are substantially more expensive than chlorine in most areas of
the world Also, equipment required for their production and
application to wastewater 1s much more expensive and complex
to operate Further, even less 1s known about their effechiveness
in reducing pathogen content than for chlonne.

““Advanced” Wastewater Treatment

Most advanced wastewater treatment processes, beyond bio-
logical treatment, have been directed towards correcting specific
chemical and physical wastewater quahty problems In no in-
stance have they been adopted to control pathogens

Undoubtedly, many of the advanced processes could be very
effective 1n removing or destroying pathogens, but httle actually
1s known about their performance, and 1t s clear that they would
represent extraordinamnly expensive systems for that purpose
Without detailed data on effectiveness of those processes for
pathogen removal and without economic evaluations, they
should not be considered seriously



Table 8-14. Summary of Trace Metal Information, Concentrations, and Removals

dnfz‘lt:;‘ritg mulf:;z‘z)pa | Mass renoval by
water wastewaler Primary Secondary land treatment, %
standard, concentration, treatment treatment Rapid
Component mg/L mg/L removal, % removal, % Slow rate infiltration
Arsenic 005 0003 — — <dnnking —
water
standards
Cadmium 001 0.004-0 14 30 60 Sdrinking <10
water
standards
Chromium 005 00207 40 40-80 <dnnking —
water
standards
Copper 10 002-3 4 40 60-70 <drnking 90
water
standards
Fluonde 1424 — — — — —
Iron 03 0935 60 50 — —
Lead 0.05 00513 50 50-60 Sdnnking 20
water
standards
Manganese 005 0.11-0.14 30 20 — —
Mercury 0 002 0 002-0 05 — 70-80 <dnnking 30-40
water
standards
Selenium 001 — - — — —
Silver 005 005-0 60 50 70 <drinking —
water
standards
Zinc 50 00383 50 60 <drnnking 40-80
water
standards

SOURCE: Crites and Uiga (1979)

Table 8-15. Estimated Virus Reductions and Remaining Virus Concentrations
Produced by Conventional Sewage Treatment

Estumated Virus Virus
Reduction concentration
Treatment Process Unit Process Cumulative aun
None (raw sewage) — — 1,000-10,000
Primary Treatment 50 50 500-5,000
Secondary Treatment 90 5 50-500
Chlorination 50 2.5 25-250
Sludge Digestion 90 — 1,000-10,000'

1 Based on an estimated mihal virus concentration of 1,000-10,000 Plaque Forming Unut per hter (PFU/1) in undigested sludge (Lund, 1978)

SOURCE: Sobsey (1979)
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SECTION 9

HEALTH IMPACTS OF COMMUNITY WATER SUPPLIES

Introduction

Although the transmission of waterborne diseases by a water
supply 1s generally accepted without argument, the proven abili-
ty of public water supplies to prevent enteric and other disease 1s
not always obvious Most of these diseases have multiple means
of transmmussion, and a few have portals of entry to the body other
than the mouth Further, a perfect water supply in an otherwise
filthy community may have a hmited effect on reduction of
smoulderning endemic enteric disease

Thus, several questions may—and do—arise

(1) Is there any relationship between provision of water sup-
plies and better community health status?

(2) Is thus relationship quantifiable?

(3) Can the health impacts of water supplies be evaluated?

(4) Are there studies that show positive, significant public
health benefits deriving from commurnty water supphes in de-
veloping countries? This question 1s sometimes phrased, “Why
are there no such studies?”

Field Studies of Water Supply/Disease Impacts

Perhaps 100 such studies have been attempted on a formal
basis during the last 30 years Approximately 200 publications
have been reviewed Two summary tables are included at the
end of this section which describe the methodology and findings
of some 25 of these studies

Early Studies of Water Supply/Disease Impacts

The 19th-century studies of John Snow (1849, 1854, 1856) and
Wilham Budd (1874) for cholera and typhoid respectively in Eng-
land and of Robert Koch (1894) for cholera in Germany, Egypt,
and India are epidemiological classics and one or more of these
studies appears in most standard epidemiological texts

The United States had 1ts pioneers also Wilham T Sedgewick

Table 9-1. Typhoid Death Rates for 26 Ohio River Cities
Without Water Treatment Plants in 1906 and for the Same Cities
in 1914 Following Initiation of Water Treatment in 16 of the Cities

Number of Cities/ Typhoid Death Rate per 100,000 Population
Status of Water Treatment In 1906 In 1914
11 Cities
No Treatment n 1906 76 8 745
No Treatment in 1914
16 Cities
No Treatment in 1906 90 5 15.3

Treatment 1in 1914

Note Source of water supply for each of the 27 ates was unchanged
between 1906 and 1914

SOURCE: Frost (1941)
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(1892, 1910), Hiram F Mulls (1890), at the Massachusetts Health
Department’s Lawrence Experiment Station, James H Fuertes
(1897); George C Whipple (1907, 1908, 1921), George A Johnson
(1916), Wade Hampton Frost (1914); and others

Frost's U S Public Health Service Studies showed a reduction
in typhoid rates for Ohio River ciies which had built water
treatment plants by 1914 (See Table 9-1 ) Johnson found typhoid
death rates reduced by 65% 1n a 1916 study of 20 American cities
(See Table 9-2.) In the Urnuted States, over a thousand epidemi-
ological studies of waterborne disease over the years, generally
studies of common-source outbreaks, have established the reali-
ty and threat of waterborne disease The widespread availability
of controlled water supply, sanitation, other public health mea-
sures, along with good nutnton, fewer carriers, and universal
hiteracy, have reduced immensely the inadence and effects of
waterborne infectious disease 1n the United States and the indus-
tnally developed countries

More Recent Field Studies of Water Supply-Sanitation/Disease
Impacts

Even though most of the United States population has a safe
water supply and indoor flush toilets and has low rates of water-
borne disease, there are still situations in which recent studies
have tested the effect of improving water supply and sanitation
facilities

Hollister, et al (1955) 1n a study of mugrant labor camps in
Califorrua found the prevalence of shigella infechons lowest
with water and flush toilets inside dwellings, 3 6 times higher
with water and privy outside Simular findings were found
poor communuties in Georgla by Stewart, et al (1955), McCabe
and Haines (1957), and WHO (1964). These well-implemented
studies established the importance of converient access to ade-
quate quantities of water for control of diarrheal disease

Peterson and Hines (1960) found a strong statistical correlation
(P less than 0 01) for rate of gastroenteric illness versus water
quality for 6 towns in Colorado The level of contamination
would be considered minor for rural water supphes in develop-
g countries.

Berg and Mowery (1968) in a study of 1,943 American Indians
living on reservations in four states found that the number of
enteric disease outpatients fell modestly (15%) for a group with
one or two water taps and mixed toilets and pit privies while
enteric disease outpatients for a group without inside taps and
with pit latrines rose shghtly

Rubenstein, et al (1969), in a study of a Hop1 Indian village,
found that chinic visits for diarrhea per inhabitant dropped from
2 0 per year to 0 85 per year following mstallahon of an indoor
plumbing supply In a control area without indoor plumbing,
chnical visits dropped from 3.1 to 2 6 per year over the same time
span

In the developing countries studies using a vanety of test
criteria and methodologies provide further msight into the rela-
tions between water supply-sanitation and waterborne disease



The following studies from Latin America, Africa and Asia are
lluminating

Moore, et al. (1965) found diarrhea morbidity in Costa Rican
children 0 to 4 years of age to be one-fourth less in those using
water systems classified as “better” than in those using water
systems classified as “worst”

Bruch, et al (1963) reported in Guatemala that a village with
mixed piped water (10%) and public taps had a diarrheal attack
rate of 32 4 for chuldren using piped water and 38 0 for children
using standposts A nearby village using water from multiple
sources, some contammated, had attack rates of 128 6 and 134 8
for piped water and standpost water respectively Villagers on
mixed sources of dnnking water had diarrhea about 4 times as
frequently as villagers obtaining water from a protected gravity
spring :

Henry (1981) describes the introduction of piped household
yard taps mto two areas of St Lucia, W I One area also received
water-seal latrines A third area served as a control Diarrhea in
one year olds was 70 percent less in the water supply and latrine
area than in the control area (the latter served with public stand-
posts), ascaris was 30 percent less, and the number of children
treated for diarrhea and for skin diseases was 47 percent and 82
percent less respectively

Pontes and Ramos (1971) report on long-term infant mortahty
in two areas of Sao Paulo, Brazil, recerving improved water sup-
plies and in two “control” areas Infant mortality fell 68 to 80
percent, to approximately the rates of older subdivisions with
previously existing water supplies

Reuff (1981) has plotted for Costa Rica a graphical correlation
analysis for water supply development and the simultaneous fall
of diarrhea-gastroententis over time. The timing of other social
interventions 1s also shown (See Figure 9-1) Simular analyses
were developed prior to World War Il for many U S ates Balti-
more, Chicago, Philadephia, et al

The Center for Disease Control (1978) and Thacker, et al (1980)
attempted to establish the effect of per capita water use on health
during a breakdown in the water supply of Port-au-Prince, Haiti
Little effect was found, possibly as a result of an 8-month recall
required on the part of interviewees

Koopman (1980) 1n a Cali, Colombia-based study found that
houses with latrines had 36 percent more cases of diarrhea than
those with sewer connections Homes with no provision for
excreta removal had 60 percent more cases than those with la-
trines, and 127 percent more than those with sewer connections.

Kourany and Vasquez (1969) similarly found piped water and
flush toilets more effective 1n Panama

An expansion of piped water supplies to slum areas of Lusaka,
Zambua, resulted in the typhoid morbidity rate for the city drop-
ping by 90 percent Diarrheal morbidity dropped 37 percent
(Bahl, 1976)

Fenwick (1966), 1n an intensive study of the health impact of a
new rural water supply for Zaina (Kenya), found that days of
illness declined remarkably (over 50 percent for children under
6) for children in Zaina, while nsing shghtly in Thegenge, a
control area Also see Strudwick (1962) and White, Bradley, and
White (1972)

Table 9-2. Reduction in Typhoid Fever Death Rates
In American Cities Following the Filtration

of Their Public Water Supplies (Averages for Five
Years Before and Five Years After Filtration)

Average Typhoud
Fever Death Rate

Per cent reduction mn typhod
fever death rates which
followed the fitration of

Before After the public water supply

City Edltration Filtration

Albany, N'Y 109 28 74
Charleston, S C 106 62 41
Cincinnaty, O 56 11 80
Columbus, O 83 17 78
Harnsburg, Pa 72 33 54
Hoboken, N ]| 18 13 28
Indianapolis, Ind 46 28 39
Lawrence, Mass 110 23 79
Louisville, Ky 57 24 58
New Haven, Conn 40 25 38
New Orleans, La 39 26 33
Paterson, N J 29 9 69
Philadelphia, Pa 63 20 68
Pittsburgh, Pa 132 19 85
Providence, R 1 19 13 31
Reading, Pa 53 35 34
Scranton, Pa 25 10 60
Springfield, Mass 22 22 0
Washington, D C 55 31 43
Wilmington, Del 35 24 31
Weighted averages 60 21 65

SOURCE: Johnson (1916)



Whate, Bradley, and White (1972) found the prevalence of
diarthea for 34 sites in East Africa was 3 4 percent for piped
water, 19.0 percent for unpiped water supphes

Bokkenheuser and Richardson (1960), and Richardson, et al
(1963, 1965, 1966, 1968, 1968) examined transmission of shigello-
sis and salmonellosis 1n South Africa over an extended period
Before and after data for an improved water supply for one
village were shigellosis, 25 6 percent before, 19 6 percent after,
and salmonellosis, 355 percent before, 19 6 percent after, as
measured by positive cultures from schoolchildren

A sertes of WHO studies of diarrhea (Van Zyl, 1966, WHO,
1960, 1961a, 1961b, 1962, 1963, 1966a, and 1966b) were carried
out 1n seven countries Sn Lanka, Bangladesh, Iran, Mauntus,
the Sudan, Egypt, and Venezuela. Taking the seven studies as a
whole, general conclusions include the following

(1) Reported difference of diarrhea rates for areas with and
without piped water supplies were highly significant
(X>=60 34, P less than 0 001, n=4)

(2) Sumuilarly, difference of rates for detection of shigellae were
highly significant for the two areas (X2=23 04, P less than
0001, n=5)

(3) “The importance of water, as well as other factors of sani-
tation, was demonstrated ”

A study 1n Egypt by Werr, et al (1952) concluded that “the
installation of samitary water supply and latrines did not alter the
infant mortality rate or crude death rate in any of the villages ” A
review of this study, with today’s knowledge, suggests that
neither the wells nor the latnnes were ““sanitary ”* Also see
Kawata (1978a)

Zaheer, et al (1962) found reductions of 74, 64, 23, and 43
percent in death rates for cholera, typhoid, dysenteries and diar-
rhea respectively after establishment of water treatment plants
in 14 towns n Uttar Pradesh State, India Average water use was
13 gallons per capita per day These results are shown in Table 9-

Misra (1971) 1n a study of rural water supply 1n seven villages
mn Uttar Pradesh State, India, found that the introduction of
piped water with household taps was followed by declines in
prevalence of diarrhea of 77 percent, dysentery of 76 percent,
scabies of 98 percent, and trachoma of 90 percent. Typhoid fever
disappeared Reduction 1n prevalence of diarrhea by public
standposts was approximately 2/3 as effective as house
connections

Cvjetanovic (1980) reports a continuing long-term drop 1n the
incidence of diarrhea following the water supply improvements
reported by Misra (1971). Diarrhea in children 5 years of age or
younger fell 40 percent 1n the first year following introduction of
water supply improvements and continued to fall in the second
and thurd years afterwards

Rajasekaran, Dutt, and Pisharoti (1977) in a study of Indian
rural water supphlies found that the prevalence of shugellosis for
homes with water taps was 1/2 that of wells and 1/3 that of public
standposts

Treved:, Gandhi, and Shukla (1971) undertook to chlorinate 48
rural water supply wells 1n three villages near Kanpur, India
There was a 6-fold reduction in the before and after incidence of
diarrhea for the expenmental wells and an 11-fold reduction
when compared to the control wells

Khan (1978) found that a refugee camp in Dacca, Bangladesh,
with piped water supply and latrines had 62 percent less cholera
than two nearby refugee camps with tubewells, ponds, and sur-
face latrines

Positive results are also reported from three industnally devel-
oped countnes where improved water supplies were introduced
n rural areas or were restored following World War Il
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Figure 9-1. Diarrhea-Gastroenteritis Mortality Rates in
Costa Rica Versus Time and Percent of Total Population with
Improved Water Supply Versus Time
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Zebec, Bujevic, and Cvjetanovic (1980) describe the 1926 in-
stallation of sanutary wells and latrines in Mraclin, a Yugoslavian
village The infant mortality rate was reduced by 40 per 1000 live
biarths per year and the annual mortality among children age 1 to
4 was reduced 45 percent

Costopoulos (1968) reported a dramatic fall in waterborne 1ll-
ness in post-World War II Greece following restoration of water
supplies. (A graph appears under “Typhoid”’ in Section 2 )

Daeterich and Henderson (1963) describe a report by the Japa-
nese government to the World Health Organization on installa-
tion of safe water supplies in 30 rural areas of Japan Following
mnstallation, infectious intestinal diseases fell 71 5 percent, tra-
choma fell 64 percent, and death rates for infants and young
children fell 51 7 percent.

Field Studies with Unclear or Negative Results

Several recent field studies have been difficult to interpret and
have been, on occasion, misinterpreted Examples come from
Guatemala, Lesotho, and Bangladesh

An extensive, long-term study, sponsored by the Agency for
International Development (AID) and carried out in the field in
Guatemala by the University of North Carolina (UNC) and the
Institute of Nutrition for Central Amernca and Panama (INCAP),
found that “the introduction of water and the attempts to im-
prove sanitation did not sigruficantly effect diarrheal disease ”



(See Shiffman, et al , 1978d Also see Schneider, Shiffman, and
Faigenblum, 1978, and Shiffman, et al , 1978a, 1978b, 1978¢ ) A
later analysis of part of the data, by an AID staff member, yielded
decidedly contrary conclusions (Dworkin and Dworkin, 1980)
AID, being 1n a quandary, convened an external expert panel to
independently review the project and report its findings (Cvje-
tanovic, et al , 1981) The panel concluded that the data would
not support a firm conclusion with regard to the impact or non-
mmpact of the intervention

A study sponsored by the British Ministry of Overseas Devel-
opment, OXFAM, and the Government of Lesotho and executed
by an interdisciplinary team evaluated village water supples in
Lesotho One part of this interesting study examined health
mmpacts (Feachem, et al , 1977)

The health impact study was handicapped by lack of baseline
health data in the villages surveyed The analysts sought to
overcome this difficulty by using retrospective clinical records
for villagers from villages with and without improved water
supphes. Data on diarrheal disease was expressed as 1ts ratio to
certain other diseases 1n order “to provide a measure which 1s
independent of differential village attendance (at the clinic) and
population size ” These ratios for villages were then tabulated
versus differing village water supply status and subjected to Chi-
square statistical tests No sigmficant differences were found
between villages in the ratios of their clinically reported diseases
to other diseases, wrespective of the quality of water supply
service

The authors of the Lesotho report argue that “village water
supplies, as they have been constructed and used in Lesotho, have not
led to reductions in disease” (p 179, 1talics added) The qualifier
1s important 1n at least two ways (1) there 1s no difference 1n
quantity used from improved and unimproved water supples,
approximately 20 liters per capita per day Twenty lpcpd 15 a
mirumal quantity for promotion of hygiene, (2) contamination of
unumproved water supply sources 1s mild, with fecal cohiform
counts rarely exceeding 10° in magnitude Thus the question
were the water supplies in the test really different?

Another question 1s the “sensitivity” of the ratio procedure
used Clinically reported cases of diarrhea were low, less than 2
per village per month. This ingentous method might profitably
be tested 1n a setting where both chnical and village data series
are available

The authors are more cautious than some others who have
extrapolated the Lesotho findings to the different setting of Sa-
hehan West Africa (Commission of the European Commurnuties,
1978)

Bangladesh 1s in the heart of cholera’s ancestral home (Pol-
Iitzer, 1959) It 1s also the home of the International Centre for
Diarrheal Disease Research (nee Cholera Research Laboratory)
and of a major UNICEF hand pump and tubewell program This
has led to several studhes of the efficacy of tubewells in preven-
tion of cholera

Several such studies have questioned this role (Briscoe, 1978,
Levine, et al , 1976a, 1976b, Feachem, et al , 1977), asking even 1f

Table 9-3. Average Specific Death Rates for Five Years
Prior to and After the Establishment
of Water Purification Plants in the State of
Uttar Pradesh, India

Average death rates

Year of

establish- Cholera Typhoud Dysenteries Duarrhoeas

ment of Before After Before After Before After Before After

purification Installa- Installa- Installa- Installa- Installa- Installa- Installa- Installa-

Towns plants tion tion tion tion fon tion hion Hion
Roorkee 1953 001 0.00 037 004 025 014 077 038
Ghaziabad 1954 004 000 012 008 021 019 015 0-02
Etawah 1951 039 003 004 000 045 008 327 162
Oral 1945 030 013 021 011 025 006 156 0.48
Gorakhpur 1954 004 002 007 006 076 072 11 042
Banda 1950 043 006 042 021 021 014 026 010
Bahraich 1951 034 000 012 003 026 015 113 065
Hardo: 1954 0.29 0.00 022 002 022 013 049 028
Basti 1954 013 001 052 000 015 008 009 001
Mirzapur 1953 01 000 001 000 098 062 062 027
Moghulsarai 1949 086 006 025 003 018 003 0.18 017
Sandila 1954 020 057% 2 46 005 084 070 107 103
Deona 1954 004 0 00 011 006 002 0 04* 001 0 03*
Vrindaban 1943 0 60 016 010 037* 072 112* 376 2 86
Average for 14 towns 0-27 007 022 008 039 030 103 0.59
Percentage of reduc-
tion 1n the death rates 74 07 63 63 2308 42 72

*Figures astenisked do not show a decline

SOURCE Zaheer, et al , (1962)
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cholera was waterborne More recent studies (Hughes, et al,
1977, Spira, et al , 1980) have found that tubewells are cholera-
free and that cholera 1s transmitted by water other than tubewell.
Further, tubewell numbers are inadequate for the number of
users, a problem compounded by not infrequent breakdowns of
hand pumps Also entering the picture 15 the role of ron 1n
groundwater in Matlab Thana, where most of the studies have
been carried out (Kawata, 1978a, 1978b)

Numerous examples are extant of the health impact of im-
proved water supplies in Bangladesh, especially outside Matlab
Thana (See, e g , Curlin, et al , 1977a, 1977b, Greenough, 1981,
Khan, 1978, Rahaman, 1978, 1981, Skoda, Mendis, and Chia,
1977, 1979, and WHO, 1974) Figure 9-2 shows the relationship
between number of tubewells and mortality due to cholera, ty-
phoid, and dysentery for Bangladesh as a whole

Health Impact for Varying Levels of Water Supply
Service

As Table 9-4 (with service and cost level data from Brazil)
illustrates, the level of water supply service, from community
water point to full household plumbing, has a significant impact
on cost. Health impacts tend to increase with rising service lev-
els. Do health benefits nise as rapidly as costs? Unfortunately
there are few studies from which the marginal health benefits
can be delineated by level of water supply services The study by
Misra (1971) 1s one of the few Table 9-5 draws from this study

Note that for this instance, the major portion of health benefits
can be obtained from standpoints With the same budget, more
people served with standposts might reduce diarrhea more than
a smaller number with house taps, depending on the relative
cost per capita for standposts and house taps

The costs of additional health benefits of complementary ac-
tivities are also relevant Again there are few studies One of
interest 1s that of Azurin and Alvero (1974) for a cholera interven-
tion in the Phiippines In that study the reduction of cholera
from water supply alone was 72 9 percent, from sanitation alone
the reduction was 68.0 percent, and for both water supply and
sanitation the reduction was 76 4 percent, only 3 5 percent more
than water supply alone Again, the mix of water supply and
sanitation might depend on relative costs if we were able to
estimate health impacts a prion with precise accuracy

Impacts on Nutrition

Increasing evidence suggests that the “malnutntion problem”
15 not due simply to insufficient availability of food The heavy
burden of pediatric diarrhea and other infechions and infesta-
tons retards growth and physical development and under some
circumstances may precipitate or exacerbate frank clinical mal-
nutnition Inasmuch as the quality and quantity of domestic wa-
ter supply 1s associated with the inadence of infechions and
infestations, water 1s a factor in nutntional status A few studies
relating improved water supply to measureable improvements
of nutntional status, especially growth of children, are now
reaching the literature These include Adnanzen and Graham
(1974), Henry (1981), Rowland and McCollum (1977), Tomkins,
et al (1978), Whitehead (1977), and others Ewvidence to date
suggests that water supply-nutntion linkage warrants greater
attention,

Impacts on Non-Diarrheal Diseases

Field studies of water supply impacts on health status have
historically focused on diarrheal diseases However, there are
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Figure 9-2. Relationship Between Number of Tubewells and
Mortality Due to Cholera, Typhoid, and Dysentery
in Bangladesh
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numerous examples of impact studies for other diseases Par-
ticularly noteworthy examples include Assaad, Maxwell-Lyons,
and Sundareson (1969) and Marshall (1968) for trachoma, Sholdt,
Holloway, and Fronk (1979) for pediculosis (lice), and Unrau
(1978) for schustosomuasis These and other studies were re-
viewed n proceeding sections

Historical, Statistical, and Econometric Models

These are studies that look at large scale data series, often for
mulhple interventions, over extended time periods Multiple
regression analysis techniques are popular with these analysts
These are not epidemuological models

Among the earher works of this type are those of Thomas
McKeown and his colleagues (McKeown, 1976, McKeown and
Record, 1962, and McKeown, Brown, and Record, 1972), who
attempt to explain the nise of population in modern Eurcpe
through analysis of historical birth and death rates, disease-



Table 9-4. Costs of Alternative Water Supply and Sanitation Service Levels: An Example

1. Annual Costs Per Capita by Service Level

Category Service Level
! 1 u v %
Water Supply $2 $4 $7 $7 $1
Excreta Disposal $2 $4 $7 $10 $12
Water Supply and Excreta Disposal B4 $8 $14 $17 $23
11 Characteristics of Alternative Service Levels
Average Total Water Distribution
Per Capita Maximum Day Facilities (Source Samtation Excretal
Service Water Demand Water Demand and Treafment Wastewater Disposal
Level (Iitersiday) (meters’/day) Included 1t Costs) Facilities
I 25 405 Public standposts One privy per household
serving 200-400 people
within 100 m
I 50 810 One yard hydrant per One pour-flush toilet with
household soak pit per houschold
I 100 1,620 One kitchen tap and One pour-flush toilet with
shower per household septic tank per household
v 100 1,620 Same as I1I Same pour-flush toilets,
but small-bore street
sewers to lagoons
\Y) 200 3,240 Full plumbing Conventional waterborne

sewerage with lagoon
treatment of wastes

NOTES Estimates are for the town of Rio Pasca, State of Minas Gerais, Brazil, present population, 6,000, design population 12,800, service area of 83
hectares, average household size of six, town 1s divided by a river and has irregular topography Water use on peak day 15 150% ot average daily
use Construction costs converted to annual costs using 20 year design period and an interest rate of 10% N B wnter and samtation costs are site-
spectfic and vary widely with local chmatic, hydrologic, geologic, topographic, demographic, economic, and other conditions

SOURCE: Launa (in press)

Table9-5. Comparison of Diarrheal Incidence Among Children
Under Five Years of Age According to Source of Drinking Water

Duarrheal Reduction
Source Inadence From Open Well
Yo %
Open Well 18 4 —
Standpost 78 577
House tap 62 66.3

Adapted from Misra (1971) for seven Indian villages for August-Decem-
ber 1968

specific mortality rates, nutritional levels, environmental
change, and other vanables during the latter half of the 19th
century and the earher 20th century

Their findings are that the decline of mortality was due to a
reduction of deaths from infectious diseases Among relevant
findings to this review 1s that “from the second half of the nine-
teenth century a substantial reduction of mortahty from intesh-
nal infections followed the introduction of hygiemc measures—
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punfication of water, efficient sewage disposal, and improved
food hygiene ” Reduchions which preceded advances in hygiene
were attributed to nutntion improvements due to greater food
supplies “The fall of mortality was not influenced substantally
by immunization or therapy before 1935

A simular, but less extensive, analysis by Arnaga and Davis
(1969) for 13 Latin American counines, plus some 8 other coun-
tries, of data from the late 19th century through 1960 found that
after about 1930, for Latin Amenica, public health measures were
exerting a strong influence independently of local economic de-
velopment Health measures cited included water and sewage
and personal hygiene

Barnum, et al (1980) in a mathematical optimization model of
health interventions, at low “levels of resources,” selected activi-
ties for emphasis “health promotion, water and sanitation (pub-
hc fountains, latrines, and covered sewerage), and well baby
chinics ” The input data were derivative from Colombian exper-
1ence Koopman (1980) 1n a study also in Colombia (Cali) found
that houses without latrines had 60 percent more diarrhea than
those with latrines and 127 percent more cases of diarrhea than
did houses with sewers Another Colombian-based study
(Koopman, 1981) found that hygiene had a strong relationship to
child growth

A multiple regression, multiple intervention study of Chulean
data (Livingstone-Balbontin, 1976) found that “the increase n



the percentage of houses with sewerage systems and potable
water will have immediately a direct effect on the death rates of
the infant and child population ”

A simular analysis for Sr1 Lanka (Patel, 1980) found regional
variations 1n the nature of the water supply more strongly associ-
ated with infant mortality than regional varations in pubhc
health expenditures (r = 0 82, significant at 99 percent level for
water supply)

A statistical analysis of 35,000 deaths of chuldren less than 5
years of age in 10 Latin American countries found strong inverse
correlations between postneonatal mortality and percentage of
houses with piped water The authors (Puffer and Serrano, 1973)
concluded that “the provision of water supplies and samitary
facihties to much higher proportions of families in many urban
and rural areas 1s essenhal for bringing about major reductions in
postneonatal mortality ” A study of the same communities
(Burke, York, and Sande, 1979), based on 30,000 household 1n-
terviews confirmed the relationship of the inverse association
between availabihty of piped water and high mortality among
young children

Another multiple regression analysis of national data on water
supply, interalia, “provided no explanation of variation in the
mortality series ” The water supply data series were very dubi-
ous, and so noted by the author (Sloan, 1971)

Simple and multiple regression analyses of multiple interven-
tions which mught impact on hfe expectancy ranked water sup-
ply behind literacy, but equal or superior to most other
interventions (Hicks, 1979). Data series for water were from 69
countnes.

A similar study (Grosse, 1980), using 1962 water supply data
from 65 developing countries, found the percent of urban popu-
lation with water taps among the “dominant categories” associ-
ated with life expectancy

A study (Butz, DaVanzo, and Habicht, 1981) of determinants
of infant mortahty vaniations in Malaysia, using a linear probabil-
ity model, found infants 1n houses with piped water and toilet
systems had significantly lower mortahity Commumnties with
water supply and sarutation tended to have significantly lower
mortality among non-nursing infants

Reduction of chuld mortality by water from taps appeared “to
be influencing child mortality” in an econometric model using
1971 Indian census data (Evenson, Rosenzweig, and Wolpin,
1981, Rosenzweig and Wolpin, 1981).

An econometric model of fertihty and infant and child mortal-
ity, based on Malaysian census data, found piped water supply
and “bucket waste disposal” significant The author (Heller,
1976) suggests that “jeopardy to a child’s health from an unsani-
tary environment principally occurs after the first year, probably
at the time of weaning ”

Shuval, Tilden, Perry, and Grosse (1981) hypothesize a “gen-
eral theory” (an “S”-shaped, logistic curve) for impact on hfe
expectancy of water supply interventions Both the model and
the data used for verification are problematical and lack econom-
1c mputs or comparisons with other alternative interventions

A less ambitious regresston model correlates hydraulic charac-
tenistics of the water supply distribution and the sewerage sys-
tems of Worcester, Massachusetts, with reported cases of
hepatitis A virus infecions Old pipes in low pressure areas
were associated with the highest inaidences of hepatitis (Hoff-
man, 1979)

Summary of All Studies

Many of these studies had one or several serious shortcom-
ings. failure to establish adequate baseline data, failure to mea-
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sure or control for significant cofactors and covanables,
inadequate control populatons, inadequate length of time to
measure significant changes, inadequate refinement to distin-
guish “signals” from background “noise”, inadequate sample
size, overreliance on use of questionnaires and accurate recall,
mability to control the intervention, (surprisingly) madequate
measurement of water quality and of quantity actually used by
households, inadequate controls or statistical design for con-
founding vanables such as income, hiteracy, housing and diet

With all their deficiencies, reviewing these studies in the ag-
gregate indicates that

(1) There 15 a health impact where safe water 15 readily
accessible in adequate quantities—40 to 60 hiters per per-
son per day

(2) Therelationship 1s strictly quantifiable a prior: only in the
broadest sense (better water, better health) and vares
widely with specific circumstances

(3) Health impacts can be evaluated but not without a major
mnvestment of time, skilled manpower, and resources
which may well exceed the cost of a rural water supply
Other things being equal, health impacts improve as
water supplies move from central wells or standpipes to
yard patos to house connections Complementary ac-
tivities 1n sanitary excreta disposal and hygiene educa-
tion incrementally assist impacts Availabihity of soap 1s
also helpful
Several studies show remarkable benefits, the prime ex-
amples coming from India, Yugoslavia, the Philippines,
Kenya, the Near East, Venezuela, and migrant labor and
mining camps 1n the United States
The studies that are unclear or negative tend to occur in
situations where the greatest poverty and underdeve-
lopment dominate the situation These results strongly
emphasize that the control of the waterborne diseases 1s
complicated and difficult and cannot be achieved by
technical means alone Such factors as human behavior
patterns, lack of education, crowding, poverty, and lack
of basic understanding of personal and household hy-
giene can over-ride the proven health enhancing poten-
tial of even safe water and sanitary excreta disposal
systems

)

&)

(6)

Other Reviews

Several other reviews are worthy of note
A review of 28 studies undertaken by the World Bank
(Saunders and Warford, 1976) summarized that

the twenty-eight studies provide evidence to rein-
force the intuitive belief that the incidence of certain
water-washed, waterborne, water-based, and water-
sanitation associated diseases are related to the quanti-
ty or quality of water and samitation available to users
They give us httle help, however, 1n determining exact-
ly how much improvement 1n health can be expected
from a specific water supply and sanitation-related 1m-
provement in any partcular area

A WHO Scientific Working Group (WHO, 1979) reviewed 25
studies and reported that

the results of these studies taken together do sug-
gest that improvements in water quahty and water
availability can often lead to a reduction 1n acute diarr-
hoeal disease, while improvements in water availability
can result in a decrease 1n the prevalence of Shigella
mnfection



Also, should be sufficient to accept the universally recog-
nized fact that the provision of an adequate quantity of
safe water 1s a basic necessity for the mantenance of
good health and productivity

In impact studies where water supply improvements
showed clear reductions 1in diarrhoea rates, the inter-
vention was probably effective in two ways First, the

improvement of water quahty reduced the load of wa- Hughes (1981) in an extensive review of 43 published studies
ter-borne pathogens Secondly, the increased access to that have quantified indicators of diarrheal disease in popula-
water (e g, a piped supply in the home) reduced the tions with different levels of water supply and/or excreta dispos-
incidence of diarrhoeal disease due to person-to-person al facihties concluded that

transmussion, especially in the case of Shigella, presum-
ably because the intervention facilitated personal clean-
liness and prevented water-washed transmission

The data suggest that morbidity reductions of 20% or
more are usually statistically significant and have been
observed frequently enough to suggest that previous
Wall and Keeve (1974) concluded that attitudes concerning the lack of documentation of

tic. ..
Although many of the studies reviewed suffered from health benefits may be unnecessanily pessimistic ’

poor conceptualization or inadequate implementation, and that
taken as a whole, the studies represent significant evi-
dence that improved water supply 1s associated with
decreased inadence of enteric disease Further, for
most diarrheal diseases and skin infections, incidence
appears inversely related to volume of water used
Households that have more convement sources of wa-
ter and have more facilities for use of water (indoor
latrines, showers, baths, basins) have lower infection
rates These findings confirm conclusions many have
arnved at by intuttion or common sense The studies do

Data from these studies suggest that although tap water
in the house 1s preferable in terms of health benefit to
water outside the house, available water near the house
may yield health benefits also . data from these stud-
1es suggest that volumes 1n the range of 20-30 lpcpd
(iters per capita per day) may be a minimum to yield
reductions 1 diarrheal disease morbidity

Conclusions
not provide a basis for estimating incremental health -
benefits that can be expected from incremental invest- In the aggregate, these studies and reviews support the fol-
ments 1n water supply systems lowing conclusions

The conclusion of an expert panel convened by the World - (I) A sigmhcant body of evidence supports the positive
Bank has been widely cited (Expert Panel, 1976) : bnkage between sanitary water supply and excreta disposal and
. long-term mmprovements in health status This linkage 1s sup-

Other things being equal, a safe and adequate water ported by long-term empirical observations in both the devel-
supply 1s generally associated with a healthier popula- * oped and less developed countres

tion. This has been unequivocally demonstrated for ur- (2) The present state-of-the-art of epidemiological forecast-
ban areas and in varying degrees for rural situations ing, however, makes 1t difficult 1f not impossible to predict with
The difficulty hes in measurement rather than in quali- preaise accuracy the incremental health status improvement that
tative trends The problem with collecting field obser- might be expected from incremental improvements in water
vations on the health impact of water supply 1s thatona supply and santitation For substanhal interventions in settings
cross-section basis other things are never equaland ona where pediatric diarrheal morbidity and mortality are high, 1m-
through-time basis other things usually cannot be held provements of 20 to 40 percent are not unusual

constant or accurately controlled Consequently, 1t is (3) Not only are specific a prior: statements difficult, but
extremely difficult to 1dentify and measure exactly the 1after the fact measurements present formidable problems and
health effects of improved water supply, and there1s a require considerable resources

Iimut to the preaision attainable Furthermore even if a (4) Health improvements associated with sanitary improve-
case were found where governmental, physical, envi- ment are linked with numerous other aspects of personal and
ronmental, economic, cultural, and educational factors community life, especially nutrnihon, personal hygiene, food
which affect health could be reasonably controlled, the sanitation, primary health care, and the like

detailed findings of a health and water supply study are (5) In developing countries the major direct bengficiaries
unlikely to be transferable from that particular setting to are young children and the poorer members of the society
situahons elsewhere. (6) Benefits are directly related to user convenience and

success House connections are supernor to yard hycfrants,
which 1n turn are superior to communal water points (Econom-
1cs/level of service 1s an important, related 1ssue )

The Bank’s Expert Panel also addressed the 1ssue of project
evaluation The Panel recommended that

While long-term longitudinal studies of large size and (7) Water quantity, as well as quality, 1s an important factor
expense are probably the only means through which in establishing health benefits for reducing the incadence and
there 1s any chance of 1solating a specific quantitative prevalence of numerous diseases Fifty (50) liters per capita per
relationship between water supply and health, separate day should be a minimum goal.

from the multitude of other interrelated factors, the (8) Water supply and sanitation measures are more effec-
very high cost, imited possibility of success and re- tive 1n the long run than vaccination programs for waterborne
stricted application of results lead the panel to recom- diseases

mend that the Bank does not undertake such studies (9) Water supply can play an important role in control of
Furthermore, given the current state of knowledge, at- vector-borne diseases, particularly schistosomiasis and epidemic
tempts at a rigorous quantification of the health benefits typhus

of Bank water supply projects are likely to be futile It (10) Non-specific etiologic agents are of major importance
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The role of rotaviruses in diarrheal illnesses of young children
needs better resolution

(11) Water-related diseases in the developing world must
be reduced if their people, particularly children and the poor
majority, are to satisfy their basic human need for a healthful
environment

(12) Water supply and sanitary excreta disposal are neces-
sary for reduction and prevention of water-related disease

(13) At the present state-of-the-art, ngid, quantitative evalu-
ation of the health benefits of water supply projects and pro-
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grams 1s impractical as a routine activity and should be imited to
research projects with substantial resources

(14) Water supplies must be provided that are adequate
quality, quantity, and relability and conveniently accessible 1f
these interventions are to be effective as health measures Fur-
ther they must be used

Tables 9-6 and 9-7 summarize the methodology and findings
of selected studies associating diarrheal diseases and stool cul-
tures with water supply and/or excreta disposal
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Table 9-6. Studies Assessing the Association of Diarrheal Disease or Related Conditions with Water Supply and/or Excreta Disposal
Adapted from Hughes (1981)

Reference Varwble(s) Location Specific Age Type of Site Collection Duration Results
Assessed of Study Indcator Group Study Indicator Data
Petersen Water Colorado Gastro- All Cross- Single home-visit 3 Incaidence in poor
& Hines quality USA mtestinal iliness* sectional (3 month recall) months | water quahty
(1960) incidence communities 13 19%
In good water quality
communities 8 8%
Levine et al | Water Bangladesh Diarrhoea All Record Clinical and hospital 11 years | Inadence tube well
(1976a) quality incidence review non-users 3 2/1000/yr
tube well users 7 5/1000/
yr
Watt et al Water Califorrua Diarrhoea All Cross- Home visits once 6 months | Data pointed to water
(1953) availability USA incdence sectional or every 4-6 weeks use as factor which may
Longitudinal (6 week recall) significantly lower
Rectal swabs for Shigella prevalence
children under 10 when nisk of acquiring
years was great
Schiffman Water quahty Guatemala™ Diarrhoea All Longitudinal Home visits monthly 3 years | Inadence 39 7/1000/yr
et al. (1978d) | and availability mcidence (2 week recall) and mutially, 39 5/1000/yr
chmc record review 3 years later
Bahl (1976) | Water quality Zambia Diarrhoea All Record Chnic and hospital 4 years | Inadence 338/1000/yr
and availabihty incidence review before, 212/1000/yr
2 years after piped water
provided
Feacham Water quahty Lesotho Drarrhoea All Record Chinic and hospital 39 months | No difference 1n
et al (1978) | and availabihity incidence review diarrhoea incidence in
villages with and
without improved
supphes
Whute, Water qualhty Kenya Diarrhoea All Cross- Single home visit 1 week | Illness in 19 0% house-
Bradley & and avaiability prevalence sectional (1 week recall) holds without piped
White (1972) water, only 3 1% of
households with piped
water
Shaffer et al | Water quality Kenya Diarrhoea All Cross- Single home visit Short Prevalence 7%,
(1978) and availabihity prevalence sectional (7 week recall peniod) no differences

*Definition specified
**Speaific intervention evaluated
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Table 9-6 Continued

Reference Varble(s) Location Specific Age Type of Sute Collection Duration Results
Assessed of Study Indicator Group Study Indicator Data
Strudwick Water qualty Kenya** Gastrointestinal | All Longitudinal Home visits biweekly 9 months | Decrease as percentage
{(1962) and availabihity lness (2 week recall) of total illness from 23%
Fenwick to 20% 1n infants and
(1972) from 31% to 18% 1n
chuldren aged 1-2 yrs.
Schhessmann| Water avail- Kentucky Drarrhoea All Longitudinal Home visits monthly 29 months | Incidence/1000/yr
etal (1958) | bility,excreta USA madence (1 month recall) without indoor plumbing
disposal 349, with 135
Rubenstein | Water avail- Anzona Diarrhoea 1 year Record Clinic and hospital 6'2 years | Inadence/person/yr
etal (1969) | bility, excreta USA mcidence review before indoor plumbing
disposal 20, after09
Berg et al. Water avail- Five states Diarrhoea All Record Clinuc 6 Incidence  59/1000/yr
(1968) ability, excreta USA mcidence review years | before indoor plumbing,
disposal after 136/1000/yr
Wolff et al Water avail- Venezuela Diarrhoea All Longitudinal Home wisits monthly 1 year Children under 8 years,
(1969) ability, excreta incidence (1 month recall) 2 communities without
disposal available water, and
maidence 24 2%, 27 4%
4 communities with
11.8%, 12 0%, 12 5%,
17 9%
Frey et al Water avail- Ethiopia Gastro- Less Longrtudinal Home visits biweekly 1year | When water available,
(1975) bility, excreta enteritis* than 4 (1 day recall) lower inaidence with
disposal incidence years private than non-private
latrines
van Zyl Water avail- Seven Diarrhoea Less Cross- Single home visit 1 month | Incadence 2 0-48 7%
(1966) bility, excreta countrnes incidence than 9 sectional (1 month recall) where water less
disposal years available, 2 0-39% where
water available
Bruch et al | Water qualty, Guatemala Diarrhoea All Longitudinal Home visits biweekly 4 years | Incidence/1000/yr
(1963) water avail- mcidence (2 week recall) without privies 224, with
bility, excreta privies .. 168,
disposal Inadence 3 times higher

with limited water
availability
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Table 9-6 Continued

Reference Varuble(s) Location Specific Age Type of Site Collection Duration Results
Assessed of Study Indicator Group Study Indicator Data
Moore et al | Water quality, Costa Rica Diarrhoea* All Longitudinal Home visits weekly 1year | Incaidence/1000/yr
(1965) water avail- mncdence (1 week recall) 0-1 Water using facilities
bility, excreta per house 490
disposal 3 or more facilities
per house 240
No excreta disposal
facility 210
Privy 400
Septic tank 270
Table 9-7. Studies Assessing the Association of Stool Cultures with Water Supply and Excreta Disposal
Adapted from Hughes (1981)
Reference Varable(s) Location Specific Age Type of Site and Method Duration Results
Assessed of Study Indicator Group Study of Specimen Coll
Sommer et Water quality Bangladesh Cholera Under Longitudinal Home and hospital, 2 years | Classical cholera
al (1972) incidence 11 rectal swabs Inaidence those hiving
years further from tube
wells 25 3%
living close to tube
wells 37%
Levine et al | Water quality Bangladesh Cholera All Record Clinic & hospital, 11 years | Incidence/1000/yr.
(1976a) incidence review rectal swabs or stools Tube well
non-users . 8 4%
users 14 2%
Watt et al Water California Shigella, Under Cross- Home and clinig, 6 months | Singella prevalence
(1953) availabihty USA Salmonella 10 years sectional/ rectal swabs Homes without
prevalence longitudinal water . 66%
Homes with water2.1%
Hollister Water Califormia Shigella, Under Longttudinal Home, rectal swabs 7 months | Shigella prevalence
etal (1955) | availability USA Salmonella 10 years Homes without
prevalence water 7 2%
Homes with water 0 7%




Table 9-7 Continued

Reference Varwuble(s) Location Specific Age Type of Site and Method Duration Results
Assessed ‘of Study Indicator Group Study of Specimen Coll
McCabe et al | Excreta Georgia* Shigella Under Longitudinal Home; recal swabs 31 months | Shigella prevalence
(1957) disposal UsA prevalence 10 years before .. .. 47%
after . 28%
privies improved
Stewart Water quality Georgla Shigella ? Longitudinal Home, rectal swabs 3 years | Shigella prevalence
etal (1955) | & availability USA prevalence of families without
nearby water . 5 8%
of families with nearby
water .. . 41%
Azunn et al | Water quality, Philippines* Cholera All Longitudinal Home, rectal swabs 4Ys years | El Tor cholera
(1974) excreta disposal mcidence madence/1000/yr
No improvments 46 0%
Improved excreta
disposal 14 7%
Improved water 12 5%
Improved water &
excreta disposal 10 8%
by communities
Schhessmann | Water avail- Kentucky Shigella, Under Longitudinal Home; rectal swabs 29 months | Shigella prevalence
et al. (1958) | bihty, excreta USA Salmonella, 5 years Without indoor
disposal EPEC** plumbing . 6.4%
prevalence With indoor
plumbing 07%
Berg et al Water avail- Five States Shigella, All Record Hospatals, stools 6 years | Low incidence, data
(1968) bihity, excreta USA Salmonella review not presented
disposal prevalence
Beck et al Water avail- Guatemala Shigella, Under Cross- Clirucs; rectal swabs 6 months | Shigella prevalence
{1937) bility, excreta Salmonella 10 years sectional Communuties with
disposal prevalence pnivate wells or

municipal supply to 0-
50% of houses 6.3%
Muniapal supply to
more than 50% 9.4%
Communities with
privies or flush toilets
m 0-50% of houses4.8%
In those with more
than 50% .11.2%

*Spealfic intervention evaluated
**Enteropathogenic Escherichia coli
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Table 9-7 Continued

Reference Varable(s) Location Specific Age Type of Site and Method Duration Results
Assessed of Study Indicator Group Study of Specimen Coll
van Zyl Water avail- Seven Shigella, Under Cross- Home, rectal swabs 1 month | Shigella prevalence
(1966) bility, excreta countries Salmonella, 10 years sectional Where water less
disposal EPEC** available . 4-14%
prevalence Where water
available 2-6 4%
Kourany Water quality, Panama Shigella, Infants Cross- Chinic, stool, unknown | Shigella incidence
et al. (1969) | water avail- Salmonella, sectional examination method Without indoor
bility, excreta EPEC** unclear plumbing 09-25%
disposal mcdence With indoor
plumbing 0 0%
Moore et al | Water quality, Costa Rica Shigella, All Longitudmal Home and chnics, 1 year Shigella prevalence
(1965) water avail- Salmonella, rectal swabs and stools 0-1 in-house water
bility, excreta EPEC** connections 7%
disposal prevalence 2-3 in-house water
connections 1%
Pnivy or no faciity 4%
Septic tank 0%

**Enteropathogeruc Escherichua coli
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SECTION 10

EPILOGUE

The list of diseases related to deficiencies in water 1s long. The
prevalence of these diseases 15 widespread and high 1n the less
developed countnes (LDCs). In many LDCs, they are among the
leading causes of death, often first but invanably among the top
ten They weigh heavily on the poor and are espectally deadly to
infants and small chuldren They are exacerbated by increasing
population densities

Safe, convenient, reliable water supply and sanitary excreta
disposal are basic human needs for healthy, productive hives

Without them, maintenance of a healthful environment s practi-
cally impossible Nevertheless, they are not in themselves suffi-
cient to assure good health People must use them properly and
this requires education 1n health and hygiene They must be
accomparued by adequate nutrition, food sanitation, secunty,
housing, pnmary health care, and adequate tnstitutions and in-
frastructure for their long-term finance, operation, maintenance,
and replacement

* 3 * F A
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GLOSSARY
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Aedes

anerobe

Anopheles

anorexia

anuria

anal

anus

arbovirus
ataxia

autochthonous

bejel
bradycardia

cachexia

carrier

cataract

catarrh
catharsis
chemoprophylaxis

chemotherapy

ccatrix

colic

coliform

colitis

colon
conjunctiva

conjunctivitis

a genus of mosquitoes, including some
vectors, e g , Ae Egyptu, a vector of yel-
low fever

an orgarmusm that lives and grows in the
absence of molecular oxygen

a genus of mosquitoes, many of which are
vectors of malana, e g , An Gambu

lack or loss of appetite for food

complete suppression of urine formation
by the kidney

pertaining to the anus

the opening of the rectum on the body
surface, the final onfice of the ahmentary
canal, through which feces are discharged
to the external environment

arthropod-borne virus
failure of muscular coordination

originating in the same area in which 1t 1s
found

a nonveneral form of syphilis
slowness of the heart beat

a profound and marked state of constitu-
tional disorder, general 1ll health and
malnutntion

an infected person (or animal) who har-
bors a specific infectious agent without
apparent clinical disease and serves as a
potential source of human infection Car-
ners may never develop the disease
(asymptomatic carners) or may be carriers
dunng the incubation, convalescent, or
post-convalescent periods for short or
long time periods “Typhoid Mary”” was a
famous example

an opacity of the lens of the eye

inflammation of a mucous membrane,
particularly of the head and throat

a cleansing or purging

use of a chemucal(s), including antibiotics,
to prevent development or progression of
an infection

use of a chemical(s), including antibiotics,
to cure or control a chinically recognizable
infectious disease

a scar, fibrous hssue left after healing of a
wound

acute paroxysmal abdominal pain

resembling or bewng Escherichia  colt
bactena

inflammation of the colon

the part of the large intestine extending
from the cecum to the rectum

the delicate membrane hning the eyehds
and covenng the eyeball

inflammation of the conjunctiva
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contagious

Culex

culicine
cyanosis
dermato
dermatitis

dermatophytosis

dermatosis

diarrhea

disease

disinfect

disinfest

disinfestation

distal

duodenum

dysentery

dyspepsia

dysphagia

ectoparasite

endemic

entenc

ententis

epidemic

fatality rate

fecal

feces

fulminate

gastric

capable of being transmitted from one
person to another

a genus of mosquitoes found throughout
the world, many species of which are vec-
tors of disease-producing organisms

mosquito of the genus Culex or related
genera

a bluish discoloration of the skin due to
excessive concentration of reduced hemo-
globin 1n the blood

word element, Greek for skin
inflammation of the skin
a fungus infection of the skin

any skin disease, especially one without
mflammation

abnormally frequent evacuation of watery
stools

a definite morbid process, often with a
charactenstic train of symptoms

to kall or inactivate pathogenic organisms

to kill or remove 1nsects, rodents, or other
anumals present on the person, 1n clothes,
or 1n the immediate environment, which
may transmt disease

any physical or chemcal process for kill-
Ing or removing ectoparasites, arthro-
pods, or rodents

remote, farther from a point of reference

farst part of the small intestine, extending
from the pylorus (of the stomach) to the
jejenum

intestinal disorder marked by inflamma-
tion, especially of the colon, with abdomi-
nal pain, tenesmus, and frequent stools
containing blood and mucus

impairment of digestion, usually apphed
to epigastric discomfort after meals

difficulty 1n swallowing

a parasite living on the outside of the
host’s body, e g , the louse

any disease of man mamntained at a fairly
constant low level in the community over
a penod of years

pertaining to the small intestine
mnflammation of the intestine

any disease of man in which the number
of cases exceeds that normally expected

percentage of persons diagnosed for a
specific disease who die as result of that
episode of that disease

adjective form of feces

excrement discharged from the bowels
through the rectum

to occur suddenly with great intensity

pertaining to the stomach



gastroententis

gastroenterology

Hippocrates

host

hyperdiuresis

incidence rate

incubation penod

infection

infestation

jejunum

labile

larviade

marasmus

morbidity

mortality

neonatal

nosocormual infection

oliguna

otitis

parasite

pathogen

pediatric

pharynx

mflammation of the stomach and
intestine

the study of the stomach and intestine and
their diseases

famous Greek physician (5th century
B C ) generally regarded as the “Father of
Medicine ”

a man or anumal harboning or capable of
harboring a disease-producing parasite
under natural conditions Some protozoa
and helminths spend different hfe-stages
i different hosts Hosts in which the
parasite attains matunty or passes its sex-
ual stage are definitive hosts Other hosts
(e g , snails for schistosommasis) are inter-
mediate hosts

excessive excretion of urine

number of diagnosed or reported cases of
the specified disease duning a defined pe-
nod of hme divided by the population 1n
which the disease occurred Usually ex-
pressed as the number of cases per
100,000 per year for specific populations

the time interval between exposure to an
infectious agent and the first sign or
symptom of the disease in question

the entry and multiplication or develop-
ment of an infectious agent in the body,
either manifest disease or inapparent
infection

parasitic attack or subsistence on the skin,
harr, or clothing by 1nsects

that part of the small intestine extending
from the duodenum to the ihum

chemucally unstable

a substance that kills larval stages of
insects

a form of protein-calone malnutrition oc-
curring usually 1n the first year of hife with
retarded growth and wasting of fat and
muscle

condition of being diseased or sick, rate of
sickness 1n the community

death rate

pertaining to the first four weeks after
birth

infection acquired 1n a medical facility

diminished secretion of urine in relation
to fluid intake

inflammation of the ear, O externa (outer
ear), O media (middle ear), O: interna
(1nner ear)

a plant or animal that lives upon or within
another hiving organism at whose expense
1t obtains some advantage

an organism or substance capable of caus-
ing disease

pertaining to diseases of children

the throat

polyuna
portal of entry

postnatal

prevalence

pruntus

pyoderma

pyogenic
pyrexia

reservorlr (of disease)

septicemia
serotype
tenesmus
teratogen
therapy
tinea
toxac

toxin

transmission

trauma

urine

urhicana

vector

vectorborne

viremia

virulence

virus

vomitus
WHO

200nosis

excessive secretion of urine

the pathway by which pathogenic agents
enter the body

occurring after birth

ratio of number of persons sick with the
specified disease at a particular moment in
tume to the total population in question

1tching

any purulent skin diseases
producing pus

a fever or febnle condition

usually the host or hosts 1n which a dis-
ease producing parasite 1s pnnapally
found and which accounts for its mainte-
nance 1n nature from year to year Some-
times a reservorr 1s passive or inanimate

blood poisoning

the type of a microorgamsm determined
by 1ts conshtuent antigens, a taxonomic
subdivision based thereon

ineffectual and painful straining at stool or
unnation

an agent or influence that causes physical
defects in the developing embryo Thali-
domide 1s an example

treatment of disease
ringworm

poisonous

a poson, e g , botulinus toxin

any mechamism by which a susceptible
human host 1s exposed to an infectious
agent

wound or injury

the fluid excreted by the kidneys, stored
in the bladder, and discharged through
the uretha to the external environment,
colloquially, “passing water ”

hives, skin reaction often attended by rash
and severe itching

the living transporter and transmutter of
the causahive agent of a disease

descriptor of any disease transmutted to
man directly or indirectly by non-human
animate carriers

the presence of virus in the blood

the degree of pathogenicity of a disease-
producing parasite

a noncellular infectious agent which can
reproduce only in hving cells, most vir-
uses are too small to be seen under a hght
mICroscope

matter vomited
World Health Organization

a disease of animals that may be transmut-
ted to man






ANNEX B

SUMMARY ANALYSES OF SELECTED FIELD STUDIES

AdrianzenT., Blanca, and George G. Graham. “The High
Cost of Being Poor/Water.” Archives Environmental
Health, 28:312-315. 1974.

A longitudinal anthropometrnc and socioeconomic as-
sessment was made of 127 families of children admitted
with malnutrition to the British American Hospital 1n
Lima, Peru, during the years 1961-1971. This study ana-
lyzes the types of water supplies, quantities used, and
costs of water in absolute terms, in relation to incomes and
In relation to the time worked to pay for water Water 1s
linked to malnutrition through the relative growth of chil-
dren, based on the ratio of height to age for children with
similar mid-parental heights.

Mean heights for age for ex-patients and siblings of
famihies without piped water service were significantly
lower than for children in two other groups one with
piped household service, the other with piped water to
taps shared with other families. The poorer families were
served by water purchased from tank trucks and stored in
their homes. These families had a mean income 60 percent
lower, paid 16 times as much per unit of water, used one-
sixth as much water, paid two and a half times as much for
total water use, and paid 2 7 percent of their income for
water versus 0 7 percent by families with piped household
water supplies. A worker from the non-served group of
famulies would have to work 24 minutes (average) to pay
for water for one tub bath, the worker with a household
connection would have to work 0 8 minutes.

Arriaga, Eduardo E., and Kingsley Davis. “The Pattern of
Mortality Change in Latin America.” Demography,
6(3):223-242. 1969.

This article examines the mortality trends for 13 Latin
American countries, England and Wales, Sweden, the
Unuted States, Japan, Mauritius, Ceylon, India and
Taiwan, using data from the late nineteenth century
through 1960. The decline in mortality rates was extreme-
ly slow 1n the more backward Latin American countries
until around 1930, while in the more advanced countries,
a more rapid dechne in mortality occurred before 1930
After 1970, 1in both groups of countries, the pace of decline
was faster than ever and virtually the same for both
groups of countries.

The authors suggest that after about 1930 for Latin
America, “public health measures were exerting a strong
influence independently of local economuc development ”
Ths finding replicated the past history of now-developed
countries. Similarities were also found in the Asian coun-
tries. Health measures cited were “eradication of disease
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vectors, chlorination of drinking water and good sewage
systems, as well as individual health practices such as
vaccination, dietary supplements, use of new drugs, and
better personal hygiene ”

The authors conclude that “In most underdeveloped
countnies, whether in Latin America or elsewhere, mortal-
ity change seems increasingly independent of economic
improvement and dependent on the importation of pre-
ventive medicine and public health from the industrnal
countries ”

Assaad, F.A., F. Maxwell-Lyons, and T. Sundaresan.
“Use of Local Variations in Trachoma Endemicity in De-
picting Interplay between Socio-economic Conditionsand
Disease.” Bulletin World Health Organization, 41:181-
194. 1969.

This trachoma prevalence study conducted in Taiwan
during 1960-1961 also collected data on socioeconomic and
living conditions crowding, water supply, and occupa-
tion of the head of household

Crowding was measured as the number of persons per
residence, sleeping room and bed Household water sup-
phes were categorized by type' tap, draw-well, hand-
pump, and “others” (mostly mountain springs) They
were also categorized by distance in meters from the
dwelling. Occupation was classed 1n six categories rang-
ing from professionals to unemployed, presumably 1n or-
der of education and/or income

Trachoma 1 ) increased as crowding increased (rapidly
at first, then slowly), 2.) increased as distance from water
supply increased, and 3 ) increased 1n the “lower occupa-
tional categories ” For example, trachoma prevalence
among professionals was 12 1 percent but 24 8 percent
among fishermen and farmers (and their households)
Generally, the higher the occupational level of the head of
household, the less the crowding and the better the water
supply

In the statistical relationships found between water sup-
ply and trachoma 1n this study, trachoma prevalence was
lowest (15 4 percent) 1n households with attached taps.
Whether water was suppled by “draw-wells” or by hand
pumps made little difference 1n the prevalence of active
trachoma (24.5 and 24.2 percent respectively). Regardless
of the type of water supply, prevalence of active trachoma
increased as distance to the source of household water
supply increased This relationship may result from small-
er per capita use of water as distance to the source n-
creases. No data on per capita water use (quantity) or on
water quality were reported



Azurin, J.C., and M. Alvero. “Field Evaluation of Envi-
ronmental Sanitation Measures Against Cholera.” Bulle-
tin World Health Organization, 51: 19-26. 1974.

This study, sponsored by the Joint Philippines/Japan/
WHO Cholera El Tor Research Project, took place from
mud-1968 to the end of 1972, in four communities 1n the
Philippines near Bacolod City: West Visayan (pop 743),
Dawis (803), Magsungay (787), Sibucao (756). The objec-
tives of the study were “to test the effect of either im-
proved water supply or improved waste disposal (or both)

agamnst cholera infection in an area in which cholera is.

known to be endemic”; and to determuine “the effect of
either safe water supply or waste disposal facilities or both
in containing the spread of infection that has gained ac-
cess to such commuruties ”

The four communities selected were similar in size, geo-
graphic characteristics, and demographic composition.
Different levels of sanitation were provided to each
community

1. West Visayan (control) had a poor water supply and
no toilets. Water came from three tubewells provided with
pitcher pumps. The water supply was untreated, improp-
erly protected and without qualty surveillance. People
defecated wherever convenient.

2. Dawrs had an improved water supply, directly from
the Bacolod municipal system. Less than half the resi-
dents had piped connections There were no good dispos-
al faciities; the people used a relatively dirty beach for
defecation.

3. Magsungay had improved communal toilet facilities,
one for about every four households (1.e., one per 25-30
residents). Toilets were the “water-seal” squat type, one
liter of water was enough to flush the toillet Water was
supplied by four wells with hand pumps, two privately-
owned, two government-owned. Sites were unsanitary
and water potability questionable.

4 Stbucao had both improved water supply and im-
proved toilet facilites The piped water system provided
“adequate, accessible and safe” water on a continuous
basis from an artesian well, delivered to ten “outlets”
(standposts) so located that no house was more than ten
meters distant. For excreta disposal, three buildings were
provided, each housing eight flush-type, glazed water
closets—segregated by sex—and each site having its own
septic tank. One toilet was provided per 20-30 residents

Data collection 1n all communities was by an “epidemi-
ological aide” who visited the commumnty daily and made
a house-to-house canvass taking a rectal swab from each
person found to have diarrhea Specimens were examined
at the project laboratory for cholera vibrios Once a diar-
rheal case was confirmed as cholera, surveillance was 1n-
tensified. The evaluation indicator was the number of
bacteriologically confirmed cholera infections

The data collected show that the provision of satary
facihties for human water disposal can reduce the inci-
dence of cholera by as much as 68 percent, while provision
of a safe water supply can reduce 1t by 73 percent When
both toilets and water supply are provided, the incidence
can be reduced by as much as 76 percent. The evidence
also indicates that cholera introduced into the community
after improvement in water supply and/or sanitation 1s
significantly less likely to spread. The population group
that benefited the most was children in the age group 0 to
4 inclusive
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Worthy of note is the reduced incidence of cholera in the
communities provided with improved water supples
even though the majonty of households did not have
piped house-connections. Also, motivation was apparent-
ly high—the communities contributed all unskilled con-
struction labor plus some locally available matenals. The
communites also accepted the new facilities and the need
for more hygienic habits even though apparently no for-
mal education program was provided.

Bahl, M.R. “Impact of Piped Water Supply on the Inci-
dence of Typhoid Fever and Diarrhoeal Diseases in Lu-
saka.” Medical Journal of Zambia, 19 (4):98. 1976.

This study was conducted by the Medical Officer of
Health for the City of Lusaka, Zambua. It took place in 1970
through 1975 1n acquired urban and pen-urban settle-
ments, previously termed Squatter Compounds, of Lu-
saka. The objective of the study was to determine the
effects of water-supply improvement as indicated by
changes in the number of cases of typhoid fever and of
diarrhoeal diseases.

Data were assembled on the number of “notified” cases
of typhoid fever in the entire aity for the years 1970
through 1975. These cases were admitted and confirmed
at the Unmiversity Teaching Hospital in Lusaka The data
on diarrhoeal disease were obtained (for 1972-1975) from
the urban health centers and clinics in the city. These data
were examined in the light of water-supply improvement
during the observation periods In 1973 residents of the
acquired urban and peri-urban areas began to raise money
for piped drinking water. A threat of cholera resulted in
Central Goverment grants for piped drinking water to all
of the major self-help settlements. Previously water came
from government-provided wells and pumps, but many
shallow wells continued in use. With the piped system,
standpipes were installed so that all residents had access
to potable water The author says, “Besides the supply of
water, there has been no other improvement in the envi-
ronments of these (self-help settlements in the urban and
peni-urban) areas ”

The findings do show a drop 1n disease rates For ty-
phoid fever the annual case rate dropped from 9 per
100,000 people to 0 8 per 100,000. The drop for the annual
diarrhoeal disease rates was from 338 per 100,000 to 212
per 100,000. The author concludes that the provision of
piped water supply “has helped in the reduction of both
typhoid fever and diarrhoeal disease mn the City as a
whole.” The data support the hypothesis that typhoid
fever mcidence 1s a more sensitive indrcator of the health
benefits of water-supply improvements than are diar-
rhoeal diseases.

The author recognizes that the disease data are city-
wide, while the water supply improvements were only to
the self-help settlements. He notes that the people from
these areas are extremely mobile and in sickness may
move to a relative 1n a different part of the city Also, these
areas had no health centers or clinics, so people sought
medical aid in other areas of the city. Thus the Medical
Officer of Health of Lusaka states: “The evidence in this
paper is indirect, but 1t does show that other things being
equal, provision of piped water helps 1n the reduction of
the incidence of enteric fever and diarrhoeal diseases in
the commumnity ”



Barnum, Howard, Robin Barlow, Luis Fajardo, and Al-
bertoPradilla. A Resource Allocation Model for Child Sur-
vival. Oelgeschlager, Gunn & Hain, Inc. Cambridge,
Massachusetts. 190 pp. 1980.

This book offers a mathematical optimization model for
comparing and selecting health interventions It suggests
that at “low levels of resources” the most effective activi-
ties are “health promotion, water and sanitation (public
fountains, latrines, and covered sewerage), and well-baby
clinics ” These programs can be especially effective be-
cause “they are not age-group specific and have strong
effects on diarrhea 1n all age groups.”

The authors also describe an application of the model
developed for five barrios in Cali, Colombia Experiments
suggested that the low cost of latrines (one-twentieth the
cost of toilets) might compensate for their lower degree of
effectiveness (one-third to one-half as effective).

Berg, Lawrence E. and Thomas M. Mowery. “Health Pro-
gram Evaluation: Impact Study of the Indian Sanitation
Facilities Construction Act.” Health Program Systems
Center, Division of Indian Health, U.S. Public Health Ser-
vice. Tucson, Arizona. 28pp. 1968.

In order to identify and evaluate the health effects of
installing basic sanitation facilities 1n the homes of Amer-
can Indians, communities i1n Minnesota, Montana, Ne-
braska and South Dakota were studied, including 310
households and 1,943 people. Nine hundred fifty-two
people in homes that received samitary water and waste
disposal faciities were matched with 991 people in homes
not equipped with such facilities. Five hundred eighty-
three (61 percent) of those in the “equipped” group had
running water and a pit privy, the mimumal acceptable
faciity. None of the non-equipped group had runmng
water Eight hundred fifty-one (86 percent) had pit prn-
vies. Eighty-one (8 percent) had no excreta disposal facili-
ty For 59 people (6 percent), the means of excreta disposal
was unknown.

Data on the use of out-patient medical care and/or mor-
bidity were analyzed for each group for the two years after
provision of sanitary facilities. For six years, the chnical
records of members of the households 1n each group were
abstracted for thirteen specific diseases (three skin dis-
eases and ten enteric diseases). Also, the total number of
times a person came to an out-patient medical care clinic
was recorded These were among the findings:

1. Ninety percent of the outpatient visits were caused
by the three skin diseases (impetigo, pyoderma and fur-
unculosis), diarrhea, gastroenteritis, and colitis

2 The rates of use of medical care out-patient chnics
were remarkably alike for both groups For each the After
rates increased moderately: for the Equipped 389 to 427,
for the Non-Equipped 379 to 422.

3. For the Selected Diseases, there were similar in-
creases for both groups from Before to After. The increase
for the Non-equipped was larger, from 256 to 371. For the
Equipped, the rise was from 282 to 315

4. For the Enteric Diseases (including diarrhea, dysen-
tery, shigellosis, salmonellosis, gastroententis and gastri-
tis) there was a decrease in the After rates for the
Equipped group, from 159 to 136 That group’s rate Dur-
ing Construction rose to 175, higher than the rates for any
of three periods for the Non-equipped group (Before 140,
During 140, After 154).
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5. The authors applied t-tests to adjusted rates for all
combined diseases, skin and enteric, for the During and
After periods and found a significant difference, t=13 62.
For adjusted rates for enteric diseases for the same period,
there was a significant difference between the two groups,
t=330

The authors conclude.

1. Analysis showed that morbidity rates of members of
equipped homes were significantly lower than the mor-
bidity rates of members of non-equipped homes for a com-
bined period of time during-after the installation of
sanitation facilihies

2. The construction of sanitary water and waste dispos-
al faciities had no apparent impact on medical care out-
patient clinic use

3. Questions arse about the adequacy of the “minimal
acceptable” facility (one water tap and a sanutary pit
privy), the effect of health education efforts, and the fol-
low-up operation and maintenance of facilities.

4. The installathons may have done more for contain-
ment than prevention.

The wide geographical area and the use of file data did
not allow the collection of information on water use or
excreta disposal facility use, or on faciity maintenance.
The study spread acrogs wide climatic variations, which
may influence water use, privy use, and flush toilet main-
tenance Differences would be missed by treating all as a
whole.

Nevertheless, the changes in the enteric disease rates of
the two groups of homes are not striking Because of cli-
mate and of the cultural differences of and among Amen-
can Indians, these experiences may not provide patterns
for tropical regions.

Bruch, Hans A., Werner Ascoll, Nevin S. Scrimshaw, and
John E. Gordon. “Studies of Diarrheal Disease in Central
America: Environmental Factors in the Origin and Trans-
mission of Actue Diarrheal Disease in Four Guatemalan
Villages.” American Journal of Tropical Medicine and Hy-
giene, 12:567-579. 1963.

This study 1s one of a senes on diarrheal diseases by the
Institution for Nutrition of Central America and Panama
(INCAP), Guatemala City. Its objective was to examine
environmental factors in the occurrence of diarrheal dis-
eases 1n selected Guatemalan villages, 1956-1959

Comprehensive survey methods were used to assess
environmental conditions and family hfe Diarrheal dis-
eases were followed by household visits every two weeks
by local field workers. The study made these
observations:

1. Feces disposal. No indoor santtary facihities existed in
any of the villages Privies existed in from 60 to 85 percent
of the dwellings. About 20 percent had a lined pit and
concrete slab Others were improvised and makeshuft.
About one-half were in an adequate state of cleanliness
and repair. Only 2 percent of privy owners admutted fail-
ure to use the facility, but feces on the ground and around
the privies belied that figure. Families having privies had
16 8 diarrhea attacks per year among all members. For
families having no privies, the rate was 22.4. For chuldren
1 to 5 years, the attack rates were 80.3 for those without
privies and 60.3 for those with privies. The difference has
a significance at the 5 percent level.



2. Water supply The population with the lower rates of
diarrheal disease had an abundant supply of water from a
mountain spring one kilometer away. Water was piped to
16 public faucets which served 90 percent of the 580 fam-
ilies Ten percent had water piped to their homes Water
use from the public standposts was 3 to 4 gallons per
person per day Handling of carrying jars and pipeline
breaks resulted in contamination and E coli were found 1n
samples of water at the standposts on several occasions.
Children 0 to 5 years of age on water piped to the house
had an attack rate of 32.4, not statistically different from
those on public standpost water (38.0)

The other study population shared unequally a spring
water source of another town. Whenever the yield was
low, the study population had to go to other sources: a
nver 2 kilometers away, and stored rainwater Twenty-
five percent of the 194 families had water piped to their
houses. Even among these, the annual attack rate in ages 0
to 5 was 128.6. Among those on public faucets, the rate
was 134 8

3. Solid wastes: Few food wastes were found to sup-
port fly breeding. Any food not used by people went to
domestic amimals, pigs, chickens, and dogs

4 Food: Refrigeration existed only 1n a few stores for
beer and soft drinks. Corn and beans were the staples.
Both were cooked, eaten, reheated or eaten cold over per-
10ds of 2 or 3 days. Other foods were very limited

5. Housing: A classification by structural materals pro-
duced the observation that diarrheal disease was no more
frequent among residents of the poorer type houses than
those with the best type of housing. Rats and mice were
judged to be only a minor health hazard, as Salmonella
infections were few 1n all of the villages and no more
frequent 1n those with more rats. Fhes were most numer-
ous 1n the rainy season, May to October. Occurrence of
diarrhea was highest at the end of the dry season and less
In the rany months

The authors drew these conclusions about factors con-
tnbuting to the seasonal rise of diarrheal diseases in the
Guatemalan highlands

1. Migration from the coastal plantations where diar-
rheal diseases are more frequent introduces fresh sources
of infection.

2. The pattern of waterborne outbreaks with a sharp
nse 1n cases and prompt decline occurred rarely. The
dominant pattern was a slow buildup to peaks 14 months
later and a tailing off 1n 32 months Water could contribute
to this by low-grade, intermuttent or accadental
contamination.

3 Food-borne outbreaks did not occur with any fre-
quency but food handling in the home and diarrhea 1n
mfants at weaning suggest that food 1s an important
source of infectious agents.

4. Secondary peaks of diarrhea occur in September and
October. Flies may contribute to these slight peaks.

5 Seventy-one percent of the index cases of diarrhea
were among pre-school children Infections occur among
susceptible children. In survivors, immunity follows Mal-
nutrntion 1s an important consideration. The case rates for
acute diarrheal disease per 100 persons at nsk per year in
four rural Guatemalan villages in 1956-1959 were under 1
year, 75.0, 1-5 years, 64 1; 6-4 years, 9 7, 15 and over, 5.1.
The overall rate was 17.7.

6. Contact spread was believed to be the main mecha-
nism although other modes of transmission contribute
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The contnibution to total cases because of contamination
of water 1in the home, which would be vanable and ind-
vidual, may be appreciable.

The authors were not singularly impressed by their data
on the water supply and diarrheal disease rates. They
considered long-term epidemiological patterns to be pre-
dominant and classical waterborne outbreak patterns
rare. However, they failed to offer further comment on the
difference in diarrheal disease incidence in the village
with a superior and ample water supply and the one that
had often had to resort to niver, stream and rain water.
Even in endemic situations, water can be a major factor in
sickness and 1n health

Butz, William, Julie DeVanzo and Jean Pierre Habicht.
“Family, Community and Program Influences on the Mor-
tality of Malaysian Infants.” Working DraftNo. 992-1-AID
(Grant Nos. AID/otr-1744 and AID/otr-1822). RAND Cor-
poration. Santa Monica. 46 pp. 1981.

This examunation of determinants of infant mortality
varniations in Peninsular Malaysia uses retrospective data
from a subject-reported questionnaire in the Malaysian
Family Life Survey: 1262 households from 52 sampling
areas with 5584 live singleton births of whom 270 (4.8
percent) died in infancy It also uses household and com-
munity characteristics. A hinear probability model, esti-
mated by ordinary least squares, was used to analyze the
attributable risk of each factor in infant mortality

Environmental factors analyzed include community
water source and sanitation, and household sanitation
(excreta disposal). Infants in houses with access to non-
flush or flush toilet systems had significantly lower mor-
tality than infants in houses without access to sanitation
systems. Also “piped” water was significantly related to
lower infant mortalhity. (Whether “piped” water repre-
sents household connections, commuruty standposts, or
some combination 1s not specified ) Other water categor-
ies were “river,” “canal,” “well,” and “other public.” Al-
though toilets and piped water were found to be
significant, their proportionate impact was still small rela-
tive to birth weight

This examination of the effects of water supply and
sanitation practices relative to breastfeeding practices for
infants found that communities with well water, piped
water, and public non-piped water along with flush sani-
tation tended to produce significantly lower mortality
among non-nursing infants.

Center for Disease Control. “Acute Water Shortage and
Health ProblemsinHaiti.” EPI-77-51-2. U.S. PublicHealth
Service, Atlanta. Unpublished document. 9 pp. June 29,
1978.

This is a study of the impact of water quantity on dis-
ease 1n two areas of the Haitian capital city of Port-au-
Prince, each with population around 200,000 One area
recetved drinking water constantly from gravity-fed
springs. The other was supplied with electrically-pumped
well water.

During early 1977, a drought resulted in a ten-week loss
of hydroelectric power 1n the area supplied by wells Me-
chanical breakdowns of supplementary diesel generators
forced severe ratiorung of electnicity, with widespread ef-
fects on water availability A retrospective study, using
questionnaires, of 400 households in each of the two pop-



ulations “was devised to estimate per capita water use and
the effects on health of restricted water availability ” Six
disease categories were considered. diarrhea, scabies, ex-
ternal otitis, conjunctivitis, any febrile illness, and
malnutrition

It should be noted that Port-au-Prince, with a popula-
tion of approxiately one mullion, has only 30,000 water
service connections The majonty of the population ob-
tains its water from municipal standpipes (public hy-
drants). The following table shows one observation of the
study, numbers given are for chuldren under six years of
age 1n large familes:

Water Use Per Person Per Day

Less than one can One can or more Total
Illness 258 (51 6%) 115 (33.0%) 373
No illness 242 (48 4%) 234 (67 0%) 476
Totals 500 349 849

Cvjetanovic, B. “Banki Block (Barabanki) Programme of
Rural Water Supply in the State of Uttar Pradesh, India.”
Annex1 (10 pp.) in Cvjetanovic, Branko. “Effect of Water
Supply and Sanitation on Health in Rural Communities in
Developing Countries.” Unpublished report. Zagreb,
Yugoslavia. 42 pp. + 2 annexes. June 1980.

This 1s an independent confirmation of the project re-
ported by Misra (1971) and reviewed more fully elsewhere
I thus annex. Cvjetanovic, a physician-epidemiologist,
was Chief of Bacterial Diseases for WHO/Geneva at the
time he visited Barabanki He reports health impact data
for the water-supply project. 1 e., a fivefold decrease in
diarrhea in children and virtual ehmination of typhoid,
trachoma, and scabies.

The sizes of the villages varied from 500 to 900 people.
Their economy was essentially subsistence. Prior to the
water supply intervention, four percent of the population
were using hand pumps while 96 percent used unprotect-
ed open wells.

Part of the water and wastewater was used for kitchen
gardens, bringing additional food and income to the vil-
lage Women grew various vegetables and grapes in yard
gardens and used their time for “hand looming.” Post-
project water use was about 45 liters per day per capita

One table from this study shows long-term cumulative
benefits for children under five years of age As shown
below, the incidence of diarrhea 1n that age group
dropped dramatically after introduction of water supply.

Incidence in
Year Water Supply Percent
1965 Year of introduction 240
1966 One year after introduction 14 4
1967 Two years after introduction 113
1968 Three years after introduction 50

Evenson, Robert E., Mark R. Rosenzweig and Kenneth I.
Wolpin. “Economic Determinants of Fertility and Child
Health in Philippine and Indian Rural Households.” Pro-
ject AID/otr-G-1723. “Project Summary,” 16 pp., and
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“Technical Report,” 31 pp. + appendices. Yale Universi-
ty, New Haven. Undated but circa 1981.

Also: Rosenzweig, Mark R., and Kenneth I. Wolpin.
“Governmental Intervention and Household Behavior in
aDeveloping Country.” Project AID/otr-G-1723. Yale Uni-
versity, New Haven. 26 pp. Undated but circa 1981.

Both of these reports offer an econometric model of
health and family planning programs and ther effects on
family behavior in relation to contraception and invest-
ment in child health The Indian model incorporated data
on the primary source of village water supply (“tap,”
“pumps and wells,” “river” and “tank”) from the 1971
Indian Census.

However, water supply was of secondary interest to the
authors of these papers. They do say that the (assumed)
quality of the water supply source “appeared to be influ-
encng child mortality.”

Feachem, Richard, Elizabeth Burns, Sandy Cairncross,
Aron Cronin, Piers Cross, Donald Curtis, M. Khalid
Khan, Douglas Lands, and Hilary South Hall. Water,
Health and Development. Tri-Med Books Ltd., London.
267 pp. 1978.

This eighteen-month study of village water supplies in
Lesotho was commuissioned by the British Ministry of
Overseas Development, OXFAM, and the government of
Lesotho, using staff from the London School of Hygiene
and Tropical Medicine and the University of Birmingham.
Chapter 9, “Water Supplies and Disease” (pp 139-179) 1s
of particular interest.

The study covers eighteen months (from early 1975) in
the Mokhotlong and Mafeteng Districts of Lesotho, Afni-
ca Itincluded a population of about 4,000, 1n 567 house-
holds: 125 in mountains (Mokhotlong) and 442 n
lowlands (Mafeteng). Its objective was to decide whether
water supply improvements were cost-beneficial.

Comparnsons were made between villages with water
supplies 1n four categores, ranging from unimproved to
mmproved and reliable. Health data were taken from re-
cords of reported diarrhea, skin disease, and eye disease
at two hospitals and a clinic. Mortality data were taken
from the central medical statistics unit for all hospitals in
Lesotho. Morbidity data were taken from St Joseph's
Hospital, where diagnoses were made by physicians, lab-
oratory tests were used and reliable records were kept.
There was also extensive inspection of water supplies and
bacteriological samphng and analysis Economic, politi-
cal, and social characternstics of the villages were observed
and analyzed.

The authors found that chi-square tests of ratios of the
three disease groups to other reported diseases did not
differ significantly with quahty of water supply service.
They therefore postulated that “diarrheas and typhoid are
not primarnily water-borne in Lesotho,” and that “1tmprov-
ing water quality does not alter the incidence of reported
infectious skin and eye diseases.”

Furthermore, the study found disease ratios showing
that “there was actually more diarrheal disease in villages
with improved water supplies” than in villages without.
The authors therefore suggest that quantity of water pro-
vided 1s a more important vanable than quality as an influ-
ence on transmussion of water-related diseases

The study does not conclude that water-supply 1m-



provements have no public health benefits. But it does
indicate that such improvements alone cannot yield large
benefits when there are still serious deficiencies 1n excreta
disposal, personal and home hygiene, food sarutation,
and fly control.

Fenwick, K.W.H. “The Short Term Effects of a Pilot Envi-
ronmental Health Project in Rural Africa: The Zaina
Scheme Reassessed After Four Years.” Kenya Ministry of
Health. Nyeri, Central Province. Unpublished report.
1966.

Also the following:

Strudwick, W.H. “The Zaina Environmental Sanitation
Project.” East African Medical Journal. 39: 311-331. 1962.

Strudwick, R.H., and D. Hollinson. The Zaina Environ-
mental Sanitation Scheme: A Pilot Project in Rural Africa.
Unpublished World Health Organization Document
WHO/Env. San./135. 42 pp. 1962.

Thus was a study carried out by the Provincial Medical
Officer of changes in health status from 1961 to 1965 fol-
lowing provision of a gravity flow piped water supply
serving four villages (multiple water points) and 588 farms
in the Zaina section on the slopes of Mt Kenya. The pur-
pose of the study was to observe changes in health status
and other collateral benefits of the water supply project. A
control area, Thegene, was also studied. No changes in
environmental sanitation were made in Thegene

By 1965, all Zaina residents had water at their doorsteps
or within 100 yards of their houses All water was from the
chlorinated piped supply. Water consumption rose from
1.65 gallons per capita per day (gpcpd) in 1961 to 14.7
gpcpd 1n 1965. The water supply was treated and clean
Thegene water was not treated and less than half of i1t was
rated “clean.” Consumption in Thegene increased shghtly
from 1.3 gpcpd in 1961 to 2 gpcpd in 1965. In Zama, all
houses had water located less than one-quarter mile
away. Sixty percent of the houses in Thegene were over
one-quarter mule from the nearest drinking water. The
total days of illness per person, and by age group, as
measured during two seven-month periods in 1961 and
1965, showed remarkable differences, primarily for chal-
dren, between Zaina and Thegene

Age Zana Thegene
Groups 1961 1965 Change 1961 1965 Change
Under 1 16.1 43 -118 91 81 -1.0
1-2 130 75 - 55 72 101 +2.9
3-6 111 5.1 - 60 100 95 -05
7-12 5.4 3.1 - 23 25 50 +25
Adults 33 3.7 + 04 27 32 +05

Fenwick concluded from his study. “As the two areas
are sumilar mn every respect except that Zaina has now a
plentiful water supply, it 1s suggested that 1t 1s this water
supply together with the rest of the environmental health
programme which has improved the health of the Zaina
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people and surmuse that as time goes by, the differences
between the two areas will become even more marked ”

Goodwin, Melvin H,, Jr., Gory J. Love, Don C. Mackel,
and Rudolf G. Wanner. “Observations of Familial Occur-
rence of Diarrhea and Enteric Pathogens.” American Jour-
nal of Epidemiology, 81 (2): 268-281. 1966.

The Phoenix, Arizona, field station of the Communica-
ble Disease Center, USPHS, ran this study to determine
the need for more specific control measures for diarrheal
diseases, beyond the association with environmental
conditions

Forty-one famihies, totalling 328 persons, in the Phoenix
area provided fecal specimens each week for twelve
weeks or more, for a total of 2,610 person-weeks of obser-
vations (PWO). All of the families were of low socioeco-
nomic status. All of the homes had piped water, water
heaters, water-carried sewage systems, and refrigerators
The houses were 1 sound condition, but often not well
maintained.

During the observation period, the study recorded 246
discrete episodes of diarrhea. Some episodes persisted.
fifty-two into a second week, seven into a third, five into a
fourth, two into a fifth, and one each into the seventh and
ninth weeks Four major pathogenic organisms were 1so-
lated during the study. Differences in rates of occurrence
allowed the researchers to divide “high rate” from “low
rate” families. (Only one famuly failed to report diarrhea at
all) Family size, family crowding, and (to some degree)
socioeconomic level differed among the families How-
ever, none of those three factors was significant in deter-
mining the occurrence of enteric organisms. No objective
means was available to evaluate “mother efficiency” or
“the ability to cope with a situation.” The potential benefit
of “sanitational” facilities was not developed. No informa-
tion was given on diet and nutntion, nor was any state-
ment made on that factor.

Hygiene was a more important factor All families had
the physical facilities necessary for adequate personal hy-
giene, but the facilities were misused among the high-rate
families. Examples were: removing valve handles to pre-
vent water wastage by children; storing made-up baby
formula in open, unscreened vessels; using washing ma-
chines without soap; leaving nursing bottles distributed
abut the house for use by a toddler along with the flies, a
household pet and other children

In their summary the authors state: “The desirability of
providing sanitational facilities to the extent that resources
will permut is unquestioned, butit is apparent that realiza-
tion of their full potential for control of diarrheal diseases
depends upon proper use.” The sequence 1s evident.
Good design must be followed by good operation and
maintenance. Conviction of the benefits of proper use 1s
necessary. In many situations, conviction comes from
education

Grosse, RobertN. “Interrelation Between Health and Pop-
ulation: Observations Derived from Field Experience.” So-
cial Science and Medicine, 14C:99-120. 1980.

This article includes simple and multiple correlation
analyses of factors that may be associated with hfe expec-
tancy: sanitation, health expenditures, health personnel
and facilities, economuc indicators, and social indicators

“Dominant categories” were santitation (percentage of



urban population with water taps), economuc factors (per-
centage of labor force in agriculture), and social factors
(literacy). Literacy “explained” 78% of the varation in life
expectancy. “Addition of the sanitation factor increased
the varnation explained to 88% while the addition of the
economic factor added only an additional 2%.” Water data
were from 65 developing countries for 1962 (r=0 728).

Heller, Peter S. “Interactions of Childhood Mortality and
Fertility in W. Malaysia: 1947-1970.” Discussion Paper No.
57, Center for Research on Economic Development. Uni-
versity of Michigan, Ann Arbor. 33 pp. 1976.

This paper provides an econometric model of “fertility
and infant and toddler mortality,” based on census data,
and viewed “within the framework of a general model of
household decision-making . . . subject to some socioeco-
nomic constraints.”

Most of the paper focuses on fertiity, which was as-
sumed to be subject to parental control and was shown to
have considerable impact on child mortality. Results on
the impact of medical-care usage were weak, contradic-
tory, and sometimes “perverse,” 1.e., contributing to mor-
tality. The nise in the female hiteracy rate “from 20% in 1947
to 50% by 1970 may have contributed to a 10 to 18 point fall
in the infant mortalty rate.”

Water supply and water disposal rates also had signifi-
cant effects Water supply and water disposal data were
for 1970, expressed as “percentage of living quarters with
piped water into home” and “percentage of living quar-
ters with bucket waste disposal ” The author suggests
“that jeopardy to a child’s health from an unsanitary envi-
ronment principally occurs after the first year, probably at
the time of weaning.”

Henry, Fitzroy J., “Environmental Sanitation, Infection,
and Nutritional Status of Infants in Rural St. Lucia, West
Indies.” Transactions Royal Society Tropical Medicineand
Hygiene, 75(4):507-513. 1981.

This study shows clear correlations between water sup-
ply/sanitation and infant health 1n the areas observed
Health and growth of some 229 infants were followed for
two years 1n three valleys Socioeconomic conditions and
feeding patterns (including breastfeeding) were similar in
each valley, but they had different levels of water supply
and sanitation

Daily Water
Valley Use per
(Inter- Water Household Excreta
vention) Supply (liters) Disposal
Cul-de-Sac Pubhc stand- 64 Latrines of
(None) pipes “widely “low quality”
dispersed,”
one per 350
population
Desruisseau  Individual 120 Latrines of
(New water  household “low quality”
supply) water supply
T1 Rocher Indrvidual 124 Water seal
(New water household latrines
supply, new  water
latrines) supply
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Ascaris and Trichuris infections dropped 30 and 50%
respectively after water supplies and latrines were n-
stalled in two of the three valleys Prevalence of diarrhea
was substantially less for children in areas with 1m-
proved sanitation, some 70 percent less for one-year-
olds. During the study, 34.7 percent of children from the
“non-intervention” area (Cul-de-Sac) were treated for di-
arrhea and vomiting, compared to 27.8 percent in the
area with a new water supply (Desruisseau), and 18 5
percent in the area with both a new water supply and
new latrines (T1 Rocher). Treatment for skin diseases
showed a simular pattern, reaching 20 8 percent in Cul-
de-5ac, 4 9 percent in Desruisseau, and 3.7 percent in T1
Rocher.

The growth of the children was substantially better in
the improved areas. Before the installation of the new
water supplies and latrines, growth curves of children
were similar in all three areas. Following the installa-
tions, markedly better growth (weight and height for
age) was measured in the improved areas, especially
from three months to about eighteen months of age,
times corresponding to breast supplementation and
weaning. The author concludes that the “better growth
that was observed after upgrading the environmental
situation suggests that here, malnutntion is more likely
to be the consequence than the cause of illness ”

Hicks, Norman L., “Sector Priorities in Meeting Needs:
Some Statistical Evidence.” World Bank, Washington. 22
pp- 1979.

This paper uses statistical analysis of data from 86 coun-
tries (69 for water data) to estimate the effect on life expec-
tancy of seven inputs in health care, nutntion, education,
and accessibility to clean water. Other vanables include
income, income distribution, female school enroliment,
urbanization, and size of the public sector. Four statistical
methodologies were used

Using simple correlation, adult Iiteracy had the highest
correlation coefficient (r=0.906). Per capita calories con-
sumption, population per doctor, percent of urban popu-
lation, and percent of population with access to clean
water had correlation coefficients ranging from 0 703 to
0.714, with water 0.706. Multiple linear correlation yielded
sumular results for literacy and for water supply When
beta coefficients were used to normalize the regression
coefficient, literacy ranked first, water supply second, in
correlation. When two other methods for “analysis of de-
viations” were used, water supply had much lower
rankings.

Hoffman, Allen H., Theodore C. Crusberg, and Brian J.
Savilonis. “Viral Hepatitis and Hydraulic Parameters: An
Alternative Hypothesis.” Archives Environmental
Health, 34:87-91. 1979.

The authors of this study did statistical analyses of pub-
lic health records for Worcester, Massachusetts (popula-
tion 160,000) for reported cases of hepatihs A wviral
infections during a five-year period (1968-1972) The re-
sults showed strong correlations with certain parameters
of the water supply and sewerage systems

Although water quality records showed that samples
generally met bacteniological standards, residual free chlo-
rine levels were consistently below 0 1 mg/1 in 60 percent
of the samples. Some data suggest that some drinking



water may have been more contaminated than might have
been suspected on the basis of coliform levels alone. Tem-
porary pressure drops were known to occur in these
systems.

The highest incidences of hepatitis were associated with
census tracts served by old and possibly deteriorated wa-
ter and sewer pipes and by combined or overflowing
sewers

Social and economic parameters (income) were also
strongly correlated with the hydraulic parameters. Low-
income areas were primarily served with old pipes and
low-pressure systems

Leaking or overflowing sewers, combined with low
pressure, even negative (suction) pressures in leaking wa-
ter pipes as hypothesized for Worcester, allow contamina-
tion of water supplies; unfortunately, such conditions are
commonplace 1n many urban areas of the developing
world.

Hollister, A.C., Dorothy Beck, Alan M. Gilletson, and
E.C. Hempill. “Influence of Water Availability on Shigella
Prevalence in Children of Farm Labor Families.” Ameri-
can Journal of Public Health, 45 (3) March 1955.

The U.S. Public Health Service sponsored this study of
farm migrant labor camps in Fresno County, California,
from October 1952 through April 1953. The population
covered was 6,111 children under ten years old in 123 of
the 350 farm migrant labor camps in Fresno County These
children were among 2,707 “famulies” (meaning all per-
sons living in one household). The objective of the study
was to define the relationship between Shigella preva-
lence and the availability of water for personal hygiene,
including laundry, bathing, and especially hand washing

Rectal swabs were secured from all available children
under ten years old in the selected camps at intervals of at
least one month. The camps were divided into three
types, according to their sanutary facilities 1 ) Cabins with
private water faucets, private showers or tubs, or private
toilet or both. 2.) Cabins with only water faucets inside,
having access to communal facilities outside. 3 ) Cabins
with no plumbing, dependent on communal facilities for
water use and excreta disposal The quality of water met
minimum standards in all camps

The following table gives the percent of Shigella culture
positives among children under ten years and the percent
of households with positive children:

Percent
Positrve Households

Percent
Positive Cultures

Plumbing Facilities
Inside Cabin

Faucet and Shower

and/or Toilet 16 25
Faucet Only 30 62
Nothing 58 10

The study showed that Shigella prevalence was associ-
ated with the availabihty of water for personal hygiene
This implies that the control of Shigella infections may be
significantly improved by providing easily accessible wa-
ter for personal hygiene. This observation had already
been made in 1950, in an unpublished report by James
Watt to the Califorrua Director of Public Health, and in the
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published paper by Watt, Hollister and others (summa-
rized elsewhere in this annex.) Water quantity 1s empha-
sized because in these studies water quality met minimum
standards The paper 1s a meaningful addition to under-
standing the usefulness of water in controlling at least one
diarrheal disease.

Hughes, James M., John M. Boyce, Richard J. Levine,
Moslemuddin Khan, and George T. Curlin. “Water and
the Transmission of El Tor Cholera in Rural Bangladesh.”
Working Paper No. 2. Cholera Research Laboratory. Dac-
ca. 24 pp. 1977.

Also: Hughes, James M., et al., “Epidemiology of El Tor
Cholerain Rural Bangladesh: Importance of Surface Water
Transmission.” Bulletin World Health Organization. In
press.

These authors describe an epidemuological study n
Matlab Thana, Bangladesh. Fifteen cholera index cases
were selected at random from the patients at the Cholera
Hospital at Matlab Bazaar because 1 ) they were residents
of the Matlab Vaccine Tnal Study Area, and 2.) they had a
rectal swab culture positive for V' cholerae on the day of
ittiation of each study Control index cases were also
from the study area, but their swab cultures were negative
for V cholerae. Each case’s and each control index patient’s
neighborhood was 1dentified and water samples were tak-
en from neighborhood sources of water (tubewells,
ditches, tanks, canals, and rivers) for drinking, cooking,
bathing, and washing Samples were analyzed and re-
ported as positive or negative for V' cholerae biotype El Tor.

Extensive contamination of water sources was found 1n
neighborhoods where individuals infected with V. cholerae
resided. Forty-three percent of all water sources in infect-
ed neighborhoods were positive for V. cholerae, versus two
percent in control neighboorhoods. Farulies using a cul-
ture-positive water source for drinking, bathing, or wash-
g were significantly more likely to be infected with
cholera than other families. Families using the same water
source as the index family for either drinking or bathing
were more likely to be infected. The authors conclude
“The data support the hypothesis that contaminated wa-
ter 1s important in the transmission of cholera. 1n areas
where V' cholerae, biotype El Tor, is endemic ”

Hughes, James M. “Potential Impacts of Improved Water
Supply and Excreta Disposal on Diarrhoeal Disease Mor-
bidity: An Assessment Based on a Review of Published
Studies.” Consultation Report, World Health Organiza-
tion Diarrhoeal Disease Control Programme, Geneva. 10
PP. + 7 pp. Bibliography + Tables. Draft, July 6, 1981.

This paper constitutes a review of forty-three studies
that have quantified indicators of diarrhoeal disease popu-
lations with different levels of water supply and/or excreta
disposal facilities

Among other points, Hughes concludes that earlier pes-
simism about the problems of documenting health bene-
fits associated with water and excreta disposal projects
may be unjustified, since “morbidity reductions of 20 per-
cent or more are usually statistically significant and have
been observed” frequently.

He also says that data indicate that “available water near
the house may yield health benefits,” although not as
much as tap water 1nside. The data suggest, he says, that
“volumes in the range of 20-30 lpcd may be a minimum



required to yeld reductions in diarrhoeal disease
morbidity.”

Khan, Moslemuddin. “Role of Water Supply and Sanita-
tion in the Incidence of Cholera in Refugee Camps.” Sci-
entific Report No. 45. International Centre for Diarrhoeal
Disease Research, Bangladesh. Dacca. 14 pp. 1981.

This study compares hospitalized confirmed cholera
cases for three major refugee camps, a few muiles apart, in
Dacca during the cholera epidemics of 1974 and 1975. The
results show a clear correlation between water supply/
samtation and cholera incidence

One camp, A, had piped water and latrines connected
with sewers. The other two camps, B and C, had
tubewells with hand pumps, ponds, and “fenced surface
latnnes.” Comparative facilities and rates of cholera inci-
dence for each camp are summarized below.

Refugee Camp Persons Per Persons Cholera Cases
(population) Water Source Per Latrine Per 1000
A Geneva 662 130 1.16
Camp (49,675)

B Kamalapur 1,896 325 395
Railway Camp

(11,375)

C Kataban/ 2,018 404 429
Bapupara

Camp

(12,112)

Camp A, with piped water and sewered latrines, had 62
percent less cholera than Camps B and C, with inferior
water and sanitation facilities.

Koopman, ].S. “Eliminacion de AguasNegras, Suministro
de Agua y Diarrea Endemica en un Barrio Urbano Pobre
de Cali, Colombia.” Boletin Oficina Sanitaria Panameri-
cana. 88(5):402-412. 1980.

This paper describes a study of the incidence of diar-
rthea, as seen by 19 health centers in Cali, Colombua, from
1973 to 1976 A number of possible contributing factors
appear.

A survey of the population and of the sanitary services
available showed that incidence of diarrhea was much
greater in children under fifteen years old The study also
showed that the number of diarrhea cases dealt with in the
Melendez center had increased 500 percent. Possible fac-
tors were suggested by the fact that Melendez had an
“invading” population, poor, unemployed and badly
housed.

There was also positive relation with a poor sewage
disposal system, but not with the potability of water.
Houses with a latrine were found 1n this study to have 36
percent more cases of diarrhea than those which had a
sewer connection. Those with no provision for the remov-
al of excreta had 60 percent more cases of diarrhea than
those with a latrine, and 127 percent more than those with
a sewer.

Koopman, James S. “Food, Sanitation, and the Socioeco-
nomic Determinants of Child Growth in Colombia.”
American Journal of Public Health, 71 (1):31-37. 1981.
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This article is a statistical study of the influence of food
availability, neighborhood socioeconomic conditions, and
family socioeconomic conditions on a stratified random
sample of families of Cali, Colombia

The article concludes that neighborhood factors, includ-
ing hygiene, had a strong relationship to child growth
The findings “certainly suggest a need to expand the at-
tack on malnutntion with programs intended to control
the transmission of enteric agents at a neighborhood
level ~

Kourany, Miguel, and Manual A. Vasquez. “Housing and
Certain Socioenvironmental Factors and Prevalence of En-
teropathogenic Bacteria among Infants with Diarrheal
Disease in Panama.” American Journal of Tropical Medi-
cine and Hygiene, 18(6):939-941. 1969.

The authors report an attempt to evaluate the role of
certain socioenvironmental conditions on a group of in-
fants with 1dentified diarrheal disease and to determine
whether the type of housing influences the prevalence of
specific pathogens

The study observed 1819 infants in Panama City, Pana-
ma. A scheme of housing classification was devised, using
observations made during home visits and data on sani-
tary facilities taken from the National Census of 1960.
Information on diarrheal infechons was available from an
early study (American Journal of Tropical Medicine and Hy-
giene, 18: 930-935).

Forty-five percent of the infant cases came from Type 2
dwellings: 1.e , tenements dating to the early 1900s, with
communal water and toilets on each floor Twenty-two
percent came from Type 3 dwellings- squatter shanties of
the poorest sort, with common pit privies Nimne percent
came from Type 6 dwellings housing for very poor fam-
ilies 1n a rural area, with few if any toilet facilities The
authors state that only the Type 1 dwellings of the middle
to high group show a statistically sigraficant difference
among the six dwelling types. They state that “The differ-
ence 1n rates among the various substandard dwelling
types were not significant at 0.05 level when tested by the
chi-square test ”

The results for Type 1 dwellings suggest the benefits of
prped water to each famuly and of flush disposal of human
excreta to water-carried sewerage The multiphaty of fac-
tors influencing diarrheal diseases is recognized in the
authors’ closing statement: “Planned programs for ade-
quate housing, provision for a safe water supply within
each dwelling, 1f possible, safe removal of human excre-
ment, and improvement of the general standard of iving
will undoubtedly be accompanied by a significant de-
crease In the frequency and severity of diarrheal diseases
due to enteric infections.”

Marshall, Carter L. “The Relationship Between Trachoma
and Piped Water in a Developing Area.” Archives Envi-
ronmental Health, 17:215-220. 1968.

Also: Marshall, Carter L. “Some Exercises in Social Ecol-
ogy: Health, Disease, and Modernization in the Ryukyu
Islands.” InFarvar, Taghi M., and John B. Milton, Editors.
The Careless Technology, Ecology and International De-
velopment. Natural History Press. New York. 1972. Pp. 5-
18.

The author reports part of a trachoma control program



undertaken during the 1960s in the densely populated
Ryukyu Islands of the Western Pacific Surveys of tracho-
ma in school children were undertaken in the capital aity
of Naha, on the island of Okinawa, 1n the city of Ishikawn,
and 1n five rural villages. The Ryukyus were and are
densely populated (1,142 per square mile in 1965) coral
islands with, 1n 1965, few paved roads Fine dust 1s com-
mon during dry periods, but rainfall averages 83 inches
annually. About 40 percent of the population in 1965 was
provided with filtered, chlorinated water, piped into indi-
vidual households Per-capita water use was not stated in
the study

Naha (population 260,000), a rapidly growing city with
many rural newcomers entering the school system each
year, has a modern, piped water system Ishikawi (popu-
lation 16,000) has no central water supply system Of the
five rural villages surveyed, four have piped water to indi-
vidual households. The fifth, Tonahi, does not have a
piped water supply, 1its residents take their water from
shallow wells.

The differences in trachoma prevalence between com-
munities with piped and unpiped household connections
were found to be statistically “highly significant” (P <
0.001) The trachoma prevalence rate in Naha and in the
four villages with piped water was approximately 4 per-
cent, whereas the prevalence for trachoma in Ishikaw:
(partially provided with house connections) was 24 per-
cent and 1n Tonahi (no piped water supply) was 42 per-
cent. No expliat data were presented on water quality,
per-capita water use, or average distance to nonpiped
household sources of water

Marshall suggests that the reasons that a piped water
supply may decrease trachoma prevalence “are probably
more closely related to the different patterns of water utili-
zation 1n water-scarce and water-rich areas than to punty
of water per se.”

Misra, K.K. “Save Waterin Rural Areas: An Experimentin
Promoting Community Participation in India.” Interna-
tional Journal of Health Education. 18: 53-59. 1971.

This article describes an experimental water supply pro-
ject undertaken in 1963 1n a rural area of Uttar Pradesh by
the Planning, Research and Action Institute of Lucknow,
with WHO/UNICEF assistance (WHO/India 84) Seven
villages, in Barbanki District, with a population 1n 1964 of
4,420 were involved

A list of all the families with children below age five was
prepared and every fortnight, on a fixed day, they were
questioned by a health worker as to whether the child(ren)
had had loose stools on that particular day The survey
was conducted over 2% years

The 1rutial survey showed 1) high mnadence of diar-
rhea among children less than five years of age and 2.)
lower inadence in children living in housing with tap
water or standpost water supphes Following introduc-
tion of a piped water supply, diarrhea among children fell
from 24.4 percent to 5 0 percent three years later (The
project included a health education component.).

In addition to diarrhea and dysentery, 100 randomly
selected persons from randomly selected families were
examuned for typhoid, scabies, conjunctivitis, and tracho-
ma. Again, the introduction of tap water correlated with a
drop n disease. The following table shows reduction in
morbidity per thousands of population.
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Drseases Years

1965 1966 1967 1968

Diseases directly Dirarrhea 838 360 271 190

related to Dysentery 122 53 36 31

unclean water Typhoid 33 00 03 00

Diseases caused Scabies 254 169 00 06
by lack of Conjunchi-

clean water vitis 85 26 39 19

Trachoma 33 09 00 03

Ultimately 350 of 836 families took private house con-
nections at their own expense The remaiming famihes
were served from 42 public standposts Source, storage,
distribution, and standpost costs were paid for by the
state, the panchayat, and UNICEF

Moore, Helen A., Enrique de la Cruz, and Oscar Vargas-
Mendez. “Diarrheal Disease Studiesin CostaRica.IV.The
Influence of Sanitation upon the Prevalence of Intestinal
Infection and Diarrheal Disease.” American Journal of
Epidemiology, 82(2): 162-184. 1965.

This study, sponsored by the Mirustry of Public Health
of Costa Rica, the U.S. Agency for International Develop-
ment, and the Servicio Cooperativo Interamericano de Sa-
lubnidad Publica, was part of an extensive epidemiological
mvestigation from 1959 to 1961. Part IV covered house-
hold samitary facilities 1n six districts 1n a rural canton of
Costa Rica. The survey covered all of the 1,202 homes 1n
the Canton de Barba, recording 6,548 consumers on the
communal water systems. The objective of study IV was
to secure comprehensive data on the sanitation facilities
and sanitary conditions, for correlation with diarrhea mor-
bidity and other information on intestinal infections and
parasitism

The method used was a house-by-house recording of
water source and location, excreta disposal, drains, flies,
domestic animals with access to the house, material of the
house floor, house ownership, screening, and plumbing
facilities. The five communal piped water systems were
observed and extensive bacteriological sampling was
done of water and of the milk and meat supplied to the
communities Four experienced sanitarians and two ad-
vanced trainees did the survey work (The overall plan
and methods of the whole investigation are reported by
the same authors in “Diarrheal Disease Studies in Costa
Rica. I.” American Journal of Public Health, 56(2) 276-285
1966, with the authors as above for part IV.)

The following relationships were observed:

1. The six districts were ranked on an areawide basis
from best to poorest for household sanitation Recovery
rates of enteropathogenic bacteria from diarrhea cases
were lower 1n the three districts with the best sanitation
than for the three with the poorest sanitation. The same
characteristic held for the prevalence of Ascaris and Tri-
churis among survey subjects. However, diarrhea case
rates did not correlate with the sanitation rankings

2 Rental value of houses proved to be a satisfactory
means for grouping houses according to their samtary
characteristics. Diarrhea cases increased among 0-4 year-
olds as the rental value decreased The number of cases
and rates for all ages followed the same pattern.



3. Among all houses, the increased water use as indi-
cated by the number of water-using appliances was com-
pared to case rates per 100 for Trichuris, Ascarts, diarrhea
and Shigella. Houses with only a water spigot or a spigot
and sink had the highest rates. Among houses with two
water-using facilities there was a reduction 1n each of the
four rates, and further reductions appeared among
houses with three or more water-using facilities.

4. Seventy-two houses of the 1,202 in Canton Barba
were not on piped water. Differences in enteric diseases in
this group were noted Ten of 27 cultures (37 percent)
from diarrhea cases 1n houses without piped water were
positive for some enteropathogenic orgamisms, versus 7
percent for all diarrhea cases cultured. For Shigella cultures
of diarrhea patients from houses without piped water,
18.5 percent were positive, as opposed to 9.5 percent for
those from homes with piped water.

5. The available excreta disposal facility also corre-
sponded to rates for the four enteric diseases Ascarts in-
fections dropped from houses with no facility to those
with a septic tank Trichuris rose slightly from “None” to
“Privy,” then dropped for homes with septic tanks. Diar-
rhea was lowest for homes with no facility. Shigella was
essentially the same for “None” and “Privies,” and zero
for homes with septic tanks

6. Occupant density was plotted against the four enter-
ic disease rates. All four dropped with lower occupancy
rates.

7. Hookworm infections were most frequent in adults
(males 21 8 percent, females 19.9 percent). The prevalence
was the same with or without a pnvy The areas where
earth floors were most common in homes had hookworm
prevalence rates three times as high as other areas. The
nsk to coffee plantation workers for whom defecation on
the ground was without an alternative was also consider-
able. Shoe use also seemed to reduce hookworm rates.

8 Animal entry to homes showed no evidence that the
enteropathogenic organisms recovered from the amimals
were related to concurrent human infection or disease.

9. Water quality as indicated by coliform MPM values
showed some relationship to disease indices. Except for
the Santa Lucia district, Wet Season values were higher
than Dry Season. Santa Lucia had the lowest values at all
times. Despite that indication of water quality, Santa Lu-
cia had the highest diarrhea morbidity rate for the 0-4
ages, and the third highest rate for diarrhea in all ages and
Shigella positives. Aside from Santa Lucia, the two sys-
tems with the high percentages of MPM values had the
highest diarrhea morbidity rates and the highest percent-
age of Gurdia lamblia positives There was no consistent
pattern for the percentage of positives for Shigella

10. Santa Lucia’s data were further confounding as 1t
had the highest percentage of E histolytica positives in the
parasitism survey. The authors strongly suspected the
dissemination of E histolyfica through the water system.
There was no vanation in prevalence of E histolytica by
soclo-economic level or by age A simular interpretation
was suggested for the Giardia lamblia positive percentages
in areas served by the San Roque and Buena Vista sys-
tems, both untreated, unprotected surface sources. A clas-
sification of the “Worst Water” and “Better Water”
relating the high MPM values and the months of high-
rainfall to diarrhea morbidity rates was made. There is
consistency between the diarrhea rates and the water
quality classification The rates are higher for both the 0-4
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years and the All Ages during “Worst Water” penods. The
differences are not dramatic, however

11. Examunations of meat and milk were unproductive.
The few 1solations of enteropathogens in meat did not
relate to the diarrheal diseases observed. The families that
were patrons of four “fluid milk” vendors had few chil-
dren, and the milk was boiled and taken with coffee.
Among those families only 13 diarrhea cases were
observed.

The authors reached the following conclusions

1 Piped water was important in reducing the amount
of infection with enteropathogenic bacteria Diarrhea
morbidity per se and parasiism were not greatly affected.
It1s suggested that a portion of the diarrhea cases were not
of bactenal etiology

2. Increased use of water was associated with decreases
1 all of the index rates of morbidity and intestinal infec-
tions. When water use extended to a bathing facility, usu-
ally a simple outdoor shower, the indices for morbidity
and parasitism decreased

3 The lack of any excreta disposal facility was associat-

ed with extremely high Ascaris prevalence. Entamoeba his-
tolytica and Guardia lamblia infections were judged to be
primanly from water.
4. The quality of water piped through the five systems
was below any acceptable drinking water standards for
MPM values No positive and unequivocal relationship
could be established between vanations in bacteriological
quality and vanations in diarrhea morbidity. There was
evidence of water transmission of Entamoeba histolytica in
one system, and Guardia lamblia in another There was one
period of seasonal coincidence of high morbidity and very
high coliform counts.

5. Vanations 1n fly counts and the bacteriological qual-
ity of meat and milk did not appear to be related to the
variations in diarrhea morbidity. Domestic amimals har-
boring enteropathogenic bacteria were not demonstrated
to be related to disease episodes 1n their owners

6. The incidence of diarrhea was reduced and the pre-
valence of Shigella infections was least where a good level
of samtation was found in homes

This study amasses an impressive volume of data on
enteric disease indices and on environmental sanitation
conditions. There 15 a substantial amount of information
which supports our hypotheses on samitation and intesti-
nal disease. However, troublesome variations appeared
These result from the lack of any control group in the
communities and populations in the study The availabil-
ity of a control water source that consistently provided
water of drinking standard quality at the sources and
through distribution might have hmited the vanations
and the lack of consistent patterns of water quality and
disease

The extent of privies in these commumities indicates a
high level of sanitary consciousness. All privies are de-
scribed as pit privies and 1n several instances as sanitary
pit privies. “Sanitary” implies a complete isolation of the
excreta, off the ground surface, away from water sources,
and naccessible to insects, poultry and mammals That all
919 homes with privies should meet such criteria 1s 1m-
probable. The uncertainties of excreta disposal by toddlers
under two years of age was another problem recognized
by the authors. In the mild semi-tropical chmate, young



ones are seldom toilet-trained and are free to behave as
“door-yard” children

The diarrhea morbidity rates were not a sufficiently sen-
sitive index of the effects of water use and water quality,
which was poor at best, to produce conclusive evidence
on the water-intestinal infections relationships Matters of
diet and nutrnition were not noted 1n Part IV of the study

Despite the inconsistencies and shortcomings, the re-
ported data and the content of the Discussion and Sum-
mary support the benefits of piped water, ample facilities
for water in the home, and excreta disposal facilities to
limit intestinal infections

National Academy of Sciences. Drinking Water and
Health. Washington. 939 pp. 1977.

This 1s a follow-up to the Safe Drinking Water Act of
1974, intended as the saentific basis for revision of drink-
ing water regulations by the U.S. Environmental Protec-
tion Agency The majorty of the reportis directed at water
quality problems of an industrial society. trace metals,
asbestos, synthetic organic chemicals, pesticides, carcino-
gens, and so on.

Chapter III, “Microbiology of Drinking Water” (pp 63-
134), has useful information on infective doses for man of
bactenal protozoa and helminths, giardiasis, and radioac-
tivity. It also discusses effectiveness of water treatment
and disinfection processes. The study contamns over
25,000 references.

Patel, Mahesh. “Effects of the Health Service and Environ-
mental Factors on Infant Mortality: The Case of Sri
Lanka.” Journal of Epidemiology and Community Health,
34:76-82. 1980.

This study traces the relation between infant mortality
rates and public health services in SriLanka Although the
infant mortality rate for Sr1 Lanka (approximately 50 per
1000 live births) is low for a developing country, regional
variations are large, from 26 per 1000 to 91 per 1000. These
differences are more strongly associated with regional
vanations in environmental determinants of mortality
than with regional variations in public health expenditure.
The most significant environmental factor associated with
interregional infant mortality rates was the nature of the
water supply (r=0 82 significant at the 99 percent level)
Regional government expenditures on health had only a
weak association with infant mortality rates (r=0 08). No
relationship was found between supervision of births by
the health system and infant mortality rates (r=-0 15)

There was a weak positive association (r =0 49) between
availabihity of latrines and infant mortality This assumed
the correct sign and became significant (r=0 79) when the
tea estate sector was eliminated In the tea estate sector,
“latrines are provided but shared by many households,
are poorly maintained, and are frequently out of use. . .
there are still many pit latrines 1n use, some of which
empty into streams or irrigation canals ” Cement floors 1n
houses had a mild association (r=0 52)

Peterson, Norman]J., and Virginia Hines, “The Relation of
Summertime Gastrointestinal Illness to the Sanitary Qual-
ity of the Water Supplies in Six Rocky Mountain Commu-

nities.” American Journal of Hygiene, 71: 314-320. 1960.

This project of the Communicable Disease Center of the
Public Health Service 1n 1957 was designed to determine
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whether a correlation existed between the sanitary quahty
of the water in six Rocky Mountain communtties and their
incidence of unreported summertime gastromntestinal 1ll-
ness 1n June, July and August, 1957

The sanitary quality of the water was determined from
the records of the State Health Department. Histonies of
diarrhea dunng June, July and August, 1957, were ob-
tained by house-to-house survey of about 100 families in
each commuity. Three commurnities (1dentified as A, B,
and C) were found to differ signuficantly from the other
three in terms of the sanitary quality of the water.

The authors state: “A simple chi-square test indicated
that the overall attack rate of 13 9 percent in communities
A, B, and C was significantly higher than the rate of 8.8
percent 1in the commumties D, E, and F (p<0.01). This
correlation between water quality and attack rate was
found consistently displayed when computed separately
for each community ”

The article presents data on the case distribution by
months through June, July and August of 1957. It ob-
serves that people living in the areas for less than two
years had higher attack rates than those living in the locale
for more than two years. Chinical symptoms 1n attacks 1n
communithes D, E, and F were shorter and milder No
pattern was evident of any common source or single expo-
sure to infection. In communities with consistently con-
taminated water, the attack rate was 14 percent during
June, July and August 1957. For the communities with
high quality water, the rate was 9 percent. In the former
group, illnesses were more severe and dramatic than 1n
the latter.

The authors conclude:. . . “1t 1s reasonable to believe
that the sanitary quality of water supplies in these com-
munities significantly affected the incidence of illness. It1s
evident, however, that the effect of water supplies on the
health of the total population was not great.”

They say further, “. . . the overall contribution of water
to the attack rate in the population was (a reduction of)
about 5 percent. However the effect on the segment of
population that had lived in communities with contami-
nated water for less than 2 years was a much more signifi-
cant 12 percent.”

The authors recognize that the survey was small in size
and that etiologic agents were not defined, but the study
met 1ts objective. It confirms the value of commurnuty wa-
ter of sanitary quality in reducing gastrointestinal illness.
Furthermore, it shows that water supplies of the character
and quality of communities A, B, and C are an open door
to severe and senous community-wide waterborne dis-
ease outbreaks All that are needed are the infectious or-
gamusm and large infective doses.

Pontes, De Lima, Luiz Augusto, Minervina Ramos, and
Carlos Roberto. “Estudo Preliminar do Beneficio-Custo de
Investimento em Saneamento Urbano.” Secretaria dos
Servicios e Obras Publicas do Estado de Sao Paulo. Sao
Paulo. 30 pp. 1971.

This study analyzes the relation between infant mortal-
ity rates and public water supply for four subdistricts of
Sao Paulo, Brazil for the years 1943 through 1967. Two of
the subdistricts, Bras and Cambuci, were served by public
water supplies over the entire period while in two other
subdistricts, Nossa Senhora do O. and Vila Maria, public
water supples were installed during 1953-1957 and in full
use thereafter. The first two subdistricts were “controls”



and the latter two “experimental” subdistricts

The authors” data show a rapid and dramatic decline in
infant mortahty in the two subdistricts where public water
supplies were introduced. The data show that the annual
infant mortality rates in the subdistricts with public water
supply interventions, 1 e., Nossa Senhora and Vila Maria,
fell 68 to 80 percent during the five years following the
intervention period compared to the five years preceding
the intervention Total infant mortahty rates of over 130
per 1000 dropped to rates of 28 to 43 per 1000, approxi-
mately the rates of the older central subdistricts Undoubt-
edly other factors were important, but the rapidity and
magnitude of the decline in infant mortality rates—con-
temporaneously with the installation of public water sup-
plhes—are striking

Using regression analysis of infant mortality rates over
time, the authors developed estimates of the monetary
benefits of increased working lifetime attributable to the
installation of public water supplies From these estimates
and the investment costs of the new water supplies, they
denived benefit/cost ratios of 4 4 to 1 for VilaMarnaand 5 6
to 1 for Nossa Senhora do 0

Puffer, Ruth Rice, and Carlos V. Serrano. “Environmental
Conditions,” Chapter XVI (pp. 309-324) in Patterns of
Mortality in Childhood. Scientific Publication No. 262.
Pan American Health Organization, Washington. 470 pp.
1973.

Also: Burke, Mary, Marjorie York, and Innis Sande. Mor-
tality in Childhood. Scientific Publication No. 386. Pan
American Health Organization, Washington. 145 pp. 1979.

Both of these papers report a collaborative ex-post-facto
study of 35,000 deaths of infants and chuldren (one to four
years of age) in fifteen areas of ten countries of the Ameri-
cas (1968-1973). The study was coordinated by PAHO and
funded by AID.

Statistical treatments of aggregate data by Puffer and
Serrano showed strong inverse correlations between post-
neonatal mortality and percentage of houses with piped
water. i e, mortality decreased as the percentage of
houses with piped water increased Correlation coeffi-
cients ranged from 0 688 to 0 834 for various data sets The
investigators concluded. “The provision of water supples
and sanutary facilities to much higher proportions of fam-
ihes in many urban and rural areas 1s essential for bringing
about major reductions in postneonatal mortality ”

The study by Burke et al. of the same communities,
based on some 30,000 household interviews, “confirmed
the relationship” of the inverse “association between
availability of piped water service and high mortality, par-
ticularly of young children ”

Rajasekaran, P., P.R. Dutt, and K. A. Pisharoti. “Impact of
Water Supply on the Incidence of Diarrhoea and Shigello-
sis Among Children in Rural Communities in Madurai.”
Indian Journal of Medical Research, 66: 189-199. 1977.

This article reports on a study made by the staff of
Gandhigram Institute of Rural Health and Family Plan-
ning, Madurai District, Tamul Nadu, India, during Janu-
ary-December 1972 The objective of the study was to
determine whether public water supplies have controlled
waterborne diseases 1n rural areas, using the inadence of
diarrhea (shigellosis) as index in children under five years
of age
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For the study, three villages with open dug wells, 215
households and 388 children under five were the urum-
proved group Two villages had improved water supply
with treated water from a reservoir In one there was a
muxture of distribution by street taps and by taps within
households. The second improved system provided taps
within households for all households with children under
five

All chaldren, 1,130 at the start, were visited twice a week
for the entire year of 1972 to detect the occurrence of
diarrhea (1,041 children completed the year, as 85 moved
and four died ) Water samples from wells and taps were
examined for coliforms each month for eleven months
(166 samples) Additionally, 140 samples were collected
twice per month from domestic storage containers

Bacteriological quality at the source was found to be best
for taps within houses, and poorest at wells It deteriorat-
ed badly in home storage for all these sources. House-
holds using street taps produced the largest numbers of
diarrhea cases, Shigella positives, and high MPNs in wa-
ter samples from households with diarrhea attacks. The
lowest values were for households with tups within the
home.

The authors summarize their findings as follows:

1. The annual diarrhea incidence per 150 children on
the stated water sources was: Wells 21.5, Street Taps 32,
Taps Within Households 23.5.

2 The annual Shigellosis incdence per 150 children
was' Wells 8 8; ST12 5, TWH 4.7

3. Surveys of bacteriological quality found the wells all
grossly polluted; 16 to 25 percent of street taps and home
taps were polluted, all but 12 to 14 percent of water 1n
home storage was heavily contaminated.

4. “Street taps were not effective in reducing infective
diarrhea ”

5 “Water stored 1n the homes 1s invariably found con-
taminated, irrespective of the source including even treat-
ed and chlornated water.”

6. They conclude that not only a protected, adequate
and continuous water supply, but also public education
concerning good sarutation practices and personal hy-
giene, would be necessary to prevent waterborne
infections.

Richardson, N.J., and V. Bokkenheuser. “Salmonellae
and Shigellae in a Group of Rural South African Bantu
School Children.” Journal of Hygiene (Cambridge),
58:100-117. 1960.

Also the following:

Richardson, N.J., and V. Bokkenheuser. “Salmonellae
and Shigellaeina Group of Periurban South African Bantu
School Children.” Journal of Hygiene (Cambridge),
61:257-263. 1963.

Richardson, N.]J., and H.J. Koornhof. “Salmonellae and
Shigellae in a Group of Bantu School Children in the
Eastern Transvaal Lowveld.” South African Medical Jour-
nal, 39:367-370. 1965.

Richardson, N.J., H.]. Koornhof, and S. Hayden Smith.
“Salmonellae and Shigellae in a Group of Urban South
African Bantu School Children.” Journal of Hygiene
(Cambridge), 64:245-253. 1966.



Richardson, N.J., S. Hayden Smith, V. Bokkenheuser,
and H.]J. Koornhof. “Salmonellae and Shigellae in Bantu
Children Consuming Drinking Water of Improved Qual-
ity.” South African Medical Journal, 42:46-49. 1968.

Richardson, N.]., Gillian M. Durnett, and H.J. Koornhof.
“Bacteriological Assessment of Meat, Offal and Other Pos-
sible Sources of Human Enteric Infections in a Bantu
Township.” Journal of Hygiene (Cambridge), 66:365-375,
1968.

This series of five studies on salmonella and shigella
infechions 1n Bantu school children, 1959 through 1968,
identified water supply as one vanable The studies were
made by members of the Department of Bacteriology,
South African Institute of Medical Research, Johannes-
burg. Four areas were studied: Tlaseng, a rural area near
Rustenberg, which was studied in 1959 and again in 1968,
5 years after its water supply had been improved; Witkop-
pen, a periurban area in the Soweto complex 15 miles from
Johannesburg, Komatipoort, a rural Rallway Adminstra-
tion settlement, and Dube Township 1n urban Johannes-
burg. The objective of these studies was to determine the
incidence of salmonella and shigella infections 1n appar-
ently healthy Bantu school children and to seek factors
influencing the incidence.

Fecal samples were taken from school children aged six
to seventeen, 1n nearly even numbers of males and fe-
males. Sampling frequency vaned from four to seven
times per year Intestinal parasite examinations were
made 1n some samples. Water samples were taken concur-
rently and examined for total bacterial counts. E. colr and
fecal E. coli. General information was given on nutntion
(D1et was marginally adequate but usually low in protein.)

The last of the studies concentrated on foods of animal
origin, rather than water qualty, as possible contributors
to the high incidence of salmonellosis and shigellosis in
the group of children. In this study, offal prepared and
sold for human consumption in Johannesburg and
Soweto was tested for salmonella and other organisms.

The authors of the first five studies make the following
statements in their summanes or conclusions:

1. Tlaseng near Rustenberg, 1959 “Water was probably
implicated 1n the conveyance of the infections.”

2. Witkoppen, 1962: “The drninking water was of poor
quality and may well be implicated in the transmission of
the infections ”

3. Komatipoort, 1965: “Piped water from the town res-
ervoir which was bacteriologically satisfactory and heavily
contaminated river water, both used for drinking water
purposes, were examined Using the Moore pad tech-
nique, 8 different types of salmonella were recovered from
the 2 nivers bordenng the area ”

4. Dube Township, Johannesburg, 1965. “Water sup-
plied to each house by Johannesburg municipality was of
good quality, yet did not affect the incidence of salmonel-
losis and shigellosis ”

5 Tlaseng near Rustenberg, 1968 “In the environment
of Bantu children, the provision of high quality communi-
ty water as the only sanitary measure was without effect
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on the prevalence of intestinal salmonella and shigella
infections.”

As the studies proceeded, the authors made brief com-
ments on environmental matters other than the water
quality. The report on Dube children says, “From this
study and 1ts comparison with the previous surveys, 1t 1s
apparent that there is a need for more efficient food con-
trol and for the education of the Bantu as to the impor-
tance of personal hygiene habits Furthermore, as the
socioeconomuic position of the Bantu improves, more judi-
cious spending of money on food of higher nutritional
value may have a bearing on their susceptibility to diarr-
hoeal diseases ” The study of offal in Soweto Township
found salmonella in amounts of the offal sampled ranging
from 14 to 48 percent The authors concluded, “although
there 1s a definite need for improved treatment of the offal
before distribution to the consumer the resulting increase
in cost must not be such as to deprive the population of
this important source of proteins.”

The first five studies were almost wholly limited to the
occurrence of the presence of salmonella and shigella or-
gamsms 1n the stools of apparently healthy Bantu school
children, ages six to sixteen, and to the bacteriological
quality of water in the school and communities Limited
information was given on water sources, water use, water
handling and storage, or water treatment. The studies
were not directed toward the susceptible age group of 0 to
five years. Very little information was provided on excreta
disposal, handwashing or food handling.

Present epidemiological views of the role of water as a
mode of transmission of salmonellosis relegate 1t to a
much less important position than contaminated foods.
The findings of the sixth study confirm that view.

Rubenstein, A., J. Boyle, C.L. Odoruff and S.J. Kunitz.
“Effect of Improved Sanitary Facilities on Infant Diarrhea
in a Hopi Village.” Public Health Reports, 84(11): 1093-
1097. 1969.

This study traces the effects of improving sanitation on
the mncadence of infant diarrheal diseases. Moenkopi, a
Hopi1 Indian village in Anzona, was divided into two
parts an upper area in which indoor plumbing was mn-
stalled and a lower area which was left unchanged. Chil-
dren from Moenkopi were classified according to
residence 1n the upper or lower village to compare their
rates of hospital use for diarrheal complaints. An exami-
nation of the health of infants was made from hospital
records both before and after the plumbing installation.

The results showed that the average number of visits to
the hospital per child in hus first year of ife declined in the
upper village from 2.0 visits before indoor plumbing to
0 85 after indoor plumbing. At the same time, the rate 1n
the lower village was declining from 3.1to 2 6 the decline
in the upper village was significant at the 0.05 level. The
decline in the lower village was not Subsequent age
groups tended to have indistinguishable patterns of hos-
pital use. The mother’s education apparently did not in-
fluence overall hospital use by infants in lower Moenkop1

The study notes several problems that could influence



results. There seemed to be basic political and social differ-
ences between the two parts of the village which might
influence the illness of infants, there was no control for
breast feeding, refrigerators in homes were not noted; and
there was no measurement of willingness to use the hos-
pital and other modern facihities The authors conclude
that the refusal of the villagers of the traditional lower
Moenkopi to install water indoors was a pohtical decision
and not hostility to good health practices, as they had
installed their own outdoor water taps without govern-
ment help long before residents of the “progressive” up-
per village got their facilities by cooperating with the
Public Health Service

Schleissmann, D.].,F.O. Atchley, M.]. Welcomb, andS.F.
Welch. “Relation of Environmental Factors to the Occur-
rence of Enteric Diseases in Areas of Eastern Kentucky.”
Public Health Monograph No. 54, 1958. Issued as Public
Health Services Publication No. 591. Also published in
Public Health Reports, Vol. 73(11). November 1958.

This study, conducted by the Public Health Service’s
Communicable Disease Center in mirung camps of East-
ern Kentucky, took place from September 1954 through
December 1956. The Cumberland Field Station of the CDC
was established at Prestonsburg, Kentucky, to study a
population of nearly 4000 in eleven communities ranging
from 1295 to 100 (most between 100 and 300). The objec-
tives were to investigate the associations between specific
environmental conditions and the occurrence of diarrheal
disease, and to estimate the levels of control attainable by
selective environmental changes.

The communities were selected for their sanitary facili-
ties. Group A, a single community of 1,295 people, had
complete facilities of flush toilets, hot and cold water 1n
the house. Group A dwellings also were the only ones
with solid-waste collection service with covered cans 1n
general use. Group B,15 commuruties totaling 1,624 peo-
ple, was incompletely served by public sanitary facilities'
80 percent of the dwelling units had privies; 39 percent
had only cold water in the house, 29 percent depended on
outside water not under pressure. Group C, 1,009 people
n five rural hamlets, had only nominal sanitary facilities.
Ninety-three percent of the dwelling uruts had privies; 77
percent depended on outside water not under pressure

Diarrheal disease was measured by monthly visits to
households with children under fifteen. The prevalence of
Shigella and Salmonella infections was determined in pre-
school children at monthly intervals by rectal swabs. In-
testinal parasite prevalence was determined from stool
specimens from individuals of all ages 1n various commu-
nities. Fly abundance was measured by monthly counts
during fly season by the scudder grill method Water sam-
ples were taken from public, semi-public and private wa-
ter supplies to determine coliform counts

The diarrheal disease morbidity rate for all ages duning
the entire study period in Group C people was 2 6 times,
and 1in Group B people 1.94 times, that among Group A
For the 0 to 4 year-olds from September 1955 through
August 1956, Group C children had morbidity rates for
’
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diarrheal diseases 5 1 times those of Group A children

The percentage of positive rectal swabs for Shigella in-
creased as the extent of sanitation facilities decreased from
Groups A to B to C. A similar pattern was found for the
helminthic infestations

The ascaris positives in the ages two through twelve
were 11 7 percent in Group A, 42 6 in Group B and 60 2
percent in Group C Consistently smaller fly populations
were observed around dwellings in Group A thanin Band
C.

Overall, the coliform test results conformed to the con-
dition and construction of the water supply, with frequent
and high coliform counts from the poorly protected
sources and those piped without treatment.

Data were also assembled on home crowding, house-
wives’ years of formal education, and sanitary facihties in
the home, they were then correlated with reported diar-
rheal disease, pre-school child Shigella prevalence and
ascaris prevalence 1n all ages These analyses resulted in
the following findings:

1. Shigella and ascaris rates were two or more times as
high for those in dwellings having 1.5 or more persons per
room than those living under less crowded conditions

2 In “well sanitated” areas, there was a higher diarrhe-
al disease rate 1n less crowded homes (under 1.5 persons
per room) than in more crowded ones However, this
pattern did not hold for Shigella in pre-school children
and ascaris in all ages. Rates were higher by a factor of 2
and 4 respectively in the dwellings with 1 5 or more per-
sons per room.

3. One-third of people reporting enteric disease had
flush toilets and water inside their houses, had a mini-
mum of crowding and had hugher levels of education than
those having water outside the house Persons in higher
educational levels tended to report more diarrhea than
those in lower educational levels.

4 The combination of increased crowding, large fam-
ilies, and low educational levels tends to increase the
prevalence of diarrheal disease However, the combined
effects of these factors are not as significant as the effects
of inadequate sanitary facilities

5. The inadence of enteric disease was primarily affect-
ed by the availability of water and sarutary facilities

The study did not undertake to 1solate water supply
alone as a beneficial factor in reducing diarrheal disease.
No data were reported on the quantities of water used in
the home This study did offer strong support for the
value of a sanitary water supply and water-carried excreta
disposal in reducing intestinal infections and infestations.
It also showed that such sanitation items were related to
the socioeconomic level of the communities

Shuval, Hillel I., Robert L. Tilden, Barbara H. Perry, and
Robert N. Grosse. “Effect of Investments in Water Supply
and Sanitation on Health Status: A Threshold-Saturation
Theory.” Bulletin World Health Organization, 59(2):243-
248. 1981.

This article hypothesizes a “general theory” for “plan-
ning water supply and sanitation investments in the de-



veloping countries” that will “explain some of the
reported anomalies as regards the health benefits associat-
ed with community water supply and other sanitation
projects.” The “model” attempts to fit a flattened S-
shaped, logistic curve to data from 65 developing coun-
tries for 1.) national life expectancy at birth as a function
of 2.) national adult Iiteracy and 3.) “low” or “high” wa-
ter supply coverage for the urban population in 1962
Some 38 countries with an average coverage of 79 percent
of urban population (with either house connections or
public standpipes, excreta disposal unspecified) are
termed the “high samitation” group, 27 countries with an
average urban coverage of 41 percent are termed the “low
sanitation” group.

The form of the two curves (for high and low groups)
was chosen to fit the assumptions of “threshold” and
“saturation” phenomena at the beginning and end of the
curves. That 1s, marginal improvement in health status 1s
assumed as nul at lowest levels and at highest levels of
sanitation Use of the logistic curve form tends to force
such a fit inasmuch as 1ts theoretical form 1s asymptotic to
this origin and to any pre-set maximum (in this study, 70
years life expectancy). Tests for fit of the two curves yield-
ed correlation coefficients of 0.70 and 0.75 respectively for
“low” and “high” sanitation. However, visual inspection
of the data suggests that many other curvilinear or per-
haps even linear forms would fit the data as well as does
the logistic curve.

The data used are problematical, differing in space and
time, using surrogate measures of socioeconomic condi-
tions and health status. Water-supply data lump house
connections and public standposts together and ignore
the rural areas where most of the population lives Sani-
tary excreta disposal, actual use of facihties, and health
education are also ignored Literacy data are not differen-
tiated by sex, although strong evidence 1s available that
the literacy of mothers (often much lower than for males)
1s a critical factor in infant and child mortality. The “the-
ory” tells nothing about relative cost-effectiveness of alter-
native mterventions, levels of service, or technologies or
muxes of the same As presented, 1t assumes homogeneity
within countries. The authors do recognize many of these
1ssues and quite properly include numerous caveats and
precautionary notes.

The simphaty of a “general theory” has inherent ap-
peal Nevertheless, each water supply and sanitation in-
tervention will continue to require location- and situation-
specific  engineering, and economic, financal,
environmental, social and health effectiveness analyses.

Skoda, John B., J. Bertrand Mendis, and Michael Chia. A
Surveyin Rural Bangledesh of Diarrheal Morbidity, Water
Usage and Related Factors. UNICEF/WHO. Dacca. 47 pp.
June 1977.

This survey considers the relation between water usage
and diarrheal disease. It 1s a cross-sectional survey of
68,155 rural villagers distnbuted throughout the country
(121 villages in 21 districts 1n four divisions)

The cost of a tubewell with hand pump averaged less
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than U.S. $1 per person served. Tubewell use was primar-
ly for dnnking water Use for bathing and washing
(clothes, utensils, et al.) fell off rapidly with increasing
distance. Use for dninking water also declined with dis-
tance, but more slowly, only about thirty percent used
tubewells 1f the distance to the nearest one exceeded 1000
feet Surface sources, e g, “tanks” (water-filled borrow
pits), are readily available i1n much of Bangladesh

Of the 65 tubewells tested, the bacterial quality was
found to be “satisfactory” in 70 percent. All open wells
and surface waters tested were grossly polluted. In the
households using tubewells, 17.3 percent reported more
than one case and 4.2 percent had reported more than two
cases of diarrhea and/or dysentery in the week preceding
the interview. Households using surface water sources
had 29.1 percent reporting over one case, 9.8 percent over
two.

The total incaidence of diarrhea/dysentery in villages
with tubewells equipped with hand pumps was 41 per-
cent lower than in villages using unimproved surface wa-
ter sources Thus the study concludes that such tubewells
can provide bacteriologically safe water under the condi-
tions found 1n Bangladesh

Spira, W.M., M.U. Kahn, Y.A. Saeed, and M.A. Sattar.
“Epidemiological Surveillance of Intra-Neighbourhood El
Tor Cholera Transmission in Rural Bangladesh.” Bulletin
World Health Organization, 58(5): 731-740. 1980.

Thus study of cholera transmission was conducted dur-
ing the 1976 post-monsoon cholera season (October-Janu-
ary) in the Cholera Research Laboratory (CRL) rural study
area in Matlab Thana, Bangladesh Index cases were ran-
domly selected from patients admuitted to the CRL Hosp1-
tal with cholera-like diarrhea and from whom V. cholerae
had been 1solated from rectal swabs. All families who
shared any water source for any purpose with an index
case family were questioned about their water use habauts,
water sources, and presence of diarrhea A rectal swab
taken from each interviewee was cultured for V. cholerae
Water samples were collected from all water jars 1n the
study households. Water samples were taken at all sur-
face water points used by persons in the neighborhoods of
index cases for bathing, dish washing, playing, or obtain-
ing water for dnnking and cooking. Tubewells, tanks and
ponds, canals, nivers, and ditches were sampled. Also
sampled were leftover foods, and rinsings from the left
hands of persons engaged 1n food preparation or water
handling in each household Surfaces of cutting and food
preparation boards were also checked

Tubewell water was used only for drinking. Because of
the relativity high 1ron content 1n local ground water
pumped by hand from tubewells, all famihes interviewed
used surface water for cooking, rinsing, dishes, and wash-
ing hands and feet Drinking jars containing water from
tubewells were refilled daily because the water had a ten-
dency “to form a brown sediment upon standing over-
night ” (Ferric oxide?) Tubewells were used by 62 percent
of families in neighborhoods classified “cholera-negative”
compared with 38 percent in “cholera-positive” neighbor-



hoods. Overall, 57 percent of surface water sources were
contaminated, but tubewell water was consistently free of
detectable V. cholerae. Food, hands, and utensils were
also virtually free of contamination.

The results showed that cholera transmission was via
contarmnated surface water, particularly water taken into
households for cooking or drninking. Infections resulted
from a daily dose not exceeding ten to the fifth power of
organisms and the frequency of exposure appeared tobe a
major determinant of the infection rate. Further, “vehicles
other than water played virtually no role in transmitting
V. cholerae 1n these outbreaks ”

The authors also suggest that “a significant improve-
ment can be obtained if communities establish a safe
source of water just for household use. . . Alternatively, it
may be feasible to disinfect water 1n jars prior to using 1t in
the household. It may be possible in some cases to provide
tubewell water that 1s acceptable in quahity and avadability
for household use 1n this part of Bangladesh ”

Stewart, W.H., L.J. McCabe, E.C. Hemphill and T. De
Capito. “IV.Diarrheal Disease Control Studies—TheRela-
tionship of Certain Environmental Factors to the Preva-
lence of Shigella Infection.” American Journal of Tropical
Medicine and Hygiene, 4. July 1955.

The U.S. Public Health Service sponsored this study to
determune whether the observed differences in Shigella
prevalence rates in children were related to environmental
differences among blocks of towns in southwest Georgia.
The period of study was from Aprnl 1949 to April 1952.

The data on about 28,000 rectal swab cultures were the
result of the Diarrheal Disease Control Studies; the exami-
nation of the data in view of environmental conditions
was Part IV of the series. Areas of the towns observed
were divided into four groups (Poor, Fair, Good and Very
Good) by city blocks according to: 1.) Location and type of
water source; 2 ) Type of excreta disposal; 3.) Fly densi-
ties and potential for fly breeding, 4 ) Esthetic quality of
the house and surroundings; 5 ) Structural quality of the
house.

The conclusion was that a few general environmental
factors can be used to characterize areas with varying lev-
els of Shigella infection rates Further analysis showed
that monthly or seasonal changes in prevalence followed
the sanitation classifications. The highest prevalence
months (for data from Apnl 1949 through March 1952)
were 1n the Poor Samtation group.

Further subdivision of the Fair and Poor blocks showed
the same correlation, as parts of blocks classed as Poor had
higher rates than the parts of blocks classed as Fair. Com-
bining the subdivided Poors showed a rate three times
that of the combined subdivided Farr classifications The
Shigella infection rates followed the sarutation classes
when applied within blocks. Furthermore, infection rates
appeared to be correlated with the proportion of Poor
sanitation premises in an area. Where many infections
occurred, even the families with better sanitation were
affected. Organized community efforts, rather than indi-
vidual improvements of premises, appeared to be needed
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to reduce diarrheal diseases

The influence of accessibility of water on Shigella infec-
tion prevalence was examined by grouping the poorest
sanitation situations in the study area by location and type
of water source. The conclusion was that infection rates
from Shigella were highest where water was least
accessible.

The sanitation indices 1n this study were descrniptive
and not quantitative. Data on the bacteriological quality of
water were not given other than the comment that town
water supplies occasionally failed to meet drinking stan-
dards. No data were provided on water consumption by
households either “close to” or “far from” any type of
source, town-supphed or dug wells The assumption was
made that consumption and accessibility follow one an-
other Such an assumption 1s generally accepted. The
sanitation classifications of houses, including the element
of esthetics, must closely follow the socioeconomic status
of the houses. The specific environmental assets must be
accompanied by a hife-style pattern that favors the preven-
tion of diarrheal disease. Nevertheless, this study sup-
ports the value of water supplied in purity and abundance
to reduce Shigella infections 1n children.

Tompkins, A.M., B.S. Drasar, A.K. Bradley, and W.A.
Williamson. “Water Supply and Nutritional Status in Ru-
ral Northern Nigeria.” Transactions of the Royal Society of
Tropical Medicine and Hygiene, 72 (3): 239-243. 1972.

This study examunes the relation between water supply
and malnutrition. From September 1976 through May
1977, interviews were conducted with 9,850 people, the
entire population of the rural Gamzago village area The
village area comprises hamlets scattered over 35 square
miles, fifteen miles from Malumfashi in northern Nigeria

Methods used were the classification of water supples,
bacteriological samphing of water, and accepted anthropo-
metric observations on a random sample of pre-school
children.

Three characteristics of the children—Weight/Age,
Height/Age, and Weight/Height—were observed for rela-
tion to water source' Protected Water (deep wells) and
Unprotected Water (shallow wells, ponds, or pools) The
results show that more children 1n areas of “unprotected
water” are malnourished and “wasted ” “Stunting,” the
result of chronic malnutrition, was essentially the same
for both groups

Coliform counts 1n the “unprotected sources” of water
were about 10,000 per ml, in the “protected sources”
above 100 per ml, and in stored or heated water about 1
per ml. Pap, a guineacorn porridge, was at the level of
U.K. piped water, about 1 per 100 ml. Foods classed as
“solids” such as beans and bean cakes ranged from 200 to
over 100,000 per 100 ml.

The authors conclude that while the relation of “wast-
mg” to inadequate water supply seems clear, it remains to
be determined whether “water purity alone” or “a more
complex relationship of unhygienic practice from food
and food vessels” 1s the most important factor.

The study, reported 1n 1972, was part of an ongoing



project, evident shortcomings may be eliminated 1n future
work. There 1s no mention of excreta disposal With water
supply very rudimentary, even for the “protected
sources,” 1t 1s unlikely that excreta disposal met sanitary
norms, particularly for the target group, children from
three months to 47 months. No information was provided
on specific intestinal bactenal or viral infection or hel-
minthic infestations, and the authors do not seem to rec-
ognize the function of coliform organisms as an index of
pathogenic microorganisms in water. No information was
provided on the quantities of water used by those on
either “protected” or “unprotected” sources With the im-
plied concern for the cohform content of foods, 1t 1s sur-
prising that there 1s no information on food intake
quantities and little on diet These may be fully reported in
other articles from the project

This study does not provide substantial data supporting
the health benefits of sarutary water supplies. Sanitary
engmeering consultation would have been beneficial.

Trivedi, B.K., H.S. Gandhi and N.K. Shukla. “Bacteri-
ological Water Quality and Increase of Water Borne Dis-
eases in a Rural Population.” Indian Journal of Medical
Science, 25(11):795-801. 1971.

The objective of this study was to get reliable informa-
tion on the incidence of waterborne diseases and the bac-
teriological quality of rural water in India.

Forty-eight wells serving three villages were inspected
for location, dramnage condition, water table, sources of
pollution, construction, disinfection, supervision and lab-
oratory control Bacteriological samples were taken for
colony counts and MPN coliform indices every two weeks
for two months, January and February 1968. Samples for
chemucal analysis were taken from seven randomly select-
ed wells. From March to July 15, chlorination was apphed
to 36 of the wells These were divided into four groups of
nine, which received different doses of chlonne weekly
Twelve wells of the Kheva village were a control group to
which no chlorine was applied.

None of the 48 wells met the norms for a sarutary well.
The majonty of wells showed high colony counts and
MPN values during the pre-chlonnation sampling perniod
Throughout the study the control group of wells had high
MPNs However, the chlorinated wells showed a decline
in MPN values 1n accord with the residual chlorne level.
The highest residual chlorine dose produced the lowest
MPN values

The incidence of waterborne diseases was also record-
ed, using records of the Rural Field Training Centre, the
Primary Health Centre of the area, and weekly “domicili-
ary enquirtes.” Data were collected on gastroenteritis,
dysentery, typhoid fever, and infectious hepatiis Water-
borne diseases were rather uniformly epidemic during
1965-1967, highest in May, June, and July of each year.
Control and treatment areas had similar incidence rates
during January and February 1968, the pre-treatment peri-
od. But during the four and one-half months of chlorina-
tion of wells, the treated area had an incidence rate one-
tenth that of the untreated control area Sub-group I of the

130

experimental group, which had the lowest level of chlor-
ination, did have two infectious hepatitis cases, in June
and July 1968. The authors conjecture that the chlorina-
tion of the well in sub-group I was not sufficient to destroy
the virus of infectious hepatitis. Overall, however, they
conclude' “The Chi-square test indicated that chlorination
of water resulted in a decrease of bacteriological load of
the water with corresponding decrease 1n the incidence of
water-borne diseases.”

The data justfy the authors’ conclusion. “There was a
substantial decrease in the incidence of water-borne dis-
eases in the area of experimental wells during the penod
of chlonination, when compared to the same for the corre-
sponding period in the previous years.” The results are
particularly striking as chlornnation was a weekly treat-
ment, not continuous

Van Zijl, W.]. “Studies in Diarrheal Diseases in Seven
Countries by the Diarrheal Diseases Advisory Team.”
World Health Organization Document. WHO/ENT 66.8.
1966.

This sernes of studies was to obtain information on the
causes of and the factors contributing to diarrheal dis-
eases The availability of water received particular atten-
tion. The senes was sponsored by WHO and collaborating
countries, and took place over a five-year period, 1960-
1965. It was conducted by advisory teams made up from a
pool of nine epidemuologists, ten bacteriologists, four par-
asitologists, four pediatricians, five sanitary engineers,
and two statisticians. Not all disciplines were represented
on each of the teams. The teams were supported and
supplemented by country participants. The countries and
times 1nvolved were: Mauritius, 1960, four months, Su-
dan, 1961, four months, United Arab Republic (Egypt),
1961, four months; Sr1 Lanka (Ceylon), 1962, ten months;
Iran, 1963, ten months, Bangladesh (East Pakistan), 1964,
five months, Venezuela, 1964-1965, twelve months with
follow-up 1965-1966, twelve months. (The follow-up data
are iIn WHO/ENT 66 11, reviewed 1n the next entry.)

The work concentrated on pre-school children in select-
ed villages or towns. Details of procedures varied from
country to country. Different situations were selected 1n
respect to water supply, excreta disposal, fly populations,
solid waste handling, and quality of housing. Data on
diarrhea were from health center records, from case ex-
amination, from famuly interviews, and from fecal sam-
pling by rectal swabs or stools. The bacteriological and
parasitological exammations of fecal samples varied de-
pending on facilities and needs

Findings 1n three of the countries—Sudan, UAR, and
Iran—are of special interest They dealt with paired com-
munuties, with protected water supply and without water
supply. Within each country the water-supply communi-
ties were similar to the non-water-supply communities in
such matters as religion, race, socioeconomic standards
and personal habits. The great difference was 1n the level
of sanitation. That level was hugher in water-supply areas,
but not huigh enough to control the incidence of diarrhea.

In Sudan, the water-supply village (Banat) had houses



with water to the yards but not inside One-half of the
houses had showers, and all had privies. None had kitch-
en facilities or water-carried excreta disposal In Feitahab,
the non-water-suppled area, there was no piped water
supply. Other conditions were similar but at a much lower
level InBanat, all drinking water was transferred to earth-
en jars for cooling. The contents of these jars were fecally
contaminated. Thus there was little apparent effect of wa-
ter availability on diarrhea, which occurred in the under-
7-year-olds at a rate of 21.8 percent, versus 26 6 percent in
Feitahab. Shigella rate was more favorable for Banat, 6.4
percent versus 14 percent in Feitahab

The United Arab Republic data showed more marked
differences between water-supply and non-water-supply
areas. The diarrhea incidence among the under-6-year-old
population was 10 percent 1n the water-supply areas and
38 percent in the non-water supply areas. The Shigella
1solations were 3.4 percent and 9 4 percent respectively
for the month of the survey. The water-supply area, the
town of Embaba, was described as having complete sani-
tation with brick houses connected to a central water sup-
ply, bathrooms, flush toilets, kitchen facilities, water-
carnied sewage and solid wastes disposal. The non-water-
supply areas had communal sources from standpipes or
Abyssiman pumps. Water was drunk from the tap in Em-
baba, not stored in jars

InIran, the water supply community was Robat Kareem
(population 2,310). The non-water-supply area was four
poor rural villages (total population 1,922) Among the
under-7-year-olds, the Robat Kareem rate for diarrhea was
36 percent and the Shigella rate was 4.7 percent The rural
villages without water service, depending on dug wells or
ghanats, had rates of 48.7 percent and 7 5 percent respec-
tively. The samutation level of Robat Kareem was described
as improved, with a central water supply providing house
taps in the courtyards with handwashing facilities Drink-
ing water was from earthen cooling jars found to be fecally
contaminated Excreta disposal was by pit latrines The
sanitation of the four villages was described as pnmutive
Excreta disposal was by pit latrines for some and nothing
at all for others Fhes were described as abundant in both
Robat Kareem and the four villages

In all three countries, Sudan, United Arab Republc
(Egypt) and Iran, the water-supply areas all had diarrhea
rates among pre-school children that were lower than the
non-water-supply areas. The same pattern held for the
detection rates for Shigella. The report states: “We may
conclude that availability of water reduces the rate of diar-
rhea as well as the detection rate for Shigella, but the
availability of water alone, without further sanitary im-
provements, 1s probably not able to reduce diarrhea dras-
tically enough to solve the problem.”

The study of Mauntius gathered data on the location of
water sources and rates of diarrhea and Shigella infection.
Accessibiity of water was clearly shown to be a factor in
the occurrence of diarrhea and Shigella infections.

All these studies recognized that several factors contrib-
ute to the prevalence of diarrhea. Sanitary facihties, nutri-
tion, and domestic and personal hygiene are important to
prevent diarrhea Another separate WHO document re-
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viewed later in this work—"Summary Report on Diarrheal
Disease Studies in Seven Developing Countries over a
Five Year Period (1960-1965)"—presents an age distribu-
tion for the Iran study. It makes 1t clear that the very
young are the most vulnerable

The disease conditions under study have a mix of multr-
ple causes Safe and accessible water supply 1s a helpful
protective factor, but does not in itself produce large
reductions

Van Zijl, W.]., R. Travieso, and M. A. Matute. “Studies on
Diarrhoeal Diseases in Venezuela. Followup Reportof the
Work Started by the Diarrhoeal Diseases Advisory Team
in Cooperation with the Ministry of Health, 14 June 1965 -
14 June 1966.” WHO Document ENT/66.11.

This study, sponsored by WHO and the Venezuelan
Ministry of Health, continues the preceding one offering
further observations on the occurrence and causes of diar-
rheal diseases in Pampanito and Monay, Venezuela Ob-
servations were made of fly counts, ramnfall, and
temperatures to determine effects on the occurrence of
diarrhea The bacteriological quality of water in the new
Pampanito system, supphed from a dnlled well, was
monitored. The charactenstics of the distribution system
were examuned. Chlonnation at the well was begun in
June 1965 and continued throughout the year of the study
The incidence of diarrhea was reported for children under
7 years old.

Pampanito and Monay provided four combinations of
water and sanitation. The rural community of Pampanito,
new with modern houses, had central water piped into
the houses from a dnlled well, good sanitary equipment
and good wastewater disposal to cesspools The area was
designated as new Pampanito. In old Pampanito, water
was supplied from a creek The level of sanitation was
low, house construction inferior with poor sanitary equip-
ment. Two-thirds of the houses had water inside the
house, and forty percent were connected to a sewerage
system Most of the remainder discharged waste on the
surface

Monay’s living conditions, 1in both old and new areas,
were less advanced than Pampanito’s In old Monay a
dilapidated water system served only a few houses. Water
was provided by a publc tank truck Sanitary equipment
was almost completely lacking, and wastewater disposal
was on the ground’s surface. Excreta went to pits or the
surface New Monay benefitted from well-constructed
houses, but water service was by pubhc tank truck as in
old Monay. Wastewater disposal was still to the ground
surface. Excreta disposal was into pits or on the ground.

The data on chmatic conditions, diarrhea, and fly popu-
lations revealed no clear patterns The study says that the
madence of flies and of diarrhea both seem related to the
chimate, but not necessarily dependent on each other. The
authors conclude that “man-to-man” contacts are more
mportant than flies in spreading diarrhea The quantity
and availability of water, along with good sohd waste and
wastewater disposal systems, are described as the most
useful solutions to the problem.



The authors comment that “improved housing alone
does not mean very much. Providing a water supply to the
population shows a reduction of the diarrhoea incidence,
but a more effective reduction of the diarrhoea rates oc-
curs when the availability of water 1s concurrent with
good sanitation ” The data support these conclusions,
showing the advantage of water-supplied communuties
over non-water-supplied: Pampanito (new) over Monay
(new), and Pampanito (old) over Monay (old) The advan-
tages, measured as percentage reductions in annual aver-
ages of percent of cases of diarrhea in children under
seven years, were fifty percent for the first painng and
forty percent for the second pairing Pampanito (new),
which had a better water supply 1n source and distribution
than Pampanito (old), showed a thirty-four percent lower
rate of diarrheal cases in children under seven years

The report supports the usefulness of piped water into
dwellings 1n reducing diarrheal diseases among the pre-
school ages It supports the value of an ample water sup-
ply to dwellings with complete sanitary facilities for
personal and home hygiene

Watt, James, A.C. Hollister, M.D. Beck, and E.C. Hem-
phill. “Diarrheal Disease in Fresno County, California.”
American Journal of Public Health, 43 (6). June 1953.

The U.S Public Health Service sponsored this study in
Fresno, California, July through December 1950 Its objec-
tive was to determune the factors contnbuting to the high
prevalence of diarrheal diseases in the Central Valley of
California, with particular attention to Shigella infections.

Three types of communities in Fresno County were se-
lected mugrant farm labor camps, town fringe areas, and
housing projects. The children under ten years old were
examined for intestinal infections by rectal swabs. For
famihes visited repeatedly, at intervals of four to six
weeks, illnesses were recorded

The water supply and excreta disposal facilities varied
in the migrant labor camps from minimum to adequate
All had “pure” water, but not all had 1t piped into the
dwelling. Some units had complete baths and kutchens In
poor camps, excreta disposal was by privies

Town fringe areas had city water into homes or at public
taps. No sewers existed Houses were usually owner-oc-
cupied, but of poor construction

The housing projects were publicly owned, well-built
with good plumbing Housing-project families had a his-
tory of relatively few severe diarrheal diseases.

The resulting data pointed to water use as a single envi-
ronmental factor which may significantly lower the Shi-
gella prevalence when the nsk of acquiring that infechion
1s great. This study aroused concern for the accessibility
and quality of water as important water and sanitation
assets for the control of shigellosis

White, Gilbert F., David J. Bradley, and Anne U. White.
Drawers of Water/Domestic Water Use in East A frica. Uni-
versity of Chicago Press. Chicago. 306 pp. 1972.

This 1s a fascinating account of water use and practices
in Kenya, Tanzania, and Uganda during the latter 1960s,
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particularly in rural areas Chapters Six and Seven, “Costs
and Benefits of Water: Health” and “Total Social Costs,”
together with other works by Bradley, have greatly influ-
enced water and health concepts, as well as the classifica-
tion of diseases related to water.

With the exception of one report on diarrhea in house-
holds with and without piped water, this was not a field
study of the health impact of water supplies However,
that report found a large difference in the rate of reported
cases. 3.4 percent of houses with piped water reported
cases of diarrhea durning the week preceding the inter-
view, compared to 19 percent of houses with unpiped
water.

Based on East African experience, estimated morbidity
and mortality of water-related disease in the area, and
evidence of the effectiveness of water supply interven-
tions, the authors prepared tables, excerpted below, for
the proportionate reduction of each disease which might
be expected in East Africa from improved water supphes:

Percent Reduction
Expected 1f Water
Supply Were

Dragnosis

Excellent
Guinea Worm 100%
Typhoid 80
Unnary Schistosomuasis 80
Leptospirosis 80
Trypanosomiasis, Gambiense 80
Scabies 80
Yaws 70
Inflammatory Eye Disease 70
Schistosonuasis, unspecified 60
Trachoma 60
Bacillary Dysentery 50
Amebiasis 50
Dysentery, unspecified 50
Tinea 50
Gastroenterntis, 4 wk. to 2 yr 50
Gastroenteritis, over 2 yr 50
Skin and Subcutaneous Infections 50
Diarrhea of the newborn 50
Paratyphoid and other Salmonella 40
Louseborne Typhus 40
Intestinal Schistosomasis 40
Ascarnasis 40
Louseborne relapsing fever 40
Otitis Externa 40
Classic Skin (leg) Ulcer 40
Trypanosomuasis, unspecified 10
Dental Canes 10
Overall reduction expected 52%

World Health Organization Diarrhoeal Diseases Advisory
Team. “Summary Report on Diarrhoeal Diseases Study in



Seven Developing Countries over a Five-Year Period
(1960-1965).” WHO Document ENT/66.9.

This WHO report covers the same studies as the WHO
report by Van Zijl, which has been reviewed above. The
work done mn Venezuela in 1964-1965 was recounted.in
greater detail in this report. Only that part of thus docu-
ment which deals with Venezuela, pages 24 through 31, 1s
reviewed under this heading.

Five communities were selected with diffening sanitary
conditions. Pampanito had an old section (population of
2,114) with a central water supply, and a new section
(population 833) 1n a modern housing project with piped-
in water. Monay similarly had an old section with a popu-
lation of 1,833 and a new section with 497 people in a
modern housing project, but neither had water supplied
Houses strung along a highway were designated as Kilo-
metro villages (total population 2,781) These were to pro-
vide baseline data against the time when water should be
supplied to the Kilometros.

The plan to compare the old section of Pampanito with
the modern housing was ruined by the discovery that old
section houses were connected to the housing project’s
water mains and that many inter-connections and cross-
connections had been made. Therefore, the data were
examined by dividing all of the houses in all of Pampanito
into two groups—those houses that had water inside and
had washing facilities and those houses that did not have
either one. The diarrhea incidence was 35% 1n the group
with water and 43% in the group without water. Howev-
er, factors in the lower incidence included not only inside
water but all of the modern housing project with 1ts full
complement of sanitary facilities.

Monay did not have publc supplied water either 1n 1ts
old section or 1n 1ts housing project A division was made
among Monay houses using washing facilities or having
at least one tap, and those having no such facihties. The
diarrhea rate was 33.5% in the first group and 47 5% 1n the
second group The stated conclusion for the Monay diar-
rhea data was “The difference is statistically significant
and is considered to be due to the availability of water,
since there were no big differences in other sanitary
facilities ”

The situations, which utially were believed to offer
comparisons between water-supplied and non-water sup-
plied communities, were not readily divisible The Pam-
panito areas had interconnected supplies. The Monay
housing project had plumbing facilities in the units, but
the public water supply had not yet been installed How-
ever, the results are indicative of the usefulness of water in
reducing the incidence of diarrhea.

Other sanitation factors were also observed. Continu-
ous fly counts were examined for relation to level of sani-
tation and incidence of diarrhea The authors reported
that “in the zone with the high fly counts, the highest rate
of diarrhoea occurred within the group living under the
worst sanitary conditions ” This points out the multiple
factors influencing diarrhea.

Zaheer, Mohd, B.G. Parsad, K.K. Ctovil, and T. Bhadury.
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“A Note on Urban Water Supply in Uttar Pradesh.” Jour-
nal Indian Medical Association, 38 (4): 177-182, 1962.

This study reports on the progress of water supples,
water purification, and water quality i 73 towns with
piped public water service in Uttar Pradesh (total popula-
tion four mullion, one-sixteenth of the total for Uttar Pra-
desh) It presents the changes in death rates from cholera,
typhoid fever, dysenteries and diarrheas in fourteen
towns for periods five years before and five years after the
establishment of purification systems

The water-supply data apply to conditions 1n the late
1950s and early 1960s, 1n 73 cities and towns with piped
water in whole or in part. The epidemuological data on
waterborne diseases are for fourteen towns for two per-
iods, five years prior to and five years after the establish-
ment of water punfication systems. The years of
establishment of water punfication systems extended
from 1943 to 1954

Information was assembled on 73 piped public water
supplies and on the death rates for waterborne diseases 1n
fourteen of the towns. Bacteriological analyses were made
weekly at the Provincial Hygiene Institute. In 1959, this
covered 70 of the supplies, with three services maintain-
ing their own laboratory. Samples for chemical analysis
were collected every three months. No detailed data are
provided

The study gives the average specific death rate for four
waterborne diseases for five years prior to and five years
after the installation of a water purification system 1n four-
teen towns in Uttar Pradesh. A substantal reduction in
the death rates 1s recorded. The percentage reduction for
the entire group was: cholera 74 percent, typhoid 64 per-
cent; dysenteries 23 percent, and diarrheas 43 percent.
There were three exceptions in which there were in-
creases. In Sandika, where there are a substantial number
of open wells, “a poor conservancy system” (solid waste
handling), and no sewerage, cholera increased. In Deoria,
where disinfection was by the manual addition of bleach-
ing powder and without testing for free residual chlorne,
dysentery and diarrheas increased somewhat In Vrinda-
ban, which had the oldest system drawing from a shallow
tube well since 1943, only 33 percent of the people were
served with piped water. Disinfection was handled as at
Deoria. Vrindaban showed increases in typhoid fever and
dysenteries. It also had the highest death rates from diar-
rtheas for both the before and after periods.

The authors note that the reported diseases can be food-
or fly-borne, but conclude that “since there has been no
appreciable change in the standard of environmental sani-
tation 1n the above mentioned towns of Uttar Pradesh
during the period of study, except the improvement in
water supply, the differences observed can be safely at-
tnbuted to the provision of protected water supply ”

The data strongly support the value of piped water sup-
ply to reduce waterborne diseases, even when the sup-
plies do not fully meet all standards for bacteriological
quality, continuity of service and disinfection practice A
favorable charactenstic of the supphes studied 1s the high
proportion of deep tube wells: i.e , 53 of the 73 supphes



serving 37 percent of the total population on piped water
Such sources have an advantage over surface sources for
inherent protection against biological contamination.

This evidence for water supply to reduce waterborne
disease is strong. In fact, it is too strong to be accepted
without question. The study did not provide any control
towns with piped water supply. It also did not supply
mformation on changes in preventive and curative medi-
cal services, despite the long period covered. However,
the data 1s a positive addition to the public health value of
samtary water supply.

Zebec, M., A. Bujevic and B. Cvjetanovic. “Mraclin, 50
years of Rural Drinking Water and Sanitation Programme
In Croatia.” Annex 2 (22 pp.) in Cvjetanovic, Branko. “Ef-
fect of Water Supply and Sanitation on Health in Rural
Communities in Developing Countries.” Unpublished
Report. Zagreb. 42 pp. + Annexes. June 1980.

This reports a program during the late 1920s for im-
provement of sarutation for the village of Mraclin (pop.
approx. 1000), near Zagreb, Yugoslavia. The program re-
sulted 1n the installation of sanitary wells, latrines, ma-
nure pits, sanitary drains, a health center, a public bath,
and a public hall. One sanitary well was provided for
approximately each thirteen households. Seventy percent
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of the population were provided with sanitary latrines.
The villages paid one-third of the total costs, the authori-
ties two-thirds.

The following table, taken from Cvyetanovic, shows the
findings-

Before Program 1921-1926 During and After

Program 1927-1932

Age mn Annual Death Rates per Annual Death Rates per
Years 1000 Population 1000 Population
009 185 143

1-49 46 26

599 6 5

10-199 6 6

20-399 10 9

40-59 9 13 13

60-79 9 84 66

80 267 314

All Ages 27 19

These results show that most of the reduction 1n mortal-
ity occurred in children under five years of age. Infant
mortality was reduced about forty per thousand per year
Annual mortality for children for ages one through four was
reduced by 45 percent. Overall annual mortality was re-
duced by 30 percent. The results confirm the health value
of a sanutation program, particularly for the very young
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