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Preface 

This volume, Water and Human Health, is intended to provide an overview of the 
relationship between water and human health. The primary focus is on water and 
health in the developing world as influenced by provision of safe, adequate, accessible, 
and reliable drinIdng water supplies. Attention is also given to diseases associated with 
clupational and recreational contact with water and with animate vectors of disease 
which live or breed in water habitats. Emphasis throughout is on microbiological 
agents of disease. These are the water-related diseases of highest priority in the devel
oping world. The relationships of organic and inorganic chemicals, natural and man
made, radionuclides, physical characteristics (e.g., "hardness"), et al. have been 
intensively reviewed recently by the U.S. Environmental Protection 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 1of 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 
deve!oping 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 )f 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 WaterandHuman Health 
rests with National Demonstration Water Project. The book in no way represents the 
formal or informal policy of the U.S. Agency for International Development. Further 
information regarding Waterand 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 United Nations inaugurated the 
International Water Supply and Sanitation Decade (1981-1990), 
with the goal of worldwide availability and use of readily accessi-
ble, safe, reliable, and adequate community water supplies and 
sanitation by the year 1990. The "Decade" was stimulated 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 is even more bleak for 
sanitation. 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 in five resi-
dents has access to safe water. 

Also during 1980, the World Health Assembly (WHO's direct-
ing authority, 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 sanitation are by WHO (and UNICEF) 
definition, a component of primary health care. (WHO, 1978a; 
UNICtF-WHO Joint Committee, 1979.) 

Water is, of course, an absolute necessity for life. However, 
water can also be a carrier of suffering and death. Conversely, 
the ready availability of water makes possible a hygienic envi-
ronment that prpvents or limits 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 nvtional health status for over half a century. It is 
often forgotten that during the 19th-century cholera pandemics, 
thousands died of waterborne cholera in such A.merican cities as 
New York, New Orleans, and St. Louis. Much of our under
standing of the epidemiology of typhoid fever is due to the 
pioneering studies by William T. Sedgewick of water supplies in 
New England in the 1890o and by Wade Hampton Frost of Ohio 
River Valley communities during the first decades of the 20th 
century. At the turn of thre century, diarrheal diseases killed 
small children in the United States at rates comparable to those 
of today in the developing world, where, in many countries, one 
child in four never reaches his fifth birthday. (See Figure 1-1). 

'The Worid Health Organization estimates that 500 million di
arrheal episodes occur each year in children under five in Asia, 
Africa, and Latin America. Three to four percent of these end in 
death (WHO, 1979; also see Rohde and Northrup, 1976; Barker, 
1975; and Gwatkin, 1980). These illnesses are the result of pover
ty, ignorance, malnutrition, and poor environmental sanitation, 
particularly inadequate water supply and excreta disposal. 

To put these numbers in 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 lives. 
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 3 

Population 

WHO Region Urban4 Rurals Total 

(Countries) Millions Percent Millions Percent Millions Percent 

Africa (16) 
Americas (21) 
Eastern 

14,152 
145,650 

65 
81 

19,272 
21,753 

21 
30 

32,710 
104,091 

29 
57 

Mediterranean (15) 
Europe (2)6 
South-East Asia (8) 
Western Pacific (9) 

46,272 
10,980 

127,521 
36,036 

80 
81 
68 
91 

23,955 
20,180 

145,118 
18,046 

16 
63 
19 
30 

67,673 
40,160 

272,639 
54,082 

34 
71 
29 
54 

TOTALS7 450,000 77 313,000 22 763,000 38 

"'Reasonable 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 fetching the
 
family's water needs."
2"Safe water" supply includes treated surface waters or untreated but uncontaminated water such as that from protected boreholes, springs, and
 
sanitary wells.
 
3Not including the population of China.
 
4The national definition as determined by each country.
 
5See note 4 above.
 
6Algeria and Turkey.
7Extrapolated to include the 95 countries surveyed in 1970. 

SOURCES: Pineo (1975); Twenty-Ninth World Health Assembly (1975); U.N. Water Conference (1977); WHO (1976); WHO (1977). 
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During the same hour that the DC-10 passengers died in Chi-
cago, some six times as many children under five years of age 
died of diarrhea in the developing world. Imagine the publicity 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 little public notice. 

Cholera, typhoid, and diarrheal diseases c.n be significantly 
reduced by adequate water supply and sanitation, as can many 
other diseases. The role of water supply in improvement of 
health is not limited to those diseases transmitted through inges-
tion of water in food or drink. With adequate water supplies for 
bathing, washing of clothes and cooking utensils, food prepira-
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-boare diseases, 
and others, particularly those controllable by hand wr.shing. 
(See Table 1-2.) 

Water contact, with skin penetration by pathogenic agents of 
disease, is important in the tropics. Because many occupations 
require the use of water- -irrigation farmers; fishermen; women 
with no alternative to surface waters for washing clothes, uten-
sils, and children; persons performing religious ablutions; chil-
dren swLmming or washing animals in hot climates; and 
others--much exposure can not be readily prevented. Some of 
these diseases are major health problems in many countries, 
e.g., schistosomiasis. Aso vectors of many diseases live part or 
all of their lives in a water environment. Mosquitoes and certain 
fly and snail species are examples. 

These diseases--malaria, onchocerciasis, schistosomiasis, etc. 
are, of courie, important. However, because (1)our major focus 

is on water supply interventions and (2) a huge literature on 
these diseases is available, coverage here will be shortened. 

Sanitation, especially disposal of human excreta (feces, urine, 
and vomitus), is closely allied with water supplies; 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 etal., 1980); therefore, 
coverage is limited to one section which provides guidance for 
program design. 

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 inasmuch as their relation

ship to water is highly controversial; priorities for water supplies 
in developing countries make the issue largely irrelevant, and an 
extensive literature review in available from the National Acade
my of Sciences and the Environmental Protection Agency. (Re
;erences are provided in the appropriate later section). 

One other omission should be noted. Many respiratory dis
eases could be termed "waterborne" in that they may be trans
mitted 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 wastewnter treatment. 

Table 1-2. Estimated Proportion of Preventable Water-

Related Disease in East Africa in 1966
 

Percent Reduction Expected 
Diagnosis IfWater Supoly Were Excellent 

Guinea Worn 100% 
Typhoid 80 
Urinary Schistosomiasis 80 
Leptospirosis 80 
Trypanosomiasis, gambiense 80 
Scabies 80 
Yaws 70 
Inflammatory Eye Disease 70 
Schistosomiasis, unspecified 60 
Trac'noma 60 
Bacillary Dysentery 50 
Amebiasis 50 
Dysentery, unspecified 50 
Tinea 50 
Gastroenteritis, 4 wk to 2 yr 50 
Gastroenteritis, over 2 yr 50 
Skin and SuLcutaneous Infections 50 
Diarrhea of the Newborn 50 
Paratyphoid and other Salmonella 40 
Lousebome Typhus 40 
Intestinal Schistosomiasis 40 
Ascariasis 40 
Louseborne relapsing fever 40 
Otitis Externa 40 
Classic skin (leg) Ulcer 40 
Trypanosomiasis, unspecified 10 
Dental caries 10 

Overall 52 

SOU4iCE: White, et al. (1972). 

Purpose
 

Water supply and sanitation to meet the goals of the Interna
tional Water Supply and Sanitation Decade and of the Health for 
All by the Year 2000 initiatives will require prodigious invest
ments, both for new construction or rehabilitation 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 
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most, of whom have severely limited resources and many com-
peting needs. 

This treatise is written in the hope that it will assist the effec-
tive and efficient use of resources in the water supply sector, one 
of the explicit goals of which is to improve health status, through 
a better understanding of the relationships between water sup-
plies and health. 

Historical Development of Our Understanding of 
Water Supply and Disease 

Introduction 

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

Wisdom of the Ancients 

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

Natural Experiments 

The industrial revolution and the rise 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 in London was a pioneering effort of scienti-

fic understanding. Over 700 deaths from cholera occurred in St. 
Jame Paishia 17weekperod.Sno'setaied tud shwed 

that most of the victims had used water from the Broad Street 
tat aleay swerwhih pasedadjcenPumpand futhe, toPump 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 original cholera case. Remarkably, Snow's study pre-

dated Pasteur'- germ theory of disease by one decade and 

Koch's identificationof the causative organism, Cholera vibrio, bythree decades.Fire-2HitrclTedoU..MratyRefo
Aerd eidemc oGastroenteric
A serious epidemic of cholera occurred in Hamburg in 18920 

when unfiltered water from the River Elbe was supplied to the 
city. In that outbreak Koch succeeded in isolating Cholera vibrio 
from the river water. Hamburg and the contiguous town of Al-
tona both drew water from the River Elbe and discharged 
sewage to it at a number of points. The water of Altona-bring 
downstream from Hamburg-was initially the more polluted, 
but Altona filtered its water through slow sand filters and Ham-
burg did not. In the course of a few weeks 18,000 persons in 
Hamburg were attacked by the disease and 8000 died. The death 
rate from cholera in Hamburg was 13.4 per 1000 of the popula-
tion; Altona suffercd 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 supplied 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 

countries in the latter half of the 19th century. Diseases associat
ed with poor sanitation and crowded environments decreased in 
numbers even without planned interventions, curative medi
cine, 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 in this regard. The following exam
ples ate illustrative. 

Cvjetanovic (1975) shows the similarity of decline in enteric 
disease in the United States and in 51 developing countries if the 
time scale is adjusted. (See Figure 1-2.)' 

A study (Johnson, 1916) of the fall (65 percent), in typhoid 
mortality in 20 American cities following introduction of water 
supply filtration bears a remarkable similarity to the fall in ty
phoid mortality (63.6 percent), in 14 Indian towns following 
introduction of water purification a half-century later than in the 
U.S. cities (Zaheer, et al., 1962). 

In the Punjab some 15 years ago, the infant death rate from 
diarrhea in the second six months of life was 56 per 1000. A half
century earlier 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, et al., 
identified the causative pathogenic micro-organisms did full ac
ceptance come-aided immensely by Koch's "postulates" f

confirming that a bacterium was indeed the agent of a specificdisease. 
This of course led to identifcation of the "portal of entry" of 

the micro-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 intransmission of the disease. (See Section 3.) Thus any interven
tionswhichobrok the dea-o. cyce c ect ie vu
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 
rementhe. infe , cook, or leans. 
treatment (e.g., disinfection), cooking, or cleansing.
 

Figure 1-2. Historical Trend of U.S. Mortality Rate for 

Disease Compared to 19E9 Data for 51 Countries. 
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S .dies 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 transmitted by drinking contaminated water. 
Waterborne diseases were widely prevaleni 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 2 19th-century pandemics. 

The decline of waterborne diseases in the U.S. closely paral-
leled the establishment of public water supplies and sewerage 
and, it should be noted, economic development. Correlations 
were particularly strong for cities taking their water supply from 
unprotected watersheds with major declines following, first, fil
tration and then chlorination 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 epidemics is important in the developing 

world, the on-going, continuing, everyday levels of disease are 
more important--if less professionally exciting and news gc ier-
ating-in the aggregate. 

Endemic disease is not so clear-cut in its relationship to water 
supply: for many diseases, there are alternative routes of trans-
mission. However, both the experience cited earlier, a mammoth 
body of empirical evidence, and over 100 published studies sup-
port the water supply and health relationship. Although the 
relationship exists, it is not easy to precisely quantify, either 
prospectively or in retroprospect. 

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

Other things being equal, a safe and adequate water supply 
is generally associated with a healthier population. This has 
been unequivocally demonstrated for urban areas and in 
varying degrees for rural situations. The difficulty lies in 

measurement rather than in qualitative 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-time basis other things usually 

cannot be held constant or accurately controlled. Conse-
quently, it is extremely difficult to identify and measure 

exactly the health effects of improved water supply, and 
there is 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-
tailed 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); White, Bradley, and White (1972); 
ard Miller (1962). 

Interventions 

Interventions for controlling waterborne transmission include 
the following: 
IVater Supply 

(1) Selection of uncontaminated sources, e.g., wells from 
deep aquifers. 

(2) 	Treatment of raw water, especially chlorination, 

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

(4) 	Protection of watersheds. 
(5) 	Water quality surveillance. 

Sanitanj Excreta Disposal 
(1) Protecdon of water supplies. 
(2) 	Protection of environment. 
(3) 	Support of water supply and excreta control activities. 
(4) 	Destruction, removal, isolation, or dilution of fecal 

wastes. 
Health Education 

(1) Personal and community hygiene. 
(2) 	Protection of environment. 
(3) 	Support of water supply and excreta control activities. 

Transmission of Water-Related Diseases 

For convenience the more important water and excreta-related 

diseases are categorized in teims of appropriate interventions: 

Waterbome-Microbiological Diseases 

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

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

Waterborne-Chemica! Diseases 

Basically, these are illnesses associated with ingestion of water 

containing toxic substances in harmful concentrations. These 

may be of natural origin or man-made. They are generally local
exity-specific. Interventions include their removal (generally 

pensive) or selection of alternate sources. On a global basis, 

these are not major problems in non-industrial countries and are 

generally of lower priority than microbiological diseases. 

Water Hygiene Diseases 

These are diseases whose incidence, prevalence, or severity 
can be reduced by using water to improve personal and domestic 
hygiene. These include many of the fecal-oral transmission dis
eases also listed as waterborne. Most of these diseases may also 
be transmitted by food, hand-to-mouth contact, and numerous 
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, e.g., tinea, 

and eyes, e.g., trachoma. Some hygienic skin diseases are associ

ated with insect infestations; for example, scabies is caused by 
mites, pediculosis by lice. Lice also can transmit other disc ases, 
for example, louseborne typhus. 

Sufficient water must be available for hand washing, bathing, 
laundering, and cleaning of cooking and eating utensils. This 
quantity is needed in addition to that used for drinking. 

A fallacious argument is sometimes advanced that quantity of 

water is important, quality of water is not. Economically-and 

4
 



inevitably--only one water supply is feasible; this must provide 
waters for both dinking and hygiene. Microbiokigically, safe 
water can satisfy both purposes: even large quantities of unsafe 
water cannot. Even where waterborne transmission does not 
appear to be endemic, the epidemic risk of common source out
breaks in community water supply systems should be avoided 
by public agencies. In ihe majority of instances, the cost differen
tial is negligible. 

Water Contact Diseases 

These are diseases transmitted by skin contact with pathogen-
infested water. The most important of these diseases is sch'sto-
somiasis (bilharzia). Schistosome eggs in human excreta hatch 
in reaching water. The resulting larvae must invade suitable 
snail hosts or peirish. Following a multiplication process within 
the snail, the free-swimming schistosome larvae (cercariae) es-
cape from the snail and find and invade man by penetrating his 
immersed or wetted skin. 

This important tropical disease infects over 200 milion people, 
and its prevalence is probably increasing. Current control meth-
ods, primarily drugs for those infected and chemical control 
(moflusciciding) of snails, have had limited succ,!ss. Both of 
these methods requir,, periodic repc~ition. 

Controlling schistosomiasis by limiting the ne2d for human 
water contact through provision of public water supplies has 
shown promise in St. Lucia, Brazil, Puerto Rico, and South Afri-
ca and is 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 live all or part oi their lives in or adja-
cent to a water habitat. The archetypes are schistosomiasis (asso-
ciated with snails), malaria (associated with mosquitoes), and 
onchocerciasis (associated with aquatic flies). 

The relationship of schistosomiasis to water supply was pre-
viously described. Water supply has little role in other snail-
vector diseases which are not dependent on water contact. 
Sanitary excreta disposal could theoretically intermn' t the life 
cycle of these diseases. However, this has not been dcmonstrated in practice. The issue is furthercomplicated by the presence of 
the diseases in wild and domestic animals. 

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

Other than direct attacks against the vectors, i.e., spraying of 
insecticides, sanitary engineering has little direct impact on 
aquaticfly-borne diseases. An indirect effect of a developed water 
supply is to reduce human contact with tsetse flies, vectors of 
African trypanosomiasis, which for certain species are found 

primarily in riverine habitats. These same habitats are often the 
source of hand-carried water supplies, particularly during dry 
soeaos and-rr ter sunits 

Excreta Disposal Diseases 

These are diseases whose transmission may be effectively in-
terrupted by sanitary disposal of human feces and urine. They 
include 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. Ascariasis and trichuris are fecal-oral route 
diseases, primarily by hand to mouth and by ingestion of con
"aminated soil. 

Physiologicl Needs of Man 

Water is physiologically necessary for human survival. Long

term water intake and water losse3 must be inequiibrium. Wa
ter is taken into the body in food and drink, including water and 
water-based fluids, and leaves the body in urine and perspira-
Con, and to a lesser extent, in feces and as water vapor exhaled 
from the lungs. 

Individual water intake varies widely with body weight and 
surface area, ambient temperature and humidity, diet, activity 
(e.g., work), culture, clothing, and health status. However, a 
common average value of daily water intake for adult intake is 2 

to 2.5 liters per capita per day (lcd). 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 Liters per Capita (Icd)
 

World Health Organization 
(1971) 2.5 

Environmental Protection 
Agency (1976) 2.0 

National Academy of Sciences 
(1977) 2.0 

White, Bradley, and White 
(1972) 1.8 to 3.0 

Saunders and Warford (1976) 5 
'This is water that is actually drunk, not design capacity. 

The chief means by which the human body regulates internal 
temperature in warm climates is 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 lcd (White, 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 dail' inta 
I ke of organisms or of substances dissolved or 

suspended in water taken for drinking is the product of the 

number or the concentration of the impurities in a fixed unit 
volume, such as one liter, multiplied by the number of volume 

ingested. For example, for water containing 2 milligrams 

per liter (mg/l) fluoride, a person who averages consumption of 
2 liters per day of such waler 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. 

Fluoride occurs naturally and at an optimum intake is highly 
beneficial for prevention of dental caries. However, excessive 
body intake may result in dental mottling or in crippling skeletal 
fluorosis. 

Thus, in establishing quality standards for fluorine (and for 

5
 



other substarces), 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 fluoride in drinking 
water at not more than I mg/day is 2 to 8 fold of that for dental 
mottling and 20 to 40 fold of that for skeletal fluorosis (NAS, 
1977). 

This, greatly simplified, is 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 in a vast majority of cases, all at 
the cost of a considerable expenditure of energy. Children bene-
fit because the heaviest burden of morbidity and mortality from 
waler-related disease falls upon them. As will be shown, these 
benefits are cross-linked. Their importance is underlined by the 
United Nations Children's Fund (UNICEF) which .resently de-
votes over one-fourth of its budget to ir.iprovinc, water supply 
and sanitation in 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 caloric demand. White et al., (1972) estimated the aver-
age East African rural woman used about 9 percent of her esti-
mated 2,840 ki!ocalories (KCal) daily intake in providing water. 
This Froportion represents a number of calories roughly equiv-
alent to the number of additional calories required a day during 
pregnancy. This figure of 9 percent, however, applies 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 is but one of several tasks making a demand 
on a woman's energy. Table 1-4 summarizes the caloric demands 

of these tasks. Childrearing or childbearing, when combined 
with water drawing, may account for a sizeable share of the daily 
caloric demand. Food gathering/cultivation and wood gathering 
are estimated as requiring together the same number of calories 
as are demanded for water drawing alone (based on an estimate 
that the distance traveled for these tasks is roughly the same as 
that foi 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 nighttime metabolism 
is added, the breastfeeding weman 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 caloric 
intake spent on water collection to, perhaps, 1 percent, then she 
will have that much additional energy for childbearing o: rear
ing, for other household tasks, or for herself. A fascinating com
mentary on these inter-relationships is found in the study of 
White, et al. (1972) in East Africa. When rural women were asked 
what they would do with time saved through having water 
piped in, with little hesitation they agreed almost unanimously 
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 river, well, or 
sping. 

Water may be contaminated at several points, including the 
source itself (spring, well, or pond), the receptacle, the domestic 
storage vessel, or the cup (White, et al., 1972). If the infant is 
artificially 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 is another potent-al hazard. 

Prevention of diarrhea, therefore, requires more than simply 
improving the quality of water at the source or even the accessi
bility; it also involves protection of water from the source in 
transport vessels, in storage vessels, and during handling. 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) 

Task 

Nighttime metabolism 
Childbearing 
Childrearing (breastfeeding) 
Food gathering/cultivation 
Wood gathering 
Water drawing and transport 
Other household chores 
Commercial activity 

Average daily caloric intake 

'National Academy of Sciences (1970).2See Note 1 above.3White, G.et al (1972).4Gale, G.W. (1960). 

SOURCE: Isely (1981). 

Demand Daily Intake 

(K Cal/day) (Percent) 

840 30 
200 7' 

1,000 352 
120 4.5 
120 4.5 
240 93 
60 2 
60 2 

2,840' 

'This section draws heavily on ideas developed by Raymond B.Isely, 
M.D., Associatc Director, Water and Sanitation for Health project 
(WASH), Rosslyn, Va. 

6 



and using proper sanitary means of waste disposal, such as pit 
latrines and garbage ;:.Z., itis 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 its goal of improving 
children's health, it will be only by a comprehensive approach to 
diarrhea prevention, 

Water Supply and Nutrition 

The interaction between diarrhea and malnutrition is well 
known. The linkage of contaminated water supply and malnutri-
tion, through malabsorption of food associated with frequent or 
severe enteric disease episodes, is well established (Chen, 1980). 

Water, Sanitation, and Primary Health Care 

Availability and use of adequate, safe water supplies and hy-
gienic means of waste disposal are integral parts of primary 
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 sanitation interventions should be integrat-
ed with other primary health care activities: in particular, with 

health education and promotion in both the home and the com
munity and with maternal and child health care. Examples 
which seem obvious but are often overlooked include sanitary 
protection of stored household water from contamination and 
mosquito breeding, promotion of breast feeding, use of safe 
water in preparation of weanling foods, and promoting the use 
of safe water and sanitary excreta disposal. Because in many 
countries, water supply and sanitation may be the responsibility 
of other than health authorities, project design may require spe
cial attention to interagency linkage and coordination and to 
supplementary training of village health workers, for example, 
teaching them how to do simplified sanitary surveys. 

Neither water supply nor any other primary health care infor
mation can by itself meet the full objectives of primary health 
care. Most real world programs will incorporate a mix of activi
ties, but for many poorer countries, a necessarily incomplete 
program. This means that the level ,,ndextent of primary health 
care activities must be weighed in accordance with their contri
bution to current national objectives, health and otherwise. This 
cannot be determined a priori; but must be tailored to specific 
circumstances. These include the capacity of local institutions 
and their staff and their interest in finding resources, the prima
ry health care infrastructure already in place, the expressed 
needs and wishes of the local population, and the strength of 
other relevant sectors-agriculture, education, et al. 
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SECTION 2 

WATERBORNE DISEASES 

Introduction 

Definition 

diseases in which the pathogen, i.e., a disease-These are 
producing agent or microorganism, enters the body as a passive 

component of drinking water. Two other criteria should be in-

cluded in a pragmatic definition: 
(1) A significant proportion of the disease is transmitted via 

drinking water, and, a corrolary, 
(2) 	 removal of the pathogen from drinking water will in many 

instances have a significant impact on incidence 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 categorized 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 thai microbiological waterborne dis-
ease for individuals is generally manifested in acute episodic 
form, whereas, disease due to toxic -hemicals may be manifested 
in acute or cumulative, chronic form depending on the concen- 
tration in the water. 

Waterborne Microbiological Diseases: Fecal-Oral Transmission 

Many of these diseases are transmitted through "fecal-oral" or 
"anusto 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 organisms within his body without manifest symptoms. 
Carriers are often more important in transmission than those 
persons actually ill. "Typhoid Mary" Mallon is a classic example. 
Working as a cook in homes and hospitals in New York State a 
half-century ago, she carried typhoid fever to thousands of un-
fortunate victims. 

Most of the fecal-oral diseases are manifested in the intestinal 
tract, that is, they are "enteric diseases." 'he most common 
syndrome is diarrhea, i.e., frequent, loose stools. The etiologic 
agent, i.e., the pathogen, may be one of many candidate organ-
isms, including viruses. These diseases may also spread to other 
parts of the body. 

Other Pathways 

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

An important although localized disease transmitted by drink-
ing water, and only by drinking water, is guinea worm, or dra-
contiasis. Ova (eggs) of the worm enter the w .'.rfrom the adult 
female worm as it protrudes from the skin of an infected person 
who is 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 infective stage. Man 
swallows the infected copepods by drinking water from the con-
taminated source. The larvae of the guinea worm are liberated 

during digestion, migrate through the viscera to the subcutane

ous tissues beneath the skin. From these the gravid. female worm 

protrudes through an ulcerated blister in the ski, discharging 

eggs to the water, reinitiating the cycle. 

Waterborne Disease Due to Chemical or Physical Agent. 

Illnesses due to chemical or physical agents are caused by 
ingestion of water containing harmful or toxic substances. Injury 
may be acute in rare cases but normally results from long-term 
ingestion at low concentrations. Many of the toxic substances 
tetive from the activities of man-spraying of pesticides, for ex

ample. Others may occur naturally-arsenic is 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 industrial areas? Is heart disease related to water 
hardness or other water quality parameters? Studies to date are 
conflicting and controversial. Even under the worst assump
tions, only a smal! nu . oer of people would be affected. The cost 
of removing some cL.,aicals from drinking 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 issue 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 
intestine by Entainoebahistolytica because only this species of the 
six amebae that naturally parasitize the human intestine causes 
significant disease. However, Dientamoebafragilisapparently can 
cause mild intestinal symptoms. 

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

Amebiasis is an asymptomatic carrier state in most infected 
individuals, but diseases ranging from chronic, mild diarrhea to 
fulminating dysentery may occur. Extraintestinal complications 
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Table 2-1. Waterbome Diseases' 

Microbiologic- ' Sources 

Disruse or Syndrome3 

Amoebic Dysentry 
(Amebiasis) 

Ascariasis 
(Giant roundworm) 

Bacillary Dysentery 
(Shigellosis) 
Balantidial Dysentery 

(Balantidiasis) 
Campylobacter 

enteritis 
Cholera 

(Classical and El Tor) 

Coccidiosis 
Diarrheas 

(Including Weanling Diarrheas 
and Gastroenteritis) 

E. coli 
(Enteroinvasive, Enteropathogenic, 
and Enterotoxic) 

Enteric viruses 

Giardiasis 
Hepatitis A. virus 

Hookworm and 

strongylodiasis 


Hydatid Disease 

(Echinococcosis) 


Non-cholera Vibrios 

Norwalk virus infection 


ParatyphoidFever 


Poliomyelitis 
Rotavirus infection 

Salmoncllosis 


Schistosomiasis 
Travelers' Diarrhea 
Trichuriasis 


(Whipworm)
 

Typhoid Fever 

Yersinosis 

Fecal-OralPalhnays
2 

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

tact. Resistant to chlorination.
 

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 flies.
 

Only recently recognized as important cause of pediatric diarrhea.
 

Classical waterborne disease, now pandemic. High fatality in untreated cases.
 

Rare, mild.
 
Clinical syndromes of varied etiology, generally unidentified, especially in LDCs,
 
where frequently listed as the leading causes of death. Primarily 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 in water and food contaminated by dog
 
feces.
 

Increasingly recognized as a cause of diarrheal disease.
 

Apparently a significant cause of diarrhea.
 

Direct or indirect contact with feces or urine of patient or carrier. Indirect spread usual

ly through food, esp. milk and shellfish, and, occasionally, through water supplies.
 

Waterborne transmiscon has been observed but is rare.
 

Newly identified agent of infantile diarrhea. Probably fecal-oral.
 

An acute gastroenteric, infectious disease usually spread by fecally contaminated food.
 

Waterborne epidemics are known, e.g., 15,000 cases in 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. coli bacteria.
 

Usually soil-borne but also waterborne on occasion.
 

Spread through contaminated water and food. Urinary carriers frequent in S. hemato
bium areas.
 
Worldwide but rarely reccgnized.
 

'Transmitted by ingestion of contaminated drinking water. 
n ome fecal-oral diseases, the pathogens may also be found in urine (e.g., typhoid) and vomaius (e.g., cholera). 

3Diseases of major importance are italicized. 
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Table 2-1. (Continued)
 

Other Pathways
 

Diseaseor Syndrome 	 Remarks 

Anthrax Transmission by drinking water dubious althoulgh cited by various authors.
 

Brucellosis Documented but probably very rare.
 

Cysticercosis Ingestion of eggs in food or water. Larval infection with T. solinin. Other transmission
 
(Bladder Worms) 	 routes. A serious disease. 

Gongylonemiasis Rare. Ingestion of water containing larvae from disintegrated insect hosts. 
(Scutate Threadworm) 

Guinea Worm Disense Complex transmission route with intermediate vector (Cyclops). Not fecal-oral. Found 
(Dracontiasis) only in LDCs and transmitted only by water. 

Leeches Infestation by young aquatic leeches. 
(Hirudiniasis) 

Leptospirisis A zoonosis. Transmission more often by skin contact with contaminated water. 
(Well's Disease) 

Liver Fluke Disease Occasional ingestion ok drinking water containing metacercariae from decomposed fish. 
(Cionorchiasis, et at.) Most infections from :ating raw fish. 

Melioidosis 	 Rare. Southeast Asia. 

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

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

Chemical and Other Sources 

Source 	 Disease or Syndrome Renarks 

Metals Toxicoses 	 Intake of metals in drinking water, food, and air from both natural sources and human 
activities. These include arsenic, cadmium, copper, chromium, lead, mercury, seleni
um, vanadium, zinc, et al. Can be important on a local basis, e.g., arsenic in parts of 
Argentina. 

Organic Toxicoses 	 Intake of certain chemicals, esp. certain synthetic organic chemicals, including some 
Chemicals 	 Cancers pesticides. Also some trihalomethane byproducts of chlorination are suspect carcino-

Mutations gens. Not now a high priority problem in LDCs. 
Birth Defects 

Radio- Cancers 	 Natural and man-made radioactivity. Now now a high priority in LDCs. 
nuclides 

"Hardness" Cardiovascular 	 Some epidemiological evidence indicates an inverse correlation of cardiovascular dis-
Disease eases with hardness of drinking water. 

Others Fluorosis Damage to teeth and bones resulting from long-term ingestion of high concentrations 
of naturally occurring fluorides. 

Methemoglo- Serious, sometimes fatal poisoning of infants following ingestion of well waters con
binemia taining nitrates (NO3) at concentrations higher than 45 milligrams/liter. 

Endemic Goiter 	 Iodine-deficient water or water containing goitrogens. 

Asbestosis and Asbestos in lungs known to cause cancer. Fate in gastrointestinal tract unknown. 
Mesothelioma 

Hypertension 	 Sodium-restricted diets necessary for parts of population. 
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may occur through spread of amebae via the blood stream or by 

intcstinal ulceration and perforation by invasive ameba. The 

are liver abscess and peritonitis.most common complications 

The case fatality rate is generally less than 5 percent (Plorde, 


1977). 


Transmission 

Man becomes infected with E. tistolytica by swallowing the 

cysts (the only infective forms), which reach the mouth threugh 

fecally contaminated food, water, or other objects, e.g., fingers. 

Trnsmission is highest in areas of poor sanitation. 

F:ecal contamination of water for drinking and food prepara-

tion; use of night 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 nutrition of the infected 

population are important factors in the severity of the disease. 

Also, strains of E. histolytica isolated 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 in transmission and prevention of amebiasis: 

(1) Amebiasis is manifested primarily in endermic form. The 

incubation period is variable, 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. histolyticado 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 

in epidemic ainebiasis. The first recognized water-borne outbreak 

was in Chicago in 1933, where a cross connection between a 

sewer and water supply for two hotels resulted in an outbreak 

with 1,409 cases with 98 deaths (Bundesen, 1936). Despite such 

spectacular outbreaks, the majority of cases probably stem from 

cumulative, chronic, contamination. Nevertheless, these out-

breaks serve as a reminder of the need for surveillance of drink-

ing water quality. 
water.(3) The cysts of E. histolytica can survive for weeks in 

(4) The cysts survive chlorination at normal levels. Filtration, 

preferably through diatomaceous earth, is required to insure 

their removal. (Chang and Fair, 1941). 

(5) "Freshening" of raw vegetables by sprinkling with cyst

contaminated water can result in transmission. 

(6) H!indwashing following defecation is important. 

Very little quantitative information i3 available on water sup-

ply/amebiasis relationships. One study from Lagos, Nigeria 

(Oyerinde, et al., 1979) estimated the prevalence of amebiasis in 

respondents who had tap-water in their homes to be 12.6 per

among those who drank well water was 23.4cent. The rate 
percent. The authors suggest that the higher rate of prevalence 

in 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 defecaton 

showed a lower infection rate (9.9 percent) than d d those who 

used water for cleansing (14.6 percent). 
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Bacillary Dysentery (Shigellosis) 

Introduction 

Shigellosis is an acute bacterial disease, primarily of the large 

intestine, characterized by diarrhea, fever, nausea, and some

times, cramps, vomiting, and tenesmus. Shigellosis is a serious 

disease with significant mortality, especially in infants and chil

dren. There are four species in the genus: Shigelladysenteriae, S. 

ftexneri, S. ,oydii, and S. sonnei. S. dysenteriaeType 1is the "shiga 

bacillus" of Kiyoshi Shiga, isolated during a severe epidemic in 

Japan in 1897, associated with a mortality rate of 25 percent. S. 

dysenteriae 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. sonnei and S. flexneri are the most prominent 

forms, in that order, in the United States. The disease has always 

fluorished under crowded conditions with poor sanitation. 
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Low Infectious Dose 

Infecting only humans and certain other primates, only a very 
few shigella organisms need be ingested to cause clinical illness, 
In the case of S. dysenteriae, as few as 10 to 100 bacteria suffice to 

produce symptomatic disease in 10 to 40 percent of adult volun-
teers. Because of this miniscule inoculum, shigellae can spread 
by contact without need for a vehicle such as food, watei, or milk 
to amplify the infectious dose (Keusch, 1979). A thin veneer of 
infected feces on the fingers may be all that is required. Viable 
shigella have been regularly cultured from the fingers hours after 

experimental inoculation of bacteria on the skin (Christie, 1968). 
The likelihood of transmission is enhanced, however, when 
sanitation is poor or there is opportunity for organisms to reach 
food or water. Epidemic shigellosis is often traced to such hap-
penings and may involve faulty water supply or sanitation. 

Importance of Water Quantity 

The significance of a low infectious dose was shown in a series 

of studies during the 1950s, shown in Table 2-2. Studies in poor 

communities in the United States and Guatemala showed that 

the convenience and, implicitly, the quantity of water close at 
hand, and convenient excreta disposal, had a significant impact 
on prevalence of shigellosis. Prevalence of shigellosis in the com

munity could vary as much as 12-fold, for example, depending 
on the location of water and sanitation facilities. 

Role of Water 

The studies described in the table and the low infectious dose 
have resulted in shigellosis being labeled a "water washed," or a 

"water hygiene," disease. However, it is also a waterbome 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, primarily in small "semipublic" water supplies. A 
review by Rosenberg, et al. (1976) fourd more person-to-person 
contact, but waterborne transmission wos still significant. Sever
al large waterborne outbreaks have been documented, including
those in Newton, Kansas (Kinneman and Beelman, 1944), with 
3,000 cases; in Roosevelt, Utah (rachman, et al., 1960), and in 

Montrose, Scotland (Green, et al., 1168). 

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

Sanitary Facilities 
for Each E;welling 

Water Inside/Flush Toilet 
Inside 

Water Inside/Privy Outside 
Water Outside/Privy Outside 
Water on Premises 
Water off Premises 

Kentucky Guatemala California Georgia Means Ratios of Means 
1954-56 1955-56 1952-53 1949-53 of Means to 
% % % % % Lowest Means Highest Means 

1.1 - 1.6 0.4 0.4 1.0 0.15 
2.4 6.3 3.0 2.2 2.2 3.5 0.54 
5.9 9.4 5.8 5.0 5.0 6.5 1.0 

5.8 - - 4.1 4.1 5.0 0.70 
0.896.0 5.8 5.8 5.9 

Positive cultures from preschool children in Kentucky and from children 10 years of age and under in Guatemala. For Guatemala, water inside, privy 

outside is for faciFties in more than 50% of dwellings, water and privy outside is for facilities in less than 50% of dwellings. 

SOURCES: Schliessman, et al. (1958); Beck, Munoz and Scrimshaw (1957); Hollister, et al.(1955); Stewart, et al.(1955). 
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Enteritis 
Campylobacter 

Diarrh-a due to infection by Campylobacter jejuni (Vibrio fetus) 
is an acute, self-limiting, enteric disease characterized by diar-

fever, nausea, and vomiting,rhea, abdominal pain, malaise, 

Transmission is by contaminated food or water-and by contact 


with infected animals or infants, 

Thorough cooking of food, milk pasteurization, control of in-

fections in pets and domestic animals, screening of food han-

dlers, and proper hand washing are preventive measures for 
campylobacter. 

Although well-known to veterinarians, campylobacters' role 
in 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 
in which 3,00 people were affected with overwhelming evi-
dence that the water supply was at fault (Tiehan and Voght, 
1978). Longfield, et al. (1979) describe a case who drank water 

from r, flowing stream in West Virginia. 
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Cholera 
Introduction 

Cholera is an acute illness which results from colonization of 

the small intestine by Vibrio cholerae, the cholera bacillus. The 

disease is characierized by its 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 patlzoplmysiological processes in chol-
ea. Teponcuatine nrallyhyrio6gtol8proces ish-kniod hsera. The incubation period isis generally from 6to 48 hours. This is 
followed by the abrupt onset of watery, generally painles s diar-

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 arid Southern Europe. The last major epi
demic of cholera in the We,-,tern Hemisphere occurred during 
1866-1867. 

The majority of major epidemics have clearly been water
borne, but direct contamination of food by infected feces prob
ably contributes to spread during major outbreaks. Poor 
sanitation appears to be primarily respc nsible for the continuing 
presence of cholera, but host factors, su±h as relative or absolute 
achlorhydria (abscence of hydrochloric a-id), also play an impor

tant role in the susceptibility of the individual to infection. In 

endemic areas, cholera is predominantly adisease of children; in 

rural Bangladesh attack rates are ten times greater in the one- to 

five-age group than in those above fourten years of age. How

ever, when the disease spreads to previously uninvolved areas, 

the attack rates are initially at lest as high in adults as in 

children. 
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Diarrheal Diseases 

Introduction 
The dramatic symptoms of diarrheal diseases have claimed the 

attention of man from time immemorial. Today all countries 
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. 

Diarrhea is so universal and the result of so many etiologies 
(see Table 2-3) that it can have no precise definition other than 
the abnormally frequent evacuation of watery, loose stools. The 
bowel habits of healthy people vary widely, thus the term diar
rhea has limited meaning except when viewed as a change from 

individual's customary pattern. 

Diarrhea of abrupt onset occurring in otherwise healthy per
sons is most often related to an infectious process. A variety of 
accompanying symptoms is often observed, including fever, 
headache, anorexia, vomiting, 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 
identify 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 
originally believed. Campylobacter enteritis, yersiniosis, and 
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Norwalk-type viral diarrhea similarly have received increased 
recognition, 

Table 2-3. Some Potential Causes of Diarrheas 

Having Infectious Agents 


Acute infectious non-specific gastroenteritis (AING) 

Amnebiasis (amebic dysentery) 

Balantidiasis (balantidial dysentery) 

Campylobacter enteritis 

Capillariasis, intestinal 

Cholera 

Clonorchiasis (Chinese liver fluke) 

Coccidiosis 

Diphyllobothriasis (fish tapeworm) 

Echerichiacoli diarrhea 


(Enteroinvasive, enteropathogenic, euiterotoxigenic) 

Fasciolopsiasis 

Giardiasis 

Guinea-worm (dracontiasis) disease 

Leishmaniasis 

Malaria, pernicious 

Non-cholera vibrio disease 

Opisthorchchiasis 

Paratyphoid fever
 
Rotavirus gastroenteritis 

Salmonellosis 

Schistosomiasis 

Shigellosis 

Strongyloidiasis 

Trichinosis 

Tuberculosis 

Trichuriasis 

Tularemia 

Typhoid fever (constipation more common than diarrhea) 

Viral Diarrhea (Norwalk type) 

Yersiniosis 

And Others 


Having Noninfectious Agents
Havlion i os 

Amyloidosis 

Cathartics 

Crohn's disease 

Diverticulitis
Dirus 

Drugs 

Endocrine disorders 

Erratic colon 

Malabsorption disorders (e.g., sprue)

Poiso'uing 

Chemical 
Food (e.g., staphyloccal and botulinal toxins, natural toxins in 

fish, mushrooms, et al.) 
Radiation 

And Others 

The Intestine 

filling the abdominal cavity. This is 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 anid absorbs its nutrients. The large 
intestine, or colon, coverts the liquid effluent from the ileum to 

solid fecal material and advances it by rhythmic squeezes to the 

rectum where it is 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 is added but absorption is such that 

0.5 to 1.0 liter of water enters the large intestine. There, net 

absorption results in only 0.1 liter appearing in the stools as fecal 

water (Rowland, 198; Goldfinger, 1977). 
Excessive water losses during diarrhea, resulting in dehydra

tion, can become a serious 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 is sini
lar for all. 

Diarrhea inChildren
 

Diarrheal disease is a particularly devastating problem during 
early infancy and childhood, killing 10 to 20 million children 
each y -ar,most of them in the developing countries. The child 
has less nutritional reserve, weaker immunity and, often, less 
protection from gastric acidity and intestinal peristalsis. Most 
importantly perhaps, the child has a relatively large volume of 
extracellular fluid and large surface area of small bowel in pro
portion to his body weight compared to an adult. The effects of 
an infant'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 
lightening speed" (Gall and Hamilton, 1977). 

The mortality from acute diar-heal disease among young chil
dren in developing countries would be even higher if it were not 
for the near universal practice of breast feeding. A good and 

clean food is thus provided where nutrition and sanitation are 

major public health deficiencies. However, supplementary 

foods ordinarily have to be added when nursing is prolonged 
beyond 6 months or so. 

So close is 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. coli (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 illness in children in the developing world and are by far 
the most common cause of travellers' diarrhea.They are responsi-
ble for a severe cholera-like disease in children. Although a corn-
mon cause of diarrhea in the developing world, they are an 
infrequent cause in the developed world, except in areas where 
sanitation is poor. They appear to be transmitted in water and 
food, and, in nurseries, person to person. 

Enteropathogenic E. coli (EPEC) 
Certain EPEC serotypes have been known to cause infantile 

enteritis since the 1940s. Epidemic EPEC is largely absent in 
developed countries today, and its epidemiology not well de-

fined in the developing countries. Waterborne outbreaks are 
known. 

Enteroinvasive E. coli (EIEC) 
E. coli 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 
fomites. Lack of hand washing, poor personal hygiene, and poor 
environmental sanitation contribute to spread of the disease. 

An inoculum of 106_109 organisms is 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. 
coli (Gangarosa, 1978). 

Rowe (1979), noting that the peak ;-cidence for EPEC disease 
in the developing countries is at v. -,ning, suggests that this is 
due to the infants' exposure "to the hazard of environmental 
contamination 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 believed to be the result of infection by enterotoxigenir E. 
coli. 

Merson (1975) describes travelers' diarrhea as follows: 

The clinical syndrome of travelers' diarrhea generally 
follows a typical pattern. Within two weeks after arrival 
in a foreign country, and often within the first week, 
the traveler experiences the acute onset of wa:er diar
rhea, with sometimes as many as 10 to 20 episodes a 
day. This diarrhea is frequently accompanied by ab
dominal cramps, nausea, malaise, vomiting, chills, or 
fever, with temperatures as high as 39.4°C. The illness 
is usually self-limiting, although in severe cases it may 
incapacitate the otherwise active visitor. 
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Table 2-4. Human Enteric Viruses
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on That May be Present in Water
search." Sixteenth Meeting of the PAHO Advisory Committee 


Medical Research. 32pp. 1977.
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nal of Infectious Diseases. 136(4): 605-607. 1977.
 

Enter.)viruses: 	 V 
3 Paralysis, meningitis, fever

PoliovirusViruses Echovirus 34 Meningitis, respiratory
 
disease, rash, diarrhoea,
 

Introduction fever
 
Coxsackievirus A 24 Herpangina, respiratory


"Thirty years have passed since the first studies on the pres-
disease, meningitis, fever 

ence oil human enteric viruses in water were begun ir .,arnest, 


but the public health significance of such contamination has yet Coxsackievirus B 6 Myocarditis, congenital heart
 
anomalies, rash, fever,
More than 100 different virusto be evaluated" (WHO, 1979). 
meningitis, respiratory

types are known to be excreted in human feces. More than 
disease, pleurodynia

1,000,000 infectious virus particles may be excreted per gram of 
New enteroviruses 4 Meningitis, encephalitis,

feces by infected persons. Viruses are common in sewage. They 
iespiratory disease, acute 

survive for months in water, soil, and shellfish. They may resist 
haemorrhagic conjunctivitis, 

some water treatment processes. 
fever

Human viruses that may be present in water are summarized 


in Table 2-4. A long list of diseases is associated with these Hepatitis type A 1 Infectious hepatitis
 
(probably an enterovirus)
viruses, including systemic and central nervous system disease. 


However, authenticated reports of these diseases are few. The Gastroenteritis virus 2 Epidemic vomiting and
 
(Norwalk type agent3) diarrhoea, fever
viruses for which water probably plays a significant role in trans-

mission of disease are hepatitis A virus, gastroenteritis viruses of Rotavirus ? Epidemic vomiting and 

the Norwalk type, and rotaviruses. Evidence is strong enough diarrhoea, chiefly of children 
for these viruses that a WHO Scientific Group recommends that (Reoviridae family) 

3 Not clearly established
"all potable water supplies from virus-contaminated sources Reovirus 


>30 Respiratory disease, eye
Adenovirusshould be disinfected." infections 

Parvovirus 3 Associated with respiratory
Hepatitis A Virus 

disease inchildren, but
(adeno-associated iirus)

A worldwide disease, viral hepatitis is common where envi-	

etiology not clearly
at an early age and is

ronmental sanitation is poor. It occurs 

transmitted person to person. Common-vehicle outbreaks due 

to contaminated water and food, especially milk and shellfish, 
Note: Other viruses which, because of their stability, might contaminate 

Illness varies from mild to fulminating withoccur frequently. 
water are the following:fever, anorexia, malaise, and jaundice. Fatality rate is low. Pre- (1) SV40-like papovaviruses, which appear in the urine. The JC sub

health and hygieneventive measures recommended include 	
type is associated with progressive multifocal leukoen
cephalopathy.education, personal hygiene, proper excreta disposal, and care-

(2) Creutzfeld-Jakob (C-J) disease virus. Like scrapie virus, the C-J 
ful handwashing. 	 envirus resists heat and formaldehyde. It causes a spongiform 

cephalopathy, characterized by severe progressive dementia and 
ViralDiarheasataxia.
Viral Diarrheas 

SOURCE: World Health Organization. "Human Viruses in Water, 
Viral agents commonly causing diarrhea include at least two 

Wastwater and Soil." WHO Technical Report Series 639. 
entities with distinct epidemiological differences: Norwalk type 

diseases and rotaviruses. 
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mortality in developing countries. They were only identified 

within the past decade (1973), but a viral pathogen of diarrhea 

had been long suspected.The stability ofthe virus,together with 

the large amounts excreted, makes environmental contamina-
tion more or less inevitable (Banatvala, 1979). 
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Giardiasis
 

Introduction 

Giardia enteritis is a protozoan (Giardia lainblia) infection of the 

upper small bowel. Often asymptomatic, it may present with 

chronic diarrhea, steatorrhea, abdominal cramps, frequent 
loose, pale, greasy, malodorous stools, fatigue, and weight loss. 
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It occurs worldwide in areas of poor sanitation. Approximately 	 Non-Cholera Vibrios 
30 waterborne outbreaks, affecting over 10,000 persons, have 
been reported in the U.S. since 1970. Giardiasis is prevalent in 

the tropics, and children are infected more often than adults. 

rates occur in children suffering from malnutritionMaximum 
(Knight, 1978). 

Transmissic.n is fccal-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 

supplies also exists, particularly by beavers, 

Reports, beginning about 1970, of waterborne, epidemic giar-
diasis in travelers to the Soviet Union may have been responsible 
for increased attention to this disease within the Unilpl States. 
Since then numerous small outbreaks of waterbon -,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 waier sup-
plies also: Camas, Washington (Kirner, et al., 1978) and Berlin, 
New Hampshire (Lippy, 1978). 

A 1978 Symposium on Waterborne Transmission of Giardiasis 
gives an excellent overview of the current knowledge (Jaku-
bowski and Hoff, 1978). 
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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-like 

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, estuarine waters, and sea

foods (Blake, 1990). They appear to be autochthonous (of local 
origin) estuarine bacterial species. They are pathogenic (Spira, in 
press) but the proportion of diarrheal illness associated with 
these organisms is unknown (Blake, 1980). Tratimiion is prob
ably almost exclusively by contaminated food or water (Blake, 
1980). An outbreak due to contaminated well water has been 
documented in the Sudan (WHO, 1969). 

V. parahernolyticuswas first recognized as a cause of food poi
soning in Japan in 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 transmitted almost exclusively by food, particu
larly by food krom salt-water environments. 
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Typhoid Fever 

Introduction 

a systemic, infectious disease characterizedTyphoid fever is 
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 inapparent cases 
occur, especially in endemic areas (Benenson, 1981). The infpc

tious agent is Salmonella typhi, the typhoid bacillus. 
Occurring worldwide, the disease is spread by food or water 

contaminated by the feces or urine of a patient or carrier. 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. William Budd, an English physician, who 
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described its transmission by water some three decades before 
the bacillus was identified. Budd's famous report was actually 
preceded by that of Dr. Austin Flint, based on a little 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 identified in 
the United States after the 1873 pandemic. Typhoid became the 
standard measure of all waterborne diseases in the United States 
and was thoroughly studied by early sanitary engineers and 
epidemiologists, including such pioneers as William 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 2-1 is illustrative. Fiprire 2-2 
repeated the experience for post-war Greece during 
reconstruction. 

Table 2-5 shows early studies, by Wade Hampton Frost. then 
with the U.S. Public Health Service, on the Ohio River, where 
initiation 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-
plies has been the largest single factor in the decline of typhoid" 
(Anderson, A,nstein, and Lester, 1962, p. 220). Europe had simi
lar experiences (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 its name to America's best known carrier, 
"Typhoid Mary" Mallon, a cook for upper class New York fain-

ilies and for hospitals, who was responsible for numerous 
outbreaks. 

In the United States, typhoid is rare. However, in those coun
tries that still have inadequate water supply and sanitation, it 
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 in 1906 

76.8 74.5 
No Treatment in 1914 

16 Cities 
No Treatment in 1906 90.5 15.3 
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, unlike most other salmonelloses, is -. ictly 
limited to man. Infection results from ingestion of 3. typhi, ex
perimentally in the range of 1,000 to 100,000 organisms. In na
ture the infectious dose is 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) 

Percent reductio, ;. typhoid 
Average Typhoid fever death rates which 

Fever Death Rates 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 
Cincinnati, 0. 56 11 80 
Columbus, 0. 83 17 78 
Harrisburg, Pa. 72 33 54 
Hoboken, N.J. 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.I.
Reading, Pa. 

19
53 

13
35 

31
34 

Scranton, Pa. 25 10 60 
Springfield, Mass. 22 22 0 

ashington, D.C. 55 31 43 
ilmington, Del. 35 24 31 

eighted averages 60 21 65 

OURCE: Johnson (1916). 
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infection are the sick, or more often, carriers who excrete S. typhi 
in their stools or urine. 

The epidemiology of typhoid has been thoroughly studied. 
Numerous observations leave no doubt about the role of food 

and water (Cvjetanovic, 1973). Infection is often transmitted by 

contaminated water. Because S. typhi can survive in sea water, 
near sewage outlets isseafood, particularly shellfish, collected 

particularly dangerous. 

Prevention of Typhoid 

Preventive measures include detection and treatment of carri
ers, immunization, and personal and community hygiene, par

sanitary excreta disposal.ticularly water supply and 
Immunization is effective but is overwhelmed by large doses of 

S. typhi organisms, 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
11 92 95 13 95 14
 
a more cost-effective control measure than immunization when 
its influence on control of other diseases is also considered. 

The success of water supply interventions in the United States 

in reducing the incidence of typhoid fever has been duplicated in 
many areas of the developing world. BahI (1976), Misra (1971),Zaheer, et a!. (1962), and Zebec (1980, reporting work in the 

describe dramatic reductions in typhoid in cities in Zam
bia, India, and Yugoslavia, following introduction of community
waterh450supplies. water ss 17) 

.
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1 )dParatyphoid Fever 

Introduction 
Paratyphoid Fever i a bacterial enteric fever clinically similar 

to typhoid fever, but generally milder and with lower fatality 

rates. Mild and asymptomatic infections occur. 
paratypi A,

Three main groups of infectious agents are recognized:
Salmonella paratyphi B (5.schottnueri), 

Salmonella paratyphi C (5. hirschfeldii) 
all of predominately human origin.al outbreaks are related to water supplies, ncluding swimming

Transmission is fecal-oral, by food or food handlers. Occasion

wtr
water. o 
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Prevention 

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

Introduction 

Salmonellosis is an acute, infectious, bacterial disease with 
sudden onset of abdominal pain, diarrhea, nausea, fever, and 
sometimes vomiting. Fatality is 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 in a separate section. Salmonellosis is very much associat
ed with animals as well as man. 
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Transmission 

Transmission isfecal-oral from person to person and via con

laminated food or water. Epidemics are usually traced to food or 
milk. Fecal contamination of chlorinated public water supplies 

has been involved in some extensive outbreaks. Salmonellae are 
found worldwide. 

One of the most noteworthy waterborne outbreaks of water-
borne salmonellosis was that at Riverside, California, in 1965 
(Ross, Campbell, and Ongerth, 1966; Greenberg and Ongerth, 
1S66), which affected an estimated 18,000 people. This epidemic 
w. s attributed to S.tyr tnuritam. 
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Guinea Worm Disease 

Backgm'ound 

Guirea worm (Dracunculus miedinensis) is a threadlike para
sitic worm,*30 to 120 centimeters (12 to 48 inches) long, which 
inhabits the subcutaneous and intramuscular tissues near the 
skin of its human host. It is found in Africa, Asia, and the 
Middle East. (See Figure 2-3.) Not a killing disease, except 

when tetanus appears as a sequela, it can be severely incapaci
tating. Arthritic complications are not uncommon. Kale (1977) 
cites the average duration of incapacity from effective work as 
100 days in western Nigeria. Annual reinfection is common. 

Guinea worm is the example par excellence of a disease for 

which transmission can be totally interrupted by provision of 
safe drinking water supplies. In this regard the eradication of 
thc disease has been promoted as part of the International 
Wz.ter Supply and Sanitation Decade by the Centers for Dis-
ease Control of the U.S. Public Health Service (1981a, 1981b), 
the United Nations Development Programme (1981), and the 

(West Africa) Organization Centrale Contre les Grand Ende-

mies (OCCGE, 1980). An estimated 10 to 48 million people
suffer from the disease each year. 

The life cycle of the parasite, D. medinensis, shown in Figure
 
2-4, is the reason that transmission is so readily stopped by
 
safe water supplies. Guinea worm enters its human host only
 
via drinking water. If the water can be protected from con
tamination by larvae issuing from a guinea worm in an infect
ed person, transmission ceases. Simply sealing dug wells and
 
step wells with sanitary covers and installing hand pumps will
 
stop transmission from these wells. Guinea worms and their
 
copepod intermediate hosts are readily removed from drink
ing water by filtration. They are readily destroyed by boiling or
 
chlorination. 

Figure 2-3. Geographic Distribution of Guinea Worm 
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Figure 2-1. Life Cycle of Dracunculus Medinensis
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a The mature female worm pierces the skin of the lower leg causing ar 
ulcer. 

a When the ulcer is in contact with water, larvae are discharged intothe 
water.

i The larvae infect Cyclops, asmall crustacean.
 
0 The water, conataminated with the infected Cyclops, is consumed.
 
E The ingested larvae mature in humans in one year.
 
n Guinea worm disease istransmitted entirely by drinking water.
 
* 	The contaminated water istypically from open surface sources such as 

stagnant ponds or "step wells.' 

SOURCE: Muller, R.(1971). 
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Effectiveness of Water Supplies Rao, C.K., and Reddy, G.V.M. "Dracontiasis in West Godavari and 
Kurnool Districts, Andhra Pradesh." Bulletin India Society Malariaand 

Numerous examples exist which show the effectiveness of Communicable Diseases. 2:275-293. 1965. 
water supplies against guinea worm disease. Endemic guinea 
worm was eliminated in Tashkent and Samarkand by filling in 
step wells and providing protected wells. The construction of 
piped water for a town of 30,000 population in Nigeria re-
duced the incidence of guinea worm from over 60 percent to 
zero within two years. 
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Leptospirsis 

Introduction 
Leptospirosis is a group of diseases caused by various serovars 

(formerly serotypes) of Leptospires e.g., L. icterohaemorrhagiae. 
Symptoms include fever, headache, chills, severe malaise, vom

iting, myalgia, and others. Fatality is low except for cases with 
jaundice and kidney damage. 

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

Exposure is 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 is 

Role of Water Supply 

"Leptospiross in man is 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, et al. (1971) review 11 other U.S. 
epidemics, all attributable to swimming in contaminated water. 

Cattle or swine were the probable sou-ces of the leptospires for 
most of the outbreaks. 

Christie (1974) suggests that "in the vast majority of cases 
leptospirosis in the human results from rat-contaminated water 
or soil." He also notes that sewer workers have suffered from the 
disease and reports transmission by drinking water. 
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However, Gillespie (13)'and Diesch (1956) emphasize the 	 1951), Drinking water directly from streams in areas where the 

disease is known to exist should be avoided,fron domiestic cattle.hazard of L &Pomona 
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Tularemia 

"tr-duction "Many

Introd . .	 : 'drinking 

"Tularemia is a congeries of syndromes" (Homick, 1975) relat-
ed to the route of introduction and the virulence of the pathogen, 
Francisella tularensis, a zoonotic coccobacilli. When transmitted 
by ingestion, it may produce pharyngitis, intestinal pain, diar-

rhea, and vomiting. Most commonly the skin is the portal of 

entry, and the most common form is as an indolent, febrile 

disease with a skin ulcer and draining lymph nodes. Pneumonia, 
typhoid, and oculoglandular forms also occur. 

Rarely transmitted from one person to another, it is most com-

monly acquired through handling of the carcass or eating the 

undercooked flesh of infected animals. Rabbits are the most 
common animal victims, 

Role of Water 

and epidemic tularemia have, occurred
Sporadic episodes 

among humans following contact with water and fish contami

nated by infected animal carcasses (Cluff, 1977). Quan, 

McManus, and von Fintel (1956) have shown that F. tularensis in 
water can penetrate unbroken skin. 

A domestic water supplyin the USSR, contaminated with F. 
tularensis, resulted in "over 43 cases" in a group of farm laborers 

Uellison, et al., 1950). Natural waters in the U.S. have often been 

found contaminated by beavers and muskrats (Parker, et al., 
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ari a Disease andHardness of Drinki 
Cardiovascula Disease and H o D k
 

Water
 
Associations hal'e been found between the hardness of local, 

drinkingwaterand lol cardiovascular mortality rates. Mostof' 
these, studies have been limited to geographic units wherein. 

mortality rates are related to the average concentrations of var-
- ' 

ious constituents of drinking water. They have not dcznonstrat 
ed the biological plausibility of these geographic associations. 

authors, in fact, have qLiestioned whether constituents in, 
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. ShaIrrett 
(1979) concludes in an extensive review that "the findings on 

waterbome trace elements and mortality should be accorded 
little credence at this time." In another extensive review, Coi

stock (1979) noted that "the more rigorous the experimental.de 

sign, the less the association at best." Further, "its effect, if anyo 
must be very weak compared with the effects of known ris , 

factors." 
A recent review of this issue by the National Academy o 

Science (1979) concluded: "Given the current status of knowl 
edge regarding water hardness an.heiciec.o.cri .a 

cular disease, it is not appropriate at this time to recommend, 
national policy to modify the hardness or softness of public wa 

ter supplies." 
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Carcinogenoq in Drinking Water 
The increasing number of organic chemicals reaching water 

supplies in industrial areas has generated growing concern as to 

their carcinogenic potential in drinking water. Some compounds 

known to be carcinogenic (in test! of animals exposed to high 

doses) have been found in water supplies, albeit in low concen-

trations. One of these is 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 in 

drinking water has been intensively studied by the National 
Academy of Sciences (NAS), which recently reported on chloro-
forms and other trihalomethanes (THMs) in drinking water. The 
NAS has summarized (1980), based on its review of 12 epidemi-
ological studies, that any association between THMs and blad-
der cancer "was small and had a large margin of error" and that 

inherent methodological complexities make it "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 

is not well confirmed," and "at present, the evidence of a few 
statistically significant results must be tempered by recognizing 
the large number of test statistics that have been computed, as 

well as their reported levels of significance." However, "even 

though strong drinking water-cancer relationships have not 

emerged in these exploratory efforts, there still appears to be a 

justification for pursuing the drinking water question." 
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SECTION 3
 

WATER HYGIENE DISEASES
 

Introduction 

Water hygiene diseases are those whose incidence, preva-
lence, or severity 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.1 

Other hygienic diseases include those of the skin (example: 
yaws) and eyes (example: trachoma). Some hygienic skin dis
eases are associated with ectoparasitism, i.e., insect infestations. 
F'r example, scabies is caused by sarcoptic mites, pediculosis by 
lice. Lice also can transmit other diseases, for example, typhus 
fever, 

Sufficient water must be available for hand washing, bathing, 
laundering, and cleaning of cooking and eating utensils. This 
quantity is needed in addition to that used for drinking. 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 is important, quality of water is not. Economically, only 
one water supply is often feasible; this must provide waters for 

'Some Shigella are very virulent, i.e., they are infective at very small 
dosages. However, they have a low lifespan in natural waters and are 
rarely identified during waterborne epidemics. 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, microbiologi
cally safe water can often be found to satisfy both purposes: even 
large quantities of unsafe water cannot. Even where waterborne 
transmission does not appear to be endemic, the epidemic risk of 
common source outbreaks in piped community water supply 
systems should be avoided by public agencies. In most in
stances, the cost difference is negligible. 

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 supplies of at 
least 20, preferably 40 to 50, liters per person per day have been 
shown conclusively in Section 9 to reduce the level of enteric 

diseases in the communities served. Field evidence is 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 bibliographies. 

Table 3-1. Water Hygiene Diseases' 

Disease or Syndrome Remarks 

Enteric Diseases 
Diarrheas, Dysenteries, 
Gastreenteritis, etc. 

Prevalence of most fecal.oral diseases is less with adequate quantity of water. 

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

Prevented by personal hygiene, including frequent bathing and laundering with use of 
soap. 

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

Prevented by persornal hygiene, including bathing and laundering and changing of 
clothing. 

Treponematoses 
Endemic Syphilis, 
Pinta, 
Yaws 

Prevented by general public and personal hygiene. Non-venereal. 

Eye Diseases 
Conjunctivitis, Trachoma rare where ample water is available. 
Trachoma
 

tTransmission reduced by use of water for cleansing. Quantity, convenience, reliability of water supply important.
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Figure 3-1. Effect of Hand Washing on the Spread of Shigella in personal and public hygiene, assisted by adequate, convenient 
Families in Dacca City. water supplies. These diseases include pediculosis (covered in a 

separate section); pyodermal infections with various bacteria,50% Secondary infection in study and control 
groups by age and percent primarily Staphylococcus aureus, Streptococcus tyoyense, and Conthne

bacterium diphitheriae; mycobacterial ulcers; tropical ulcer; impeti
40% Study Group 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 nephritis, septicemia, etal. Chil
30% Control Group 

dren are the most often infected. 

Role of Water Supply
20%
 

The control of many of these diseases is unlikely without an
 
adequate supply of water (Clark, 1970; Jelliffe, i972; Morley,
 

10% - 1973; Porter, 1977; and Vibhagool, 1970). Some dramatic exam

ples of reductions in skin diseases are described by Misra (1971)
 

in India and Henry (1981) in St. Lucil', when scabies dropped 98
 

20-39 40+ Average percent and skin diseases at clinics dropped 82 percent
0% Age 0-9 10-19 respectively. 

Intervention of Shigellosis by hand washing 

SOURCE: International Centre for Diarrheal Disease Research, 1980.
 
Bibliography on Skin Diseases/Hygiene
 

(Including Scabies)
Skin Diseases' 
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Skin diseases are a considerable problem in many of the devel- C. Thomas, Springfield, Ill. Pp. 726-773. 1974. 

oping countries, often a leading complaint presented at health Allen, Arthur C. The Skin, A Clinicopathohgical Treatise, 2nd Ed. Greene & 

units. Prevalence rates may be as high as 80 percent and compli- Stratton, New York. 1182pp. 1967. 

cations and secondary infections are not uncommon. (Clark, Bradley, David J. "Measuring the Health Benefits of Investments in 

1970; jelliffe, 1972; Masawe, 1975; Morley, 1973; Porter, 1977; Water Supply." Unpublished notes. 1974. 

Vibhagool, 1970; et al.) Clarke, G.H.V. "Diseases of the Skin." Chapter 25 in Jelliffe, D.B., Edi
tor, Diseases of Children in the Subtropics and Tropics, Williams & Wilkins 

Scabies Co., Baltimore. Pp. 604-638. 1970. 
Paul D.,Scabies is a disease resulting from infestation by the itch mite, Goldstein, Elliot. "Otitis Externa." Chapter 157 in Hoeprich, 

Scabiei areyase to n by thetchamted Editor, Infectios Diseases, 2nd Ed., Harper& Row, Publishers, Hagers-
Sarcoptes Scabiei. Barely large enough to be seen by the naked town, Md. Pp. 1185-1186. 1977. 

eye, its diszovery in 1687 marked scabies as the first disease of Henry, Fitzroy J. "Environmental Sanitation, Infection, and Nutritional 

man with known cause (Orkin, 1971). It is found worldwide Status of Infants in Rural St. Lucia, West Indies." Tran.actiotns Roial 

whenever personal hygiene is lacking. Epidemics appear to wax Society Tropical Medicine and Hygiene. 75(4): 507-513. 1981. 

and wane over long-term cycles. The mite burrows under the Jelliffe, D.B. "Dermatological Markers of Environmental Hygiene." The 

skin. Resulting itching can be intense. Transfer of parasites is by Lancet. 1H:49. July 1, 1972. 

direct skin-to-skin contact and to a limited extent by contact with Lopez Martinez, Ruben. "Isolation of Dermatophytes from Different 

clothing or bedding contaminated by infested persons. It is fre- Natural Sources." Superficial, Cutaneous, and Sulicutaneous hfctiolns. 

quently acquired during sexual contact. Scientific Publication No. 396. Pan American Health Organization, 
Washington. Pp. 205-210. 1980. 

reeinug nfes 


Dermatophytoses (Ringworm infections) Masawe, Aaron E.l., Nsanzumuhire, Herbert, and Mhalu, Frederick. 
"Bacterial Skin Infections in Preschool and School Children in CoastalRingworm isa general term applied to fungal diseases of kera- Tanzania." Archliles Dermatol,,gy. 111: 1313-1316. 1975. 

M ia .K Afe W erin al Area -n E e n i r t 
tinized areas of the body (hair, skin, and nails). These diseases

nd en- Misra, K.K. "Safe Water in Rural Area--An Experiment in Promotingsie o cal, 
are subdivided by site of infection: scalp, nails, groin and pel- Community Participation in India." te'rnationaljournal of Edit

are ubdviddinecton:b nils grin 
Ih'alth 


anal region, body, and foot. Strict personal hygiene can help cation. 18: 53-59. 1971.
 

prevent transtiission. However, the infections may be found Morley, David. Pediatric Priorities in the Developinig Wtrlh. Butterworths &
 

globally. Company Ltd., London. 470pp. 1973.
 
Lopez Mattinez (1980), inone of the apparently few quantita- Orkin, Milton. "Resurgence of Scabies." Journal American Medical Asso)ci

tive studies published, found in a Mexico City study, that der- ation. 217(5): 593-597. 1971. 

matophvies could be isolated from the scalp of 14.8 percent of Porter, Michael J. "An Epidemiological Approach to Skin Disease in the 
persons living in "dirty" sanitary conditions, but in only 4.6 Tropics." Tropical Doctor. 7: 59-66. 1977. 

percent in "clean" conditions. Children were found to be infect- Radcliffe, Christian E. "Scabies." Chapter 60 in Top, Franklin I I., Sr., 

ed twice as often as adults. and Wehrle, Paul F., Editors, Coninutical'e ,andInfectious Diseases, 8th 

Ed., C.V. Mosby Company, Saint Louis. Pp. 612-615. 1976. 

Other Skin Diseases Sonneidau, I.D., Jr. "Sy;temic Mycotic Infections." Chapter 28 in Jelliffe, 
ropicsand Tropics, Williams&

Many other skin diceases can be prevented or controlled by D.B., Editor, Diseasesof(Children inthe Sul't 
Wilkins Co., Baltimore. Pp. 706-726. 197). 

'Does not include systemic disease with symptoms or syndromes which Taplin, D., Lansdell, L., Allen, A.M. "Prevalence of Streptococcal Pyo

appear on the skin, e.g., measles. derma in Relation to Climate and Hygiene." Lancet. 1: 501-503. 1973. 
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Vibhagool, A. "Ecological Aspects of Common Dermatoses in Thai- the whole of Napoleon's army was destroyed in the retreat from 
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Louse-Borne Diseases 

Introduction 
The louse is confined . . .(to those) who live in great 

there are still rany of 
distress and great poverty. But 

these with us and there are regions of the earth where life 
is still primitive, where bathiubs remain luxur-
ies .. .The louse will never be completely exterminat-
ed, and there will always be occasions when it will spread 
widely to large sections of even the most sanitated popu-
lations. And as long as it exists, the possibiliti" 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 ofalmost 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 is 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 it, reinforced by Tolstoy's War and Peace, that almost 

way to Moscow, through Poland and western Russia, than on 
the retreat (Cartwright, 1972). Disease, led by typhus, killed 
more of Napoleon's troops then did the Russian soldiers. 

Epidemic typhus fever occurs today in Africa, Asia, and Latin 

America, with major endemic foci in Ethiopia, Burundi, Rwan
da, and the Andean countries (Tarizzo, 1973). The potential for 
major outbreaks is high, especially under conditions of social 
stress, such as war, insurrection, famine, natural disaster, andsevere 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 wearing of clothing), sleeping in 
clothing, crowding-especially of sleeping quarters, malnutri
tion, and ignorance about lice and disease. 

Lice 

Man is infested by three kinds of lice, commonly called body, 
head, and pubic lice. Pubic lice are also colloquially known as 
crab lice. The common names are derived from the portion of the 
human body that is the common habitat of the particular louse. 
The body louse and the head louse ar. varieties of the same 
species. The body louse is the common vector of the febrile 
louse-borne diseases. 

Lice normally pass their entire lives on their human host and if 
detached attempt at once to regain their place on the original or 

DiseaselSvnnyin 
2Typhus fever, epidemic 

louse-borne (classical 
typhus fever) 

Brill-Zinsser disease 
(Recrudescent typhus) 

3Relapsing fever, epidemic 

louse-borne 

Wolhynian fever 
(Trench fever, Quintana 
fever, Five-day fever) 

Pediculosis 
(Lousiness, Vagabond's 
disease) 

Skin diseases from 
secondary infections 
(Dermatitis, eczema, 
furunculosis, impetigo, 
pyoderma, et al.) 

Table 3-2. Louse-Borne Diseases 

Case Fataliiti Ratt 
10 to 40% 

sometimes 70% 

vector 

Body louse 

Infectious Agent 

Rickettsia 
prowazeki 

Occurrence 

Africa, Asia, 
E. Europe, Latin 
America 

Remarks 

Major epidemics 
in crowded un
sanitary environ
ments tinder stress 

Uncommon Body Louse Rickettsia 
prowazeki 

Worldwide Flare-up of old 
typhus infection 

2 to 10% 

sometimes 50% 
Body louse Borrelia 

recurrentis 
(a spirochete) 

Limited areas 
of Africa, Asia, 
Latin America 

R,,.lapses are 
common 

Non-fatal Body louse Rickettsia 
quintana 

Europe, Russia, 
Ethiopia, North 
Africa, Mexico 

Wartime 
epidemics among 
soldiers 

Extremely 
rare 

Body louse 
Head louse 
Crab (pubic) 
louse 

Infestation 
with one or 
more spp. (var.) 
of lice (Note: 
not an infection) 

Worldwide Associated with 
poor hygiene, 
lack of clothes 
washing, cond 
crowding 

Rare Lice and man 
as mechanical 
vectors, e.g., 
biting and scratch
ing respectively 

Staphylococci 
and streptocctcci 
and other bacteria 

Worldwide Secondary 
infections of 
lousy skin 

1Body louse (Pedicuhus hiinams corlhris) and head louse (l'edictls huitaus catitis) are closelh related and head lice may also be
 
vectors of febrile louse-borne diseases. Crab or pubic louse (1ihthirus 1pius) is not.
 
2Flea-borne and mite-borne forms of typhus 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 fhe'u do not find a new host. 
Lice prefer a narrow temperature r ,ge and will leave a host 
whose skin temperature is too we al 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 community. 

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

Lice live solely on blood. When they are feeding, the skin of 
the host is pierced by parts (stylets) of the mouth of the louse; a 
salivary secretion to prevent coagulation of the host's blood is 
injected into the wound and up to one milligram of blood sucked 
out at a feeding. 

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

Under modern civilized 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 laundering of un-
dergarments makes it impossible for body lice to survive (Bus-
vine, 1969). Body lice are still quite prevalent in 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 summarized: to prevent or re-
cuce lousiness, water should be readily available in sufficient 
quantity for frequent bathing and for washing of clothes. Bath-
ing loses its value for lousy persons if the old clothing carrying
the lice and nits is put on again without being freed from the lice. 

The impact of bathing and changing of clothing is enhanced 

when done at the same time within groups living in the same 
household. Bathing and laundering and changing of clothes are 
required on a continuing community scale to be fully effective 
and to prevent reinfestation wvith body lice. Total eradication of 
lice is 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 is as high as 97 percent among 
those who do not wosh 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 is a single 
1'i'se (Sholdt, etal., 1979). 

Prior 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 effectiveness, low cost per person, minimal neces-
sary action by population at risk, etal. However, lice have prov-
en their ability to develop resistance to insecticides and to readily 

reinfest communities when basic hygienic conditions are un
changed. The majority of communities in developed countries 
were freed of louse-borne disease before the advent of chemical 
insecticides. 
Epidemic Louse-Borne Typhus Fever
 

Louse-borne typhus is 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 in
creases with age and malnutrition. It is found in Mexico and 
Guatemala, the Andean countries, much of Africa and the Mid
die East, mountainous regions of Asia, and eastern Europe. 

The infectious agent, Rickttsia prowazekii, is transmitted from 
man to man by human lice, principally the body louse (Pediculus 
Huinanus var. corporis), but at times the head louse (Pediculosis 
humanus var. capitis). (Faust, Russell, and Jung, 1970). The louse 
is 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 is 
infected by rubbing feces of lice 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 dir!y clothes 
may account for some infections (Benenson, 1975). 

Preventive measures include repeated applications of residual 
insecticides, e.g., DDT or malathion; immunization (with annual 
booster dose); and improvement of living 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). Theearly confusion was due to 

the appearance of the disease in louse-free environments. 
Clinical 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 ag-in become acti
vated. Thus man himself serves as the carrier of the disease 
between epidemic outbreaks. Thus return of body lice to an 

typhus-free part of the world may result in new epiapparently typhus-feer 

Epidemic Louse-Borne Relapsing Fever 

Relapsing fever is 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 transmitted by body lice, 
and the endemic form, transmitted by certain ticks. The infec
tious agent is Borrelia recurrentis,a spirochete. 

Symptoms include abrupt onset, shivering, headache, body 
pain, sometimes nausea or vomiting, fever of 1020 to 104'F., 
jaundice in 20 to 60 percent and bronchitis in 40 to 60 percent of 
those attacked. Temperature falls in 3 to 9 days and relapse may 
occur 11 to 15 days later. Pregnant women abort. With good 
conditions, case fatality is 5 percent or so; during war or famine, 
fatality may reach 70 percent (Wilson and Miles, 1975). Trans
mission of epidemic louse-borne relapsing fever is similar to that 
for typhus ever. However, the louse lives longer, up to 40 days. 

Devastating outbreaks have occurred in Europe, during the 
Irish 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 in the Sudan alone. 
The majority ot current cases reported continues to come from 
Africa (Tmizzo, 1973). 
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Like epidemic typhus fever, "relapsing fever is associatei 
with poor sanitat.on and personal hygiene, particularly over-
crowding, undernutrition, and dirty, infected clothing" (Wilson 
and Miles, 1975). 

Prevention and control measures are similar to those for epi-
demic typhus; however, no vaccine is available for relapsing 
fever. 

Wolhynian Fever (Trench Fe'er) 

A nonfatal, acute incapacitating, febrilc self-limiting infec-

tious disease caused by Rickettsia quit,tana (syn. R. 'pediculi,R. 
weiglii, and R. wolhynica). Epidemics occurred among soldiers in 

European battlefields in both World Wars. Sporadic cases in 
areas of endemic foci probably go unrecognized. Endemic foci of 
infecLion have been detected in Poland, Russia, Mexico, Ethio-
pia, and North Africa. The organism probably can be found 
wherever man and the human body louse co-exist. Prevention is 
by louse control measures as for other louse-borne diseases. 

Pediculosis (Lousiness) 

Pediculosis is infestation by human body lice, head lice, or 

public lice. Pediculosis, especially with infestation by body lice, 
is a warning of the potential transmission of life-threatening 
disease such as typhus fever.s However,tphuoweer, the cutaneousutaeouslesonslesionsfevr.disese uch he 

resulting from lousebites invariably 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-

esaliva and feces of the louse may induce a
bond's disease. Thesalivityn 
dermal (skin) hypersensitivity. 
Skin Diseases 

Lesions from lousebites and from skin irritation, sensitivity, 
and severe scratching may result in secondary dermatitis and 
infections with staphylococci, streptococci, and other bacteria, 
as manifested by eczema, furunculosis, impetigo, 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 British Second Army's 
total admissions 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 endemic syphilis (bejel) are diseases of man 
caused by infectious agents that are morphologically indistin
guishable from Treponetoma pallidumn, the spirochete that is the 
infectious agent of venereal syphilis. However, yaws, pinta, and 
endemic syphilis are not sexually transmitt,' They are diseases 
of children and are associated with poverty and with poor per
sonal and community hygiene. 

Endemicity has declined 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 
Caribbean, Africa, and southeastern Asia and the Pacific. Yaws 
is found in humid areas and endemic syphilis in arid areas. 
Recent WHO surveys of endemic syphilis in the Sahel region of 
Africa have found approximately 2.8 million of the region's 30 
million people at risk (WHO, 1981). Yaws has resurged in parts 
of Africa and scattered foci persist in the Americas. 
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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 

Yaws 	 tiaVenereal spvhilis Endemic sy[,hilis 	 Pin 

Organism T. pallidum T. pallidum endermicuin T. pertenue T. carateum 

Transmission Sexual, transplacentall Household contacts: Skin-to-skin Skin-to-skin 
Mouth-to-mouth or via ? Insect vector ? Insect vector 
drinking, eating utensils 

Adult Early childhood Early childhood AdolescentUsual age 
Cutaneous ulcer Rarely seen Framboise (raspberry), Nonulcerating papulePrimary lesion 
(chancre) or "mother yaw" with satellites 

Secondary lesion 	 Mucocutaneous; Florid mucocutaneous Cutaneous papulo- Pintides 
occasional periostifis 	 lesions (mucous patch, squamous lesions 

split papule, condyloma 
latum); osteoperiostitis 

Tertiary Gumma, cardiovascular, Destructive cutaneous Destructive cutaneous Dyschromic, achromic 
and CNS lues osteoarticular gummas osteoarticular gummas macules 

Since the non enereal trepaneinatoses are usually acquired in childhood and trepoonemal bacteremia ceases with time, only in adult-onset venereal syphilis is there any 

likelihood of a iother giving birth to an infected child. 

SOURCE: Holmes and Harnisch, 1977. 

Characteristics of the Treponematoses 

Table 3-3 summarizes the etiology, epidemiology, and clinical 	 transmitted from lesions in the mouth of the infected person. 
The moisture of the cup enables the fragile spirochete to survivemanifestations of the treponematoses (Holmes and Harnisch, 

1977). Transmission of endemic syphilis is of particular interest, in its external environment until ingested by a new host. 
Nonvenereal treponematoses are rarely fatal but can be disfi-Considerable evidence suggests that common drinking vessels 

are an important transmission mechanism (Demis, 1977; Grin, guring and disabling. As many as 10 percent of untreated yaws 

1953; Guthe, 1969; and Willcox, 1970). The infectious agent is victims can be invalided (Guthe, 1969). 
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Role of Water Supply for Control of Yaws, Pinta, and Endemic afflicted with trachoma, with two million blinded and eight mil-

Syphilis lion at risk of blindness (Helen Keller International, 1980; WHO,
 

At the close of World War 11, there were perhaps 100 million 
p eople f byya, witha prevalenceord 	 of 25 percent inpeople infected by yaws, with A ica 5 ercent9).e of 


endemic areas of Africa, Asia, and Latin America (Guthe, 1969). 
Ainta and endemic syphilis were also widespread (WHO, 1981).
Although the penicillin campaigns acceterated the reduction of 

prevalence, all three diseases were declining without direct at-
tention as endemic areas achieved better environmental hy-
giene. The eificacy of water supply as a preventive measure for 
these diseases is well established. The following quotes are 
illustrative: 

...an important factor in reducing the prevalence of 
yaws in a community, probably by reducing transmission, is 
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 personalhygiene (soap) and community hygiene (water)" (Guthe,
1979). 


"Endemic syphilis is easily prevented by improving the gen-
eral level of hygiene and the standard of living" (Demis, 
1977). 
"Simply introducing the use of soap and water has regularly 
been followed by a diminution in the number of cases of 
yaws" (Demis, 1977). 
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Trachoma 

Background 

This disease is the world's leading cause of preventable loss of 
vision and blindness. An estimated 400 to 500 million people are 

1979; WHO, 1973). In areas of severe endemicity, uncontrolled 
trachoma may result in blindness in one percent or even up tothree percent of the population (WHO, 1979). 

The disease is widcspread, and the worst affected areas are 
North Africa, the Middle East, and certain regions in Africa and
Southern Asia. Trachorna is a disease of low infectivity. Its ab-
Southern Asicn sa iss of loweic Itsat 

sence in physicians and tourists in epidemic areas suggests that 
long term, repeated exposure is necessary to establish the dis
ease. Unsanitary habits, lack of water for personal hygiene, over
cowding and abundant houseflies characterize endemic areas. 

The course of the disease varies 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 ultimately to blindness. 
Mechanical irritants, particularly dust and smoke, may play an 
important role. 

Pathology 

Trachoma is a word derived from the Greek and may be literal
ly translated as "rough eye" (Gilkes, 1962). The term is of consid

erable antiquity and was used by Hippocrates. The disease is 
basically 3 severe and prolonged inflammation of the conjuncti
va of the eye, with associated corneal lesions and scarring, which
in their gross form are known as pannus.I Later stages of tracho
ma may lead to cicatrization (scarring) of the conjunctivae, which 
may lead to gross deformity of the eyelids, progressive visual 
impairment and blindness. The margins of the eyelid may turnL 
inwards (entropion) as well as the eyelashes (trichiasis). Lacri
mation (tear function) may also be impaired. This process may 
develop insidiously and over decades.


The infectious agent is Chlamydia (Bedsonia) trachomatis, a para

site with some properties of both viruses and of bacteria, e.g., it
multiplies only intracellularly, as do viruses, but contains both 
ribonucleic acid (RNA) and deoxyribonucleic acid (DNA), as do 

M23e835.91977 
bacteria (Wilson and Miles, 1975). 

Epidemiology and Control 
Trachoma is basically transmitted eye to eye in endemic re

gions, although venereal transmission is possible. Susceptibility 
is general and there is 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 

In endemic areas,children generally have active disease more 

frequently than adults. Severity of disease is often related to 
environmental conditions-lack of water, dust and dry sand, 
dry winds, flies, poor hygienic conditions, and overcrowding. 

Prevention and control mea',ures 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 ointments as oil suspen

'The conjunctitae are the delicate membranes iinrng the eyelids and coy
ering the eyeball. The cornea is the transparent front part of the eye. 
Pannus is invasion of the cornea by blood vessels and small, rounded 
masses of tissue during the healing processes, forming a veil over the 
corneal surface. See Figure 3-3. "The Human Eye." 
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trachoma infections do not "take," i.e., lead to manifestations of
Figure 3-3. The Human Eye 

disease. 
Three extant studies demonstrate this through quantitative 

field measurements: 
(1) Trachoma in the Ryukyu Islands during 1960s (Carter, 

1968): Trachoma was six times more prevalent (24.1%) in a 

SLacrimal gland city without piped water to households than in another 

to households. Trachoma
city (4.1%) with piped water

.Excretory duct 	 wasprevalence in a village withou, piped water (42%) 
almost ten times as high as prevalence in four villages with 

piped water (4.5%).Conjunctiva 
(2) 	Trachorma in Baribanid Bloch, Uttar Prasdesh, India 

(Misra, 1971) and (Cvjetanovic, 1980): Following introduc-
Pupil 

tion of a piped water supply in 1965, trachoma morbidity 
SIris dropped 90 percent and conjunctivitis fell by 80 percent. 

(3) 	Trachoma in Taiwan during 1970-71 (Assaad, et at., 1969): 

Trachoma prevalence in a population using water from 
duct 	 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. 
THE LACRIMAL APPARATUS Although the number of rigorous quantitative field studies is 

limited, the importance of water supplies in prevention and 

control of trachoma (and conjunctivitis) is widely recognized. 
Cornea Anterior chamberiris /ens 

Iris 	 Bibliography on Trachoma and ConjunctivitisCiliary bod yAngle of iris Posterior chamber 
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rectus
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msemus 


Variations in Trachoma Endemicity in Depicting Interplay between 

I, I Choroid Socio-economic Conditions and Disease." Bulletin World Health Organi
41:181-194. 1969.0 04 - ezation. 

S19. RetinaBenenson, Abram S.Editor. Control ofCommunicable Diseases in Man. 13th 

Edition. American Public Health Association, Washington. 443pp.
Coverings of Central fovea 

ve 	 1981.optic nerve -P al fo 
Bietti, G.B., and Werner, G.M. Trachoma-Prevention and Treatment.Papilla of optac ner&e Charles C. Thomas, Springfield, Ill. 227pp. 1967.Retinal artery &vein / Optic nerve 

Bisley, G.G., and Burkitt, W.R. "Eye Diseases." In Vogel, L.C., et al.,
HORIZONTAL SECTION OF THE EYE 

East Africa Literature Bureau,Editors, Health and Disease in Kenya, 

SOURCE: Adaptea from Dorland's Pocket Medical Dictionary, W.B. Nairobi. Pp. 461-468. 1974. 

Saunders Co., Philadelphia, Plate XiII, 1977. Cvjetanovic, B. "Banki Block (Barabanki) Programme of Rural Water 

Supply in the State of Uttar Pradesh, India." Annex 1 (10 pp.) in 

sions. Treatment requires repeated application over many Cvjetanovic, Branko, "Effect of Water Supply and Sanitation on 
Health in Rural Communities in Developing Countries," unpublished

months. 
or report. Zagreb, Yugoslavia. 42pp. plus 2 Annexes. 1980. 

(4) 	Surgical treatment when tissues have been damaged 
Davey, W.H., and Lightbody, W.P.H. The Control of Disease inthe Tropics.

destroyed by the infection process or by scarring. 
H.K. Lewis &Co. Ltd., London. 422pp. 1961.

(5) Improved basic sanitation, especially availability and use 
Damato, F.J. "The Fight Against Trachoma in the Island of Malta."

of soap and water. 
British Journal of Ophthalmologiy. 45: 71-74. 1961. 

Detels, R., et al. "Trachoma in Punjal, Indians of British Columbia: A 
Water Supply and Trachoma 

Prevalence Study with Comparisons to India." American Journal of Epi-
Most authorities are in general agreement that personal and demiology. 84: 81-90. 1966. 

public hygiene emphasizing the use of water is the most effective Felsenfeld, 0. The Epidemiology of Tropical Diseases. Charles C.Thomas, 

method for prevention or reduction of trachoma. Use of water is Springfield, II. 488pp. 1966. 
emphasized. An ample quantityof water should be readily acces- Gilkes, M.J. "Trachoma." Chemotherapy Revicw. 4(3): 176-179. 1962. 

sible, i.e., close at hand. Chlamydia trachomatis can be transmitted Gilkes, M.J. Private communication. 1980. 
directly by water, especially through use of common wash ba- Grayston, J.Thomas, and Dawson, Chandler R."Eye Infections with 

sins. However, this isonly one of numerous mechanisms for Trachoma and Inclusion Conjunctivitis." Chpt. 189 in Thorn, George 
et al., Editors, Harrison's Principles of Internal Medic.ne, 8th Ed.,transmission. Direct contact with discharges from infected eyes W., 

or materials soiled by such discharges (for example, a mother's McGraw-Hill Book Co., New York. Pp. 970-972. 1977. 
apron used to wipe the "acesof her children) is probably the most Grayston, J.Thomas, and Wang, San-pin. "New Knowledge of Chlamy

diae and the Diseases They Cause." Journalof Infectious Dimase. 132(1):important means of transmission. 
Water's role in prevention is that when it is readily available, 87-105. 1975. 

36 

http:Medic.ne


Ht a Keller Internationa!, Inc. "Background Paper: Blindness in the 
Developing World." Helen Keller International, Inc., New York. 
46pp. 1980. 

Holmes, King K. "The Chlamydia Epidemic." JournalAmerican Medical 
Association. 245(17): 1718-1723. 1981. 

Hunter, George W., Frye, William W., and Swartzwelder, J. Clyde. A 
Manualof TropicalMedicine. 4th Ed. W.B. S.anders Co., Philadelphia. 
931pp. 1966. 

Jawetz, Ernest. "Agents of Trachoma and Inclusion Conjunctivitis." An-
nual Review of Microbiology. 18: 301-334. 1964. 

Jawetz, Ernest, Melnick, Joseph L., and Adelberg, Edward A. Review of 
Medical Microbiology. 3rd Ed. Lange Medical Publications, Los Altos, 
Ca. 550pp. 1978. 

Jawetz, Ernest. "Trachoma and Inclusion Conjunctivitis." In Beeson, 
Paul B., McDermott, Walsh, and Wyngaarden, James B., Editors, Cecil 
Textbook of Medicine, 15th Ed., W.B. Saunders Company, Philadelphia. 
Pp. 332-335. 1979. 

Kupka, K., Nizetic, B., and Reinhards, J. "Sampling Studies on the 
Epidemiology and Control of Trachoma in Southern Morocco." Bulle-
tin World Health Organization.39: 547-566. 1968. 

Marshall, Carter L. "The Relationship Between Trachoma and Piped 
Water in a Developing Area." Archives EnvironmentalHealth. 17: 215-
220. 1968. 

Marshall, 	Carter L. "Some Exercises in Social Ecology: Health, Disease 
and Ryukyu Islands." In Farvar, Taghi, M., and Milton, John B., 
Editors, The Careless Technology and International Development, Natural 
History Press, New York. Pp. 5-18. 1972. 

Mathur, G.M., and Sharma, Rameshwar. "Prevalence of Trachoma and 
Other Common Eye Diseases." Indian Journal of Medical Research. 58: 
1085-1097. 1970. 

Meek, Edward S., and Goldz,, Bruce. "Conjunctivitis and Scleritis." 
Chapter 154 in Hoeprich, Paul D., Editor, Infectious Diseases, 2nd Ed., 
Harper &Row, Publishers, Hagerstown, Md. Pp. 1172-1173. 1977. 

Misra, L.K. "Safe Water in Rural Areas--An Experiment in Promoting 
Community Participation in India." InternationalJournalof Health Edu-
cation. 18: 53-59. 1971. 

Nichols, Roger L., Editor. Trachomaand Relatfd DisordersCaused by Chla-
mydial Agents. Excerpta Medica, New York. 586pp. 1971. 

Ostler, H. Bruce, and Braley, Alson E."Trachoma." Chapter 68 in Top, 
Franklin H., Sr., and Wehrle, Paul F., Communicableand Infectious Dis
eases, 8th Ed., C.V. Mosby Company, Saint Louis. Pp. 709-718. 1976. 

rrati-juh,tson, John A., and Wessels, Jurie H.W. "Investigation into the 
Control of Trachoma in Sekhunkuniland." South African Medical four
nal. 32: 212-215. 1958. 

Reinhards, J. "Aspects Actuals et Problems de L'Epidemiologie du tra
chome." Revue Internationaledu Trachome. 46/47: 211-295. 1970. 

Schacter, Julius, and Dawson, Charles R. Human Chlanzydial Infections. 
PSG Publish ig Co., Inc., Littleton, Mass. 273pp. 1978. 

Tanaka, Chie. "Epidemic Keratoconjunctivitis in Japan and the Oriet." 
American Journalof Ophthalmology. 43(4, Part II): 46-50. 1957. 

Tanzzo, M.L. "Trachoma." Chapter 16 in Cruic,.hank, Robert, et al., 
Epidemiology and Community Health in Warm ClimateCountries,Church
hill Livingstone, Edinburgh. Pp. 168-173. 1976. 

Tarizzo, Mario L. "Trachoma." Chapter 152 in Hoeprich, Paul D., Editor, 
Infectious Diseases, 2nd Ed., Harper & Row, Publishers, Hagerstown, 
Md. Pp. 1165-1167. 1977. 

Taylor, Carl E., Gulati, Prem Vir, and Harinarain, Joseph. "Eye Infec
tions in a Punjab Village." American Journal of Tropical Medicine and 
Hygiene. 7(1):42-50. 1958. 

Thygeson, P., and Dawson, C. "Trachoma and Follucular Conjunctivitis 
in Children." Archives and Ophthalmology. 75: 3-12. 1966. 

Thygeson, Phillips. "Trachoma" and "Inclusion Conjunctivitis." Chap
ter 30 in Hunter, George W., III, Swartzwelder, J.Clyde, and Clyde, 
David F., TropicalMedicine, 5th Edition, W.B. Saunders, Philadelphia. 
Pp. 249-253. 1976. 

White, Gilbert F., Bradley, David S., and White, Anne U. Drawers of 
Water, Domestic Water Use in East Africa. University of Chicago Press, 
Chicago. 306pp. 1972. 

Wilcocks, Charles, and Manson-Bahr, P.E.C. Manson's Tropical Diseases. 
Williams and Wilkins Company, Baltimore. 1164pp. 1972. 

Wilson, Graham S., and Miles, Ashley. "The Psittacosis-Lymphogranu
loma Trachoma Group." Chpt. 84 in (Tople. and Wilson's) Principles of 
Bacteriology,Virology, and Immunity, 6th Ed., Williams and Wilkins Co., 
Baltimore. Vol. 2. Pp. 2372-2387. 1975. 

World Health Organization. "Data on Blindness Throughout the 
World." WHO Chronicle. 33: 275-283. 1979. 

World Health Organization. "The Prevention of Blindness." Technical 
Report Series No. 518. Geneva. 18pp. 1973. 

World Health Organization. "Trachoma." Technical Report Series No. 234. 
48pp. 1962. 

37
 



SECTION 4
 

WATER CONTACT DISEASES
 

Introduction 

Water-contact diseases are transmitted by skin contact with 
pathogen or toxin-infested water. The most important of these 
diseases is schistosomiasis (bilharzia). Schistosome eggs in hu-
man excreta hatch on reaching water. The resulting la, vae must 
invade suitable snail hosts or perish. Following a multiplication 
process within the snail, the free-swimming schistosome larvae 
(cercariae) 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 its prevalence is probably increasing. Current control meth
ods, primarily drugs for those infected and chemical control 
(mollusciciding) of snails, have had limited success. Both of 
Fhese methods require periodic repetition. 

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

Leptospirosis and tularemia are the next most important con-
tact diseases. One portal of entry for their causative agents, 
Leptospira serotypesand Francisellatularensis, is the penetration of 
abraded skin or mucous membrane when man is immersed in 
water contaminated by infected animals. Because they are also 
transmtted by drinking water, leptospirosis and talaremia are 
reviewed in Section 2. 

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

Table 4-1 presents a summary of these diseases. 

Schistosomiasis 

Background 

Schistosomiasis (Bilharziasis , snail fever) is a parasitic disease 
of man transmitted in over 70 countries of the tropics and subtro
pics. Authoritative estimates by the World Health Organization 
are that over 200 million people are currently infected. An addi-
tional 600 to 800 million are constantly exposed to the risk of 
infection. 

The parasitic worm or Schistosoma2 must spend part of its early 
life in a water environment in order to be transmitted from one 
person to another. It must also infect an intermediate snal host 
before infecting man, the definitive host. Both infections require 
water contact. Thus the dynamics of schistosomiasis transmis-
sion are intimately related to water-resources development, in-
cluding irrigation, hydro-electric power, dams, reservoirs, 
fisheries and other development efforts. Suich developm. nt, 
without proper attention to potential schistosoriasis trad.emis-
sion, may actually increase the burden of schistosomias 
through increased human exposure to infection and creation of 
environments more favorable to the parasites and their interme-
diate snail hosts.ftena 
1Often used in Africa after Dr. Theodor Bilharz, a German physician, 
who during a postmortem examination in Cairo in 1851 first identified 
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Table 4-1. Water Contact Diseases' 

Disease or Syndrome 	 Remarks 
Direct Contact 

Drowning 	 7,000 deaths by drowning per year in 
the U.S. 

Enteric Disease Ingestion during bathing or swimming. 
Granulomal Skin Mycobacteria in water. Swimming or 

Infections occupational exposure. 

Ichthyotoxism Poisonous coelenterates or fish. 
Hirudiniasis Aquatic leeches. 
Leptospirosis Zoonosis; contact of abraded skin or 

drinking of water contaminated by in
fective rat urine.
 

Otitis Ear infection from immersion.
 
Pharyngoconjunc- Virus infection associated with
 

tival Fever swimming pools. 

Primary Amoebic Rare but fatal disease of swimmers and 
got 

Rhinsporidicsis Fungal disease marked by large polyps 
often of nasopharynx. 

Schistosomiasis 	 Free-swimming cercarial larvae pene
trate skin, over 200 million people in
fected worldwide. The most important 
disease transmitted 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 urine of infected ani
mals. 

indirect Contact 

African Trypanoso- Riverine tsetse flies (e.g. G. palpalis live 
miasis (T. b. and bite near waterholes, especially in 
gambiense only) d.y season). 

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

While much exposure is occupational for farmers and fisher
men, many, if not the majority, of infections are through expo

men n children dring athg erpo
sure of women and children during bathing, laundering, 
drawing of drinl *g water, and other domestic activities. The 
international Water Supply and Sanitation Decade (1981-90) will 
offer many opportunities for reduction of schistosomiasis as well 
as classical waterborne enteric diseases. 

one of the schistosome wornis responsible for the disease. In 1966, the 
World Health Organization officially design, ted the name as schistoso
miasis in the interest of uniformity. 
2 Greek for "split, divided body" after the appearance of the adult male 
worm, which is flat, with the sides of its body inverted so as to form a 
groove in which it carries the female. 



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

Pre-project 

Country 
Project

(year completed) 
prevalence
(percent) 

Egypt Aswan Dam (first) 6% 
(1900) 

Sudan Gezira Scheme 0% 
(1925) 

ranzaria Arusha Chini low 
(1937) 

Zambia and Lake Kariba 0% 
Rhodesia (1958) 

Ghana Volta Lake low 
(1966) 

Nigeria Lake Kainji low 
(1969) 

Iran Dez Pilot 15% 
Irrigation Project 

(1965) 

SOURCE: Ro- enfeld, P.L., and Bower, B., 1978. 

Schistosomiasis is spreading; its severity is increasing in estab-
lished foci, and successful control programs have been imple-
mented in only a few areas of the tropicai world. While direct 
mortality from the disease is low, the sheer size of the epidemi-
ologic3l phenomenon, the high global prevalence, and the multi-
plicity of the chronic pathological sequalae of infection represent 
a major burden on the public health and medical services in 
countries where transmission is endemic. \ 

Tabli 4-2 gives some examples of the association of schistoso-
miasis with water resources development, 

Pathology 

Schistosomiasis is the state of infection with worms of one or 

species of Schistosorna, usually wt. atooiun, S. more of the S. h, Smoe orhspieofhsolmnanmo1i, or S. japonlicum. 

While a short-lived itchy rash of the skin where the schisto
asome larvae (cercariae) penetrated may develop, along with 

temporary fever and cough, 2 to 4 weeks following the infection, 

the major damage to the body ;esults 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 human tissues may cause development of fibrosis, 
granulora, lesions, ulceration, bleeding, diarrhea, ascites (accu-
mulation of serous fluid in the abdomen), liver and spleen en-
large,-ent, and ether 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. inansoniand S. japoniculn occurs in the small 
mesenteric veins of the bowel. Egg laying by S. heinatolyito is in 
the small veins of the bladder, i.e., the vesical veins. The relative 
locations of egg-laying characterize the common course of the 
disease. In S. lernatobiutn, blood commonly appears in the urine, 
Late staFcs of these infections may manifest urinary tract dis-
eases, such as calcified bladders, non-functioning kidneys, and 
ureteric deformity. Many authorities suggest a strong correlation 
of S. heiiiatobiuin and cancer of the bladder. S. mansoni and S. 
japonicuni eggs have a greater predilection for the liver and 
spleen and for portal hypertension. 

Post-project 
prevalence 	 Schistosole 
(perce'nt) speces
 

60% (3 yrs. later) S. haematoliun
 
S. mnansoni 

30-60% (15 yrs. later) 	 S. inansoni 
S. haetnatol'iun 

53-86% (30 yrs. later) 	 S. inanroni 

16% adults S. ianslni
 
69% children S. haernatobiun
 
(10 yrs. later)
 

90% (2 yrs. later) 	 S. ha'natobiunt 

31% (1 yr. later) S. haernatobiiunt
 
45% (2 yrs. later)
 
27% (2 yrs. later) S. haetnatobium
 

The seriousness of the infection is proportional to the number 
of eggs and, therefore, to the number of adult, egg-laying 
worms. Unlike bacteria, schistosomes cannot complete their 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 in significant illness. Ordinarily the disease develops 
slowly as more and more worms are acquired during childhood, 
with the maximum number reached at about 15 to 20 years of 
age. 

The worm;egg/dijease relationships of schstosomiasis are im

portant in evaluation of the seriousness of schistosomiasis trans

mission 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
pie, excreting eggs as determined by a 
urine or stool examination). 

Transmission: 	 survey of prevalence by age in children 
repeated at yearly intervals. The actual 
prevalence rate is 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 is con

stant; if less, transmission is declining; if 
more, increasing. 

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

Ordinarily, intensity increases with increasing prevalence. Sit
uations may exist where prevalence appears high but intensity 
may confirm that most of the s histosomiasis is asymptomatic or 
aclinical. 
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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. hematobium victims micturate more 
frequently than normal with the last portion of urine containing 
blood. Micturition may be difficult or painful. S. manboni and S. 
japonicmn infections are characterized by diarihea 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 in 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 is the 
skin test, in which a minute amount of schistosome proteins is 
injected under the skin. Formation of a lump is 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 specific patients, require medical administration, be 
expensive for developing countries, and not be universally 
effective. 

There is no drug yet available to prevent infection, either 
through prophylaxis or by immunization. Prior infection does 

not prevent the cured patient's being reinfected if he or she 
returns to a schistosome cercariae-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 necessarily be on a com
munity basis to stop transmission. 

Public Health Impalt 

Mortality (deaths) attributable directly to schistosomiasis is 

generally low. However, in endemic regions, schistosomiasis is 

a contributing factor to many syndromes and diseases, ranging 

from liver and kidney diseases to cancer. Severity of infections is 

generally proportional to cercarial exposure, worm load, and 

intensity of egg laying. Significant geographical differences exist 

even for the same schistosome species. S.japonicum is generally 
cure. Thethe most severe infection and the most difficult to 


disease, untreated in a single victim, may last for many years, 


with increasing ill 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 is es-
sential to understanding transmission and control of the disease 
of schistosomiasis. Figure 4-1 shows a schematic of the cycle for 
S. haemafobiun. With the exceptions previously noted, i.e., egg 
ovi-position in the small veins of the bowel and egg evacuation 
via fecal evacuation, Figure 4-1 applies also to S. Iiansoni and S. 
japoicinm. 

Sexually mature schistosomes found in man, the definitive 
host, vary in length from about 7 to 26 mm and in width from 
about 0.3 to 1mm and have the appearance of elongated threads. 
Once mated, the male and female schistosomes proceed in pairs, 
S.,nansoniand S.japonicani generally to the veins of the bowel 
and S.haetnatoliumgenerally 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 vein walls into the surrounding tissues. 

Figure 4-1. Life Cycle of Schistosoma haematobium 

Female Male 

Adult male and female flukes 
or "worms"(lifetimc-several
 

Heart (cercariae)Inveins of wall of bladder 

Lungs (cercariae)L\
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Liver (adult)
 
Cercariae penetrate skin 

Eggs penetrate (within two days), 
bladder wall into beginning eight weeks 
urine journey to maturity in 

I-veins 
-

of wall of bladder 

Urine evacuated 
Eggs reach water Cercariae
 

Eggs in water hatch out 
free swimming miracidia Cysts release free swimmingcercariae male and female 

Miracidia penetrate w,'ter r a adel
 
snail (within one day
 
after hatching)
 

Development in cyst in liver of 
(6weeks)
snail 


Some become trapped in the tissues and die, but others word 
their way into the bowel or bladder and leave the body in 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 

inadequate sanitation. The change of osmotic pressure in the 

water results in the hatching from each egg of a small, ciliated, 

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 cercariae 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 nile must be man for S. inansoniand S. haetmatobium and is 
often man for S. japonicum, 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 pnetrate their host within sevtral min
utes. Within hours they are in the blood stream and are eventual
ly carried to the liver, where they grow to maturity 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 cercariae. The infection nas been known to persist for over 30 
years in man, but the life-span of the schistosomes is generally 
much less than that, typically from I to 5 years. 
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I	Figure 4-2. Life Stages of Human Schistosomes Showing Schistosomiasis, Man, and Water 
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Species of schistosomes which are parasitic in other mamma-
lian hosts may produce infections in man. These include S.bovis, 

a parasite of cattle and sheep and found in Africa; S. mattheci, a 

parasite of domestic and wild animals also found in Africa; S. 
intercalatum, found in Zaire; S. margrebowi, a parasite of Central 

African antelopes and practically indistinguishable from S. ja-

ponicum; and possibly S. rodhaini. These animal schistosomes 
are of relatively little 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 transmission. Four stages occur generally in a water 
environment (eggs are initially deposited in the human host, 
then found in the host's excreta, but they must ultimately find 
water; sporocysts of S. japonicum are specific to the amphibious 
snail genus Oncornelania). The worms may be attacked directly 
using drugs (chemotherapy); classical sanitation (protection of 
the snail from infection); creation of a land environment that 
limits contact with water (protection of man); and creation of a 
water environment unfavorable to snail vectors (use of toxic 
chemicals to destroy snails or habitat modification, i.e., environ
mental control). 

Snails 

Before it attacks man, each schistosome worm lives as a para-
site of a snail. Thus a water habitat favorable to specific snail hosts 
is essential. Environmental changes in snail habitats may result 
in increased or decreased transmission of schistosomiasis, de-
pending on their effect on the vector snails. Schistosomiasis 
control projects, and especially those using environmental, bio-
logical, or chemical control of snail vectors require project field 
expertise in snail biology (malacology) and identification. 

Three animals-the parasites, the snails, and man-are in
volved in transmission of schistosomiasis. Most pest control pro
grams have emphasized attacks on the parasites (chemotherapy) 
and the snails (molluscicides). Recent years have seen increasing 

intzrest in working with the third and most intelligent animal, 
i.e., man. How does human behavior affect transmission of 

schistosomiasis? Can human behavior be modified so as to disfa
vor schistosomiasis transmission? 

On theoretical grounds the answer is clear. If man avoids skin 
contact with water containing schistosome cercariae or if he 
avoids contaminating his water resources with his feces or urine 
(and thereby schistosome eggs), the cycle of transmission of
schistosomiasis would te broken. 

Observations of human water contact in areas endemic for 

schistosomiasis indicate the following: 

(1)Much contact is occupational-for males primarily through 
agricultural and fishing activities; for females through collection 
of domestic water supply, washing of cooking utensils, and 
laundering of clothes. 

(2) i luch contact by children is 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 majority." 

(4) The risk 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 diurnal shedding of 
are shed at night, whereascercariae. Cercariae of S. japonicum 

those of S. mansoni ;ind S. Iaematobium are released during the 
daylight hours. 

Washing of clothes may be associated with prlonged water 

contact of hands and legs. This activity is frequently performed 
from mid-morning onwards and thus at the peak period of cer
carial 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 time of maximum cercarial density. Bathing carries 
with it a considerable risk of infection since it involves total 
bodily exposure even if for only a short period of time (Jordan 
and Unrau, 1978). 

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

(6) A similar study in St. Lucia showed that important water 
contact activities for the males were mainly swimnzing and bath
ing and for the females it was clothes washing, b,,thing and 
swimming. These activities accounted for 66 percent of the con
tacts and 95 percent of the contact time (Dalton, 1976). 

Importance of Site Locations 

One important method of limiting human contact with infec
tive watercourses is 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 their own adequate supplies of safe water. This is most 
easily accomplished in the planning and design phase of a new 
scheme. 

In connection with 	Egypt's Aswan High Dam it was recom
mended that new canals be constructed at least 500 meters away 
from villages (Ayad, 1965). That communities located some dis
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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 
infection was the distance (1000 meters or more) of the village 
from vhe irrigation canal (Greany, 1952). This supports the the-
ory that "convenience" is one of the mub, effective motivating 
ferces run human behavior. It must be easier to get at safe water 
than un.iafe water, both for consumption and clothes washing. 

In the Philippines the snail habitats nearest to housing were 
found to nave the highest infection rates (Hairston, 1973). Con-
sequently 'he siting of residential areas away from water courses 
results in 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. In South Africa (Pitchford, 1970) human access to poten-
tially dangerous water was reduced in the immediate vicinity of 
habitations by fencing dams and streams and by building fenced 
bridges over streams. 

Use of pipes tcconvey irrigation water and for drains is highly 
desirable due to low transportation losses from leakage and 

evaporation. This practice limits the human water contact. In 
addition, closed c.)nduits have lower maintenance costs and 
eliminate weeds, in.sect and snail habitats. Pipes cannot be used 
in large canals having capacities over 10 cu. meters/sec. The 
initial cost is high, but in some areas the cost can be justified by 
the saving of land ana protection of the population. In the Nile 
Delta an estimated 7 percent of the usable land is taken up by 
rights-of-way for canal and drains (Lanoix, 1958). But for mea-
sures that limit human contact to be successful, alternate water 
supply sources for domestic and recreational purposes must be 
available. 

Health education is a desirable but insufficient means of avoid-

ing cercariae 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 
infective snails as a prerequisite for continued transmission of 
schistosomiasis has prompted man)' suggestions for reducing 
the contact. A study of environmental factors in Egypt (Farooq, 
et al.,1966) concluded that a more abundant piped water supply 
distribution would result in a diminishing incidence of schistoso-
miasis and certain other infections. As an alternative to contin
ued contact with cercariae-infested water bodies, a safe and 
adequate water supply for domestic and recreational use rates a 
high order of priority; however, the effectiveness of water sup-
plies as a schistosomiasis control measure is not as well 
documented. 

In Japan the incidence of infection tended to decrease wherev
er safe water was supplied for drinking, washing and bathing 
(Yokogawa, 1974). 

The provision of safe potable water and simple swimming 
pools, along with fencing nearby infested stream, in an endemic 
area of South Africa appeared to be the reasons for gradual 
reduction in prevalence of S. haematobium and S.mansoni, 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 in villages without these 

facilities but to a much lesser degree (Barbosa, 1971). 
The effects of a domestic water supply on the transmission of 

schistosomiasis was investigated in a detailed pilot study in St. 
Lucia which involved household water supplies, communal 
laundry-shower units, and simple swimming pools (Unrau, 
1975; Jordan, et al., 1975, 1978). Five rural communities with a 
total population of about 2000 were provided with a household 
water supply. In addition, laundry-shower units and simple 
swimming pools were located at strategic locations in the com
munities. Water contact studies made under similar conditions 
as pre-controlled studies showed a reduction of 82 percent in the 
number of contacts and 96 percent reduction in contact time 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) 

0-4 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 in the two 
yeais (Dalton, 1976). 

Figure 4-3. Incidence of New S. mansoni Infections Before
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Figure 4-4. Prevalence of S.mansoni Infections After 5 Years Water 
Supply in Grande Ravine, St. Lucia (Unrau, 1978) 
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The change in incidence of new S. mansoni infection in chil-

dren up to ten years old living in the first village to be supplied 

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 in this same village dropped from 72 percent to 36 per-

cent in five years of water supply. Changes in prevalence are 

registered more slowly because the infection of S.mansoni is 

retained for many years. (See Figure 4-4.) 
The intensity of S. inansoni infection as measured by egg out-

put is 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. inansoni eggs is obtained by using the sum of the preva-

lence multiplied by the intensity of different age groups and the 

proportion of the age groups in the population to develop an 

index of potential contamination, 
The intensity of infection was generally higher in the project 

area than in the comparison area prior to the water installrdon. 

Over a five year period the potential 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, 
arid the water supply system had no effect on transmission of 
schistosomiasis, even though this source provided essentially all 
the water for home use. The rivers continue to be used for wash-
ing, bathing and swimming. 

The experimental water project in St. Lucia has demonstrated 
that impressive results can be obtained in the reduction of trans
mission of schistosomiasis when adequate, reliable and conve-
niently 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 
transmission of schistosomiasis. Not only was there a reduction 
in the prevalence of infection but also a reduction in 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 river. As a result of the reduced water contact, not 

only is infection prevented but contamination of the water is 
decreased.
 

Aside from the direct benefit associated with safe water sup
plies, there are many other "quality of life" benefits which place 

water supply on a high priority when community improvements 
are considered. Because water supplies are not disease specific, 
local authorities may find them more acceptable when interested 

the broad spectrum of social and health programs (Unrau, 
1978). 

One of the conclusions in a report on 25 years of schistosomia

sis control in Puerto Rico (Negron-Aponte and Jobin, 1979) was 
that water supply improvement accounted for 80 percent of the 
decrease in 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 

rb
 
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, within a few" hours after 

hatching and the cercariae from the infected snail must find a 

mammalian host in less than 48 hours in order to survive. In 

practice, penetration of the skin usually takes place within 24 

hours. Thus two days' storage capacity is sufficient to constitute 

asignificant barrier to transmission, provided infected snails do 
not enter the reservoirs. 

The effect of the total time taken for water to pass through the 

system (from collection through delivery) is such that if it ex

ceeds two days, no live cercariae will be delivered in the water. 

Ample storage is 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 'f the water in a reservoir is 

difficult to prevent and, therefore, treatment should not rely
 

solely on storage. 

Coagulation, Flocculation and Sedimentation 
A commonly used process for domestic water treatment is 

clarification by means of a coagulant and sedimentation. Tests 
performed to determine whether schistosome cercariae are af
fected by the clarification of water by coagulation and sedimenta
tion indicate that although some cercariae are entangled in 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 is not effective against cercariae (Leiper, 1916; 
Witenberg and Yofe, 1938; Jones and Brady, 1947; Pellegrino, 
1967). 

Filtration 

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

The two principal types of filters used in community 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 
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results (Leiper, 1916; Witenberg and Yofe, 1938). Other refer-
ences (WHO, 1970; Wagner and Lanoix, 1959; Benarde and John-
son, 1971) state that cercariae are removed by sand filtration. The 
reasons for the differing reports are speculative, but may in part 
be due to the great variety of filtering media and experimental 
procedures used. Most of these tests were conducted with a 
clean, vertical column of sand. Since filtration is more involved 

than simply straining a fluid through a sand bed, there remains 
some uncertainty of the applicability of test result- to field 
situations. 

Disinfection (Clorination) 

The final method of treatment is water disinfection. Although 
water can be disinfected by boiling, this is difficult, tedious, and 
experanve isincalte wherebyuelis boiling, is d o,s e e in
expensive in localities where fuel is scarce or boiling is done in 
charcoal pots. Chlorination is usually the cheapest method, but 
the chlorine supplies must be reliable for there is little 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 
kill 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 experi-
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 inactivate S. mansoni cercariae in 30 minutes at 
20'C. were 0.3 mg/I at pH 5.0, 0.6 mg/I at pH 7.5 and 5.0 mg/l at 
pH 10.0. 

Sanitation 

The basic reason for transmission of schistosomiasis is 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, it would eliminate not 
only schistosomiasis but many fecal-borne infections. 

Bibliography on Schistosomiasis 

Ayad, Naguib. "Schistosomiasis Control in Irrigated Areas." fazn 
schuts-Nachrichten (Bayer). 18(3): 83-109. 1965.190schusachri ch 83-109.Editr. Epiden(Byr.1 1965.o 

Ansari, N., Editor. Epidenio'0gy and Control of Schistosomiasis (Bilharziasis). 
S. Karger, Basel, 800 pp. 1973. 

Barbosa, 	F.S. "Control of Schistosomiasis Through a Community Orga-
nization Programme." Transactions Royal Society of Tropical Medicineand 
Hygiene. 65: 206. 1971. 

Bemarde, Melvin A., and Johnson, Barry A. "Schistosome Cercariae 
Removal by Sand Filtration." Journal American Water Works Association. 
63: 449453. 1971. 

Bradley, 	D.S., and Emurwon, P. "Predicting the Epidemiological Conse-
quences of Changing Water Sources. Part I."E.Afr. Med. Journ. 45(5): 
333-340. 1968. 

Coles, G.C., and Mann, H. "Schistosomiasis and Water Works Practice 
in Uganda."East African Medical Journal. 48(1): 40-43. 1971. 

Dalton, Peter R. "ASociological Approach to the Control of Schistosoma 
niansoni in St. Lucia." Bulletin World Health Organiation. 54: 581-595. 
1976. 

Dalton, P.R., and Pole, D. "Water-contact Patterns in Relation to Schisto-
soma haenotohiuan Infection." Bulletin World Health Organization.56:417-
426. 1978. 

Farooq, M., and Mallah, M.B. "The Behavioural Pattern of Social and 
Religious Water-contact Activities in the Egypt-49 Bilharziasis Project 
Area." Bulletin World Health Organization. 35: 377-387. 1966. 

Farooq, M., Nielsen, J., Samaan, S.A., Mallah, M.B., and Allam, A.A. 
"The Epidemiology of Schistosoma haematoliumn and S. inansoni Infec
tions in the Egypt-49 Project Area 2." Bulletin World Health Organiza
tion. 35: 319-330. 1966. 

Frick, Lyman P., and Hillyer, G.orge V. "The Influence of pH and 
Temperature on the Cercaricidal Activity of Chlorine." Military Medi
cine. 131: 372-378. 1965. 

Fripp, P.J., Armstrong, F.A., and Jaskulla, E."The Cercaracidal Proper
ties of Commercial Hypochlorite Preparation." South African Medical
Journal.46: 1819-1822. 1972. 

Greany, W.R. "Schistosomiasis in the Gezira Irrigated Area of the Anglo-
Egyptian Sudan. i. Public Health and Field Aspects." Annals of Tropical 
Medicine and Parasitology. 46: 259-267. 1952. 

Hairston, N.C. "The Dynamics of Transmission." InEpidemiology and 
Control of Schistosomniasis (N.Ansari, Ed.), pp. 259-285. S.Karger, Basel 
and University Park Press, Baltimore. 1973.

Husting, E.L. "Sociological Patterns and Their Influence on the Trans
mission of Bilharziasis." Central African ]ournal of Medicine. 16, No. 7, 
Supplement: 5-10. 1970. 

Jobin, W.R., and Ruiz-Tiben, E."Bilharzia and Patterns of Human Con
tact with Water in Puerto Rico." Boletin Associacitn Medica de Puerto 
Rico. 60: 279-284. 1968. 

Jones, Myrna F., and Brady, I rederick J. "Effects of Water Treatment 
Processes on Schistosome Cercariae." InStudies on Schistosomniasis, Na
tional Institute of Health Bulletin No. 189, U.S. Government Printing 
Office, Washington, D.C. Pp. 109-130. 1947. 

Jordan, Peter, and Webbe, Gerald. Humnan Schistosomniasis. Wm. Heine
man Medical Books Ltd., London. 1969. 

Jordan, P., UNEP Working Paper, meeting of 12-14 August 1975, 
Nairobi. 

Jordan, P., and Unrau, Gladwin 0. "Simple Water SupplieF to Reduce 
Schistosomiasis." Tropical Doctor. 8: 13-18. 1978. 

Jordan, P., Woodstock, L., Unrau, G.O., and Cook, J.A. "Control of 
Schistosoma mnansoni Transmission by Provision of Domestic Water 
Supplies." Bulletin Worhl Health Organization. 52: 9-20. 1975. 

Jordan, P., Bartholomew, R.K., Unrau, G.O., Upath,'m, E.S., Grist, E., 
and Christie, J.D. "Further Observations from St. Lucia on Control of 
Schistosona miansoni Transmission by Provision of Domestic Water 
Supplies." Bulletin World Health Organization. 56: 965-973. 1978. 

Lanoix, Joseph N. "Relation Between Irrigation Engineering and Bilhar
ziasis." Bulletin World Health Organization. 18: 1011-1035. 1958. 

Leiper, Robert T. "Report on Results of the Bilharziasis Mission in 
Egypt." Journal Royal Army Medical Corps. 27: 171. 1916. 

McJunkin, Frederick Eugene. Engineeringk Measures for Control of Schistoso
iPflanzen-nasis. Agency for International Development, Washington. 69 pp.1970. 

McJunkin, Frederick Eugene. Water, Engineers, Development, and Disease 

in the Tropics. Agency for International Development, Washington. 182 
pp. 1975. 

Negron-Aponte, Henry, and Jobin, William R. "Schislosomasis Control 
in Puerto Rico. Twenty-five Years of Operational Experience." Amer. 
Jour. of Tropical Medicine and Hygiene. 28: 515-525. 1979. 

Pellegrino, J. "Protection Against Human Schist);orme Cercarie." Experi
mental Parasitology. 21: 112-131. 1967. 

Pitchford, R.J. "Control of Bilharziasis by Rural Management." Central 
African Journal of Medicine. 23 (suppl.): 31-33. 1970. 

Rosenfeld, P.L., and Bower, B."The Incorporation of Health Parameters 
into Engineering Design." Resources for the Future, Washington. 
1978. 

Scott, J.A. "Schistosomiasis Control in Water Supply Sources." Journal 
American Water Works Association. 61: 352-354. July, 1969. 

Unrau, Gladwin 0. "Individual Household Water Supplies as a Control 
Measure Against Schistosoma mnansoni." Bulletin, World Health Organiza
!ion. 52: 1-8. 1975. 

Unrau, G.O. UNEP Working Paper, meeting of 12-14 August 1975, 
Nairobi. 

Unrau, G.O. "Water Supply and Schistosomiasis in St. Lucia." Progress 
in Water Technology. 11, Nos. 1/2: 181-190. Pergamon Press Ltd., Lon
don. 1978a. 

45 



Unrau, G.O. "Rural Water Supplies Designed for Control of Schistoso- workers who spend much of their time in streambed sand and 
miasis and Other Water-Related Diseases." Paper presented at Annual gravel quarries, it is characterized by the growth of sometimes 
Conference, American Water Works Association, Atlantic City, N.J.18b 
1978bBlood-sucking 

Wagner, E.G., and Lanoix, J.N. Water Supply for Rural Areas and Small 
Communities. World Health Organization, Geneva. 1959. 

Witenberg, G., and Yofe J."Investigation on the Purification of Water 
with Respect to Schistosome Cercariae." TransactionsRoyal Society of 
Tropical Medicine and Hygiene. 31: 549-570. 1938. 

World Health Organization. Snail Control in the Preventionof Bilharziasis. 
Geneva. 1965. 

World Health Organization. "Schistosomiasis and Community Water 
Supplies." World Heal!h Organization UnpitblishedMimeographed Docu-
inent WHOICWSIRD70.3. Geneva. 9 pp. 1970. 

World Health Organization. "Schistosomiasis Control: Report of a WHO 
Expert Committee." WHO Technical Report Series No. 515. Geneva. 
1973. 

Yokogawa, M. "The Decline of Schistosoma japonicum Infections in Ja-
pan." World Health Organization Unpublished Mimeographed Document 
WHO/Schist/74.34. Geneva. 13 pp. 1974. 

Diseases Associated with Swimming 

Surprisingly, perhaps, bathers can swim in waters that are 
heavily sewage-laden and not contract diseases, apparently be-
cause little of the water is ingested. Sewage-laden water is a 
potential source of organisms that cause enteric disease (Cabelli, 
1978, 1979). Mailman (1970) lists numerous typhoid outbreaks 
astciated with swimming in fresh and sea waters. 

Swimming pools present a somewhat different setting-pollu-

tion is limited to those organisms discharged from the body of 
the swimmer, dilution is limited, and disinfection with chlorine 

is the usual practice.Isnfhelualactis e eGreenberg,
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 is found among pool users 
(and occupationally as well). It is caused by Mycobacterium balnei 
(Feldman, 1974). A mild viral infection, of the nose, throat, and 
eyes known as pharyngoconjunctival fever is also associated 
with swimming pools (Bell, 1957). 

"Swimmers' itch," also called schistosome dermatitis, is found 
in swimmers and waders in several areas. This is an Avian schis- 
tosomiasis in which cercariae attack the skin of man but are 
unsuccessful in establishing themselves. The itch is an allergic 
reaction. Most skin infections of swimmers are mild and heal 
rapidly (Hicks, 1977). 

Ichthyotoxism (poisoning by fish) is 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, is "prima-
ry amebic meningo,-ncepFhalitis." Certain pathogenic amebae 
species may enter the brain through the uppernasal cavities andthe cribiform plate with dire consequences (Chang, 1972). 

ie 
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 in a few other areas, among 

grotesque, large polyps in the nasal cavities. 
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 swimming, in 
edm ae s schiss asi 
endemic areas, is schistosomiasis. 
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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 live 
all or part of their lives 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 
liberate free-swimming larval forms which penetrate the im-
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 mart. In a few diseases (but not schistosomiasis), 
transmission to man is 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 is schistosomiasis. This disease is 
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 aq! .atic snails are vectors. 

Clonorchiasis 
Also known as Chinese or Oriental liver fluke disease, donor

chiasis is a chronic disease of the bile ducts, which may follow 
iasio n of the le cts hich ma, low 

ingestion of the trematode, Clonorchis sinnsis. Toxemia, loss of 
appetite, diarrhea, and a sensation of abdominal pressure are 
early symptoms. Severe cases may have bile duct obstruction, 
cirrhosis, progressive ascites, and edema but are not often fatal. 
The disease is found in Asia-China, apan, Korea, ard 

Man is infected by eating raw fish containing encysted iarvae. 
Fis infec ly conta nsfoste arvae.Fish culture in 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 habits are difficult to c;.ange and the cost 
of cooking (or deep frying) is prohibitive for many. Public aware
ness may be helpful. Sanitary disposal of feces to avoid contami
nating sources of food fish is also important. 

Diseaseor Syndrome 

Snail Vector Diseases 
Schistosomiasis 

Clonorchiasis 

(Asiatic liver fluke)
 

Opisthorchiasis 

(Cat liver fluke)
 

Fascioliasis 

(Liver fluke)
 

Fasciolopsiasis 

(Intestinal fluke) 


Paragonimiasis 

(Lung fluke disease)
 

Others
 
Mosquito Vector Diseases 

Arboviruses 

Filariasis 


Malaria 
Fly Vector Diseases 

Loaiasis 

(Loa Loa)
 

Onchocerciasis 


African Trypanosomiasis 
(Sleeping Sickness) 

Table 5-1. Water Habitat Vector Diseases' 

Remarks 

Major tropical disease transmitted through direct contact and penetration of immersed
 
skin by schistosome cercariae. 200 million people are infected.
 
Human infection by eating raw or partly cooked infective fish.
 

Human infection by eating raw or partly cooked infective fish.
 

Human infestion by eating raw, infective aquatic plants, especially watercress.
 

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

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 million people are infected.
 
Classical tropical disease with high death toll.
 

Mangrove fly of genus Clrysops breeds in water in West and Central Africa.
 

Simulium spp. breeds in flowing water in Africa and Central America. Blindness com
mon in W. Africa.
 
Some tsetse fly vectors live and breed in riverine and waterhole areas.
 

Transmission by vectors living all or part of their lives in water. 
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Opisthorchiasis 

Opisthorchiasis is an infection of man and other mammals 
resulting from ingestion of raw fish infested with the cysts of the 
trematodes Opisthorchis felineus or 0. viverrini. Found in parts of 
Europe and Asia, it is said to infect 3.5 million Thais (Malek, 
1980). Prevalence has increased in the U.S.S.R. as a result of 
construction of dams on certain rivers, especially the Volga andthe Dnieper (Ma.ek, 1980).

Control and prevention measures are similar to those for 
clonorchiasis, 

Fascloliasis 

Fascioliasis is a disease of the liver 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 in length), are Fasciola hepatica and F. gigantica. They may 
cause tissue damage and enlargement of the liver, biliary colic, 
and jaundice. 

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

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

Fasciolopsiasis 
Fasciolopsiasis is also a trematode disease, caused by Fasciolopi-

in length (almost 2 
sis buski, a fluke which may reach 4.5 cm. 

inches). A disease of the small intestine, it may result in inflam
mation, ulceration, obstruction, toxic effects, diarrhea alternat-
ing with constipation, and vomiting. However, death is rare. 
Though the disease is found only in Asia, especially China, local 
prevalence is often extremely high. Pig, man, and dog are defini
tive hosts; snails are intermediate hosts. 

Transmission is through infective metacercariae encysted on 
aquatic plants, especially water caltrop and water chestnut. In 
fection from the latter frequently results when its hull or skin is 
pulled off with teeth and lips. 

Prevention is bv 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 is a trematode disease of man, dog, cat, and 
other carnivores caused by Paragonimus westerinani and other 
species in Asia, P. africanusand P. uterolilateralisin Africa, and 
other spp. in the Americas. Three and a half million people are 
infected, primarily in Asia (Malek, 1980). The intermediate snail 
hosts are of-en found in swift mountain streams. Lungs. e most 

often parasitized, with development of fibrous, cystic lesions. 

Other organs may also be infected, 

Transmission to man is by ingestion of infective, raw crabs and 

crayfish. Prevention is possible by thorough cooking of the crus-

tacea. Education, sanitary excreta disposal, and mollusciding are 

other measures. 

Other Snail Vector Diseases 

the second in the Far East, the Middle East, Turkey, the Balkans, 
and Spain, but particu'arly in the Nile delta; the third in the Far 
East and Siberia. Gasti. disciasis is transmitted 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. 

A 
Angiostrongyliais (rat lungworm), unlike the other snail-related diseases, is caused by a nematode (roundworm). Further, 

its snail vectors include land as well as aquatic snails. Man is an 
accidental host, a dead end in the life cycle of the parasite, 
Angiostrongyluscantonensis.Transmission is by eating raw, infec

tive plants, snails or slugs, fish, or crustacea. Control or preven
tion is similar to that for other snail vcctor disease,. 

Bibliography on Snail Vector Diseases Other Than 
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Mosquito Vector Diseases 

Arboviruses 

General 
An arbovirus is a virus that multiplies in a blood-feeding ar

thropod (mosquito, tick, sandflv, midge, or gnat) and is trans
mitted by bite to a veitebrate animal (mammal oi bird). These 
"arthropod-borne" virusinfections are thus classified ecological
lyrather than taxonomicallv. 

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 e.cephalitic arboviruses. The more importan, 

mosquito-borne arboviruses that infect man are listed 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 maintaining 
the transmission cycle. Most arboviruses are endemic only in the 

tropics but are responsible for sporadic summer epidemics in 

temperate zones. Fortunately, the majority of arbovirus infec

tions if man are subclinical, i.e., for every identified case, there 

are hundreds of inapparent infections. 

Clinical manifestations can be quite varied, not only for differ

ent arboviruses but for different ca.ses due to the same arbovirus. 
For convenience of description, arboviruses are categorized in 

five clinical groups below (Sanford, 1977). 

Other snail vector diseases include gastrodisciasis (Gastrodis
coides hominus), heterophyiasis (Heterophyesheterophyes), and me- 'Rocky Mountain spotted fever is an important tick-borne arbovirus 

tagonimiasis (Metagoniinus yokogau'ai). The first occurs in Asia; endemic in the United States. 
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Table 5-2. Mosquito-Dome Arboviruses' 

ViruslDisease Disease in Man Distribution 

Apeu Fever South America 
Banzi Fever Africa 
Bunyamwera Fever Africa 
Bussuquara Fever South America 
Bwamba Fever Africa 
California Encephalitis U.S.A., Canada 
Caraparu Fever South America 
Catu Fever South America 
Chandipura Fever India 
CHIKUNGUNYA Fever; hemorrhagic Africa, Southeast 

fever, arthralgia Asia, Philippines 
DENGUE 1, 2, 3, and 4 Fever, rash, Africa, Asia, 
(Breakbone Fever) hemorrhagic fever, Pacific Islands, 

polyarthalgia South America, 
Caribbean, New 
Guinea, Australia 

Eastern equine Encephalitis Americas 
Germiston Fever Africa 
Cuama Fever South America 
Guaroa Fever South America, 

Panama 
llheus Fever, encephalitis South America 

Central Americli 
Itaqui Fever South America 
JAPANESE Encephalitis Asia, Pacific Islands 
Kunjin Fever Australia, Sarawahk 
La Crosse Encephalitis U.S.A., Canada 
Madrid Fever South America 
Marituba Fever South America 
Mayaro Fever South America 
Mucambo Fever South America 
Murray Valley Encephalitis Australia, New Guinea 
Murutucu Fever South America 
Nyando Fever Africa 
O'NYONG-NYONG Fever, arthralgia Africa 
Oriboca Fever South America 
Oropouche Fever South America 
Ossa Fever South America 
Pira Fever South America 
Restan Fever South America 
Rift Valley Fever Africa 
Ross River Arthritis, rash Australia 
Shuni Fever Africa 
'qindbis Fever Africa, Southeast 

Asia, Philippines 
Spondweni Fever Africa 
St. Louis Encephalitis Americas, Jamaica 
Tahyna Fever Europe 
Usutu Fever Africa 
Venezuelan equine Fever, encephalitis South America, 

Mexico, U.S.A. 
Wesselsbron Fever Africa, Asia 
WEST NILE Fever, encephalitis, Africa, India, Middle 

rash East, Europe 
Western equine Encephalitis Americas 
Wyeomyia Fever South America, Panama 
YELLOW FEVER Hemorrhagic fever, Africa, South and 

hepatitis, jaundice, Central America 
polyarthalgia 

Zika Fever Africa, Southeast Asia 

'The most important mosquito-borne arboviruses are shown in 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 weinfection. Fatali-

Ftito astnr ffec.otherinthimmunityot iciuenezn.
ties are rare. Arboviruses in this group include Venezuelan 

equine encephalitis, Rift Valley fever, Mayaro, Zika, Apu, Cara-
paru Itqui Maitub,MrutruOriocaResanMadid, 

paru, Itaqui, Marituba, Murutucu, Oriboca, Restan, Madrid, 
Ossa, Bunyamwera, Germiston, Ilesha, Guaroa, and Wyconyia. 

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

are somewhat more widespread, more serious infec-
7nese 

tions characterized by the sudden onset o" distinctive joint pains, 
The most widespread is Chikungunya virs, found in eastern 

and sotithern Africa, India, and southeast Asia. O'nyong-nyong 
fever is a similar disease also found in East Africa. Inya outbreak 

there from 1959-1961, 2 milon cases of O'nrong-nyong fever 
where freor . a similar disease found in9Ross River virus is 
were recorded. 
Australia. 

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

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

West Nile virus is found from South Africa to India but is a 
cause of signficant disease only in the Near East where it can 
produce a disease clinically similar to dengue. The disease is 
highly endemic in Egypt but goes largely unrecognized; presum-
ably the adult population is immune and the infection in child-
hood is an undifferentiated febrile illness (Sanford, 1977). Culhx 
unWiittatus is 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 is 
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 

system (CNS) disease, including encephalitis (inflam-nervous 
mation of the brain) and meningitis (inflammation of the mem-

branes covering the brain and spinal cord). Four are recognized 
of CNS disease in the United as numerically important causes 

States: St. Louis encephalitis virus; eastern equine encephalitis 

virus; western equine encephalitis virus; and the California en-
cephialitis group of viruses. 

Clinical features of arboviral encephalitis differ among age 
CloupInifeats symtof s netsdde a onsaetrbovira groups. In infants symptoms may be confined to sudden onset 

of fever, often accompanied by convulsions. Older children are 

acutely ill, febrile, and lethargic and may also present with nau-

sea, vomiting, muscular pain, photophobia and/or convulsions. 
nausea with vomiting,Adults commonly present with fever, 


severe headache, mental aberrations, and sometimes coma.
 
Mortality can be high for clinical cases, ranging from 2 percent or 

less for California encephalitis to over 50 percent for eastern 

equine encephalitis. Children have lower rates than adults but a 

greater likelihood of developing severe disability. 


AevosDsPr tniefith Fache,ases 

The striking feature of this lethal syndrome is hemorrhage 
(bleeding) which appears as petechiae (minute red spots due to 

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 oit
ices, the gums, and into the visceral orans. In fatal cases the 
fietegmadnothvscrlras.Iftlcsste
victim collapses from hypotensive (low blood pressure) shock.

The three arbcvirus~s which can manifest hemorrhagic syn

do e re h u yvirus , dnguenirs, a e o wfeve
 
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 similar 
pathology. Yellow fever may also result in jaundice and 
nephritis. 

The term mosquito-borne hemorrhagic fever ". -s first used in 
the Philippines in 1953. Subsequently, hemorrhagic fevers hve 

uenro,lemrhag i e r the Ph ilas a di se o 

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 aegypti, mosquitos well 
adapted to breeding in the water habitats of urbanized areas. 
Outb:'eaks have occurred in the Philippines, Vietnam. Cambo
dia, Thailand, Malaysia, Singapore, and India. Hemorrhagic fe

ver is a disease of children. Most outbreaks occur during rainy 
seasons. 

Yellow Fever 

Yellow fever is an acute infectious disease of short duration 
and extremely variable severity. It remains the most dramatic 
and the most serious arbevirus 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 ambi
tions in the New World are legendary: DeLessups' failure to 
build the Panama Canal and Napoleon's loss of Louisiana, de
riving ultimately from the loss of 33,000 French soldiers to "yel
low Jack" in Haiti. A tenth of the population of Philadelphia died 
of yellow fever between April and September of 1793 (Cart
wright, 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 

is ever present. (See Figure 5-1.) Aedes aegytpti is widespread in 

Asia. Why there is no yellow fever in Asia has never been satis

factorily explained. Yellow fever leaped the Atlantk ocean from 

Africa to America. 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 in 1958, the 
Sudan and Ethiopia in 1959 to 1962, 1,enegal in 1965, central West
 
Africa in 1969, Panama and Columbia in 1974, Ecuador in 1975,
 

and the Gambia in 1979 and 1980. Fifteen thousand to thirty 

thousand people died of yellow fever in the Ethiopian outbreak. 

Figure 5-2 shows the areas of Africa and the Americas which 

remain endemic to yeilow fever. 

Dengue Fever and Dengue Hemorrhagic Fever 
Dengue occurs in two forms, dengue fever (also known as 

"breakbone fever") and hemorrhagic dengue fever. Dengue fe
ver is an acute febrile disease of sudden onset with fever for 
about 5 to 7 days and various other symptoms including head

pain behind the eyes, joint and muscle pains, and rash. 

Recovery may be associated with prolonged pain and depres

sion. Epidemics are explosive, but fatality is low. Dengue fever 
occurs in most of tropical Asia, in much of the Caribbean, in 
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Figure 5-1. Transmission of Yellow Fever 
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several Latin American countries, in Polynesia, and in East and 
West Africa. It is the most widely distributed arbovirus. 

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

Both forms are transmitted by the bite of an infected Aedes 
mosquito. A. aegypti is a common vector. 

Role of Water 

As for malarial and filariasis vectors, mosquito vectors of arbo-
viral diseases live in water during their larval life stages. Most 

species are Aedes and Culex, but Mansonia, Psorophora,common 
Anopheles, Ereteapodites, Culiseta, et al. also may transmit some 
A"oiwlesCarboviruses,.o 

by the mosquito CulexJapanese encephalitis is transmitted 
tritaeniorhynchus,a rural mosquito which breeds in rice fields. 

Culex tarsalisis another vector associated with rural irrigation, a 

vector of encephalitides in the United States. In urban-suburban 
epidemics of encephalitides, the vectors have been mosquitoes 

of the Culex pipiens complex. (See section on filariasis.) 

Yellow fever, dengue, and chikungunya viruses are transmit-
ted by Aedes aegypti, an urban vector par excellence often found in 

wtebyeriestorage c anrba ectorainte of y
T m llnce tn in 
water storage containers. The maintenance of A. aegypti in waterthe 
casks of 16th- to 19th-century sailing vessels was responsible for 
outbreaks which decimated their crews and led to stories of 

shWuchereriaghost ships 

Prevention of Arbovirus Disease 

the destruction of mosquitoesPreventive measures include 
directly through use of insecticides and larvicides and indirectly 


through elimination 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.

byi
aegypli. 

Other measures include spraying of human habitats, 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 
million people are infected with the filar;al nematode parasites 
Wuchereriabancroftiand Brugiarnalayi, transmitted by mosquitoes 
(WHO, 1974). The adult worms live in various pirts of the hu
man lymphatic system, causing the diseases knvn as Bancrof
tian and Brut'ian filariasis. Persons may harbor the parasites 
with no apparent symptoms, or the filarial worms may cause 
inflammation and other complications. In some persons who 

have had prolonged and repeated infections, there may be ex
treme enlargment of the external genitalia, breasts, or legs, 
hence the clinical 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
yvrosseiso oqios hs eaoe neg 

son by various species of mosquitoes. These nematodes undergo 

developmental changes in the mosquito, which is an essential 

link in the cycle of transmission. The immature worms, called 

microfilariae, ocur in the human bloodstream. Here they are 
picked up by mosquitoes as they feed. A minimum of 10 to 11 

days is required for the developmental stages in the molquito 

thorax before infective forms migrate to the mosquito proboscis, 
from which point they reach the new host at the next feeding. 
The infective fi.ariae are not injected into the new host by the 

site 
mosquito quto pntre the skin prtantvtor of 
where the mosquito punctured the skin. Important vectors of 

bancrofi include species of the genera Culex, Aedes,
and Anopheles. The generally accepted vectors of Brugii nmalayi 

are mosquitoes in the genus Mansonia. 
Filariasis is widespread in many tropical and subtropical re

gions throughout the world. The Bancroftian type of filariasis is 

apparently an increasing public health problem in many of the 

larger citie' in soatheastern Asia, in part because it adapts itself 

readily to transmission by Culex pipiensfftigans, one of the com

monest tropical mosquitoes, which breeds in sewage and la
trines. In the Western Hemisphere it occurs in the West Indies,
Venezuela, Panama, and the coastal portions of the Guianas and 
Bai.Flrai oto Acrm r ae ncnrlo h 

are based on control of theBrazil. Filariasis control piograms 

mosquito vectors and treatment of the human cases with drugs.
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Malaria 

Introduction 

Of all vector-borne, water-related diseases, malaria is the most 

important, the most widespread, the greatest killer. Malaria still 
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causes more than a million deaths per yea r, most of them in 
tropical Africa, and approximately 150 miilion clinical cases an-
nually (Wemsdorfer, 1976). It occurs oi has , curred in all con-
tinents in areas extending roughly from 60° 1'North latitude to 40' 
South latitude. About 1.2 billion poeople li.in areas currently 
endemic for malaria. About 350 million of tLem, mostly in Afri
ca, live in areas unprotected by any s:ecific anti-malaria 
measures. 
Malaria isan infectious disease caused byour protozoan para-

quitoes of the genus Anopheles. The diseasei;characterized clini-

enlargement of the spleen, and various complications resulting
from the involvement of the liver, spleen, kidneys, and other 
organs and the circulator system. The m st serious form of 
malaria, falciparum, or malignant tertian, malaria may have a 
case fatality among untneated children and :ron-immune adults 
exceeding 10 percent (Benenon, 1975). 

Transmission 

The malaria parasite is taken from the human blood stream 
through the bite of a suitable species of Aropheline mosquito. 
(See Figure 5-3.) The transmission of infecl on by the mosquito 
from man to man is not merely mechanical; the plasynodiaemust 
develop (from gametocytes to sporozoites) in the mosquito be-
fore infection of another man can occur dur ng a subsequent bite 
and blood feeding by the mosquito. The timhe for the necessa.y 
development is temperature dependent. Below about (,o° 
(16°C) development simply does not happen, and transmission 
of malaria does not occur. At the optimal temperature for growth 
(70' to 80' F; 210 to 270 C), 8 to 10 days are required. 

The infective forms of the parasite, i.e., ;porozoites, concen-
trate in the salivary glands of the mosquito and are injected into 
man as the insect takes blood meals. The parasites develop and 

Figure 5-3. Life History of the Maldria Parasite (Plasmodiumvivax) 
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 
into the stomach of the female mosquito reinitiate the develop
ment of sporozoites. The mosquito is then infective to man at its 
next blood-feeding bite. 

Prevention 

All moEquitoes live the juvenile stages of their lives in water,
i.e., as eggs, larvae, and pupae. Early control efforts in Cuba,
Panama, and Malaysia and in the Tennessee River Basin of the 
United States focused on measures such as drainage, reduction 
of breeding sites, and destruction of mosquito larvae in the water 
through use of larvacides (including oils) and mosquito fish (Ma
goon, 194.3; TVA, 1947). These methods are feasible only where 
the local -ct : .,pvcies 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 comparisonwith use of residual insecticides to kill adult mosquitos. 

Most mosquito vectors bite at dusk, night, or dawn, indoors, 
and rest cn nearby walls for hours. The advent of DDT during
World War II provided a cheap, effective insecticide with residu
al killing power. Readily applied to walls, an effective method of 
breaking the cyce of transmission of malaria was within the 
reach of the malaria-endemic developing countries (Smith, 
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) malaria eradication pro
grams on.the premise 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 malaria (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 million to 150 
million cases. 

Eradication refers to complete interruption of transmission of 
the malaria parasite, not to elimination of vector mosquitoes. 
The goal of wall-spraying is o kill infective mosquitoes, thereby
breaking the transmission cycle. Treatment of malaria infected 

red~ices not only the number of infected people but the 
number of infected mosquitoes. As the numbers and deosity of 
infected people and mosquitoes decline, the parasite population

the plasinodiae) ages and dies out. 
control measures include chemotherapy and chemopro

phylaxis (drugs to cure and prevent malaria). The Agency forInternational Development, the World Health Organization 
(through its Tropical Disease Research Programme), et al.,are 
supporting vaccine research, but this is some years away yet 
from field trials and further yet from widespread use. 

Increasing resistance by mosquitoes to insecticides, increasing 
resistance to drugs by the parasites, and increasing costs of in

and drugs are leading to increased interest in integrat
ed pest management programs for mosquito control and, 
consequently, renewed interest in old methods ofattacking mos

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 chronic filarial 
infection is found in tropical West and Central Africa. In the 
Congo River basin up to 90 percent of the indigenous population 
in some villages are infected. Infections are accompanied bit 
migration of the adult worm through the body, causing transient 
swelling, pain, and pruritus (itching). Occasionally the highly 
mobile worm may come dramatically and rapidly into full view 
as it crosses the white of the eye. 

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

Loiasis affects more than one million people. Where it is hi-h-
ly endemic, it is a major cause of lo.t worktime, and the treat-
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ment of heavily infected persons can be highly unpleasant and 
even dangerous to the patient. 

O'tchocerciasis 

Onrhocerciasis, or "river blindness," is caused by the filarial 
worm, Onclecercavolults, and it occurs throughout Africa south 
of the Sahara (except South Africa) and in Yeman, Guatemala, 
Mexico, Venezuela, and Colombia. A disease of underdevel
oped areas, it infects over 30 million people. It does not shorten 
life. The most it.portant complications are eye lesions causing 
loss of vision, frequently blindness, with its attendant personal 
tragedy and socio-economic problems; intense pruritus; dermal 
and lymphatic lesions and tumors; and fear. In many parts of 
west and equatorial Africa 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 feile valleys in tropial Africa are infested 

by the onchocerciass vector, Siulium flies, and consequently 

are being abandoned by riverine populations plagued by skin 
and eye diseases. The presence of Sinulium flies and the fear of 

tion and dam-building projects on which future agricultural and 

industrial productivity of developing countries depends. 

The vector Sirntlium SpeCLs require highly aerated running 

water for breeding. Thus the construction of dams and their 

spillways of en creates new sites of superabundant breeding that 

spread onchocerciasis to new aieas. 
The principal control mcasures in current use are addition of 

larvicides to infected streams and chemoprophylaxis of infected 

populations. 

African Trypanosomiasis 

African trypanosomiasis or African sleeping sickness is a se
vere, frequently fatal, disease caused by Trypanosomabruceigam
biense and T. b. rhodesiense, hemoflagellates. Occurrence of the 
disease is confined to the tropical African range of its tsetse fly 
vectors (Glossina spp.).vcos(~siasp)

flies of the Glossina palpalis group are the principal vec-
Wre ies of te nal ain oup r pinlypalovc 

tons, as in West and Central Africa, infection occurs mainly along 
streams. This characteristic boih explains transmission 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 this 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 
riverine tsetse, which vacate long stretches of waterless 
stream-bed and concentrate at the permanent pools 
where they obtain the benefit of suitable microclimates 
and of a steady food supply. Since man, his stock and 
wild animals are dependent on the same pools for water, 
the nosts have to come to the rive-ine tsetse whose dry 
sea ion behavior resembles that of the spider in its web. 
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SECTION 6
 

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

Introduction 

In approaching this subject, it must be recognized that assess-
ing the risk of contracting water-borne disease is a complicated 
matter. It cannot be evaluated simply by determining the pres-
ence or absence of pathogens because this is not a question 
which can be resolved in terms of "yes or no," "black or white," 
or "go or no-go." The probability of becoming a victim of water-
borne disease is a statistical question related to many variables, 
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 
inactivation by unfavorable environmental conditions in 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 i~la-
tively few cells, while some of the other (,rganisms required 
much higher doses for the same result. The table indicates, fur-
ther, that there is a wide range in the number of cells, even of a 
single type of organism, required to cause infection, demonstrat-
ing that virulence may vary widely within each group. For exam-
pIe, it was observed that Shigella dysenteriae could cause 
infection with a dose as low as 10 organisms, while other strains 
of Shigella 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 -ells 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 victim. Some 
variables affecting this complex system m,,y be summarized as 
follows (Rohlich, 1977): 

1. The type of pathogenic organism under consideration; 
2. 	 Virulence of the specific strain of organism,;, which can 

vary widely because of several factors; 
3. 	The number of viable cells ingested; 
4. 	 Age of the potential victim (infants and the aged often 

exhibit greater susceptibility); 
5. 	 General health of the individual; 
6. 	 Extent to which the individual may have acquired immuni-

ty to the pathogen through earlier exposure; and 
7. 	 Many other factors affecting the relationship between or-

ganism and individual, including presence of certain types 
of chemicals or synergistic relationships with other organ-
isms which may be present simultaneously. 

Relying on this .,'-nited 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 it possible 
to identify 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. 

Enumeratbn 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 identify and 
enumerate pathogens in a water supply as a direct method for 
evaluating risk to the public health. However, this "direct" ap
proach to the question is not used in practice because it has 
several limitations and because other alternatives are available 
which are better suited for evaluating the risk (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 is no single procedure which can 
be employed to test for presence of pathogens. Each type of 
pathogen must be assayed separately, using different laboratory 
techniques, and the tests require significant 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 in a typical fin
ished water supply would be much more difficult, higher 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 organisms. Existing methods for 
enumerating Shigella, Vibrio, Leptospira and many other patho
gens are judged to be inadequate (Rohlich, 1977). 

Above and beyond the difficulties and expense of direct enu
meration of pathogens,this approach has a severe, or even fatal, 
limitation for assaying risk of water-borne disease transmission. 
It is capable of evaluating that risk only in samples actually 
containing the pathogens in question. It is highly desirable for 
risk evaluation to go beyond merely enumerating pathogens 
when they happen to be present-which should be rare in pcta
ble water-to provide a measure of the probability that patho
gens might 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 is safe, clearly the risk could increase quickly upon 
addition of a case or carrier to the contributing population. 

In summary, then, direct enumeration of pathogens is not 
usually used to assess the safcty of a potable water. That is not 
merely because of difficulty or expense involved in conduc .ng 
the necessary tests, which may be considerable. It is a matter of 
choice, because simpler and more economical methods are avail
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Table 6-1. Infective Doses for Man of Bacterial Enteric Pathogens 

Enteric Pathogen 
Dose: Vioble Cells 10' 101 10 

Shigella dysenteriae 
Strain M131 1/10 2/4 7/10 
Strain A-i 1/4 

Shigella flexneri 
Strain 2A# 6/33 33/49 
Strain 2A## 

Salmonella typhi 
Strain Quailes 0/14 

Vibrio chloerae 
Strain Inaba 

With NaHCO 3 
No NaHCO 3 

Enteropathogenic 
E. coli 
Strain 4608 

SOURCE: Rohlich, 1977. 

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

The Concept of Using Indicator Organisms 

publicThe limitations inherent in attempting to evaluate 

health safety of water through direct enumeration of pathogens 

have caused the water supply field to use "indicator organisms" 

instead. 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, this test provides a measure of opportuni-

ty for transmitting any type of water-borne disease which m;ght 

result from fecal contamination. In many respects, this method is 
more meaningful because the results are not limited only to 
specific pathogens but relate to overall opportunity for contract-
ing a wide variety of water-borne diseases. 

Desirable characteristics of indicator organisms 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; 

2. 	 The indicator organisms should be present in sewage~and 
polluted waters when pathogens are present; 

3. 	 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; 

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

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

6. 	They should be easy to identify through relatively simple 

Subjects Infected/Total Tested 

le O 106 ! 108 1°1 

5/6 
2/6 

66/87 15/24 
1/4 3/4 7/8 13119 7/8 

32/116 	 16/32 819 40/42 

11/13 45/52 2/2 
0/2 0/4 0/4 2/4 1/2 

0/5 	 0/5 4/8 

laboratory tests, in a short period of time; 
7. 	They should be easy to enumerate in those laboratory 

tests; 

8. 	They should have well-defined characteristics to permit 
accurate laboratory tests and should be consistent in their
reactions in those tests; 

9. 	The indicator organisms should not multiplyundercondi
tions where pathogens do not multiply; 

Survival time for the indicator organisms under unfavor
exceed survival10. 	 able environmental conditions should 

sao f waer ichabme forogensa Thiins 
times for pathogens. This insures safety of waters which 

have been treated to produce very low or zero populations 
of indicator organisms; 

11. 	 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. 

As might be expected, no indicator organism has been found 
which meets all of those criteria, and it'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 
this purpose and for identifying advantages and limitations of 
those actually used in assessing water quality. 

The Coliform Group of Bacteria 

In 1884, studies by Escherich established that high popula
tions of certain specific bacteria were present in the intestinal 
tracts of humans. Subsequently, it 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 is a function of the extent of that 
contamination. 

The "coliform group" of bacteria includes Escherichia coli, as 
well as numerous other bacteria originating in 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 
109 cells per person per day. 

For over 70 years, the coliform group has been employed 
widely to evaluate sanitary quality of drinking water. It should 
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be emphasized that the rationale behind using this group of 
bacteria as "indicators" is 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 is 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 opportunityfor pathogens to be in that water either then or, perhaps, at some 
subsequent time, as outlined earlier, 

The coliform group meets several of the criteria for indicator 
organisms outlined earlier, but possesses serious limitations in 
several respects. For example, the group includes many types of 
bacteria which may not originate in the intestinal tract of man 
and which have little or no relationship to the potential for pres-
ence of pathogens from that source. Further, many coliform 
organisms are capable of multiplying under conditions present 
in treatment facilities or streams. This can result in very high 
populations of coliforms having little or no sanitary significance 
because pathogens do not multiply under those same environ-
mental conditions. 

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

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

-
Bacteria No. of 

Bacteria Half-time Strains 
(h) Analyzed 

Indicator Bacteria 
Coliform bacteria (avg.) 17.0 29 
Enterococci (avg.) 22.0 20 
Coliform from raw sewage 17.5 
Streptococci from raw sewage 19.5 
Streptococcus equinus 10.0 1S. bovis 4.3 1 
Pathogenc a i 4produceb 

Pathogenic bacteria 
Shigella dlysenteriae 22.4 1 
S. Sonnei 24.5 1 
S. flexneri 26.8 1 
Salmonella enteritidis ser. paratyphi A 16.0 1 
S. enteritidis ser. paratyphi D 19.2 1 
S. enteritidis ser. typhimurium 16.0 1 
S. typhi 6.0 2 

Virbio cholerae 7.2 

S. enteritidis ser. paratyphi B 2.4 1 

'The half-time was determined as the time required for a 50% reduction
 

in the initial population. 

SOURCE: McFeters, et al. (1978) 


Difficulties 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 

those procedures often may be significantly different. The two 
will be outlined briefly in the following paragraphs. 

The MPN Test 

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

Under this procedure, the "coliform group" is defined as in
cluding all "aerobic and facultative anaerobic, gram-negative, 
non-spore-forming, rod-shaped bacteria which ferment lactose 
with gas formation, within 48 hours at 35°C" (Rohlich, 1977). 
Most, but not all, F. coli and several other organisms 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 in the water. This method of enumerating 
bacteria is very imprecise, as pointed out by past investigators 
(Woodward, 1957; Litsky, 1978). This is illustrated in Table 6-3, 
which shows variations in results obtained for triplicate samples 
of marine waters, chlorinated sewage effluents and laboratory
chlorinated sewage effluents. Litsky (1978) points out that the 
resulting MPN's are spread over a ten-fold range, in spite of the 
tests' being conducted carefully by a technician with 10 years of 
laboratory experience. Woodward (1957) pointed out that the 
95% confidence limits for a typical MPN test covered 13- and 33
fold ranges for two examples presented by him. 

The lack of precision in determining population of coliform
organisms by the MPN procedure makes it difficult, or even 
impossible, to attribute much significance to results of one or a 

few tests without extensive further confirmatory work. This in
herent variability must be recognized in interpreting results from 
the MPN coliform test to avoid erroneous conclusions. 

The MF Test 

Currently, there is a second accepted technique for determin
ing the number of coliform organisms in water. The membrane
filter (MF) method is based on passing a known volume of 
sample through a special filter which, subsequently, is incubated 
on special media under standard conditions. Using this test, the 
"coliform group" is defined as including all organisms which 

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 significance. The MF test 
procedure has the advantage of improved reproducibility over 
the MPN technique. However, results obtained by the two pro
cedures usually are numerically different, creating difficulties in 
interpretation. 

Other Advantages and Limitations 

Some deficiencies of coliforms as indicator organisms have 
been outlined previously. Additional shortcomings include the 
fact that coliform growth may be suppressed by high popula
tions of other organisms (Geldreich, et al.,1978; Rohlich, 1977). 
Also, Geldreich, et al. (1978) reported that suspended matter in 
water may preclude use of the MF procedure because deposits 
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Table 6-3. Triplicate Fecal Coliform MPN Range 

SAMPLE MPNI100 ml 

Marine 49 310 310 
79 350 540 
94 220 350 
8 1,300 1,300

700 1,700 7,900200 700 13,00 
Chlorinated 2,200 7,900 13,000 

Effluent 49,000 130,000 490,000 

0 790,000 2,400,000
Lab 35,000 110,000 240,000 


Chlorinated 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 filtration. Further, they 
indicated 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 bacterial densities over 500 organisms per 
milliliter, 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 
security and false-positive test results may occur because gas-
producing organisms outside of the coliform group are not 
uncommon. 

These objections and limitations notwithstanding, the coli-
forms remain the preferred indicator organism group because of 
their origin, ease of detection and enumeration, survival charac-
teristics, and historical use. 

Fecal Coliforms 

Fecal coliform bacteria are a subgroup of the total coliforms, 
discussed earlier, and are thought to include organisms more 
likely to have originated in the intestinal tract. Accordingly, they 
exhibit improved correlation withb extent of fecal contamination.ablit toferentlacoseand 
Fecal coliforms 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. 

Fecl clifrmsarechaactrizd 

Because fecal coliforms are less subject to regrowth in streams 
and provide more reliable correlation with amount of fecal pollu-
tion, they now are used extensively in the U.S.A. for evaluating 

stream quality, especially its suitability for bathing or shellfish 
production (Geldreich, 1966; Deaner, 1969). Also, the fecal coli-

f9o6;formdetow is(idel ed Devang microolsogcal qali-form test now is widely used for evaluating microbiological qual-

ity of effluents from wastewater treatment facilities. Of course, 

the change from total coliforms to fecal coliforms has made it 
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
extenHfoevaltin te aly o e f p edwte. T isini t 

extent for evaluating the quality of potable water. Thiis not 
attributed to shortcomings of the fecal coliforms as indicators of
pollution, but to the perceived value of the total coliform group 

for evaluating performance of treatment systems. This was ex-
pressed by Kabier and Clark (1960) as follows: 

The presence of any type of coliform organism in treat-
ed drinking water suggests either inadequate treatment 

or access of undesirable materials to the water after 
treatment .... The presernce of coliform organisms in 
treated water calls for definitive action for their 
elimination. 

Accordingly, the coliform group is considered to be the most 
reliable indicator for evaluating adequacy of water treat
ment and is preferred to the fecal coliform 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 streptococci have been 
used occasionally in stream pollution control investigations but 
have demonstrated poor recovery rates and poor agreement 
with other methods for evaluating microbiological quality of 
drinking water supplies. Geldreich and Kenner (1969) point out 
that fecal coliform bacteria 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 coliforms 
in feces of farm animals, cats, dogs and rodents, producing a 
coliform/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 in stream waters. 

Other organisms which have been suggested as indicators, 
but have found even less acceptance, include Clostridium per
fringens, Kiebsiella 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 intermittently as adjuncts to 

the coliform tests, no organism has yet been found which 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 countsthat m(SPC)orttninfor drinking water,b based or' 
plating water samples in nutrient agar medium and incubati:ig 
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. 

tadbee poe hould ved o 

One rationale for this test is that it may more accurately assess 
finished water quality because the higher nbers of organisms
de d wa y becuse the opprunity f organing 
chtected may provide improved opportunity for observing 

canges in bacteriological quality. This is viewed as a practical
method for monitoring effectiveness of chlorine throughout adistribution network and warning of deterioration in treatment 
plant performance. Also, the SPC limitation may reduce the 
problems which have been reported (Geldreich, 1977; Rohlich, 
1977; McFeters, et al., 1978) concerning interference by non
coliform bacteria with detection of low concentrations of 
coliforms. 
coliforms.

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

The philosophical basis that we consider fundamental to 

the inidicator concept is that an indicator system that is 
more encompassing is better than one that is more restric
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five, in terms of the source of the contamination that will 
be detected. Additionally, 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 
restrictive, indicator would be to use E. coli, 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 
concentration. That leaves the SPC as the test which might pro-
vide the most sensitive indication of quality changes simply be
cause it is the only test among the group of alternatives which 
yields significant numbers of bacteria, even in a properly operat-
ed treatment and distribution network. 

Measurement ef Chlorine Residual 

A relatively recent development is the adoption of chlorine 
residual measurements to substitute for some of the indicator 
organism monitoring in U.S.A. water distribution systems 
(Anonymous, 1976). The rationale is 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 chlorine residuals in 
distribution systems and coliform bacteria in samples taken from 
those systems (Anonymous, 1976; Craun, 1978; McCabe, 1978). 

The extent of substitution is 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 is determined 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 is adopted, the number of chlorine residual 
samples analyzed must be at least four times the number of 
microbiological samples discontinued with a further require-
ment for at least daily measurement of chlorine residual. This is 
feasible to require because the chlorine residual test is 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 coliform organisms 
were observed in a major distribution system. Also, the average 
Standard Plate Counts in the system are presented (Geldreich, et 
al, 1978). Table 6-5 shows the percent of water supply systems in 
a major U.S.A. study to have average total coliforms exceeding 
the drinking water standard of one organism per 100 ml of water 
(Anonymous, 1976). Eight to one hundred percent of the sys-

tems which were not chlorinated were observed to contain coli-
forms in excess of the standard. Systems in which chlorination 

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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SOURCE: Geldreich, et al. (1978). 
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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 its role within the context of 
many measures for controlling health impacts in potable water 
systems. 

in a very :eal sense, treatment should be considered as a last 
resort. Sometimes local conditions make it impossible or unecon-
omical to produce satisfactory potable water without treatment. 
In other instances, adoption of treatment may reflect failure by 
planners, engineers and administrators 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 installed without good reason because far better 
solutions often may be developed, 

Provision of a safe potable supply begins with the crucially 
important step of source selection. Selection involves three fun-
damental considerations, the first of which is that water must be 
adequate in quantity. Clearly, there is no substitute for provid
ing enough water to meet needs of the community in question 
,.indgoals of a water supply project cannot be met without ade-
r,ate flow. It is important to note that public health integrity of a 
s;ystem often is seriously compromised if water cannot be sup-
plied continuously in quantities adequate to meet needs of the 
niunicipality, maintaining satisfactory pressures throughout the 
,istribution system at all times. 

Giiven adequate quantity, the next most important characteris-
t, _nsource is water quality. There is no absolute measure of 

u;Ality in a practical water system. Its health suitability may bev',ewed as depending upon the statistical probability ofavre 
v ts dndaluaingupothe satistwar spr blypof adverse 

,:pacts. In evaluating those risks, water supply professionals 
vid to be conservative because of heavy responsibility for pro-

t'(Iing the health of large segments of the public. Accordingly, 
Tht dards for protecting water quality typically begin with selec-

-, source among those available, withinif the best quality 
Ia'onable economic constraints, 

needs little or no further treatment to correct deficiencies in 
quality, although chlorination may be used to insure a residual 
throughout the distribution system to protect consumers from 
subsequent water contamination. 

The distribution system is of crucial importance in maintaining 
adequate quality of water delivered to the consumer. It must be 
adequate in capacity and other design features and free from 
opportunities for contamination which might undo the results of 
careful source selection and appropriate water treatment. 

The importance of proper surveillance in safeguarding water 
quality from source to consumer cannot be over-emphasized. It 
must be considered, however, in a broad context because proper 
surveillance goes far beyond mere sampling and bacteriological 
or chemical analyses to include ali activities necessary to insure 
that components of the system fLnction without risk of failure. 
In this respect, it has been stated that (McJunkin, 1976): 

Surveillance is not merely finding out what is wrong 
and putting matters right, itincludes undertaking re
medial action to reduce or elimina'e health hazards and 
advising on, assisting with, and stimulating improve
ments whenever possi')Ie. Surveillance also includes 
more general activities o promote the safety of water 
supplies-operatoi trai ir.g and health education of the 
public in the prevention of waterborne enteric disease, 
for example. 

It is principally 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 risk and, 
most importantly, prevent them from occurring. 

It should be clear that water treatment represents only one 
pt s- cle m at treabe rcsnton he 
part ¢i a complex matrix of tools available for controlling health 
impacts in potable water systems. It should be applied judicious-

Where alternative sources are both adequatE inquantity and ly and only within the context of all alternatives within the"matrix. 
•r,Yrely satisfactory in quality, the third important consideration 
. 1til costs. 

'';i,,ction of municipal water sources and their subsequent 
. depend heavily on the sanitary survey. This inspec

iWM; identifies and evaluates conditions which might be poten-
iWi-: dangerous to the integrity of the water system. Often, the 

survey includes sampling and laboratory analyses, but 
ii ., far beyond that type of data collection to evaluate basic 
haz;d, in the source -nd other system elements which might 
C sOvy,:.lems in the luture, whether or not water quality defi-
6in:r .ivactuallvexist at the timeof sampling. The survey is akey 
ft iA'inestablishing the need for treatment (McJunkin. 1976). 

1c WA 

*:ib',-.v 


ustrate the importance of source selection in determining 
fli k.p: and extent of required tre.itment, consider a community 
havio; -,choice between using a surface stream as a supply 

r 	,,u. ,teloping a groundwater system. Almost all surfacert 

. esubj, I o pollution from runoff and point sources of 

w.''.,rs and usually require extensive treatment before use 
35 a 1xiLible supply. On the other hand, where an opportunity is 
vitilahl- to use springs or wells, the combined effects of time of 
.1awe ut0iltration through soil often provideduring passage 

vt	.,effr,:t4,e natural removal of objectionable constituents. Ac-
Th,~.. water taken from a good groundwater source often 

Various Goals of Water Treatment 

As indicated earlier, the basic role of municipal water ireat-. 
ment is to correct deficiencies in quality. It should be rccogized, 
however, that not all of the deficiencies are health-related. Some 
standards, especially those relating to bacterial quality 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, fluorides and selected organic chemicals. 

Treatment often is directed towards correcting aesthetic char
acteristics of water, with little or no relationship to real or poten
tial health problems. For example, removal of iron, manganese, 
color, phenols and other zubstances 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 otherw-;se could interfere with use of the water in certain 
industrial processes. In some communities, this has been done 

63
 



because of the importance of the industry in the community and 
recognition that treatment to provide water suitable for its reeds 
couL be more economical 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 municipality. 

Evaluation of Water Quality 

The types of treatment processes which should be used in 
water purification 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 specific degree of removal necessary for each con-
stituent is that required to correct the quality of the raw water to 

meet needs specified for the finished product. To ieach those 
decisions, we should be able to define water quality goals in 
terms which, preferably, are both quantitative and accurate. 

With respect to protection of health, we need a basis for evalu-
ating risks accompanying various concentrations of specific con-
stituents in water. When that type of information is available, 
information about the concentration of each constituent in the 

r1aw water and the final concertration which would be acceptable 
in the finished supply can be used to specify what treatment 
must accomplish, C tis ewe constituents in waterorlton bet 

and health risks incurred by their presence often can be estab-
lished through epidemiological studies or through animal stud-
ies. Unfortunately, however, difficulties often are encountered 

in either because low levels of chronic or genetic damage may 
appear ronly after consuming the water for many years. 

Sometimes it is 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 risks. In those it may be necessary to use param-

eters other than the concentration of one or more specific con-
stituents in the water. A few aspects of evaluating water quality 
to estimate health risks will be discussed briefly. 

Communicable Diseases 

One obvious method for evaluating water quality with respet 
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 characteristics, numbers ingested to produce 
probable infection, numbers discharged in wastewaters from 
infected hosts, rates of dieoff outside the hosts in natural waters, 
and resistance to destruction or removal by various water treat-
ment processes. 

Direct enumeration of pathogens would be both difficult and 
expensive. Many techniques would be necessary for isolating 
and identifyinf, different types because methods appropriate for 
one would not be suitable for assaying others. Some (for exam-
pie, the hepatitis virus) are not quantifiable at all. The necessary 
expertise seldom is available in water laboratories 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 in 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 in isolating a pathogen could de-
pend upon only whether or not it happened to be in the specific 
sample of water studied. A water indicated to be safe by this 

approach might, nevertheless, become unsafe shortly thereafter 
upon receiving 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" in terms of opportunity for receiving 
pathogens or, in other words, the extent of recent pollution by 
wastewater discharges. This potential for transmitting commu
nicable diseases commonly is evaluated through enumerating 
"indicator organisms." One such organism is Escherichia coli, 
which is 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 contain
ination from humans. This provides a better measure of the 
"risk" of transmitting waterborne pathogens, both presently and 
at some future time. 

Indicator organisms most commonly used in the water treat
ment field are the "coliform group" which includes, in addition 
to L colt, some organisms derived from other animals and soils. 
This broader group of bacteria is present in larger numbers and is 

easier to identify and count under conditions found in most 
water laboratories. Also, it provides a more conservative evalua
tion ,f treatment plant operation because good performance 
should be successful in reducing even this larger and more di
verse group to the vanishing point. In general, studies have 
indicated that survival characteristics of coliforms are similar to 

those of important pathogenic bacteria, oroviding 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 protozoalSerouseresrvationioftenhaveabenrexpresednaboterrsi 
zoa. Serious reservations often have been expressed about reli
ability of this 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 is evaluated principally in terms of its 
population of coliform bacteria. Drinking water standards pres
ently used in 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 is a 
practical standard, established partly through expedience. It can 
be attained economically in most water supplies and appears to 
limit the incidence of waterborne diseases to a level below the 
detection threshold. A recent major study in the U.S.A. reached 
the following conclusion (Rohlich, 1977): 

The present coliform standards appear adequate to pro
tect public health when: raw water is obtained from a 
protected source, is appropriately treated, and is dis
tributed in 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 incidences 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 coliform organisms would be expected to result in 
ingestion of more pathogens because of increased ratios of path
ogens to coliforms in wastewater discharges. 

For purposes of monitoring daily operations, other more rapid 
types of analytical procedures have been employed. One in
volves measurement of turbidity at frequent intervals at the 
plant and throughout the distribution system. Significant depar
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tures from the very low turbidity levels which are customary 
with properly operated s,,stems would signal that an unsatisfac- 
tory situation has arisen, perhaps improper treatment plant op
eration or cross-connections in the distribution system. 
Measurements of chlorine residuals also have been used for 
similar purposes. Using these types of tests, in addition to bacte-
riological 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 inorganic chemical in water usual-
ly can be defined directly in terms of concentration of the chemi-
cal in question. Accordingly, evaluation of raw water quality in 
this respect usually involves measurement of concentrations of 
heavy metals, chlorides, sulfates, nitrates, fluorides and others 
through use of readily available analytical methods. Treatment 
requirements then can be established through comparing those 
data with alowable concentrations specified for potable waters, 

Organic Chemicals 

Specifying allowable concentrations of organic chemicals in 
potable water presents special problems because of difficulties in 
analyzing water for low concentrations of those constituents. For 
several years, U.S.A. standards included a maximum recom-
mended concentration for "carbon chloroform extract (CCE)." 
This empirical measurement of organic matter was accom-
plished 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 its very gross nature and absence of definitive 
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-
pirically, to be excessive organics, steps should be taken to re-
duce them during treatment, usually by using activated carbon 
for adsorption. 

Carrent~y, standards have been established for several types 
of specific insecticides, widely recognized as having significan, 
health impli:ations in potable water and for certain other organic 
compounds. Chlorinated hydrocarbons, especially the trihalo-
methanes, are receiving extensive interest in some countries cur-
rently. Identification of most trace organics in water requires 
very sophisticated analytical techniques, usually going far be-
yond the capability of analytical equipment and personnel at 
typical water treatment facilities. If analyses are required for 
these constituents, special 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 its 
character. For example, sedimentation or filtration may remove 
bacteria and viruses from water efficiently without influencing 
viability of the organisms. Of course, viability of the organisms is 
irr.portant 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 piocesses which function princi- 

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 ions to insoluble forms, followed by settling and, per
haps, filtration. Removal of bacteria and viruses may be im

proved substaatially by coagulation to agglomerate them into 
larger particles before settling. Removal of iron and manganese 
may be enhanced by aeration or chlorination to oxidize the metal 
to a higher valence state, facilitating its precipitation and remov
al by subsequent settling and filtration. 

Destruction 
Other types of processes operate through destroying objec

tionable characteristics 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 similar fashion, cyanides may be oxidized to 
produce innocuous product: which do not require subsequent 
removal. On the other hand, organic iron compounds some
times are oxidized by chlorine or ozone to break the bond be
tween the organic molecule and iron, 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 organism and effectively destroy it as a 
living system. 

Secondary Effects 

In some instances, treatment occupies a role which may be 
secondary, but important, in determining efficiency of disinfec
tion. It has been observed that disinfection of tvrbid waters may 
be difficult to accomplish efficiently because some organisms are 
shielded within 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 is considered to be an important facet of water 
treatment for destruction of pathogenic bacteria and viruses, 
even though the turbidity itself has no direct role in disease 
transmission. 

Protection from Bacterial Pathogens 

An important consideration in designing, constructing and 
operating a water treatment plant is reduction in risk of transmit
ting pathogenic bacteria to the public. 

For reasons discussed earlier, bacteriological quality of water 
actually is assessed through enumerating coliform bacteria. That 
also permits evaluation of effectiveness of the treatment system 
in reducing risk of transmitting waterborne diseases, whether or 
not pathogc.ns happen to be present at the time of measurement. 
Some invest.gators have adopted an even broader approach to 
evaluating efficiency by imalyzing removals of bacteria, 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. 

65
 

http:pathogc.ns


This has been observed through measurements of pathogens, as 
well as monitoring of coliform organisms or total bacterial 
populations. 

Some have observed that for a short time after discharge of 

municipal wastewater into a stream there is an increase in popu-

lation of coliform organisms. Some have attributed that to break-

ing 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 
materials in the water. It has been reported (Fair, Geyer, ana 
Okun, 1968) that destruction of enteric bacteria is more rapid in 
heavily polluted waters than in clean streams, in warm weather 
than in cold, and in shallow turbulent streams than in deep, 
sluggish bodies of water. 

Specific removal rates reported by past investigators vary 
widely depending on experimental conditions under which their 
studies were conducted. Accordingly, great caution should be 
exercised in attempting to project any quantitative relationships 
between time of storage and extent to which pathogens may be 
reduced in numbers. Data summarized by a few past investiga-

tors suggest removals ranging from 50% to over 99% of enteric 

bacteria 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 
cercariae responsible for transmission of schistosomiasis. 

Physical Removals in Water Treatment Plants 

Slow sand filtration has been reported to remove 85-99% of 

bacterial pathoger.s from water. This can be attributed to effec-

tveness of the filtration process in removing suspended matter, 

including bacteria, and to natural dieoff of those bacteria 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 bacteria. When fol-

lowed by rapid sand filters, overall removals well in excess of 

99% should be readily attainable in a properly operated plant. 

Disinfection 
Extensive removal of bacteria by various water treatment pro-

cesses notwithstanding, disinfection remains the principal line 
of defense against transmission of waterbome diseases. Even 
removals well in excess of 99.9% of coliform 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 finished 
product consistent with those standards almost always depends 
heavily upon effective disinfection. Slow sand filtration, or co-

agulation, settling and rapid sand filtration, followed by disin-
fection of the treated water can virtually assure freedom from 
significant 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 is chlorine. It must be recognized that 

addition of chlorine to water actually may result in formation of 

several different disinfectants because of subseiuent reaction 

between the chlorine and constituents of the water. Addition of 
chlorine to water results initially in formation of hypochlorous 
acid (HOCI), in accordance with the following reaction: 

+ ater Hocou H chloriC12 
Chlorine Water Hypochiorous Hydrochloric 

The hypochlorous acid subsequently diss,-iates in water to yield 
hypochlorite ions (OC-), as shown in thL following equation: 

+ H+ (2)HOCI OCI-
HydrogenHypochlorous Hypochlorite 

Acid Ion Ion 

It generally is accepted that the hypochlorous acid is 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 hypochlorite ion is termec. 
"free residual chlorine." 

It is worthwhile to point out that a "free chlorine residual" may 
be produced in water through addition of agents other than chlo
rine gas. For example, addition of sodium hypochlorite (NaOCI) 
can result in introduction of hypochlorite ions to the water. They 
subsequently enter into exactly the same chemical equilibrium as 
that presented above: 

NaOCI -- Na + OCl- (3) 
Sodium Hypochlorite Sodium Ion Hypochlonte Ion 

OCl + H I HOCI (4) 
Hypochlorite Ion Hydrogen Ion Hypochlorous Acid 

Effectiveness of the disinfectant in this instance is identical with 

that produced through addition of an equivalent amount of chlo
rine because, clearly, the same products ultimately are produced 

potential forin solution (Equation No. 4) and have the same 

killing bacteria, whatever their source. Although hypochlorites 

may be effective in producing the desired type of chlorine resid

ual, it should be noted that commercial products tend to lose 

strength over time. Accordingly, caution must be exercised in 

storing and applying those products to insure that they remain 

effective when used. 
Figure 7-1 summarizes some chlorine residuals and contact 

times which have been recommended over many years for disin

fection of drinking waters (Anon., 1951). Wagner (1959) has 

suggested maintenance of a residual of 0.5 mg/I for thirty min

utes contact for ordinary disinfection and 2 mg/l free chlorine 

residual for thirty minutes contact to control amebic cysts. 
Because of possible interference by turbidity with contact be

tween chlorine and organisms, the most effective time for chlor
ination is after filtration. In many plants multiple chlorination 
has been employed for treatment of water with high bacterial 
counts. This involves addition of a high chlorine dosage when 
water first enters the treatment plant and maintenance of a resid
ual throughout the entire process, usually over several hours. 
After filtration, additional chlorine may be added, if needed, to 

raise the residual to the desired level before pumping water into 
orthe distribution system. In other instances, sulfur dioxide 

some other reducing agent may be added to reduce chlorine 
residual if it remains too high after passage through the entire 

plant. 
High residual chlorination produces extremely effective disin

fection, but recently a reluctance has developed in the U.S.A. to 

continue that approach. That can be attributed to recent recogni
tion that undesirable chlorinated hydrocarbons may be formed 

through reaction between chlorine and organic constituents of 
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Figure 7-1. Minimum Free or Combined Available Chlorine 
Residuals Proposed by Butterfield 
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SOURCE: Anonymous (1951). 

the water. One way to prevent their formation is to withhold 

chlorination until after most of the orgar.ric content has been 

removed by the coagulation, sedimentation and filtration pro-

cesses. Because of uncertainty about possible health effects of 
chlorinated products, several U.S.A. communities have discon-
tinued prechlorination of water. 

Many communities 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 is less tendency to form odorous 
compounds, which sometimes are produced through reactions 
between chlorine and organic constituents. On the contrary, 
often the ozone actually oxidizes some of the organics and re-
duces tastes and odors in the treated water. Reaction products 
which may be formed by ozone to produce the same ultimate 
problems as chlorinated hydorcarbons, referred to above, are 
not known at this time, but are presumed by some to offer less 

risk than chlorine. 
Ozone has the disadvantage of being substantially more ex-

pensive than chlorine. Also, it must be produced at the point of 

use when needed, without opportunity for storage. Further, it is 

not feasible to maintain a residual of disinfectant which persists 

throughout the distribution system if ozone is used. Many who 

favor maintenance of a residual, therefore, prefer chlorine, 

which does produce a residual that can be maintained through-
some degree of protectionout the distribution system to afford 


against subsequent contamination through cross-connections, 

infiltration of raw water into pipes when pressure drops, or 


other inadequacies, 


Protection from Pathogenic Viruses 

The state of knowledge for evluating water quality and treat

ment effectiveness with respect to viruses is much poorer than 
bacterial pathogens. The problem originates with inadequate 

knowledge about quantities of viruses which must be ingested to 
cause disease, making it virtually impossible to define the goal 

which tkeatment processes must attain. Much.of that problem, in 

turii. 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) in the laboratory. 
problems exist in trying to establish probable relation

sh'ps between commonly used indicator organisms (coliforms) 

and viruses in water to evaluate risks 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 might 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." 
used today to treat potable water originally were not 

developed specifically to remove or deshoy viruses, but most d(. 

have substantial impact in that respect. Evaluation of virus re

movals is difficult because current analytical techniques permit 

accurate measurement only of very high numbers--much higher 

than those vhict 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 is capable of 

insuring 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

ing water by various processes. 

Coagulation and Sedimentation 

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

Filtration 

Slow sand filtration has proved capable of removing viruses 

Irom water in excess of 99%, in laboratory studies. One investi

gator (Slade, 1978) conducted a field study in which enteric 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 in those filters. 
Because of large grain size, rapid sand filters alone are relative

ly ineffective for removing viruses. However, they typically are 

used only in conjunction with coagulation and sedimentation. 
The combination of the three processes commonly produces re

movals in excess of 99% through settling, adsorption, and in

corporation into suspended matter large enough to be 

mechanically removed. 
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Lime Softening 

Lime softening is employed in some plants to remove calcium 

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, siilar to co
agulation and sedimentation. When the excess lime process is 
used to precipitate magnesium, pH customarily is 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 

Chemical disinfection appears to be the most reliable method 
for inactivating viruses in water. Treatment by other processes 
prior 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 bacteria. As observed for coliforms and other bacteria, 
hypochlorous acid appears to be the most efficient disinfectant, 
and chlorine dosages and pH should be maintained which in-
sure that the residual is present predominantly in that form. 
Sobsey (1979) has concluded that "it is likely that enteric virus 
reductions of greater than 99.9% can be obtained in relatively 
clean water having low turbidity, low dissolved organics and a 

pH below 8.5 by using a free chlorine residual of 0.5 mg/I and a 
30-minute contact time." Other laboratory studies have indicat-
ed that free chlorine residual of 0.4 mg/i, with 30 minutes con-
tact, can inactivate infectious hepatitis viruses. Chloramines 
have been found to be much less effective than free chlorine 
residual-perhaps by a factor of 50. 

Chlorine dioxide (C10 2 )is less reactive with ammonia and less 
affected by temperature and pH, offering some advantages over 
chlorine. Ozone has been shown to bc very effective for virus 
inactivation at dosages of 0.3-1.0 mg/l. A disadvantage of these 
agents is iheir inability to maintain residuals until delivery to the 
ultimate consumer. Accordingly, they alone do not provide pro-
tection 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 iron coagulation, sedimentation, filtration 

and chlorination system is expected to reduce enteric virus con-
anchrnation yte99.9999% when operated properly.
centrations by over a whentreatedsystem,

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 - 'moved 

CumuhativeTreatment Process Unit Process 

Coagulation-flocculation 
and Sedimentation 99 99 

Filtration 90 99.9 
>99.9 >99.9999Chlorination 

'From Sobsey (1979) 

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 in removal of inorganic cons.ituents from zero 

to 100%, depending upon many factors. Clearly, a key consider
ation is identity of the constituent and its chemical and physical 

characteristics, especially particle size. Generally, relatively large 
suspended particles should be removed efficiently by water 
treatment processes commonly employed for reoding turbidity. 
Also, most colloidal materials could be reduced substantially by 

processes which are effective in reducing colloidal turbidity and 
many natural organic constituents. Removal of dissolved ;nor
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 its operating conditions. Removal of an inorganic substance 
at relatively low pH during coagulation could be radically C 'er
ent from that in lime softening at very high pH. For example, 
softening would be very efficient in removal of many metals 
from water, whereas typical coagulation may be ineffective. 
Many ground waters may be subjected to no treatment other 
than disinfection, using chlorine. That would not remove most 

inorganic 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 (F~e +2) iron to the ferric (Fe 3) form could cause precipita
tion and discoloration of the water. Sometimes that problem may 
be avoided by adding certain chemicals to the water to prevent 
precipitation upon addition of chlorine or oxygen. 

Pretreatment to Enhance Removal 

Sometimes removal of an inorganic constituent during con
ventional treatment can be enhanced substantially by appropri

ate pretreatment or change in process parameters. For example, 

many metals can be removed very efficiently through precipita

tion at moderately high p!H. Accordingly, if that goal must be 

imposed 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 lime and alum dosages to operate the process at a pH 

the noa op rae ther atapHsha t aboesomewhat above the normal optimum range. In other instances;, 
it is 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 is used to enhance 
removal of some constituents. Inorganic iron usually can be re

by coagulation and settling if the iron is present in the 

trivalent form (Fe"3). Sometimes, iron is encountered in raw 
waters in the divalent (Fe' 2) state or may be combined in a 
complex with organic matter. Prechlorination often can enhance 
removal of iron by oxidizing it 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 effective removal by coagulation, precipitation and settling. 
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Arsenic is easily removed in its oxidized state (As '), but not by 
coagulation in its reduced states (As*3). The oxidation may be 
accomplished by adding chlorine or potassium permanganate. 
Trivalent chromium (Cr 3) is readily removed by coagulation 
with ferric sulfate in a pH range of 6.5-9.3, or less effectively by 
alum coaltlation at pH 6.7-8.5. On the other hand, hexavalent 
chromiuk., 'Cr+ ') is not removed effectively by alum or ferric 
sulfate coagulation, or even by lime softening. Efficient removal 
of chromium requires its reduction to the trivalent form (Cr+3), 
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 inorganic constituents. Detailed 
coverage of this subject is beyond the scope of this publication. 

Special Treatment for Removal of Inorganics 


Many inorganic constituents are influenced little or not at all 
by conventional treatment processes. Itis infeasible to remove 
chlorides, sulfates, sodiurr,, potassium and many other inorgan-
ics without resorting to more sophisticated (anid more expensive) 
processes. Where conventional processes are not effective 
enough in removing inorg,!nics and cannot be made suitable 
through pretreatment or process modifications, it may be neces
sary to resort to reverse osmosis, ion exchange, distillation, elec-
trodialysis, freezing or other approaches. These processes have 
been employed successfully to remove inorganic 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 their justifica-
tion requires careful analyses of capital and operating costs. 

It is 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-
ploying dual supplies. A relatively small flow of expensive 
desalted water could be produced and be used for drinking, 
cooking and other purposes requiring high quality. The saline 
water, after minimum treatment, could be employed for other 
purposes for which water of higher salinity may be entirely 
satisfactory. 

Examples of Treatment 	Systems 

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

Reduction in Organic Chemical Content 

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 
drinking water received surprisingly little attention until only a 
few years ago. Interest in 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, in particular, concern about health effects of organics in 
water has increased rapidly until now it occupies a position of 
major significance and concern in the U.S.A. and other industri-
alized countries. 

Table 7-2. Most Effective Treatment Methods for Inorganic 
Contaminant Removal 

Contaminant Most effec'.;v methods 

Arsenic: 
As+3 	 Fer sulfate coagulation, pH 6-8 

Alum coagulation, pH 6-7 
Excess lime softening 
Oxidation before treatment required 

As+ 5 	 Ferric sulfate coagulation, pH 6-8 

Alum coagulation, pH 6-7 
Excess lime softening 

Barium Lime softening, pH 10-11 
Ion Exchange 

Cadrium: Ferric sulfate coagulation, above pH 8 
Cd+ 3 
 Lime softening 

Excess lime softening 
Chromium: 

Cr+3 	 Ferric sulfate coagulation, pH 6-9 
Alum coagulation, pH 7-9 
Excess lime softening 

Fluoride 	 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 
Selenium: 

Se+4 	 Ferric sulfate coagulation, pH 6-7 
Ion exchange 
Reverse osmosis 

Se +6 	 Ion exchange 

Reverse osmosis 

Silver 	 Ferric sulfate coagulation, pH 7-9 
Alum coagulation, pH 6-8 
Lime softening 
Excess lime softening 

Potentially toxic organics may enter drinking water supplies 

from nonpoint sources, such as runoff from agricultural and 
urban areas, and from accidential spills. They alko may be intro
duced through point source discharges from industrial manufac
turers or users. Asource which has created special concern in the 
U.S.A. during the past few years is production of chlorinated 
hydrocarbons during 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 is beyond the scope of this publication, but 
information is 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 drinking waters arising 
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from, among many other things, excessive concentrations of Special Treatment for Removal of Organics 
naturally occurring organic substances which can produce objec
tionable color, tastes and odors. Accordingly, it is reasonable Table 7-3 also summarizes experience reported by some inves
that typical water treatment systems based on coagulation, sedi- tigators in removing certain pesticides, using powdered activat
mentation and filtration are capable of attaining efficient removal ed carbon, granular activated carbon, and oxidation by chlorine, 
of many of those organics. In some instances, typical treatment ozone or potassium permanganate. Activated carbon has dem
systems have been supplemented by adding oxidizing agents or onstrated excellent capability for adsorption and removal of 
using activated carbon to destroy or remove some of those many chemicals. When combined with conventional treatment 
chemicals. for surface water, it appears that activated carbon often could be 

On the other hand, removal of pesticides and many other effective in attaining substantial removals of pesticides and for 
organic chemicals by conventional water treatment systems usu- many other organic chemicals, as well. 
ally is relatively ineffective, as reported by many investigators Granular activated carbon has exhibited greater efficiency 
(Anon., 1979; Blanck, 1979; Robeck, 1965; Rohlich, 1977). Table than powdered carbon for removing many organics. That can be 
7-3 summarizes removal of selected organics by conventional attributed to the hydrodynamic characteristics of carbon col
water treatment processes (Anon., 1977). Endrin was removed umns, which are capaL le of more effective adsorption than sin
to the extent of 35%, although other authors have reported lower gle-stage addition of powdered activated carbon in a 
removals. All of the other chemicals listed there were removed to conventional treatment system. Economic considerations of the 
a negligible degree, if at all, by coagulation and filtration, two approaches for using activated carbon are very different. 

In instances where removal of organics is necessary in water Powdered carbon can be added in conventional treatment sys
treatment, it must not be assumed that conventional systems tems, with little or no additional capital investment. On the 
will attain significant efficiency. Some rhemicals may be re- other hand, granular a..tivated carbon columns require substan
moved efficiently but others could be untouched. The effective- tial investment for construction of the treatment facilities. In 
ness of removal depends upon many factors, especially return, however, operating costs for carbon purchases are lower 
characteristics of the chemical in question and whether it is ad- because of more efficient carbon utilization, and treatment effi
sorbed or otherwise enmeshed in suspended matter in the water ciency is substantially higher. 
or floc developed during treatment. Some organic chemicals can be destroyed effectively by chemi-

Table 7-3. Percent Organics Removed by Water Treatment Processes 
Endrin Lindane Toxaphiene 2,4-D reduction, p rcent 
Reduction Reduction Reduction 

Process % % % 
Sodiun 

:alt 
Isopropyl 

ester 
Butyl 
ester 

Isooctyl 
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 
i(-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
minute full bed 
contact time >99 >99 

Oxidation: 
Chlorine, mg/l: 

5 <10 <10 
8 <10 

50 <10 
100 <10 <10 <10 <10 <10 

Ozone, mg/l: 
11 <10 
38 55 

Potassium permanganate, 
mg/I: 
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 
chemical used, dosage applied, and environmental conditions. 
Chemical oxidation has been used only infrequently because its 
cost usually exceeds that of attaining equivalent removal by acti-
vated carbon. 

It is 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, it usually is necessary to precede granular carbon col-
umns with conventional water treatment. Otherwise, rapid 
clogging rates are experienced, causing premature termination 
of the run and more frequent purchase of expensive replacement 
carbon. 

Removal oi Precursors 

It has been mentioned earlier that a topic of substantial con-
cern currently in sone industrialized nations is formation of 
chlorinated hydrocabons by reactions between chlorine and hu
mics or other organics in raw water supplies. There is irony inthis situation because chemicals which could be potentially
harmful are formed through reaction between innocuous, natu-
hrllocuregforganisd through racto wen cincuo, n i
rally occurring organics in the raw water and chlorine, which is 
added for disinfection to protect the public health. 

Concern about the resulting chlorinated hydrocarbons is 
based on the fact that some have been demonstrated or suspect-
ed to have capability for causing cancer in humans when applied 
at high dosage. The question of crucial importance here is the 
risk, if any, incurred by the public in drinking water containing 
very low concentrations of chlorinated hydrocarbons over many 
years. There is substantial controversy on the question now, and 
it is unlikely that a definitive answer will be obtained soon. 

In the U.S.A., a standard currently is being established to limit 
concentration of trihalomethanes (THM) in drinking water to a 
maximum of 0.1 mg/I. This group of chemicals includes chloro-
form and other potentially harmful organics produced during 
chlorination 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 in 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 is 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 sedi-
mentation. 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 men#-oning fluoridation. 
Exhaustive investigations over many years, beginning in the 
1930's, have demonstrated conclusively that incidence of dental 
caries decreases sharply with rise in fluoride content of drinking 
water const med by children. Beyond some concentration of flu-
oride, however, discoloration of tooth enamel (mottling) occurs 

with increased frequency. The optimum fluoride concentration 
appears to be in the vicinity of i.0 mg/l, which produces substan
tial protection against caries without incurring significant risk of 
mottling. 

Today, the water supplies to millions of persons are being 
treated to increase fluoride content to a level calculated to pro
duce mosL of the benefit, while minimizing the risks. In the 
U.S.A., this is accomplished by adding fluoride to produce a 
total concentration in drinking water betwcen 0.7 and 1.2 mg/I, 
depending upon ambient temperature in the locale. Current 
U.S.A. drinking water standards limit fluoride concentrations to 
a maximum of 1.4-2.4 mg/I, depending upon ambient tempera
ture. Th.c importance of temperature lies in the relationship be
.vyeen the amount of water ingested by children and air 
temperature. 

Bibliography on Public Health Effectiveness of
 
Water Treatment
 

Anonymous. Water Quality and Treatment. The American Water Association, Incorporatk ,New York. 1951. 
Anonymous. Manual of Treatment Techniques for Meeting the Interim Prima

ry Drinking Water Regulations. Report No. EPA-600/8-77-005. Environ
mental Protection Agency, Washington. 1977. 

Anonymous. "Organics Removal by Coagulation: A Review and Re
search Needs." Committee Report. Journal American Water Works Asso
ciation. 71: 588-603. 1979. 

Berger, B.B."Public Health Aspects of Water Reuse for Potable Supply." 
Journal American Water Works Association. 52: 599-606. 1960. 

Blanck, C.A. "Trihalomethane Reduction inOperating Water Treatment 
Plants." Journal American Water Works Association. 71: 525-528. 1979. 

Chang, S.L. "Viruses, Amoebas, Nematodes and Public Water Sup
plies." Journal American Water Works Association. 53: 288-296. 1961. 

Clark, R.M., Guttman, D.L., Crawford, J.L., and Machifko, J.A. "The 
Cost of Removing Chloroform and Other Trihalomethanes from 
Drinking Water Supplies." In J.M. Symons, Interim Treatment Guidefor 
the Control of Chloroform and Other Trihalomethanes, Environmental Pro
tection Agency, Cincinnati, Ohio. 1976. 

Dennis, J.M. "1955-56 Infectious Hepatitis Epidemic in Delhi, India." 
Journal American Water Works Association. 51: 1288-1298. 1959. 

Fair, G.M., Gcyer, J.C., and Okun, D.A. Water and Wasteuater Engineer
ing-Volume II.Water Purification and Wastewater Treatment and Disposal. 
John Wiley and Sons, Inc., New York. 1968. 

Harris, R.H., Page, T., and Reiches, N.A. "Carcinogenic Hazards of 
Organic Chemicals in Drinking Water." In Hiatt, Watson and Win
sten, Editors, Book A, Origins of Human Cancer, Book A, Incidence of 
Cancer in Humans, Cold Spring Harbor Laboratory, Cold Springs Har
bor, NY. Pp. 309-330. 1977. 

Lamb, James C., 1i1,Personal Communication, 1980. 
Lund, E."Inactivation of Viruses." In Proceedings of the Sixth Intern::tional 

Water Pollution Research Conference, Pergamon Press, Ltd., Elmsford, 
NY. Pp. B/14/28/1-B/14/28/3. 1972. 

McJunkin, F.E. Surveillance of Drinking-Water Quality. Monograph Serie:;, 
No. 63. World Health Organization, Geneva. 1976. 

Nupen, E.M., and Stander, G.J. "The Virus Problem in the Windhoek 
Wastewater Reclamation Project." In Proceedings Sixth International Wa
ter Pollution Research Conference, Pergamon Press Ltd., Elmsford, NY. 
Pp. C/4/8/1-C/4/8/10. 1972. 

Phelps, E.B. Stream Sanitation. John Wiley and Sons, Inc., London. 1944. 
Robeck, G.G., Clarke, N.A., and Dostal, K.A. "Effectiveness of Water 

Treatment Processes in Virus Removal." JournalAmnerican Water Works 
Association. 54: 1275-1292. 1962. 

Robeck, G.G., Dostal, K., Cohen, J., and Kreissl, J. "Effectiveness of 
Water Treatment Processes in Pesticide Removal." Journal American 
Water Works Association. 57: 181-199. 1965. 

71
 



Rohlich, G.A. DrinkingWater and Health. Safe Drinking Water Commit- al Development, Washington. 1979. (in Press). 

tee, National Academy of Sciences, Washington. 1977. Stone, R., Smallwood, H.A., and Marsh, J.R. "Treatment Effectiveness 

Slade, J.S. "Enteroviruses in Slow Sand Filtered Water." Journal of the for the Removal ofSelected Contaminants from Drinking Water." Final 

Institution of Watcr Engineers and Scientists. 32(6): 530-536. 1978. Report on Contract No. 68-01-2692. Environmental Protection Agency, 

Sobsey, M.D. "Enteric Viruses and Drinking Water Supplies." Journal Washington. 1975. 

American Water Works Association. 67: 414-418. 1975. Wagner, E.G., and Lanoix, J.N. Water Supply for Rural Areas and Small 

Sobsey, M.D. SourceDocument on Enteric Viruses. Agency for Internation- Communities. World Health Organization, Geneva. 1959. 

72
 



SECTION 8
 

PUBLIC HEALTH EFFECTIVENESS OF EXCRETA AND
 
WASTEWATER TREATMENT AND DISPOSAL
 

Potential Health Impacts water at low concentration may be accumulated in aquatic organ
isms, magnifying its concentration through food chains until it 

Constituents of excreta and municipal and industrial waste-
waters which can offer significant risks for adversely affecting 
health of persons consuming or otherwise contacting waters in 
streams receiving them have been discussed earlier and the de-
tails do not require repetition here. They include many types of 
infectious agents and a wide variety 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 in those wastewaters. Often, 
coliform organisms are employed to evaluate health risks associ-
ated with use of water, but those indicator organsims may not 
tlways 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, in discharges 
from industrial establishments, but health implications are un-
derstood accurately only for relatively few of them. In some 
instances, 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 is unavailable about their 
potential impacts and concentrations which might be objection-
able in the environment. 

Basic Mechanisms for Reducing Health Risks 

The health risks 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 interaction of the agent with the victim, actually 
producing adverse effects. Viewed in the broadest terms, reduc-
tion or elimination 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 
recipient. It should be recognized, however, that this simplistic 
scenario is influenced greatly by many factors between the origin 
of the discharge and the potential victim, either diminishing or 
enhancing the chances for unfavorable impacts. 

To illustrate, excreta from humans may include infectious 
agents which sometimes may be transmitted directly via food, 
ingestion 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 schistosomiasis. In this instance, another factor is introduced 
into the transmission pattern and another point is provided at 
which the disease transmission may be interrupted 

In similar fashion, harmful effects of chemicals discharged in 
industrial wastewaters sometimes may result from their direct 
transmission via the water route to a human who may suffer ill 
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 in the receiving 

finally reaches unacceptable levels in fish or other aquatic life 
which may be consumed by humans. In this fashion, chemicals 
initially present At innocuous concentration in the water may be 
"bio-accumulated" to leveis which are very harmful to the per
son at the end of the food chain. 

Considering the many patterns in which objectionable con
stituents may be transmitted and factors affecting those pro
cesses, there clearly are several basic mechanisms which may be 
employed to reduce health risks attending excreta and 
wastewater disposal. These are techniques which can be em
ployed to interrupt movement of objectionable agents from their 
origins to consumers and include (a) isolating 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 obiectionable constituents and 
(d) control of host organisms which sometimes may represent a 
necessary step in the transmission process. Each mechanism will 
be discussed briefly in this section before reviewing the specifics 
of selected approaches employed in practice. 

Isolation 

Perhaps the most direct method for breaking the chain of 
t,'ansmission in excreta disposal is adoption of systems which do 
not utilize water carriage of the waste at all. These rely upon 
separate collection and disposal in ways designed to minimize 
contact with persons or insect vectors through preventing pre
mature dispersion of the wastes to the environment. Some tech
niques for accomplishing this are discussed in detail by 
Feachem, et al. (1978) in a detailed review of the health aspects of 
excreta and wastewater management. 

Three types of systems employed for this purpose include the 
pit latrine, the composting latrine, and cartage systems, all of 
which will be discussed briefly in a subsequent section. Ifpoorly 
operated, these types of systems may result in major health risks 
through increasing opportunity for disease transmission. On the 
other hand, in communities 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
riage 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 
improve the systems for collecting, treating and disposing of 
nightsoil instead of moving prematurely to adoption of full water 
carriage of human wastes, with its opportunity for broader dis
persal of infectious agents to the environment. 

Control or elimination of the problems resulting from inorgan
icor organic chemicals often may be approached most effectively 
at their sources. This technique has been used extensively in 
industrialized countries and is attracting increased attention to
day as pollution control regulations are tightened, causing in
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
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able wastewater constituents by installing treatment and 
recovery systems within the manufacturing plant at the point of 
wastewater generation or by changing the manufacturing proc
ess itself. 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
nomics of the alternatives. 

In many manufacturing industries, some wastes are segregat
ed in concentrated form at the point of production before release 
into the wastewater collection system. These wastes, which usu-
ally are relatively small in volume, may be disposed of in dumps 
or landfills. The intent here is isolate the toxic or otherwise harm
ful chemicals 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 in which isolation represents the principal 
approach is 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 
centuries, 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 

organisms because of adverse physical and chemical environ
mental factors, as well as competition and predation by other 
organisms. Accordingly, only in a few instances have pathogens 
demontrated capability to multiply under conditions found in 
receiving streams. On the contrary, most pathogens in 

wastewater discharges or .eceiving streams have been observed 
to decrease in number over extended periods, ultimately reduc-

ing risks of transmitting waterbome diseases. 
to describe the de-

Sometimes, Chick's Law has been used 

crease in population of pathogens (Anonymous, 1975; Fair, 
Geyer and Okun, 1968): 

-dN =kNdNdt 

or: (No - Nt) = e k 

where: Nt = bacteriai at time t 
N. = initial bacterial population 
k = rate constant (logarithms to base e) 
t = time of exposure 

This "law" is 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-
isms dying per unit time is directly proportional to the number of 
organisms present in the system at that time. This indicates that 
a constant percentage of the organisms in the system would be 
inactivated in each succeeding time interval and provides a rela-
tionship similar to the curve in Figure 8-1. When plotted in terms 
of the logarithm oforganisms 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 
approximation of the die-away curve, it seldom is true when 
viewed rigorously, as pointed out by Fair, Geyer and Okun 
(1968). 

Figure 8-1. Die-Away Curve 
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Figure 8-2. Semi-Logarithmic Die-Away Curve 
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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 in certain foods and E. coli have beei, 
observed to multiply in sewage effluents after chlorination. 
However, multiplication of pathogens in streams is very uncom
mon and highly unlikely to continue for Ion:;. Feachem, et al. 
(1978) summarized the survival of pathogens in feces and night
soil as shown in Table 8-1. 

The rate of die-off depends on many factors, including espe
cially temperature and competition. Most organisms survive for 
longer periods at reduced temperatures. Presence of diverse 
populations, including predators, results in more rapid die-off of 
the pathogens. Viruses may survive substantially longer than 
bacteria, 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 Entamoebahistolyctica in sewage or polluted 
water at about 20 days. Helminth ova vary widely fror.. 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 is very unlikely to exceed 50 days, with 20 days being a 
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Table 8-1. Survival of Organisms in Feces and Nightsoil 

Type of Organism Usually Less Than: Maxinam, 

Enteric viruses 3 months 5 months 

Indicator Bacteria 4 months 5 months 

Salmonellae, shigellae 1 month 5 months 
Vibrios 5 days 
Tubercle bacilli 5 months 2 years 

Protozoan cysts 10 days 1 month 

Helminth Ova -

Ascaris
Otheris 
Others 

Many months
Highly varie 
Highly variable 

SOURCE: Feachem, et at. (1978). 

more reasonable maximum survival time. Salraonellae have 
been observed to survive as long as three months, but one 
month is a more common limit. Shigella 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 is discussed in more detail with respect to die-away in 
waste stabilization ponds in the publication by Gloyna (1971). 
The addition of chlorine or other chemicals as disinfectants or 
elevation of temverature acts principally by accelerating the die-
away process ti' ..ugh various mechanisms to accomplish more 
rapid reduction in 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 arrive at the paradoxical conclusion that the destruc-
tion of enteric bacteria is more rapid (1)in heavily polluted 
streams than in clean streams, (2) in warm weather than 
in cold weather, and (3) in shallow, turbulent streams 
than in deep sluggish bodies of water. 

The die-away mechanism also is significant in many instances 
for removal of objectionable organic materials, many of which 
are biodegradable. For these chemicals, provision of adequate 
storage time, in the presence of appropriate bacteria, can result 
in extensive reduction or elimination of the chemical from the 
wastewater. This approach is practiced often through applica-
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, 
it must be noted that in many instances there may be little or no 
significant 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 volatilization, 
absorption on suspended matter and settling, or other mecha-
nisms, it must be recognized that they have not been destroyed 
but only removed to a different niche in 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 

excreta or wastewater to the environment. This approach often 
can be employed to prevent the objectionable material from en
tering the envir.nment, from which it may return subsequently 
to endanger man. An alternative or supplementary approach 

involves utilization 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 substantial 
numbers of bacteria, viruses and chemical 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 quality of the discharge by removing 

the objectionable constituent from the flow released to the re
ceiving stream. This 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 important implications in disposing of those 
sludges because of increased risks which may be encountered in 
handling them or in distributing them into the environment. 
Processes which function principally through this mechanism of 
physical removal include settling, flotation, filtration, distilla
tion, reverse osmosis and membrane processes. 

Sometimes, the removal of wastewater constituents through 
physical separation may be enhanced by flocculation, chemical 
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 
is accomplished 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 chemicals to form gelatinous 
floc to coagulate the bacteria, viruses and small precipitates into 
larger masses ahead of settling, filtration and other physical 
separation systems. Removal of metals, for example, usually 
may be enhanced substantially by proper pH adjustment and 
addition of chemicals to improve formation and growth of 
precipitates. 

These same types of flocculation-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, precipi
tate particles, bacteria and viruses may be enmeshed in the 
biological floc. Also, organisms which function actively in the 
biological process may produce chemicals having capability for 
inducing precipitation, adsorption or coagulation of the con
stituents. Accordingly, it often is observed that biological treat
ment processes may provide relatively high efficiency of removal 
ofbacteria, viruses, metals and many other inorganic and organ
ic chemicals, many of which are not involved in the biochemistry 
of the process itself. 

Disinfection may be applied to reduce health risks from patho
genic bacteria and viruses. Often, this can be accomplished 
merely through providing storage which insures adequate time 
for natural die-away of the pathogens. As pointed out earlier, 
die-away usually is enhanced by presence of diverse populations 
of organisms and increased temperatures in the system. The so
called "disinfectants" function through increasing die-away 
rates because of toxic action of the chemical or its reaction pro
ducts to the organisms in question. The most common disinfec
tants in wastewater treatment include chlorine and ozone, 

which are viewed as functioning principally through reaction 
with enzymes or other key components of the organisms, there

by interferring with their metabolic activities or inactivating 
them by other mechanisms. 
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Strong chemical oxidizing agents, such as ozone, chlorine 
dioxide and chlorine, also can be used to destroy certain organic 
chemicals through direct chemical reaction. Sometimes, these 
reactions result in disintegration of the molecules into relatively 
small and innocuous compounds, while other possibilities may 
involve 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 in waters or wastewaters. 

Most of the treatment systems employed for municipal 
wastewaters reduce health risks through a combination of the 
above mechanisms. Removal and destruction of pathogenic or-
ganisms in conventional end-of-the-pipeline treatment plants is 
accomplished partly through physical removal and accumula-
tion in sludges and partly by destruction of organisms through 
die-away because of extended detention times and increased 
populations of competitors and predators. The practical effects 
of these mechanisms will be discussed in more detail later. 

Control of Host Organisms 

Transmission 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 victim. This situation is true of schistosomiasis and 
many mosquito-borne diseases. 

Where this situation prevails yet another mechanism is made 
available for controlling transmission of the diseases. That in-
volves taking appropriate steps to control or eradicate the inter-
mediate host, thereby breaking the chain of transmission 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 application of mosquito control techniques to reduce 
instances of the many diseases in which those insects play a key 
role in development of the pathogens and their transmission 
between humans. 

Systems Which Minimize Discharges to Surface 
Waters 

Systems considered in 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 in attempts to minimize volume of discharges requir
ing treatment and disposal. In other instances, limited quantities 
of carriage 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, cli
mate and state of health of the population, ranging from 20-1500 
grams/capita/day. Feazhem, 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 is 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 
urine in 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 summarizes typical composition of human feces and 
urine, as reported by Gotaas (1956) and Feachem, et al (1978). 
The very low carbon/nitrogen (C/N) ratios require addition of a 
carbon source, such as garbage, vegetable leaves or sawdust, for 
successful composting, in which the ratio is required to be about
20-30 for efficient operation. 

Pit Latrines 

The pit latrine is the simplest on-site disposal system, consist
ing of a hole in the ground which is replaced by a new pit when 
about 2/3 full. Cleanliness in this unit is of utmost importance 
because otherwise the installation mv become a focus for dis
ease transmission. Also, insect control is very important becaulse 
otherwise the pit latrine may become a breeding site for flies and 
mosquitoes. 

When about 2/3 full, the typical latrine is filled and may not be 
disturbed for many year,, if ever. Under these circumstances, 
survival of pathogens is virtually impossible, but shorter periods 
of storage could reduce the margin of safety drastically. The use 
of pit latrines may be undesirable where ground water is high 
and wells are used nearby because there is potential for trans
mission 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/nitrogen ratio. 
Continuous composting units, similar to the Swedish "mul
trnir" toilet, have had only limited application in developing 

Table 8-2. Composition of Human Feces and Urine' 

F'aet's'. IIIi't,' 

Quantity (wet) per person per day 100-400 g 1.0-1.31kg 

Quantity (dry solids) per person per day 30-60 g 5(1-70 g 

Moisture content 70-85'17 93-96',; 
Approx. composition (f7;dry weight) --

Organic matter 88-97 65-85 

Nitrogen 5.0-7.0 15-19 

Phosphorus (as P205) 3.0-5.4 2.5-5.0 

Potassium (as K,0) 1.0-2.5 3.0-4.5 

Carbon 44-55 11-17 
Calcium (as CaO) 4.5 4.5-6.(0 

'Adapted from Gotaas (1956). 
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-' ry,little data exist on their performance or on 
c.V,,hogens. 

." mv,.-'sing in China and Vietnam,toilets are common 
btti,nicrobilogical data on these unite do; not exist, 
;,,xoxdingt ..Fe li.iem, et al. (1978). Compost from these units' 


l, i agricultural land, requiring that pathogen 
.,complete as possible. The efficiency of patho-

d'i-- depends principally on ime and temperature. 
"i , in turn, depepas on rate of air supply, the C/N 

S ',' "content. Anaerobic composting systems sel-
, bu! aerobic units may involve tempetature 

.,o 


,tt.:aivig ttp ,e.j 


5'. vwc ii C:: ratio and moisture content are proper. It is 
. thot i3rmi',imum retention time of 3months is required 
' r.;r4 .moduct free of pathogens, except for the most 

1Wt -k ova. 

..., g i e'tt" 


. . :~.
- based on collecting nightsoil in containers 
wt ov,4 ho4. and periodically transpori 1 it elsewhere,vidi 
;, ill,.L Potential health impacts of cartage2v.,posail. 

-,. sanitary safeguards in deposition, collec-.-. ,;on 

, , treatment and reuse of tho wastes. The 
.;J . tr.:;',ortation systems offer the greatest risks, 

C,',f.dZf1v 4!.!.4a ished and supervised. Use of good equip-
,t!,,' :- -. personnel operating trucks to,aa, vacuum 
':""-1. '- fi. 'l-if evaults can be a hvienic and risk-free 

t her hand, bucket latrines always present 
t .;w, -i.'tq's.Spillage of the material during transfer 

.
S' rsents the greatest hazard in this type of 
, -,,n,well-equipp,:- and operated vacuum 

cie4 ed v! be preferable. 
r- ,h-,t.4'-,' -.ted and dewatered like sludge or it can1 i, 

.-. -. , o subsequently treated in conventional,.' .


piti ,we ,io ponds. Often, nightsoil is buried in trench-
es although this may offer serious health implications because of 
potential hazards to those who work in the area used or other-
wise have access to it. 

Reuse in agriculture is practiced widely, but is highly undesir-
able because of adverse health implications, unlhvss treatment or 
long-term stioage ;,re practiced before applicaton to the land. 
Fhese systers are discussed in considerably more det; ilby Fea-
chem, t al. (1978) and Rybczvnski, etil. ('1978). 

Nightsoil Composting 


Thermophilic composiing is capatil- of producing a product 
which is safe for agricultural reuse within two month (Cmpoist 
produced by this process is useful as a soil conditioner and 
.oiurce of nutrients for plant grow;th. [his approach has bven 
discussed in detail by Golaas ( 9!) and Shuval (1977) All of the 
approaches for composting require addition (ota carbon source. 
such as refuse or sawdust, to achieve a C N ritio of about 20-
Optimal performance also requires control of moisture content 
to 20-60} . 

As indicated earlier, the temperature achieved during com 
posting depends tn the C N ratio, noi-ture content, and oxygen 
content of the material, as wella- particlesi/e and il 1. Relaf\ielv 
little change in temperature v,produced lui'ng anaerobi tirOM. 

posting, which tipi.ally releases gases with foul odor-, ..\erob!t 
coMposting geneC A tes substatial heat And prodItces orga lu 
breakdown more rapidly with little or neo odor Ihi,; mav lead ti 

temperitures of 55"C or higher in thet'enter of thetcompost pile 
Periodically it is necessary to mix the, pile to provide adequate 
oxygen for maintaining the thermophilic composting toimpra-

tures. Feachem, e't al. (1978) indicate that in well-managed there-
mophilic aerated compost sysiems, temper,,tures can rise a; 

high as 80°C, and that all parts of the pile mav be maintained for 
several hours above 60°C, producing rapid jestruction of patho
gens. Ascaris ova are the most hardy pathogens, but the follow
ing time-temperature combinations will guarantee even their 
destruction. 

1 hour at 62°C 
I day at 50°C 
1week at 46°C 
I month at 43°C. 

Fly breeding is a major problem in management of compost 
systems. Attainment of high temperatures (above 5'C) in all 
parts of the compost pile is essential for control of fly larvae. 
Improper control of flies may result in health hazards because of 
potential for carrying pathogenic organisms. 

Wastewater Treatment and Subsoil Disposal 

Typically, a septic tank is designed to eceive all wastewaters 
from a house, both excreta and sullage, and to provide an aver
age retention time for the liquid of about 1-3 days. After anaero
bic digestion for that period, effluent from the tank normally 
passes into a cesspool or soakaway or to an undergound tile field 
foi subsurface disposal through leaching. An aqua privy usually 
is located directly under the toiet and receives only excreta and 
small volumes of flushing ivater. Liquid retention times inthis 
unit may be as much as 60 days and effluents typically flow to 
soakaways or small ,ewerage systems. If the aqua privy also 
receives sullage water, retention times may be as low as a few 
days. 

Principal processes affecting removal of pathogens in these 
units include settling of solids, with entrainment of many bacte
ria and viruses. as well as ova and cysts. Pathogen die-awav in 
the unit depends heavily on retention time and abilit-, of the 
organism in question to withstand anaerobic conditions in the 
tank. It is impossible to generalize, but it appears that most 
pathogens in septic tanks will be,removed to an extent equiva
lant to less than 2 orders of magnitude (<991f ).Aqua privies 
which rece ve sullage and have short detention times probaly 
perform in similar fashion. On the other hand, a well-designed 
aqua privy %-ith deterntion time exceeding 20 days should •r,
duce substantiadlv better quality effluent bcause of incr,, 'd 
opportunity for die-away 

Effluent from eilher Ivt ot ,vsvtin should be assumed to b. 
highly ppulated with pathigin,. pretltding ',ie di..uharg"'. Io 

surface wer, ti t to lltolland. \' aterappliratiAin a.i xept 
further treatment 1,tlliturt~i, disht.-F&'.olten plr01tliced for 
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especially prevalent whurcl Cargt quantitit oit water are ustd .ind 
MitIl ci ntitie.is are itne.,r iiri ip-r.stedh'il',, dvsign-d and 
septic tank .andlsbsilitof ' eppo-i %.tvn. ,Ti. L'lpatl i.,I 

lon .g-terniip 'tifi %,h,rv .,oti..tait.,,r' sitll t.'ndifi n-, itl,, 

( oni ,ink failure ut hc-e % fh.Ir, -ktur., thI ivih in.adt-qua.' 
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Land Treatment and Disposal 

Health risks resulting irom application of nightsoil, sludges or 

to land may be classified as (a) an occupationalwastewatees 
hazad t in pplyg te wsteto andandnvove thse

hazard to those involved in applying the waste to land and 
tending the crops and (b) the risk of infection through subseh 
quent handling and consumption of the crops by man. Although 
it 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 epidemiological evidence which 
convincingly demonstrates ta Watever thle risks, they can be 
minimized or eliminated by reusing only wastes which have 

been treated to render them free of pathogens. Accordingly, it 

appears to be reasonable policy to require that wastes applied to 

agricultural land should be veiy low in pathogen content. 

Survival of enteric bacteria on sods is affected significantly by 
moisture content, temperature, pH, sunlight, organic matter 
and antagonism by cther organisms. Under some conditions, 
fecal coliforms may survive for as long as several years, but 99% 
reduction appears to be likely in about 25 days, in cliwarm 
mates. Srlmonellae may survive up to a year in moist soil, but 50 
days is considered to be more typical maximum. Viruses which 
adsorb on soil particles appear to become Protected to some 
degree, resulting in survivals up to 3 months in warm weather 
and up to 6 months in winter. Pvotozoan cysts are unlikely to 
survive more than 2-10 days, but helmmLth survivals vary wide-

up to several years. Table 8-3 summarizes observations re-ly,ported by Feachem, et at. (1978).
porterby ad viruses al (98penetrrelated 
lacteria 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 cray surfaces depends upen the method of waste application 

and type'of crop. Their death rates increase in the presence of 
humidity. Table 8-4 summarizesext' ncive sunshine and low 

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 Organismn Usuialy Less Than: Maximumt 

Viruses 3 months 6 months 

Bacteria 2 months >1 yc:r 

Protozoa 2 days 10 days 

SOURCE: Feachem, et al. (1978). 

Table 8-4. Survival of Pathogens on Crops 

Typt c.€ Usually Less Than: MaximumOrganisia 
r vcapital 

Enteric viruses 1 month 2 months 
Indicator bacteria 1 month Several months 

Salmonellae 1 month 6 months 
-ViLrios 7 days 

Cysts 2 days 5 days 
5 monthsHelminth ava 1 month 

SOURCE: Feachem, et al. (1978). 

A recent publication by Crites and Uiga (1979) compares
health risks between land treatmentof wastewater and activated -o stewaterand c oslth retmen and tre 

to surface waters. They consludge treatment and discharge 
clude that although more concerns are voiced about the health 
effects of land treatment, the risks of human exposure to patho
gens is as low with land treatment as it is 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 
infiltration 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 

repoted by them concerning removal and survival of indicator 

organisms and pathogens on soils and vegetation. 

Conventional End-of-Pipeline Tleatment 

Goals of Typical Systems 
In treating potable water, protection of the public health clear

ln tatin potblete prtet o the i acla
ly has top iority. Effective treatment to that end is accorn
plished through removing or destroying pathogens or chemicals 
present in t'eraw water at concentrations above levels judged to 

be acceptable ior potable purposes. Sometimes, treatment is un
dertaken to correct aesthetic or other deficiencies not directly 

to co:isumer health, but even in those instances quality of 
the finished water still is judged principally on its suitability and 

safety for human consumption.
 
on the other hand, typically is based
Wastewater treatment, 

on a very different priority system. Most treatment plants in 

industrialized countries are consiructed and operated principal

ly to remove oxygen demanding materials, suspended matter 

and other constituents which could have undesirable impacts on 
aesthetics or aquatic life in the receiving stream. In the U.S.A., 
for example, performance of virtually all municipal wastewater 

treatment plants is judged according to biochemical oxygen de
mand (BOD) in the plant effluent, in response to concern about 
dissolved oxygen levels in receiving streams. Clearly, this crite

rion is not motivated by public health consideration because it 
never has been demonstrated that there is any relationship be
tween dissolved oxygen content of water and health of persons 

consuming it. Accordingly, whenover pollution control regula

tions are based on oxygen demand, that indicates that program 
goals clearly must be directed towards maintaining watercourse 
quality adequate for supporting aquatic life, protecting recre
ational uses, and maintaining desirable aesthetic characteristics. 

It is not suggested that health protection never is an important 
consideration in plannir,,, constructing, and operating 
wastewater treatment facilities in the U.S.A., or other industrial
ized countries. On the contrary, it may be a major factor in 
controlling certain industrial wastewaters, as well as in regulat
ing bacterial populations in municipal wastewaters discharged 
into shellfish producing or recreational waters. Even in those 

as well as itsinstances, however, most of the treatment facility, 
and operating budgets, is intended principally to remove 

oxygen demanding materials, suspended matter, and other con
stituents not directly related lo the public health. Corcern about 
health aspects typically is reflected in additionalrequirements for 

disinfection of plant effluents and limitations on allowable con

cenrations of coliform or other indicator organisms. "hte as

pects of treatment, which are re!ated principally to protection of 
the public health, usually represent a relatively minor propor
tion of the facility and its capital and operating budget,. 
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Table 8-5. 

Enteric 
microorganisms Location 

Fecal coliforms Hanover, 
New Hampshire 

Coliforms Lodi, California 

Coliforms Whittier Narrows, 
California 

Fecal streptococci Santee, California 
Fecal streptococci Santee, California 

Removal of Enteric Microorganisms by Soil Systems 

Observed 
concentration Observation 

Removal, % No.ImL depth, ft 

Essentially <1/100 5 
complete 
Essentially 1/100 4-7 
complete 
'0omplete None >4 

99.5 20/100 -a 
99.8 6.8/100 -b 

a. 200 ft of lateral undergound flow. 
b. 1,500 ft of l.teral underground flow. 

SOURCE: Crites and Uiga (1979) 

Table 8-6. Survival Times of Enteric Microorganisms on Soil and Vegetation 

Enteric
nicroorganisms Environment 

Coliforms Fodder 
Vegetables 
Soil surface 

Shigella sp. Fodder 
Leaf vegetables 
Orchard crops 

Salmonella sp. Fodder 
Soil surface 
Leaf vegetables 
Orchard crops 

Enterovirus Leaf vegetables 
E. histolytica Leaf vegetables 

a. Calculated from median survival time. 

SOURCE: Crites and Uiga (1979) 

It is crucial that this situation should be understood clearly by 
those responsible for planning and implementing pollution con-
trol programs in the less developed countries. If the goals of their 
programs relate principally to protecting the receiving stream 
and its aquatic life, then some of the treatment technology cur-
rently beiig employed in the highly industrialized nations could 
be appropriate for consideration. On the other hand, if the prin-
cipal goal is to protect the public health of downstream consum-
ers by reducing risks 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 it is to select and design appropriate 
systems for the collection and treatment of sewage in de-
veloping countires, must bear in mind that European and 
North American practice does not represent the zenith of 
scientific achievement nor is it the product of a logical and 
rational design process. Rather, developed countries prac-
tice is the product of history, a histcry that started about 

Survival
time, days Estimnated die-oft

after 7 days, % 

6-34 98 
35 90 
38 88 
<2 Below detection 

2-7 Below detection 
6 Below detection 

12-<42 94 
15-46 93 

1-40 98 
0.75-<2 Below detection 

15-60 89 
2 
 Below detection 

100 years ago when little was known about the fundamen
tal physics and chemistry of the subject and practically 
none of the relevant microbiology had been discovered. 

... The historical and conservative nature of the devel
opment of current practice in industrialized countries... 
is not especially clever, nor logical, nor completely effec
tive and it is not necessarily what would be done today if 
those same countries had the chance to starf ,ver again. 

The conventional sewage treatment works were origin
ally developed in order to prevent gross organic pollution 
in European and North American rivers 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 in industrial
ized countries usually do have significant impact on concentra
tions of organisms and other constituents which may be 
important from a public health viewpoint. This chapter will ex
amine briefly some of those effects. 
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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, during which perhaps 2/3of the suspended solids are 
removed from municipal 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 in 
larger suspended matter. 

Bacterial removals in primary settling may appromimate 50
90% of organisms in the raw wastewater, but viruses are re-

moved to a much lower degree-perhaps 0-30%. Larger 
organisms (for example, schistosome ova) may be removed to a 

higher degree because of larger size and correspondingly faster 
settling velocities. Table 8-7 summarizes the observations of Fea-
chem, et al. (1978) on removal of various types of organisms in 
primary settling units, ranging from none to a naximum of 2 

orders of magnitude (39%). The removals may be improved sig

nificantly through flocculation and coagulation of the sewage 
before settling. 

This process is effective only in removing suspended matter 
or lighter than water and large enough to 

significantly heavier 
attain terminal settling velocities permitting separation from the 

liquid throughout within detention time available in the tank. It 
will be relatively inefficient in removing small and slowly-set-
tling particles and will not remove colloidal or dissolved con-
stituents at all unless they become associated with settleable 
particles. Accordingly, metals aitd other constituents may or 

may not be removed efficiently, depending upon physical char-

acteristics 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 chemical reac-

tions, thereby influencing removal efficiency in primary settling. 

Table 8-7. Removal of Pathogens in Primary Settling 

Reduction 
Type of Organism Loglo Units % Removal 

Viruses 0-1 0-90 

Bacteria 0-1 0-90 

Protozoa 0-1 0-90 

Helminths 0-2 0-99 

SOURCE: Feachem, et al. (1978). 

Secondary Treatment 

Trickling filters appear to be relatively inefficient in removing 

viruses from sewage (15-75%), but bacteria and protozoa are 

removed to a slightly higher extent (80-95%). Trickling filter 

treatment plants, including primary settling, trickling filter and 

secondary settling, usually attain removals of pathogens less 

than 2orders 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, indicating removals less than 2 orders of 

magnitude. Table 8-9 presents similar information from the pub-

lication by Crites and Uiga (1979). 

Table 8-8. Removal ot Pathogens by Trickling
Filters and Activated Sludge 

Type of Organism 
Reduction 

Loglo Units %Removal 

Viruses 
Bacteria 
Protozoa 
Helminths 

0-1 
0-2 
0-2 
0-1 

0-90 
0-99 
0-99 
0-90 

SOURCE: Feachem, et al (1978). 

Table 8-9. Enteric Microorganism Reduction 
By Conventional Treatment* 

Primary treatment Secondary treatment 
Microorganism removal, % removal, % 
Total coliforms <10 90-99 

35 90-99Fecal coliforms 
Siigella sp. 15 91-99 
Salmonella sp. 15 96-99 
Escherichiacoli 15 90-99 
Virus <10 76-99 

10Entanmoeba histolytica 10-50 

*Without disinfection. 

SOURCE: Crites and Uiga (1979) 

Sludge Digestion and Dewatering 

Sludge from primary settling and final settling tanks in trickling 
filter and activated sludge plants commonly is subjected to an
aerobic sludge digestion. Typically, digesters operate at deten

times of 2-15 weeks, depending upon operatingtion 
temperature and degree of digestion required. Continuous flow 

digesters release higher concentratons of pathogens than batch 

units, and effectiveness of pathogen destruction increases with 
rise in temperature. Feachem, et al. (1978) indicate that virtually 

no protozoa survive digestion; small numbers oi ova and bacte

ria may survive thermophilic 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 is batch thermophilic digestion. 

Sludge dewatering by drying on open beds for 2-3 months 

destroys most (possibly even 100%) of enteric viruses and bacte

ria at temperatures exceeding 20'C. Protozoa also vill be de

stroyed, leaving only persisent ova surviving in significant 

numbers. Other dewatering processes, including vacuum filtra

tion, pressure filtration and centrifugation have relatively little 

effect upon pathogena 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 canhen basins which pro

vide opportunity for destruction of organic matter over extended 
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periods. The most common types of ponds are facultative instal-
lations, with retention times of 10-40 days, in which oxygen is 
supplied through algal photosynthesis. Maturation ponds may 
receive effluent from facultative ponds or other treatment units 
to improve effluent quality before discharge. Frequently, theyare designed for detention times of 5-10 days. Sometimes, anaer-
obic ponds with 1-5 days detention may be used for pretreat-
ment ahead of facultatie or maturation ponds,

Pndaed disfcusen detrail byG onon19thePo n d s a re d iscus s e d in detail by Gloy na ( 1 9 71 ), Fe ache m , et al.r 
(1978) and many others. Because these ponds provide long de-
tention times, more opportunity is afforded for die-away of path-
ogens, lealing to very effective destruction of those organisms. 
Investigators have reported coliform removals of 70-85% at 20C 
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 in series to provide effi-
cient treatment. Strong wastes may be pre-treated through use 
of anaerobic lagoons ahead of facultative ponds to minimize land 
requirements. Three or more ponds in series have been reported 
to provide pathogen removals in excess of 99.99%. A series of 5-7 
ponds, each with 5 days detention, can produce an effluent 
containing less than 100 fecal coliforms and fecal streptococci per 
100 ml, making this effluent suitable for unrestricted use in ini-
gation. Investigators have reported removals of 90-99% Salmo-
nellae and other pathogenic bacteria and have indicated that 
complete elimination of those organisms can be achieved in 
pond systems with long detention times, especially at tempera-
tures over 25°C. Much less is known about the fate of viruses in 
warm climates and developing countries. Essentially 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 in the effluent from ponds with over 
20 days detention. Table 8-10 summarizes data reported by 
Crites 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 
include Culex pipiens, which serve as vectors for disease trans-
mission. With proper maintenance, this can be controlled by 
preventing growth of vegetation in ponds and makinb them over 
1 meter deep, as well as using concrete slabs or rip-rap at the 
water surface. 

Table 8-10. Maximum Removal of Enteric Microoganisms
By Lagoon Systems 

Enteric microoraisnim %Rem'oval 

Coliforms 60-99.99 
Fecal coliforms 99 
Total bacteria 9field, 

S. typhi 99.5 
Virus 99.99' 
P. aetruginosa 99.69 

Laboratory Study. 

SOURCE: Crites and Uiga (1979) 
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Summary 
Tables 8-11 through 8-13 summarize data reported by Fea

chem, etal. (1978) on removal of bactena, viruses and cysts and 
ova by al. typs f ter t r uens yst s ando a 

ovbviouseofa s t systes. Mosttreatmentconventional secondary treatment plants appear capable of pro
ducing pathogen removals of 90-99%. This suggests high effi
ciency, but often is really very poor when the goal is to protect

public health. Feachem, et al. (1978) point out that even 99%e o a r p e s n s 1 s u v al n d t t it s t h p p l t o n f 
removal represents i% survival and that it is the population of 
pathogens remaning in the water which determines the degree 
of risk. With an influent sewage containing10 pathogenic bacte
ria per liter, 99% removal would leave npathogenic bacteria 
per liter in the effluent, which often may be inadequate for pro
tection of downstream populations who come into contact with 
the water or use it for potable purposes. 

Accordingly, conclusions about relative effectiveness of var
ious types ofconventional treatment plants with respect to path
ogen removal would have little significance because none arc 
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 consistcntly, due 
largely to their long detention times, which provide extended 
opportunity for die-away of the organisms. Even those installa
tions, however, are reliable for high efficiency of pathogen re
moval only when employed as multiple cells in series and with 
generous detention times. Of course, similar effects can be at
tained through using maturation ponds after conventional sec
ondary treatment plants. 

Where land is relatively reasonable in cost, ho.vever, faculta
tive ponds followed by .,aturation ponds provide economical 
and reliable approaches for control of pathogens in municipal 
wastewaters. These offer the additional advantages of avoiding 
the complex equipment and operations involved in trickling fil
ter and activated sludge plants and of capability for cojistruction 
using local labor and materials entirely. 

Crites and Uiga (1979) summarized 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 is presented in Table 8-14 and indi
cates removals in 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
tions to levels lower than those specified in current drinking 
water standards. Land treatment involving rapid infiltration wasless effective. 

Disinfection 

In most instances, chlorination has been the technique em

ployed for wastewater disinfection. Its use has been a direct 
result of success enjoyed for so many years in the water supply 

although conditions in that application are substantially 
different from those in wastewater systems. The differences 
raise some serious questions about effectiveness of chlorination, 
as commonly app!ied in the U.S.A., in insuring safety from 
pathogens. 

It must be recognized that wastewater effluents have high
organic and ammonia contents, as contrasted with municipal 

water supplies. That results in more extensive side reactions 



Proces,,s 

Primary Settling 
Trickling Filter Plant 

Primary Settling 
Trickling Filter 
Secondary Settling 
Sludge Digestion 
Sludge Drying 

Activated Sludge Plant 
Primary Settling 
Aeration 
Final Settling 
Sludge Digestion 
Sludge Drying 

Oxidation Ditch, Settling, 
Sludge Drying 

Stabilization Ponds 
3 cells 
25 days Detention
 

Septic Tank 

Tertiary Lagoons 


Land Application or Slow 

Sand Fiters
 

Chlorination 


SOURCE: Feachem, et al. (1978). 

Processes 

Primary Settling 

Trickling Filter Plant 


Primary Settling
 
Trickling Filter
 
Secondary Settling
 
Sludge Digestion
 
Sludge Drying
 

Activated Sludge Plant 

Primary Settling
 
Aeration
 
Final Settling
 
Sludge Digestion
 
Sludge Drying
 

Oxidation Ditch, Settling, 

Sludge Drying
 

Stabilization Ponds 

3 cells
 
25 days Detention
 

Septic Tank 

Tertiary Lagoons 

Land Application or Slow 


Sand Filters
 
Chlorination 


SOURCE: Feachem, et al. (1978). 

Table 8-11. 

Table 8-12. 

Influent 

No.liter 

101-105 
101-10 

103-10 

101-10 

10-10 

0-10 9 

10-104 
10-104 

Removal of Bacteria in Wastewater Treatment 

Per Cent Remoz'l 

E.coli Sainonellae Shigela 

50-90 50-90 50-90 

90-95 90-95 90-95 

Cholera 
vibrio 

50-90 
90-95 

90-99 90-99 90-99 90-99 

90-99 

99.99-
99.99999 

50-90 
99-
99.9999 
99.99-100 

<100 

90-99 

99.99-100 

50-90 
99-100 

100 

100 

90-99 

99.99-100 

50-90 
99-100 

100 

100 

90-99 

100 

50-90 
99-100 

100 

100 

Removal of Viruses in Wastewater Treatment 

Effluent 

No./liter 

103_105 
102104 

Per Cent 

Remnoval 

0-30 
90-95 

1O10 90-99 

10-101 

0-10 

90-99 

99.99-100 

0-108 
0-10 
0-10 

50 
99-100 
99-100 

Uncertain 
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Table 8-13. Removal of Cysts and Ova in Wastewater Treatment 

Per Cent Removal 
Entamnoeba Hooku'orms Ascaris Schistosomes Taenia 

Processes histolytica o1V ova oa ova 

Primary 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? 50-90 70-100 50-99 50-95 
Primary Settling
 
Aeration
 
Final Settling
 
Sludge Digestion
 
Sludge Drying
 

Oxidation Ditch, Settling, 50? 50-90 70-100 50-99 50? 
Sludge Drying 

Stabilization 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 unconvincing. In many countries, chlorination of wastewater
 
many chloro-compounds having markedly different disinfection effluents is not practiced because of doubts about its benefits and
 
capabilities. Further, effective control of pathogens in municipal conc,.:m over possible harmful effects in the stream and on sub
water systems frequently requires use of "free" chlorine residu- sequent water users through production of chloro-organic com
als, attained through breakpoint chlorination. That approach is pounds. This question has not been adequately resolved and will
 
not feasible in wastewater treatment because the high levels of require considerable study before conclusions are reached as to
 
ammonia would require prohibitive additions of chlorine to whether effluent chlorination would be reliable in developing
 
reach the breakpoint. Accordingly, substantially all wastewater countries.
 
chlorine residuals are present as chloramines, or other combined Other disinfectants which could be used include ozone and
 
forms of chlorine, demonstrated repeatedly to be far less effec- chlorine dioxide. These circumvent some of the difficulties with
 
tive in killing pathogens than free chlorine residual. respect to formation of chloro-compounds but, unfortinately,
 

It is possible to achieve relatively low coliform concentrations are substantially more expensive than chlorine in most areas of 
in wastewaters by using high chlorine dosages and generous the world. Also, equipment required for their production and 
contact times. Chlorination also is relatively effective against application to wastewater is much more expensive and complex 
pathogenic bacteria, provided chlorine demand of the to operate. Further, even less is known about their effectiveness 
wastewater is not too high. In many instances, regrowth of coli- in reducing pathogen content than for chlorine. 
forns has been observed following chlorination, although it is 
unlikely that regrowth of pathogens represents a significant 
problem, or even occurs. Data in Table 8-11 show chlorination to "Advanced" Wastewater Treatment 
be relatively effective for destruction of bacteria, but Tables 8-12 
and 8-13 show that its utility for destroying viruses and ova is Most advanced wastewater treatment processes, beyond bio
dubious. Sobsey (1979) estimated thlt chlorination of effluents logical treatment, have been directed towards correcting specific 
from secondary treatment produced virus reductions estimated chemical and physical wastewater quality problems. In no in
at 50%. This resulted in overall removal of viruses in the entire stance have they been adopted to control pathogens. 
treatment system of about 97.5% (Table 8-15). Undoubtedly, many of the advanced processes could be very 

In summary, chlorination of wastewater treatment plant ef- effective in removing or destroyinG pathogens, but little actually 
fluents must be vie wed as controversial with respect to effective- is known about their performance, ind it is clear that they would 
ness for reducing pathogen content. Exceedingly high dosages, represent extraordinarily expensive systems for that purpose. 
with long contact periods, would be capable of producing effi- Without detailed data on effectiveness of those processes for 
cient removals, but effectiveness of the type of chlorination corn- pathogen removal and without economic evaluations, they 
monly practiced in the U.S.A. and other countries is should not be considered seriously. 
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Table 8-14. Summary of Trace Metal Information, Concentrations, and Removals 

EPA Rau' Mass rentoval biy 

Component 

drinking 
uater 

standard, 
mg/L 

municipal 
wastewater 

concentration, 
mgIL 

Primary 
treatment 
removal, % 

Secondary 
treatment 
removal, li Slow rate 

land treatment, % 

Rapid 
infiltration 

Arsenic 0.05 0.003 - - <drinking 

water 
standards 

Cadmium 0.01 0.004-0.14 30 60 5drinking <10 
water 
standards 

Chromium 0.05 0.02-0.7 40 40-80 <drinking 
water 
standards 

Copper 1.0 0.02-3.4 40 60-70 <drinking 
water 

90 

standards 

Fluoride 1.4-2.4 - -

Iron 0.3 0.9-3.5 60 50 -

lead 0.05 0.05-1.3 50 50-60 >drinking 
water 

20 

standards 

Manganese 
Mercury 

0.05 
0.002 

0.11-0.14 

0.002-0.05 

30 
-

20 

70-80 <drinking 
water 

30-40 

standards 

Selenium 0.01 - --

Silver 0.05 0.05-0.60 50 70 <drinking -
water 
standards 

Zinc 5.0 0.03-8.3 50 60 <drinking 
water 

40-80 

standards 

SOURCE: Crites and Uiga (1979) 

Estimated Virus Reductions and Remaining Virus ConcentrationsTable 8-15. 
Produced by Conventional Sewage Treatment 

VirusEstimated Virus 
concentrationReduction 

Unit Process Cumulativ'e (L.U.Il)
Treatment Process 

1,000-10,000
-None (raw sewage) 
500-5,00050 50Primary Treatment 

5 50-50090Secondary Treatment 2. 25-25050Chlorination 

1,000-10,000190Sludge Digestion 


I Based on an estimated initial virus concentration of 1,000-10,000 Plaque Forming Unit per liter (PFU/l) 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 is generally accepted without argument, the proven abili-
ty of public water supplies to prevent enteric and other disease is 
not always obvious. Most of these diseases have multiple means 
of transmission, 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 limited effect on reduction of 
smouldering 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 this 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 community water supplies in de-
veloping countries? This question is 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 
William 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 mnre of these 
studies appears in most standard epidemiological texts. 

The United States had its pioneers also: William 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/
Status of Water Treatment 

Typhoid Death Rate per 100,000 Population
In 1906 In 1914 

11 Cities 
No Treatment in 1906 76.8 74.5 
No Treatment in 1914 

16 Cities 
No Treatment in 1906 90.5 15.3 
Treatment in 1914 

Note: Source of water supply for each of the 27 cities was unchanged
between 1906 and 1914. 

SOURCE: Frost (1941). 

r evious Page lank 

• =.. 

(1892, 1910); Hiram F. Mills (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 cities which had built water 
treatment plants by 1914. (SeeTable 9-1.)Johnson found typhoid
death rates reduced by 65% in a 1916 study of20 American cities. 
(See Table 9-2.) In the United 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 nutrition, fewer carriers, and universal 
literacy, have reduced immensely the incidence and effects of 
waterborne infectious disease in the United States and the indus
trially 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) in a study of migrant labor camps in 
California found the prevalence of shigella infections lowestwith water and flush toilets inside dwellings, 3.6 times higher
with water and privy outside. Similar findings were found in 
poor communities in Georgia by Stewart, et al (1955), McCabe 
and Haines (1957), and WHO (1964). These well-implemented 
studies established the importance of convenient 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 supplies in develop
ing countries. 

Berg and Mowery (1968) in a study of 1,943 American Indiansliving 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 slightly. 

Rubenstein, et al. (1969), in a study of a Hopi Indian village,
found that clinic visits for diarrhea per inhabitant dropped from 
2.0 per year to 0.85 per year following installation of an indoor 
plumbing supply. In a control area without indoor plumbing, 
clinical visit.; dropped from 3.1 to 2.6 per year over the same time 
span. 

In the developing countries studies using a variety of test
criteria and methodologies provide further insight into the rela
tions between water supply-sanitation and waterborne disease. 
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The following studies from Latin America, Africa and Asia are 
illuminating, 

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 children using piped water and 38.0 for children 
using standposts. A nearby village using water from multiple 
sources, some contaminated, had attack rates of 128.6 and 134.8 
for piped water and standpost water respectively. Villagers on 
mixed sources of drinking 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 into two areas of St. Lucia, W.l. 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 mortality 
in two areas of Sao Paulo, Brazil, receiving 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. 

Reiff (1981) has plotted for Costa Rica a graphical correlation 
analysis for water supply development and the simultaneous fall 
of diarrhea-gastroenteritis over time. The timing of other social 
interventions is also shown. (See Figure 9-1.) Similar analyses 
were developed prior to World War IIfor many U.S. cities: 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. 

Koopmran (1980) in a Cali, Colombia-based study found that 
houses . ith 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 in Panama. 

An expansion of piped water supplies to slum areas of Lusaka, 
Zambia, resulted in the typhoid morbidity rate for the city drop
ping by 90 percent. Diarrheal morbidity dropped 37 percent 
(Bahl, 1976). 

Fenwick (1966), in 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 rising slightly 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) 

/l,''raLp T l'i/phod
["Te/tr Death Rate' 

Per cont ri'liit'ih'nil tllit)idl
tever dtcath rat's which' 

whiwled the' tiltratioal of 

Re'f~rt" Afte'r th ; ii'ii wa'tr tsnjplt 

City 
Albany, N.Y. 
Charleston, S.C. 
Cincinnati, 0. 

Filtration 
109 
106 
56 

llt rat', l, 
2S 
62 
I1 

74 
41 
81) 

Columbus, 0. 
Harrisburg, Pa. 
Hoboken, N.J. 
Indianapolis, Ind. 

Lawrence, Mass. 
Louisville, Ky. 
New Haven, Conn. 

83 
72 
18 
46 

110 
57 
40 

17 
33 
13 
2. 

23 
24 
25 

78 
5.1 
28 
3t) 

74) 
58 
3s 

New Orleans, La. 
Paterson, N.J. 
Philadelphia, Pa. 
Pittsburgh, Pa. 

Providence, R.I. 
Reading, Pa. 
Scranton, Pa. 
Springfield, Mass. 
Washington, D.C. 
Wilmington, Del. 

39 
29 
63 

132 
19 
53 
25 
22 
35 

35 

2h 
4 

20 
14 

11 
35 
I0 
22 
31 
24 

33 
(1 

NS 
S
31 
34 
(-A 
0 

43 
31 

Weighted averages 61 21 

SOURCE: Johnson (1916). 
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White, Bradley, and White (1972) found the prevalence of 
diarrhea for 34 sites in East Africa was 3.4 percent for piped 
water, 19.0 percent for unpiped water supplies. 

Bokkenheuser and Richardson (1960), and Richardson, et al 
(1963, 1965, 1966, 1968, 1968) examined transmission of shigello
sis and salmonellosis in 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, 35.5 percent before, 19.6 percent after, as 
measured by positive cultures from schoolchildren. 

A series of WHO studies of diarrhea (Van ZijI, 1966; WHO, 
1960, 1961a, 1961b, 1962, 1963, 1966a, and 1966b) were carried 
out in seven countries: Sri Lanka, Bangladesh, Iran, Mauritius, 
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 
(X2 =60.34; P less than 0.001; n =4). 

(2) Similarly, difference of rates for detection of shigellae were 
highly significant for the two areas (X2 = 23.04; P less than.-"' 
0.001, n=5). 

(3) 	"The importance of water, as well as other factors of sani-
tation, was demonstrated." 

A study in Egypt by Weir, et al (1952) concluded that "the 
installation of sanitary 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 latrines were "sanitary." Also see 

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 in Uttar Pradesh State, India. Average water use was 
13 gallons per capita per day. These resIlts are shown in Table 9-
3. 

Misra (1971) in a study of rural water supply in seven villages 
in 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 in prevalence of diarrhea by public 
standposts was approximately 2/3 as effective as house 
connections. 

Cvjetanovic (1980) reports a continuing long-term drop in 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 in the first year following introduction of 
water supply improvements and continued to fall in the second 
and third years afterwards. 

Rajasekaran, Dutt, and Pisharoti (1977) in a study of Indian 
rural water supplies found that the prevalence of shigellosis for 
homes with water taps was 1/2 that of wells and 1/3 that of public 
standposts, 

Trevedi, Gandhi, and Shukla (1971) undertook to chlorinate 48 
rural water supply wells in three villages near Kanpur, India. 
There was a 6-fold reduction in the before and after incidence of 
diarrhea for the experimental 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 industrially devel-
oped countries where improv ed water supplies were introduced 
in rural areas or were restored following World War II. 

Figure 9-1. Diarrhea-Gastroenteritis Mortality Rates in
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Zebec, !3ujevic, and Cvjetanovic (1980) describe the 1926 in
stallation of sanitary wells and latrines inMraclin, aYugoslavian 
village. The infant mortality rate was reduced by 40 per 1000 live 
births per year and the annual mortality among children age 1to 
4 was reduced 45 percent. 

Costopoulos (1968) reported a dramatic fall in waterhorne ill
ness in post-World War II Greece f-!!.-wing restoration of water 
supplies. (A graph appears under "Typhoid" in Section 2.) 

Dieterich 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 
installation, 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 U: clear or Negative Results 
Several recent field studies have been difkicult 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 America and Panama (INCAP), 
found that "the introduction of water and the attempts to ir.)
prove sanitation did not significantly effect diarrheal disease." 
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(See Shiffman, et al., 1978d. Also see Schneider, Shiffman, and 
Faigenblum, 1978; and Shiffman, et al., 1978a, 1978b, 1978c.) A 
later analysis of part of the data, by an A 7D staff membe', yielded 
decidedly contrary conclusions (Dworkin and Dworkin: 1980). 
AID, being in 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-
impact of the intervention, 

A study sponsored by the British Ministry of Overseas Devel-
opment, OXFAM, and the Government of Lesotho and executed 
by an inutrdisciplinary team evaluated village water supplies in 
Lesotho. One part of this interesting study examined health 
impacts (Feachem, et a!., 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 
supplies. Data on diarrheal disease was expressed as its ratio to 
certain other diseases in order "to provide a measure which is 
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 significant differences were found 
between villages in the ratios of their clinically reported diseases 
to other diseases, irrespective of the quality of water supply 
service. 

The authors of the Lesotho report argue that "village water 
supplies, as they have been constructedand usedin Lesotho, have not 
led to reductions in disease" (p. 179, italics added). The qualifier 
is important in at least two ways: (1) there is no difference in 
quantity used from improved and unimproved water supplies, 
approximately 20 liters per capita per day. Twenty Ipcpd is a 
minimal quantity for promotion of hygiene; (2) contamination of 
unimproved water supply sources is mild, with fecal coliform 
counts rarely exceeding 103 in magnitude. Thus the question: 
were the water supplies in the test really different? 

Anothei question is the "sensitivity" of the ratio procedure 
used. Clinically reported cases of diarrhea were low, less than 2 
per village per month. This ingenious method might profitably 
be tested in a setting where both clinical 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
helian West Africa (Commission of the European Communities, 
1978). 

Bangladesh is in the heart of cholera's ancestral home (Pol
litzer, 1959). It is 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 studies of the efficacy of tubewells in preven
tion of cholera. 

Several such studies have questioned this role (Briscoe, 1978; 
Levine, et al., !976a, 1976b; Feachem, et al., 1977), asking even if 

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
 

Ai,'eri,' death rates 
Year of 

estal'lish-
nient of 

Cholera 
B-f,,re After 

T/Iphoid 
Before After 

purification Instalt- InstlIa- ott- t1lalla-
Towns pants tion lion tion lion 
Roorkee 1953 0:01 0:00 0:37 0:04 
Ghaziabad 1954 0:04 0:00 0:12 0:08 
Etawah 1951 0:39 0:03 0:04 0:00 
Oiai 1945 0:30 0:13 0:21 0:11 
Gorakhpur 1954 0:04 0:02 0:07 0:06 
Banda 1950 0:43 0:06 0:42 0:21 
Bahraich 1951 0:34 0:00 0:12 0:03 
Hardoi 1954 0:29 0:00 0:22 0:02 
Basti 1954 0:13 0:01 0:52 0:00 
Mirzapur 1953 0:11 0:00 0:01 0:00 
Moghulsarai 1949 0:86 0:06 0:25 0:03 
Sandila 1954 0:20 0:57* 2:46 0:05 
Deoria 1954 0.04 0.00 0:11 0:06 
Vrindaban 1943 0:60 0:16 0:10 0:37* 

Average for 14 towns 0:27 0:07 0:22 0:08 

Percentage of reduc
tion in the death rates 74:07 63:63 

*Figures asterisked do not show a decline. 

SOURCE: Zaheer, et al., (1962). 
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Dysenteries Diarrhoeas 
Before After Before After 

IInst Iistalla-lotla-Intalto- Instltt-

tiol tion tion tiot
 
0:25 0:14 0:77 0:38 
0:21 0:19 0:15 0:02 
0:45 0:08 3:27 1:62 
0:25 0:06 1:56 0:48 
0:76 0:72 1:11 0:42 
0:21 0:14 0:26 0:10 
0:26 0:15 1:13 0:65 
0:22 0:13 0:49 0:28 
0:15 0:08 0:09 0:01 
0:98 0:62 0:62 0:27 
0:18 0:03 0:18 0:17 
0:84 0:70 1:07 1:03 
0:02 0:04* 0:01 0.03* 
0:72 1:12* 3.76 2.86 

0:39 0:30 1:03 0:59 

23:08 42:72 



cholera was waterborne. More recent studies (Hughes, et al., 
1977; Spira, et al., 1980) have found that tubewells are cholera-
free and that cholera is 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 is the role of iron in 
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 1ev-
els. Do health benefits rise 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) is 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 addifional health benefits of complementary ac-

tivities are also relevant. Again there are few studies. One of 
interest is that of Azirin and Alvero(1974) fora cholera interven-
tion in the Philippines. 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 priori with precise accuracy. 

Impacts on Nutrition 

Increasing evidence suggests that the "malnutrition problem" 
is not due simply to insufficient availability of food. The heavy 
burden of pediatric diarrhea and other infections and infesta-
tions retards growth and physical development and under some 
circumstances may precipitate or exacerbate frank clinical mal-
nutrition. Inasmuch as the quality and quantity of domestic wa-
ter supply is associated with the incidence of infections and 
infestations, water is a factor in nutritional status. A few studies 
relating improved water supply to measureable improvements 
of nutritional status, especially growth of children, are now 
reaching the literature. These include Adrianzen and Graham 
(1974), Henry (1981), Rowland and McCollum (1977), Tomkins, 
et al. (1978), Whitehead (1977), and others. Evidence to date 
suggests that water supply-nutrition linkage warrans greater 
attention. 

Impacts on Non-Diarrheal Diseases 

Field studies of water supply impacts on health status have 

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 frachoma; Sloldt, 
Holloway, and Fronk (1979) for pediculosi (lice); and Unrau 
H w a for () pediculosisand(lice); reu 
(1978) for schistosomiasis. These and other studies were re
viewed in proceeding sections. 

Historical, Statistical, and Econometric Models
 

These are studies that look at large scale data series, often for 
multiple interventions, over extended time periods. Multiple 
regression analysis techniques are popular with these analysts. 
These are not epidemiological models. 

Among the earlier works of this iype 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 rise of population in modern Eurcpe 

historically focused on diarrheal diseases. However, there are through analysis of historical birth and death rates, disease



___________ 

9,4. CeiAmof Abisdive Watr Supply and Sanitaton Service Levels. An Example
Tb 

1. Mnu Cmts Per Cepits iv Serv~ ic 

CA 

Water Supply 
Excreta Disposal 
Water Supply and Excreu DisjLsal 

Il. Ck.Ctestks of Alterntme Service t-rws 

Average 
Per Capita 

Water Demandservr 
Lnei liters~dav) 

251 

50!1 

100ill 

100Iv 

200V 

$2 $4 
S2 S4 
,4 S8 

Tota. 
Maximum Da*v 
Water Demand 
(meters"dav) 

405 

810 

1,620 

1,620 

3,240 

Serrc- L,-r. 
III 

$ 7 
$7 
$14 

Water: Distribution 
Faciltits (Source 
and Treatment 

Iliuded in Costs) 

Public :tandposts 
serving 20040 people 
within 100 m. 

One yard hydrant per 

household. 

One kitchen tap and 

shower per household. 

Same as 11l. 

Full plumbing. 

VIV 

S 7 $11 
$10 S12 
$17 S23 

Saitatin: Excretal
 
Washwater Dislisal
 

Facilities 

One privy per household. 

One pour-flush toilet with 

soak pit per household. 

One pour-flush toiki with 

septic tank pet household. 

Same pour-flush toilets, 

but small-bore street 
sewers to lagoens. 

Conve ntional waterborne 
sewerage with lago n 

treatment of wastes 

State of Minas Gerais, Brait; present population, 6,000. design potpulation 12,A110; ,ervKx area of t. 
NOTES- Es. m s are for the town of Rio Pasc., on peak day i' I.Miof average daily 

hectares; average household size of sit; town is divided by a river and has irwg'iLar topography. Wat.r .±t 
,uur&A,d 8Iathian aCtrrde

use Construction cts converted to annual costs usu,g 20 year aes.gn period ard an interest rate of ItN- N. . 
tondititm'. 

u'iddv with local cunatic. hydrologic. geologic, topographic, Jemographe. c---ttnomlc. and oti er 
sgrok- and torv 

SOURCE: Launa (in press). 

omofi.)ialtet lacideceAwmanChildnmTabl5e-S. Comp 
Unkr Five Years of Age Acc wding to Source of Driaking Water 

/.k AMt 

Source In"," Fnm Oh W.di 
'_______ 

18.4Open Well 
57.77 8Standpost 
66.362House tap 

for seven Indan vilagfsfr August-LXecef-
Adap- 1om W.r. (11401)

itr iIties 

specific mortality rates, nutritional levels, environmenta. 
of the 19thcharge, and other variables during the latt-r -;1 

century and the earlier 20th century. 

Their findings are that the decline of mof il;ty was due to a 

reduction of deaths ftot infectious diseases. Among relevant 

findings to this review is that -from the second half of the nine-

teenth century a substantial reductior of mortality fin, intesti-

nal iuiectons followed the introduction of hygienic measures-

purification of water, efficient sewage disposal, and improved 

food hygiene." Redu tions which preceded advances in hygiene 

were attributed to nutrition improvements due to greater food 

-The fall of mortality was not influenced substantially
supplies. 

by immunization or therapy before 1935." 
A sirilar, but :css extensive, analysis by Arriaga and Davis 

(1969) for 13 Latin American countries, plus some 8 other coun

tries, of data from the late 19th century through 1960 found that 

after about 1930, for Latin America, public health measures were 

exerting a st.,'ng influence independently of local economic de

measures cited included water and sewage
velopment. He.Ith 
and personal hyg~ne. 

Barnum, et a. (1900) in a mathematical optimization model of 

health interventions, at low -levels of resources," selected activi

for emphasis: "health promoti-n, water and sanitation (pub

tic fountains, latrines, and covered sewszrage), and well baby 

chnics." The input daa were derivative hm Colombian exper

ience. Koopman (1980) in a study also in Colombia %Cali)found 

that houses without latrines had 60 percent more duirrhea than 

those with latrines and 127 percent more cases of diarrhea than 

did houses with sewers. Another Colombian-based study 

(Koopman, 1961) found that h-iene had artrong relationship to 

chiid growth. 
A multiple regression, multiple intervention study of Chilean 

data (Livirgstone-Balbontin, 1976) found that -the increase in 
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dt- peme#ne of houses with sev.erage systems and potae 

w., Twill have immediately a direct effect on the death rates of 

th.t isfat and child popubtivn.' 
A similar analysis for Sri Lanka tPatel, 1980) found regional 

va :.4 ons in the nature of the water supply more strongly associ-

ate,. with infant mortality than regional variations in public 

health e;.venditures (r = 0.82, significant at 99 percent level for 

water supk$y). 
A statistia analysis of 35,000 deaths of children less than 5 

yeas of age in ICIatin Amencan countries iound strong inverse 

correlations between postn,,natal mortality and percentage of 

houses with piped water. The authors (Puffer and Serrano, 1973) 
concuded that -the provision of water supplies and sanitary 
facilites to much higher -. portions oi families in many urt ins 

and rural areas is essential for bringing about major reducions in 
postneonrtaal mortality." A study of the same communities 
(Burke, York. and Sande, 197Q. based on 30,000 household in-
terviews confirmed the relation-:hip of the inverse association 
between availability of piped water and high mortality among 
young children. 

Another multiple regression analysis of national data on water 
splinteralaa, -provided no explanation of variation in the 

atatiesof vry bi-supply, 

mortality series " The water supply data series were very dubi-

ous, and so noted by the author (Sloan, 1971). 


&imple and multiple regression analyses of multiple interven-
tions which might impact on life expectancy ranked water sup-
ply behind literacy, but equal or superior to most other 
interventions (Hicks, 1979). Data series for water were from 69 
countries. 

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 .Hab-cht, 1981) of determinants 
of infant mortalit variations in Malaysia, using alinear probabil-
itv model, found infants in houses with piped water and toilet 
systems had significantly lower mortality. Communities with 
water supply and sanitation tended to have significantly lower 
mortality among non-nursing infants. 

Reduction of child 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 fertility and infant and child mortal

itv, based on Malaysian census data. found piped water supply 

and -bucket waste disposal" significant. The author (Heller, 

1976) suggests that jeopardy to achild's health from an unsani-

tarv environment principally occurs after the first year. probably 

at tnue nine of weaning." 
Shuval, Tilden, Perry, and Grosse (1981) hypothesize a -gen-

on lifeeral tt-orv" ' (an "S-siaped, logistic curve) for impact 
expectancy of water supply interventions. Both the model and 

the data used for verification are problematical and lack econom-

ic inputs or comparisons with other alternative interv-ntions. 
A less ambitious regression model correlates hydraulic charac-

teristics of the water supply distribution and the sewerage sys. 

tems of Worcester, Massachusetts, with reported cases of 
areas

hepatitis A virus infections. Old pipes in low prnssure 

were associated with the highest incidences of hepatitis (Hoff-

man. 199). 

Summary of All Studies 

Many of these studies had one or several serious shortcont-

ings: (wilure to establish adequate baseline data; failure to mea-

ure r control for significant cof"acto"s and covariables; 

nmWequate control population'; inadequate length of rime to
 

significant changes; iuaviequate refinement to distinmesure 

guish -signals- from background "noL,&m, inadequate sample
 

size; overreliance on use of questionnaires and accurate recall;
 

inability to control the intervention; (surprisingly) inadequate
 

measurement of watei quality ar.d of quantity attually used by 
statistical design for conhouseholds; inadequate controls cv 

founding variables such -.s income, literacy, housing and diet. 

Wit. all teir deficiencies, ,viewing :ihese studies in the ag

gregat ind-iates that 

(1) "'hereis a health impact where safe water is readily 
&.-e&ssIein adequate quantities- 4 0 to 60 liters per per

(2) Th,"relationship is strictly quantifiable aprwrdonly in the 
broadest sense (better water, better health) and varies 
widel! with specific circumstances. 

(3) Heah k impacts can be evaluated but not without a majt~r 
invest aient of time, skilled manpower, and resources 
which tuy well exceed the cost of a rural water supply. 

ilsry we eeed he al ater swhc health impACtr improve as(4) Other tl'ungs being equal, 
water suplies move from central wells or standpipes to 
yard pat os to house connec,;ons. Complementary ac
tivities u. sanitary excreta disposal and hygiene educa
tion incrementally assist impacts. Availability of soap is 
also helIl. 

(5) Several sttdies show remarkab, benefits; the prime er
amples cri tng from India, Yugoslavia, the Philippines, 
Kenya, the Wear East, Venezuela, and migrant labor and 
mining canMps in the United States. 

(6) The studies that are unclear or negative tend to occur in 
situations where the greatest poverty and underdeve
lopment dominate the situation. ThLse results strongly 
emphasize that the contro of the wate-bome diseases is 
complicated nd difficult and cannot be achieved by 
technical means alow. Such factors as human behavior 
patterns, lack of education. oowding poverty, and lack 
of basic understanding of personal and household i,
giene can over-ride the proven health enhancing poten
tial of even safe water and sanitary excreta disposal 
systems. 

O t, eviews 

Several other reviews are worthy of note: 
studies undertaken by the World BankA review of 28 


(Saundrs and Warfoyd, 1976) summarized that
 

.. . the twenty-eight studies provide evidence to rein

force the intuitive belief that the incidence of certain 
water-washed, waterborn- water-base3, and water

sanitation associated disw'ases are related to tsie quanti
ty or quality of water ar. sanitation available to users. 

They give us litt!e help, however, in determining exact
lv how much improverent in health can he expected 
from a specific water supply and sanitation-related im

provement in any particular area. 

A WHO Scientific Working Group jWHO, 1979) reviewed 25 

studies and reported that 

. . the results of t-ese studies taken together do sug

gest that impro' ements in water quality and wakr 

availability can often lead to areduction in acute diarr

hoeal disease, while improvements in water availability 

can result in a decrease in the prvvalence of ShJlla 

infection. 
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Also, 
tstudies where water supply improvements 

In impat sdsafe 
showed clear reductions in diarrhoea rates, the inter
vention was probably effective in two ways. First, the
 
improvement of water quality reduced the load of wa-

ter-bome pathogens. Secondi, the increased access tv 

water (e.g., a piped supply in the home) reduced the 

incidence of diarrhoeal disease due to person-to-person 

transmission, especially in the case of Shelgdla. presum-
ably because the intervention iacilitated personal dean-
iiness and prevented water-washed transmission 


Wall and keeve (1974) concluded that 

Although many of the studies ieviewed suffere from
 

poor conceptualization or inadequate implementation, 

taken as a whole, the studies represent significant evi-


water supply is associated withdence that improved tht iprovd asociaed ithindenc wtersuppy i 

decreased incidence of enteric disease. iurther, for 

most diarrheal diseases and skin infections, inda.-ace
 
appears inversely related to volume of water used. 

apeos ties 
Households that have more convenient sources of wa-

ter and have more facilities fur u,e of water (indotr
 
latrincs, showers, baths, basins) have lower infection
 
rates. These findings ,onfirm conclusions many have
 
arrived at by intuition or common sense. The studies do 

not provide A basis for estimating incremnental health
 
benefits that can be expected from incremental invest-

ments in water supply systems. 

The conclusion of an expert panel convened by the Wodd 

Bank has been widely cited (Expert Panel. 1976): 

Other things being equal. a sale and adequate water 
supply is generally associated with a heAlthier popula-
tion. This has been unequivocally demonstrated for ur-
ban areas and in varying degrees for rural situations. 
The difficulty lies in measurement rather than in quali-
tative trends. The problem with colle.ting field obser-
vations on the lhealth impact of water s ipply is that on a 
cross-section basis other things are never tqual and on a 
through-time basis other things usually cannot be held 
constant or accurately controlled. Consequently, it is 
extremely difficult to identify and measure exactly the 
health effects of improved water supply, and there is a 
limit to the precision ,tainable. Furthermore even if a 
case were found where governmental, physical, envi-
ronmental, economic, cultural, and educational factors 
whi-h affect hea!th could be reasonably controlled, the 
detailed findin,-gs of ahealth and water supply study are 
unlikely to be transf.rable from that particular setting t. 
situations elsewhere. 

The Bank's ExpertPanel also addresed the issue of pait.\ 
evaluation. The Panel n.commendedl that 

While long-term longitudinal studies of large size and 
expense are probably the only means through which 
there is anv chance of isolating a specific qut.fitative 
rel-aionship between water supply and health, fe; -rate 
from the multitude of o)ther interrelated factor., the 

very high cost, limited possibility of success and n'-
stncted application of results lead th.e panel to recom-
mend that the Bank does not undertake such studies. 
Furthermore, givei, the current state of knowledge, at-
tempts at a rigorous quantification of the health benefits 
of Bank water supply protects are like!v to be futile. It 

should be sufficient to accept the universally recog
nized fact that the provision of an adequate quantity of 

water isa basic necessity for the maintenance of 

Hughes (1961) in an extensive review of 43 published studies 
that have quantified indicators of diarrheal disease in popula
tion- with different levels of water supply and/or e creta di!;pos
al facilities concluded that 

The data suggest that morbidity reductions of 20, or 
more are usually statistically significant and have beor 

observed frequently enough to suggest that prevvios 
attitudes concernin3 the lack of documentation of 
health benefits may be unnece._ariy pessimistic ... 

and 	that
 
Data from these studies suggest that although tap water
 

the house is 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
suggest that volumes in the range of 'J-30 lpcpd 

(liters per capita per day) may be a minimum to yield 
reductions in diarrheal disease morb:idity. 

Conclusions 

In the aggregate, these studies and reviews support the fol
lowing conclusions: 

(1) A significant body of evidence supports the positive 

linkage between sanitary water supply and excreta disposal and 
long-term improvements in health status. This linkage is sup
ported by long-term empiric- observations i,.both the devel
oped and less developed countries. 

(2) The present state-of-the-art of epidemiological forecast
ing however, makes itdifficult if not impossible to predict with 
precise accuracy the incremental health status improvement that 
migli be expected from incremental improvements in water 
supply and santitation. For substantial interventions in settings 
where pediatric diarrheal morbidity and mortality are high, im
provements of 20 to 40 percent are not unusual. 

(3) Not only ar- specific a priori statements difficult, but 
after the fact measurements present formidable problems and 
require considerable resources. 

(4) Health improvements associated with sanitary improve
ment ate linked with nun.rous other aspects of personal and 
community life, especially nutrition, personal hygiene, food 
sanitation, primary health care, and the like. 

(5) In developing countries the major direct beneficiaries 
are young children and the poorer members of the sociehy. 

(6) Benefits are directlv related to user convenience and 
success. House connections are superiLr to yard hydrants, 
which in turn are superior to communal water points. (F-conom
ics'level of swrvice is an important, related issue.) 

(7) Water quantity, as well as quality, is an important factor 
in establishing heilth benefits for reducing the incidence and 
prevalence of numerous diseases. Fifty (.50) liters per capita per 
day should be a minimum goal. 

(8) Water supply and sanitation measures are more effec
tive in the long run than vaccination programs for waterborne 
diseases.
 

(9) Water supply can play an important role in control of 
vector-borne diseases, particularly schistosomiasis and epidemic 
typhus. 

tl0) Non-specific etiologic agents are of major importance. 
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The role of rotaviruses in diarrheal illnsses of young children 
needs betr resolution, 

nust(11) Water-related diseases in the developing world 
be reduced if their people, particularly children and the poor 
majority, am 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, rigid, quantitatite evalu-

ation of the health benefits of water supply projects and pro-

grams is impractical zs aroutine activity and should be limited to 
,researchprojects with substan*al resources. 

(14) Water supplies must be provided that are adequate in 

quality, quantity, and reliability and conveniently accessible if 
Furthese interventions are to be effective as health measures. 

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 andlor excreta disposal. 
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Table 9-6. Studies Assessing the Association of Diarrheal Disease or Related Conditions with Water Supply anc'nr Excreta Disposal 

Adapted from Hughes (1981) 

Refrrncr 

Petersen 
& Hines 
(196) 

Var,,l'frL1 
As.et.ed 

Water 
quality 

LAiation 
(f Study 

Colorado 
USA 

Sli.tIA.," 
Indutahar 

Gastro-
intestinal illness" 
incidence 

,Lrosn, 

All 

of 
Study 

Cross-
sectional 

Sit Collkin 
Indiator Da-a 

Single home-visit 
(3 month recall) 

in,-tOn 

3 
months 

Arudi 

Incidence in poor 
water quality 
communities 13.19% 
In good water quality 
communities 8.8% 

Levine et al. 
(1976a) 

Watt et al. 

(1953) 

Water 
quality 

Water 

availability 

Bangladesh 

California 

USA 

Diarrhoea 
incidence 

Diarrhoea 

incidence 

All 

All 

Record 
review 

Cross-

sectional 
Longitudinal 

Clinical and hospita: 

Homc visits once 

or every 4-6 weeks. 
(6 week recall) 
Rectal swabs for 
children under 10 
years 

IIyears 

6 months 

Incidencz tube well 
non-users 3.2/000/yr 
tube well users 7.5/1000/ 
yr 

Data pointed to water 

use as factor which may 
significantly lower 
Shigrlla prevalence 
when risk of acquiring 
was great. 

Schiffman 
et al. (1978d) 

Water quality 
and availability 

Guatemala" Diarrhoea 
incidence 

All Longitudinal Home visits monthly 
(2 week recall) and 
clinic record review 

3 years Incidence 39.7/1000/yr 
initially, 39.5/1000/yr 
3 years later 

Bahi (196) Water quality 
and ..tilability 

Zambia Diarrhoea 
incidence 

All Record 
review 

Clinic and hospital 4 years Incidence 338/1(00/yr 
before, 212/1000/yr 
2 years after pipe: water 
provided 

Feacham 
et al. (1978) 

Water quality
and availability 

Lesotho Diarrhoea 
incidence 

All Record 
review 

Clinic and hospital 39 months No difference in 
diarrhoea incidence in 
villages with and 
without improved 
supplies 

White, 
Bradley & 
White (1972) 

Water quality 
and availability 

Kenya Diarrhoea 
prevalence 

All Cross-
sectional 

Single home visit 
(I week Iecall) 

I week Illness in 19.017 houe
holds without piped 
water, only 3.1% of 
households with piped 
water 

Shaffer et al. 
(1978) 

Water quality 
and availbiiity 

Kenya Diarrhoea 
prevalence 

All Cross-
sectional 

Single home visit 
(7 week recall period) 

Short Prevalenre 7%; 
no differences 



______ 

_________________ 

Table 9-6 CoiniwedI 
Assessid 

Strudwick Water quality 
(1962) and availabilityFen: c 

(1972)k 
(1972) 

Schliessmann Water a',ail-
et al. (1958) bilitv,exc-eta 

disposal 

Rubenstein Water avail-
et al. (969) bility, excreta 

disposal 

Beig et al. Water avail-
(1968) ability, excreta 

_Idisp.sa 

Wolff et al. Water avail-
(1969) ability, excreta 

disposal 

Freij et a.. Water avail-
(1975) biiity, excreta 

disposal 

van Ziji Water avail-
(1966) bilit', excreta 

disp,,al 

Bruch et al. 	 Water quality, 
(1963) 	 water avail-

bility, excreta 
disposal 

_ _Varat___x __-_onof Stud.y 

l(enya ° " 

Kentucky 
USA 

Arizon 
USA 

Five states 
USA 

Venezuela 

Ethiopia 

Seven 
countries 

Guatemala 

SpertuIndicator 

Gastrointestinal 
illnes 

Diarrhoea 
incidence 

Diarrhoea 
incidence 

Diarrhoea 
incidence 

Diarrhoea 
incidence 

Gastro-
enteritis" 
incidence 

Diarrhoea 
incidence 

Oiarrhoea 
incidence 

AgeGroup 

All 

All 

1 year 

All 

All 

Less 
than 4 
years 

Less 
than 9 
years 

All 

TM OfStudy 

Longitudinal 

Longitudinal 

Record 
review 

Record 
review 

Longitudinal 

Longitudinal 

Cross-
sectional 

Longitudinal 

ClectkmSltIndator Data 

Home visits biweekly 
(2 week recall) 

Home visits monthly 
(1 month recall) 

Clinic and hospital 

Clinic 

Home visits monthly 
(I month recall) 

Home .iits biwee.ly 
(1 day recall) 

Single home visit 
(I month recall) 

Home visits biweekly 
(2 week recall) 

Durstsv 

9 months 

29 months 

6'6 years 

6 
years 

I year 

1 year 

I month 

4 years 

I 
Results 

Decrease as percentage 
of total illness from 23%to 20% in infantband 

from 31% te 18% in 
children ar.'d 	1-2 yrs. 

lr..idence/l(XOOyr 
without indoor plumbing 
349 with 135 

Incidence/person/yr 
before indoor plumbing 
2.0, after 0.9 

Incidence .5 1/1000/yr 
before indoor plumbing.

Iafter 136/1I 	 yr
I 
i Chisdren under 8 years, 

2 communities without 
available water, and 
incidence 24.2%; 27.4'17 
4 communities with 
11.8%, 12.0%, 	 12.5%, 

17.9-

When water ivailable, 
lower incidence with 
private than non-privau. 
latrines. 

Incidence 2.048.7% 
where water less 
available, 2.0-39% where 
water available 

Incidence/1000/yr: 
without privies 224, with 
privies. . .. 168; 
Incidence 3 times higher 
with limited water 
availability 

http:biwee.ly
http:Idisp.sa


Table 9-6 Coniaued 
Duration ReulIType of Site Counikon014 A.grb) Latio'r Sml.Retrencr Var 'fo 	

Gruj Study Indicator Data 
A.sofd ,tqaudv 	 Indhift'r 

I year Incidence/1000/vr:Home visits weeklyLongitudinal
Moore et al. Water quality. Costa Rica D arha All 	 0-1 Water using faciliivi(I week recall) 	 r house ......... 490
incidence(1965) water avail-	 bilit, exceta-p 

3 or more facilities 
per house ......... 240
bilitv, excreta

disposal 
No excreta disposal 
facility ........ ... 210 
Privy ............. 400
 

sepiktank ........ 270
 

Table 9-7. Studies Assessing the Asociation of Stool Culturm with Water Supply and Excreta Dispoal 

Adapted from Hughes (1981) 

Site arid Method Duration Resulti 
Spe'ifr Age Type (f

Referrce Variaefs) Lixateni 
Study of Speomen Coll.

of Study Indwcator GroupAssssed 

Undcr Longitudinal Home and hospital; 2 yeurs Classical cholera: 
Sommer et Water qLAlity Bangladesh Cholera 	 Incidence those livingroctal swabsincidence 11
al. (1(,72) further frwn tube 

years wells ........... 25.311r 
living doe to tube 
wells ....... .... 3.7% 

I I years lncidence/lO1 yr:
All Record Clinic & hospital; 

Levine et al. Water quality Bangladesh Cholera 	 Tube wellrectal swabs or stoolsreviewincidence(1976a) 	 non-users ...... 8.4% 
users ......... 14.2% 

6 months Shigella prevalenceHome and clinic;Under Cros
Watt et al. Water California Shagella. 	 Howes withoutsectonall rectal swabsSalmonella 10 years
(1953) availability USA 	 Water ............ 6.6%


longitudinalprevalence 	 Homes with water 2. 1% 

Shirefla prevalence:7 months withoutUnder Longitudinal Honme; rectal swabs 	 HomesWater California Shagells.Hollister 	 wtr . wt. 7 
Salmonella 10 years

et al. (1955) availability USA Hogne with water 0.7% 
• realIc 



_____ ___ ______ 

__ ___ __ ____ 

Table 9-7 Continued ____ 

Ielrrm" 


McCabe et at. 
(1957) 

Stewart 
et al. (1955) 

Azurin et al. 
(1974) 

Schliessmann 
Pt al. (1958) 

Berg et a. 
(1968) 

Beck et al. 
(1937) 

Verale(s)
Aumed 

Excreta 
disposal 

Water quality 
& availability 

Water quality, 
excreta disposal 

Water avail-
bility excreta , 
d -,EP1oC' 

Water avail-
bility, excreta 
dispcnal 

Water avail-
bility, excreta 
disposal 

Lowaon 
of StUy 

Georgia ° 

USA 

Georgia 
USA 

Philippines" 

Kentucky 

USA 

Five Statei 
USA 

Guatemala 

Sptruf 
lndntor 

Shagela 
prevnlence 

I 
Shiglla 
prevalence 

Cholera 
incidence 

Shigella, 
Salmonela. 

prevalence 

Shgella, 
Salmonella 
prevalence 

Sfigelh,, 

Salmonella 
prevalence 


Agr
Group 

Under 
10 years 


__ 

All 


Under 
5 years 

,,J 


Under 
10 years I 

TyW of 
StH4 

Longitudinal 

Longitudinal 

Longitudinal 

Longitudinal 

Record 
review 

Cross-
sectional 

Sit and mdw
of SPxmv" Call. 

Dunuft"i 

Home; recal swabs 31 months 

__ ___ ___privies 

Home; rectal swabs 3 years 

Home; rectal swabs 41/2 years 

Home; rectal swabs 29 months 

Hospitals; stools 6 years 

Clinics; rectal swabs 6 months 

RMudts 

Shigelle prevalence 
before ........... 4.7% 
aft............ 2.8%
 

improved 

Shig-la prevalence: 
of families without 
nearby water ..... 5.8% 
of families with nearby 
water ............ 4.1%
 

El Tor cholera 
incidence/IOOO/yr: 
No improvnwnts 4S.0% 
Improved excreta
 
disposal ........ 14.7%
 
Improved water. 12.5%
 
Improved water &
 

eurwu disposal . 10.8%
 
by communities
 

Shigel/a prevalence:
 
Without indoor
 
plumbing ........ 6.4%
 
With indco7
 
plumbing ....... 0.7%
 

Low incidence; data 
not presented
 

Shuill prevalence: 
Commi-nities with 
private wells or 
municipal supply tr 9
50% of houses.... 6.3% 
Municipal Supp"ly to 
more th-n 50%... 9.4% 
Communities with 
privies or flush toilets 
in 0-50% of housez4.8% 
In those with more 
than 50% ....... 11.2% 

'Specific intervention evaluated 
"Enefopathogenc Eschemvnc coal 



Table 97 Continued 

RtM~cl Varmubl(s)
Asa,sd 

van ZijI Water avail-(1966) bilty, ecreta 
196)isoexca 

disposal 

Lxnfwn
of Study 

Sevencountries 
cavailable 

Spwcafic
Indkotor 

Shigella,
Salmonella 

PEC" 
prevaler_e 

Apge
Groap 

Under
10 yars 

TOM~ of 
Study 

Cress-
sectional 

Site and Meth_______ 

Sf n eh 
of Specmen Cail. 

Home; rectal swabs 

uto 

I month 

R___ 
iu 

Shigella prevalence: 
Where water less 

........ 4-14% 
Where water 
available ....... 2-6.4% 

Kourany 

et al. (1969) 

Water quality. 

water avail-
biity, excret( 

Panama Shigella, 

Salmonella, 
EPEC 

Infants Cross-

sectional 

Chnic; stool, 

examination method 
unclear 

unknown Skiglle incidence: 

Without indoor 
plumbing ..... 0.9-2.5% 

disposal incidence plumbing ........ 0.0% 

Moore et al. 
(1965) 

Water quality, 
water avail-
bility, excreta 
disposal 

Costa Rica Shigella, 
Salmonella, 
EPEC* 
prevalence 

All Longitudinal Home and clincs; 
rectal swabs and stools 

1 year Shign- prevawtence: 
0. .in-house wer 
2-3 in-house water 

connections ....... 1% 
Privy or no facility.. 4 % 

Septic tank ....... 0% 

-Enteropattogenic £ucihe,*ta cali 
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SECTION 10
 

EPILOGUE
 

The ba of diseases related to derfcencies in water is king. The 

"if widesfpea and h,. h in the es 
l countries (LDXs). In n :y, they sit among the 

lading causes of death, often first but invariably.r.og 'Ie top 
bn. They w6gh heavily on the poor and are es.cay .eadly to 
iWaants and small d&.zldren. They are exacerbated by increasing 
populatkn densities. 

Safe, convenmnt, reliable water supply and sanitary excreta 
disposal r.: basc hi'man neets for healthy. productive lives. 

Wihout them, nuinmanur ot a health nvirment is practi
cafly irnpoemble. Nevethelie. they zir not in f ,imselvessuffi
cien to awm good healM. People st use them propetly and 
this reques education in health ad hvgiene. They mus' be 
accompanied by adequmte nutrition, food mtation, secwity, 
houm pwwy hmth caue, and adequate institutions and in
frastructure for their Lng-term finance, operatin., maintenance, 
and replacement. 
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Asda 

arniodbe 

Anqllna 

urmwxia 

mea 

WW 
anl 

M"ia 

artiovurs 

atada 

autodionous 

brit-1yomfis 

cadKexa 

cmr 

cataract 

catarrh 

catharsis 

chemoprophylaxis 

.. motherapy 

ocatrix 

clcacute 

coliform 

colon 

Cthe 

cm9umlivits 

oma OmM of monSqqUio, including contlegin 
goS e.g., A. Cpfi., vMor of yd-
low ker. Culer 

an oranism that lives an grows in the 
abmmec of molecular oxygen, 

gee m osqutoe. many of which are cficine 

malaria, e.g., Ax.Gmb.a.
 

vectas of 
cyanoh 

latk ,x hot of appetite for food. 

rpesn of urine formtion AMatopomliew 
by the kidney. 

emt' . 
pr;ut h ns 
i,ining to the anus. 

dermii~ytis
ihe opening of the rectum on the body 


surfce, the firAl 
 11fie Of the alimentary dermatosis 


caraL thoun which feces are discharged 

% the extrnal envionment. diarrhea 


artits-jd-borne virs. 
diseasefailure of muscular coordination. 

originfting in the same area in which it is
 

disinfect
found. 

disinfesta nonveneral %o"-of syphilis. 

swnv* of the heart beat. 

a profound and marked state of consatu-

tional disorder general ill health and diesaitiori 
malnuttion. 

an iniected person (or animal) who har-


bos a specific afectious agent without disa 


apparent dlinical disease and serve 
 as a
 
potential source of human infection. Car- duodenum 


nm may never develop tie dnra 

(asymptomatic carriers) or may be carriers 

during the incubation, convalescent, o. 


post-convalescent periods for short or
 
long time perids. "TyphoidMr" 
 as a 
fImous example. 

an opacity of the lers of the eye. dyepsia 

memrane, 

particularly of the head and throat. dysphagia 

a clouding r purging. eopw 

inflammation of a mucous 

use of a chemicaks), including antibiotics. 


to ievent devopfmnt or pogression of endemic 


a tconstant 

use of a chemical(s), mnduding antibotics. 

to cure or _or.trol a clinically e nizabie enteric 


infectious disease.
 
enteitisfibrous tissue left after healing of a 


wound. 

a scar 

epidemic 

paroxysmat abdoionnal pain. 

or being Esdnrkha co fatality rat,
resembling 

inflammation of the colon. lecal 

the part of the large intestine extending
 

from the cecum to thethe rectum.excremerecumthrough t
ecumto 

dicate membrane lining the eyelids 

fulminatedcoverina the eyeba 

gastricinikmmation of the conjunctiva. 
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capable of bes.Ig transitt f m One 
person to another. 

a genus of mosquitoes found throughout 

the worM, many species of which are vec
tors of dsvaselrducing organisms 

e . or relatedmosquito of the genus Cukx 

a bluish discoloration of the 4kn due to 

excessnv1 coneentrat1no of reduced hemo
0 inteb .

globui in the Wlood. 

word ement, Greek for skin. 
indlamnntion of the skin. 

a fngus infection of the skin. 

any sm disease, especially one without 

inflan,'nation. 

abnormally frequent evacuation of watery 

stoos. 

A definite morbid process, often with a 
of symptoms.chrct -stctai 

to kill or inactivate pithogertic organisms. 

to kill or remove insects. rodents, or other 

animals present on the person. in clothes, 
or in the immediate environment, which 

may transmit disease. 

any physical or chemical proces for kiU
ing or imoving ectoparasites, arthro
pods, or rodents. 

remote; farther from a point of ref-rence. 

first part of the small intestine extending 

from the pylorus (of the stomach) to the 

jejenum. 
mtinal disorder maied by inflaina

tion. especaly of tWe colon, with abdomi
nal pain, ternesmus. and freluent stools 
containing blood and mucus. 

impairment .f digestion usually applied
 

to epigastric discomfort after meals.
 

diffir, ty in swallowing
 

a parasite ivmg on the cutside of the
 

ho's body, . the e.
 

any diuse of man maintained at a fairly
 

low level in the community over 

&period of years. 

pertaining to the small mtestine. 

inlammtion of the trtst". 

any disease of man in which the number 

of cases exceeds that normally expected. 

percetag of persons diagnosed fort 

as result of that 
specific disease who doe 
episode of that disease. 

adjctie form of fees. 

dischared from the bowes
the rectum. 

to occur ruddenly with great intensity. 

pertaining to the stomach. 



gastroe t 

gastroenteroloy 

Hippocrates 

host 

hyperdmiures 

incidence rate 

incubation peric. 

inf-ction 

11estation 

jelunum 

labile 

Larvicide 

marasmus 

morbuditv 

nmrort irv 

nematal 

nosoconial infection 

oliguna 

otitis 

parasite 

pathogen 

pediatric 


pharynx 


inflammation of the stomach and polyuria 
inteitine. poftal of entry 

th.. .udy of the stomach and intestine and 
their diseases. pasu a 

famou Grk physic (th century p alence 
D.C.) genmrlly ,earded as the "'Fatherof 
Medicine." 

a man or animal harboring or capable o prtus 
haroi a disamse-producing parauite 
under natural conditions. Somp patcza pyoderma 
and helminths spend different life 

which the pySvnicin difterent hosts. Hosts in 

parasite attains maturity o,passe- its sex- pyrexia 
ual stage ae deftriny hosts Other h, ts 
(e.g. snails for schistosomiasi-) are ner- reservoir (of dises) 

, 
uvdaft hosts. 

excessive excretion of urne. 

number of diagnosed or reported cases of 

the specified disease during adefined pe- sepicemi 

nod of time divided by the population in
 
which the 'iscase occurred. Usually ex- seroype 

pressed a- the number o cases per 


M000 per yrar for specific populations. 

the tir .e interva, between exposure to an tenesmnus 

sin or
infecious agent and the first 


symptom of the disease in queston. teratogen 


the entiy and multiplication or devel-

ment of an infectious agent in the body, 

either manifest diseas or ina'paren;. therapy 

infection. hnea 
parasitic attack or subststence on the skin. 

hair, or clothing by insects. toxic 

that part of the small intestine extending toxin 

from the duodenum to the ilium, transmission 


chemically unstable. 


kills larval stas ofge
a substance that 
trauma
insects, 

a form of protein-calorie malnutrition oc- urine 

curing usuaVll in the first )rar of life with 

retarded growth and wasting of fat and 

musck. 


condition of being diseased or sick; rate of urticaria 


sckness in the comminity, 


Vectordeath rate 

pertaining to the first four veks after 

birth. vectortorne 


infection acquired ina medical faciitv 

diminished secretion of urine in relation
 
to fluid intake. 
 viremia 

inflamma'ion of the ear 0. externa (outer virulence 

ear). 0. media (middle ear). O tnterna 

(inner ear). virus 

aplant or animal that lives upon or within 

another livingorganism at whose expene 

it obtains some advantage. 


an organism or substance capable of caus- vomitus 

ing disease. WHO 


pertaing to diseases of children, zoenosi 

the throat. 
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excessive secretion of urine. 
the pathway by which pathogenic agents 

enter the body. 

oui after birth. 

ratio of number of persons sick with the 
sp fieddisease at aparticular moment in 
tim to the total population in question. 

itching.
 

any purulent skin diseases. 

producing pus.
 

fever or febrile condition. 

usualy the host or hosts inwhich a dis

ee produing parasite is principaly 
found and which acounts for its mainte
nance in nature from year to year. Some
times areservoir is tmsive or inanimate. 

blood poisoning. 

the type of a microorganism detemined 
by us con tituent antigens; a taxonomic 
subdivisaon based thereon. 

ineffectu and panful straining at stool or 
urinaion. 

an agent or influence that causes physical 

d i thedeveisng embryo-Tha.
isan example. 

treatment of disease. 

ringworin. 

poisonous

a poison. e.g.. botulinus toxin. 
any mechanism by which a susceptible 

hunian host is exposed to an infectious 

wound or injury. 

the fluid excreted by the kidneys, stored 
in the bMadder, and discharged through 
the uretha to the external environment, 
colloquially. "passing water." 

hives; skin reaction oifen attended by rash 

and severe itching 

the living transporter and transmitter of 

the causative agent of a disease. 
descriptor of any disease transmitted to 
man directly or indirectly by non-human 
animate carrers. 

the presence of virus in the blood. 

the degree of pathogenicity of a disease
producing parasite. 
a nonceu'lar infectious agent which can 

reproduce only in living cells; most vir
uses are too small to be seen under a light 
microscope. 

matter vomited.
 

World Health Organization.
 

adisease of animals that may be transmit
ted to man. 



ANNEX B
 

SUMMARY ANALYSES OF SELECTED FIELD STUDIES
 

Adrianmen T., lanca, and George G. Graham. -The High 
Cost of Being Poor/Water." A, ves Environmental 
Health, 2&312-315. 1974. 

A longitudinal anthropometric and socioieconoic as-
sessment was made of 127 families of children admitted 
with malnutrition to the British American Hospital in 
Lima, Peru, during the years 1961-1971. This study ara-
lyzes the types of water supplies, quantities used, and 
ccsts ofwater in absolute terms, in relation to incomes and 
in relation to the time worked to pay for water. Water is 
linked to malnutrition through the relative growth of chil
dren, based or the ratio of height to age for children with 
similar mid-parental heights. 

Mean heights for age for ex-patiens and siblings of 
water service were significantlyfamilies without piped 

lower than for children in two other groups: one with 
piped household service, the other w4h piped water to 
taps shared with other families. The poorer families werephse ank rcks fandisere in 
served by water purchased m tank trucks and stored in 
their homes. These faindlies had a me in income 60 percent 

svedaby wt fm t 

lower, paid 16 times as much per unit of water, used one-
sixth as much water, paid two and ahalf times as much for 
total water use, ar.d 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 

families would have to work 24 minutes (average) to pay 

for water for one tub bath; the worker with a household 
connctinavetawuldork .8 inues.ing

connection would lwve t3 work 0.8 minutes. 

An a, Ed~ardo E., and Kingsley Dais. "The Pattern of 
Mortality Change in Latin America.- Venogrphy, 
63)'23-242. 1969. 

This article examines the mortality taends for 13 Latin 
American countries, England and Wales, Sweden, the 
United 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 in the more backward Latin American countries 
until around 1930, while in the more advanced countrias, 
a more rapid decline in mortality occurred before 1930. 
After 1970, in 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 economic development." 
This finding replicated the past history of now-developed 
countries. .imilarities were also found in the Asian coun-
tries. Health measures cited were "eradication of disease 

vectors, cherination of drnking 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 
countries, 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 indust. 
countries. 

Assud, F.A., F. Maxwell-Lyons, and T. Sundaresan. 
"Use of Local Variations in Trachoma Endemicity in De
pictinglntrplaybetweenSocioecoIWcCondition and 
Disease.- lein World Health Organiation, 41:181
194. 1969. 

This trachoma prevalence stdy conducted in Taiwan 
during 1960-196i also coilected data on socioccono.nic 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
resee sleegromd bed. d wer sun
plies were categorized by type: tap, draw-we , hand

and "others" (mostly mountain springs).fromTheythepump,also categorized by distanc in meterswere 
c sszd in six categories rangdwelling. Occupation wz 

ing O p aionan; unmled in or 
from professionals to unemployed, presumably in 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 in the "lower occupa
tiunal 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 in this study, trachoma prevalence was 
lowest (15.4 percent) in households with attached taps. 
Whether water was supplied by "draw-wells" or by hand 
pumps made little difference in 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 in
creases. No data on pe, capita water use (quantity) or on 
water quality were reported.
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Azurin, J.C., and X. Alvero. "Field Evaluation of Envi-

ronmental Sanitation Measures Against Cholera." Bulle-
tin World Health Organiztion, 51: 19-26. 1974. 

This study, sponsored by the Joint PhippineslaPan 
WHO Cholera El Tor Research Project, took Place from 
mid-198 to the end of 1972, in four communities in the 
Philippines near Bacolod City: West Visayan (pop. 743), 
Dawis %803),Magsungay (787), Skbucao (756). The objec-

"to test the effect of either imtives of the study were 
proved water supply or improved waste disposal (or both)
 

against cholera infection in an area in which cholera is
 

known to be endemic"; and to determine "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 communities." 

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 Visa yan (control) had a ",oorwater supply and 

no toilets. Water came from three tubewells provided with 

pitcher pump,:. The water supply was untreated, improp-

erly protected and without quality, surveillance. People 

defecated wherever convenient. " 
2. /Drwishad an improved water supply, directly from 

Less than half the resi-the Bacolod mu-icipal systc.'.. 
v.ere no good dispos-dents had piped connections. lhere 

al facilities; the people used a relatively dirty beach for 

defecation. 
Magsungay had improved conmunal toilet facilities, 

one 
3. 

for about every four households (i.e., one per 25-30 

residents). Toilets were the "water-seal" squat type; one 

liter of water was enough to flush the toilet. Water was 

supplied by four wells with hand pumps, two privately-
Sites were unsanitaryowned, two government-owned. 


and water potability questionable. 

4. Sibucao had both improved water supply and im-

proved toilet facilities. The piped water system provided 
"adequate, accessible -nd 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---3egTegated by sex-and each site having its own 

septic tank. One toilei was provided per 20-30 residents. 

Data collection in all ccmmunities was by an "epidemi-

ologicai aide" who visited the community daily and made 

a house-to-house canvass taking a rectal swalb 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 in-
the number oftensified. The evaluation indicator was 


bacteriologically confirmed cholera infections. 

The data coliected show that the provision of sanitary 

can reduce the ini-facilities for human water disposal 
dence of cholera by as much as 68 percent, while provision 

of a safe water supply can reduce it 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 indicatei tha, cholera introduced into the community 
supply and/or sanitation isafter improvement in water 

significantly less likely to spread. The population group 

that benefited the most was children in the age group 0 to 

4 inclusive, 

Worthy of note is the reduced incidence of cholera in the 
wate- suppliescommunities provided with improved 

though the majority of households did not have even 
piped Ihouse-connections. Also, motivation was apparent
!y high-the communities contributed all unskilled con
struction labor plus some locally available materials. rhe
 
cmmunities also accepted the new facilities and the need
 
for more hygienic habits even though apparently no for
mal education program was p-ovided. 

Bahl, M.R. "Impact of Piped Waier Supply on the lci

dence of Typhoid Fever and Diarrhoeal Disea-w s in Lu

saka." Medical journal of Zambia, 19 (4)'96. 1976. 

This study was conducted by the Medical Officer of 
Health for the City of Lusaka, Zambia. It took Flace in 1970 
through 1975 in acquired urban and per-urban settle
ments, previously termed Squatter Compounds, of Lu
saka. The objective of the study was to determine the 

effects of water-supply inprovenmea'tt as indicated by 

changes in the number of cases of typhoid fever and of 
Idiarrhoeal diseases. 

Data were assembled on the number of "notified" cases 

of typhoid fever in the entire city for the years 1970 

through 1975. These cases were admitted and confirmed 

at .ie University Teachirg Hospital in Lusaka. The data 
disease were obtained (for 1972-1975) fromo. .iarrhoeal 

the urban health centers and clinics in the city. These data 

were examined in the light of water-supply im.provement 

during the observation periods. !n 1973 iesid.nts 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 
With the piped system,shallow wells continued in use. 


standpipes were installed so that all residents had access
 

to potable water. The euthor 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
 

pern-urban) areas."
 
For ty-The findings do show a drop in disease rates. 

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,C)0 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 in the City as a 

whole." The data support the hypothesis that typhoid 

fever incidence is a more sensitive indicator cf the health 

benefits of water-supply improvements than are diar

rhoeal diseases. 
are city-The author recognizes that the disease data 

wide, while the water supply improvements were only to 

the self-help settlements. He notes that the people from 
mobile and in sickness maythese areas are extremely 

move to a relative in a different part of the city. Also, these 

'.J no health centers or clinics, so people soughtareas 
medical aid in other areas of the aty. Thus the Medical 

Officer of Health of Lusaka states: "The evidence in this 

paper is indirect, but it does show that other things being 

equal, provision of piped water helps in the reduction of 

the incidenc, of enteric fever and diarrhoeal diseases in 

the conmunity." 
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ammu, Howard, Robin Barlow, Luis Fajardo, and Al-
betoPrdlla.A, esfmuzeAI ocatioModela.,ChildSur-
vival. O _Mdpswca , Gunn & Hain, Inc. Cambridge, 
Masahudsetts. 19 pp. 19M. 

This book offers a mathematical optimization model for 

comparing and selecting health interventions. It suggests 

that at "low levels of resouces" the most effective activi-
ties are "health promotion, water and sanitation (public 
fountains, latrines, and covered sewerage), and well-baby 
dinics." These programs can be especially effective be-
cause "they are not age-group specific and have strong 
effects or diarrhea in all age groups." 

The authors also describe an application of the model 
develc ped for five barrios in Cal, Colombia. Expreriments 
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), 

Beg, Lawrence E.and Thomas M. Mowery. "Health Pro-
Sam Evaluation: Impact Study of the Indian Sanitatiun 
Facilities Construction Act." Health Program Systems 
Center, Division of Indian Health, U.S. Public Health Ser

vice. Tucson, Arizoina. 28pp. 1968. 
Inre r tify end evaluate thenottoien, 
In order to identify fndevaluate the health elfects of 

installing basic sanitation facilities in the homes of AmeiN-
can Indians, ommunities in innesota, Montarn, Ne-

studied, including 310Dakota were fifty-.wobraska and South1,943 people. hundredhouseholds and Nine 

people in homes that received sanitary water and waste 

disposal facilides were matched with 991 people ist homes 

not equipped with such fatlities. Five hundred eighty-

threc (61 percert) of those in the "equipped" group had 

running water and a pit pivy, the minimal acceptable 

facility. None of the non-equipped group had running 
water. Eight hundred fifty-one (86 percent) had pit pri-
ies. Eighty-one (8percent) had nL oxcreta 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-
biditv were analyzed for each group for the two years after 
provision of sanitary facilities. For six years, the clinical 
records of members of the households in each group were 
abstracted for thirteen specific diseases (three skin dis-
eases and ten enteric diseases). Aiso, the total number of 
times a person carne 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, gastroentetis, and colitis, 
2. The rates of use of medical care ou'-patient c!inics 

were remarkably alike for both groups. For each the After 

rates increased moderately: for the Equipped 389 to 427, 
for the Non-Equi:3ped 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, dvsen-
tery, shigellosis, salmonellosis, gastroenteritis and gastri-
tis) there was a decrease in the After rates for the 
Equipped group, from 159 to 136. That 6Toup'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 14(, After 154). 

5. The authors applied t-tests to adjusted rates tor all 
combined diseases, skin and enteric, for the Duing and 
After periods and found a significant difference, t= 13.62. 
For adjusted rates for entetic diseases for the same period, 
there was a significant difference between the two groups,t = 3.30. 

The authors condude: 
1. Analysis showed that morbidity rates of members of 

equipped homes were significantly lower dan the mor
bidity rates of members of non-equipped homes for a com
bint:d period of time during-after the installation of 
sanitation facilities. 

2. The construction of sanitary water and waste dispos
al facilities had no apparent impact on medical care out
patient clinic use. 

3. Questions arise about the adequacy of the "minimal 
acceptable" facility (one water tap and a sanitary pit 
privy), the effect of health education efforts, and the fol
low-up operation and maintenance of facilities. 

4. The installations may have done more for contain
ment tiun prevention. 

The wide geographical area and the use of file data did 
allow the collection of information on water use or 

excreta disposal facility use, or on facility maintenance. 
The study spread across wide climatic variations, which 
may influence water use, privy use, znd flush toilet main
tenance. Differences would be missed by treating all as awhole. 

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 Ame

can indians, these experiences may not provide patterns 
for tropical regions. 

Bruch, Hans A., Werner AscolI, Nevin S.Scrimshaw, and 
John E.Gordon. "Studies of Diarrheal Disease in Central 
America: Envhonmental Factors in the Origin and Trans
mission of Actue Diarrheal Disease in Four Guatemalan 
Vlages." AmericaraJoumalofTarpicalMedicineandHy
giene, 12-.567-579. 1963. 

This study is one of aseries 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 in selected Guatemalan villages, 1956-1959. 

used to assessComprehensive survey methods were 
onditions and family life. Diarrheal disenvironmental 

eases were followed by household visits every two weeks 
teseby local field workers. The study made 

observations: 
1. Feces disposal: No indoor sanitary facilities 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 makeshift. 
About one-half were in an adequate state of cleanliness 
and repair. Only 2 percent of privy owners admitted 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 children 
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. 
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2. Water supply: The population with the lower rates of 

diarrheal disease had an abundant supply of water from a 

mountain spring ote kilometer away. Water was piped to 

16 public faucets which served 90 percent of the 580 fam-

iies. Ten percent had water piped to their homes. Water 
use from !he public standposts was 3 to 4 gallons per 

person per day. Handling of carrying jars and pipeline 
breaks resulted in contamination and E.:oi were found in 

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 s,'Jdy populatinn had to go to other !; urces: a 

river 2 kilometers away, and stored rainwater. Twenty-

five percent of the 194 iainilies had water piped to their 

houses. Even among thest, the annual attack rate in ages 0 

to 5 was 128.6. Among those on public faucets, the rate 

was 134.8.
 

found to sup-3. Solid wastes: Few food wastes were 
port fly breeding. Any food not used by people wert to 

dogs.domesftic animals, pigs, chickens, and 
4. Food: Refrigeration existed only in a few sto-es for 

beer and soft drinks. Corn and beans were the staples. 

Both were cooked, eaten, reheated or eaten cold over per-

iods of 2 or 3 days. Other foods were very limited. 

5. Housing: A classification by structural materials 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 
were few in all of the villages and no moreinfections 

frequent in those with more rats. Flies were most numer-

ous in the rainy season, May to October. Occurrence of 

diarrhea was highest at the end of the dry season and less 

in the rainy months. 
The auth~ors drew these conclusions about factors con-

tributing to the seasonal rise of diarrheal diseases in the 

Guatemalan nhighnds:ftheos t.Grata
1. Migration from the coastal plantations where diar-

,heal diseases are more frequcnt introduces fresh sources 
of infection, 

2. Th - pattern of .vaterborne outbreaks with a sharp 
rise in cases and prompt decline occurred rarely. The 
dominant pattern was a slow buildup to peaks 14 months 
later and a tailing off in 32 months. Water could contribute 
to this by low-grade, intermittent or accidental 

contamination. 
3. Food-bonie outbreaks did not occur with any fre-

quency but food handling in the home and diarrh~ea in 
infants at weaning suggest that food is 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 o.cur among 

susceptible children. In ;urvivcrs, immunity follows. Mal-

nutrition is an important consideration. The case rates for 

acute diarrheal disease per 100 persons at risk per year in 

four rural Guatemalan villages in 1956-1959 were: under 1 

year, 75.0; 1-5 years, 64.1; 6-4 y'ars, 9.7; 15 and over. 5.1. 

the ov 'rail rate was 17.7. 
6. Contact spread was believed to be the main mecha-

nism although other modes of transmission contribute. 

The contribution to total csses because of contamination
 
of water in tht home, which would be variable and indi
vidual, may be appreciable.
 

The authors were not singularly impressed by their data
 
the water supply and diarrheal disease rates. They
on 


,,f-n- dered long-term epidemiological patterns to be pre

d minant and classical waterborne outbreak patterns
 
rare. .owever,they failed to offer further comment on the 

difference in diarrhea! disease incidence in the village 
with a sunenor and ampie water supply and the one that 

hit often had to resort to river, stream and rain water.
 

E~et, in endemic situations, water can be amijor factor in
 

sickness and in health.
 

Butz, William, Julie DeVanzo and Jean Pierre Habicht. 
,Family, Community and Program Influences on the Mor
talityofMalaysianInfants.-Wod&ngDraftNo.992-1"AID 
(Grant Nos. AIDIotr-1744 and AID/otr-182). RAND CMr
poratio. Santa Monica. 46 pp. 1981. 

This examination of determinants of infant mortality 

variations in Peninsular Malaysia uses retrospective data 

from a subject-reported questionnaire in the Malaysian 
Family Life Survey: 1262 households from 52 sampling 

with 5584 live singleton births oi whom 270 (4.8areas 
percent) died in infancy. It also uses household and com

munity characteristics. A linear probability model, esti

mated by ordinary least squares, was used to analyze the 

attributable risk of each factor in infant mortality. 
factors analyzed include communityEnvironmental 

water source and sanitation, and household sanitation 

(excreta disposal). Iniants in houses with access to non

flush ot flush toilet systems had significantly lower mor

tality than infants in houses without access to sanitation 

systems. Also "piped" water was significantly related to 
water reprelower -fant mortality. (Whether "piped" 

sents household connections, community standposts, or 

some combination is not specified.) Other water categor
and "ther public." Alies were "river," "canal," "well,-

were found ti bethough toilets and piped water 
significant, their proportionate impact was still small .ela
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 san
tation tended to produce significantly lower mortality 
among non nursing infants. 

Center for Disease Control. 'Acute Water Shortage and 
Health Problems in Haiti." EPI-77-51-2. U.S. PublicHealth 
Service, Atlanta. Unpublished document. 9 pp. June 29, 
19,78. 

This is a study of the impact of water quantity on dis

in two areas of the Haitian capitat city of Port-auease 
Prince, each with populati(, - around 200,000. One area 

received drinking water constantly from gravity-fed 

springs. The other was supplied with electrically-pumped 
well water. 

During early 1977, adrought resulted in aten-week loss 

of hydroeletric power in the area supplied by wells. Me

chanical breakdowns of supplementary diesel generators 
forced severe rationing of eiectricity, with widespread ef

fects on water availability. A retrospective study, using 

questionnaires, of 400 households in each of the two pop
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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-
teal otitis, conjunctivis, any feble illness, and 
malnutrition. 

It should be noted that Port-au-Prince, with a popula-
tion of approxiately one million, has only 30,000 water 
service connections. The majority 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 children under six years of 
age in large families 

Wettr use P Pe, Per I. 


SHowever, 


373Illness 258 (51.6%) '15 (33.0%) 

No illness 242 (48.4%) 234 (67.0%) 476 

ToLals 500 349 849 

Cvjetanovic, B. "Banki Block (Barabanki) Prcgramme of 
Rund Water Supply in the State of Uttar Pradesh, India." 
Annex 1 (10 pp.) in Cvjetanovic, Branko. "Effect of Water 
Supplyand Sanitation on Health in RuralCommunities in 

Developing Countries." Unpublished report. Zagreb, 

Yugoslavia. 42 pp. + 2 annexes. June 190. 

This is an independent confirmation of the project re-
ported by Mira (1971) and reviewed more fully elsewhere 
in this annex. Cvletanovic, a physician-epidemiologist, 
was Chief of Bacterial Diseases for WHO/Geneva at the 
time he visited Ba-abanki. He reports h'. ,th impact data 
for the water-supply project: i.e., a fi,'eold decrease in 
diarrhea in children and virtual elimmtation 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 % percent used unprotect-
ed open wells. 

Part of the water and wastewater was used for kitchen 
gardens, bringing additiunal food and income to the vil-
lage. Women grew vari,.us vegetables and grapes in yard 
gardens and used their time for "hand loo'--ng." 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 in that age group 
dropped dramatically after introduction of water supply. 

Ink,-,e in 


Ym, Water Supl p)-r 

1965 Year of introduction 24.0 

1966 One car after introduction 14.4 
1967 Two years after introduction 11.3 

1968 Three years after introduction 5.0 

Eve-son, Robert E., Mark R. Rosenzweig and Kenneth 1. 
Wo.pin. "Economic Determinants of Fertility and Child 
Health in Philippine and Indian Rural Households." Pro-
ject AID/ot-G-1723. "Project Summary," 16 pp., and 

"TedicalRepot," 31 pp. + appendices. Yale Univeni
ty, New Haven. Undated but circa 1961. 
AL R enzwei& Mark R., ad Kenneth I. Wolpin. 
"Governmental Intervention and Household Behavior in 
aDevelopingCout"."Projet AID/otr--1723.YaleUni
vesty,New Haven.26 pp.Undated but circa 1981.
 

Both of these reports offer an econometric model of 
health and family planning programs and their 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. 

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
encing child mortality." 

Feachem, Richard, Elizabeth Bums, Sandy C imcross, 
Aran Cronin, Pies Cros, 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 commissioned by the British Ministry 4' 

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) is 
of particular interest. 

The study covers eighteen months (from early 1975) in 
the Mokhotlong and Mafeteng Districts of Lesotho, Afri
ca. It included a population of about 4,000, in 567 house
holds: 125 in mountains (Mokhotlong) and 442 in 
lowlands (Mafeteng). Its objective was to decide whether 
water supply improvements were cost-beneficial. 

Comparisons were made between villages with water 
supplies in four categories, ranging from unimproved to 
improved and reliable. Health data were taken from re
cords of reported diarrhea, skin disease, and eye disease 
at two hospitals and a dinic. 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 u!,ed and reliable records were kept. 
There was also extensive inspection of water supplies and 
bacteriological sampling and analysis. Economic, politi
cal, and social characteristics 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 quality of water supply service. 
They therefore postulated that "diarrheas and typhoid are 
not primarily water-borne in Lesotho," and that "improv

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 is a more importar.t variable than quality as an influ

ence on transmission of water-related diseases. 
The study does not conclude that water-supply im
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provements have no public health benefits. But it does 

indicate that such improvements alone cannot yield large 

benefits when there are still serious deficiencies in excreta 
and home hygiene, food sanitation,Ina 

a fly control. 

ffect of aPiletEivi"FSawk, KWH.The Sh tTetm 
roect in Rural Africa: The, ofrumntal Health 

eed After Four Yeat." KenyaHeeRealt reo 
Nye, Central Povince. Unpublished repoit.Het. 

Also the following: 


an Svations
Srudwick W.H. -The Envil 
Aaina ani
Saroiwictk. H. Medical low 311-331. 1962 

Prcect. East African Medical Joual. 39-. 311-331. 1962. 

Zain uawiron-Strudwick, R iH.,and D. Hollilon.P e 

mntal Saitation Sceme: A Pilot Project in Rural Africa. 
tion DocumentHealthUnublished WorldWHOIEnv. San.113. 42 pp. 1962. 

This was a study carried out by the Provincial Medical 

Officer of changes in health status from 1961 to 1965 101-

lowing rvision of a gravity flow piped water supply 
serving four villages (multiple water points) and 584 farms 
in the Zaina section on the slopes of Mt. Kenya. The pur-
pose of the study was to observe changes in health status 

supply project.anid other collateral benefits of the water splPrjc.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. Allwater was from the 

chlorinated piped supply. Water consumption rose from 
to 14.7 

1.65 gallons per capita per day (gpcpd) in 1961 

gpcpd in 1965. The water supply was treated and clean. 
Thegene water was not treated and less than half of it was 
rated "dean." Consumption in Thegene increased slightly 
from 1.3 gplpd in 1961 to 2 gpcpd in 1965. In Zaina, al 

located less than one-quarter milehouses had water were 

away. Sixty percent of the houses in Thegene were over 
one-quarter mile from the nearest drinking water. The 

as
total days of illness pei person, and by age group' 
measured during two seven-month periods in 1961 and 
1965, showed remarkable differences, primarily for chil-
dren, between Zaina and Thegene. 

Age Zaino 
19 5 Chan.¢


t6,ups 1961 1965 Change 1961 

Under 1 16.1 4.3 -11.8 9.1 8.1 -1.0 
1-2 13.0 7.5 - 5.5 7.2 10.1 +2.9 
3-6 11.1 5.1 - 6.0 10.0 9.5 -0.5 

7-12 54 3.1 - 2.3 2.5 5.0 +2.5 

people and surmise that as time goes by, the dierences 
between the two areas will become even more marked." 

Goodwin, Melvin H., Jr., Cory J.Love, Don C. Mackel, 

and Rudolf G. Wanner. "Observations of Familial Occur

eice of Diarrhea and Enteric Pathowens." Americaniour
nal of Epidemiology, 81 (2): 268-281. 1966. 

The Phoenix, Arizona, field station of the Ccmmunica
ran this study to determineble Disease Center, USPHS, 

the need for more specific control measures for diarrheal 
the association with environmentaldiseases, beyond 

conditions. 
Forty-one famlies, totalling 328 persons, in the Phoenix 

for twelve 
area provided fecal specimens each week 
weeks )r more, for a total of 2,610 person-weeks of obser

(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 in 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 iso

lated during the study. Differences in rates of occurrence 
aowed the researchers to divide high rate" from low 
rate" families. (Only one family failed to report diarrhea at 
all). Family size, family crowding, and (to some degree) 

Howsocioeconomic level differed among the families. 
ever, none of those three factrs was significant in deter

mining the occurrence of enteric organisms.efficiency"No obetieor'mothermeans was available to evaluate 
the ability to cope with a stuation." The potential benefit 

of "sanitational" facilities was not developed. No informa

tion was given on diet and nutrition, nor was any state
ment made on that fadtor. 

Hygiene was a more important factor. All families had 
the physical facilities nctessary for adequate personal hy
giene, but the facilities were misused among the high-rate 

wastage by children; storing made-up babywatervet vents. Examples were: removing valve handles to pre
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 permit is unquestioned, but it is apparent that realiza

tion of their furl potential for control of diarrheal diseases 
use." The sequence is evident.

depends upon proper 
Good design must be followed by good operation and 

maintenance. Conviction of the benefits of proper use is 

necessary. In many situations, conviction comes from 

education. 

Gfosse, RobertN."Intearelation BetweenHealthand Pop 

2.7 3.2 +0.5 ulation:OboervationsDerived fromField ExPerience'"So" 
Adults 3.3 3.7 + 0.4 

cial Srience and Medicine, 14C:99-120. 1980. 

This article includes simple and multiple correlation 
Fenwick concluded from his study: "As the two areas 

analyses of factors that may be associated with life expec
are sinilar in every respect except that Zaina has now a 

tancy: sanitation, health experiditures, health personnel 
plentiful water supply, it is suggested that it is this water 

and facilities, economic indicators, and social indicators. 
supply together with the rest oi the environmental health 

"Dominant categories" were santitation (percentage of 
programme which has improved the health of the Zaina 
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urban population with water taps), economic factors (per-
centag of labor force in agriculture), and social factors 
(literacy). Literacy "explained" 78% of the vauiatio, in life 
expectancy. -Addition of the sanitation factor increased 
tl.: ' riaron explained to 8F,% while the addition of the 
econ.mnc factor added only an additional 2%." Water data 
we-re rom 65 developing countries for 1962 (r=0.728). 

lieller, Per S.'InteratIons of Childhood Mortality and 
FedtilltyinW.Maysa:1 47-1970."DiscussionPaperNo. 
57, Ceer for Emarch on Economic Development. Uni-
vendty of Michigan, Ann Arbor. 33 pp. 1976. 

lfertility i a nt.mTli,; paper provides an econometric model ot 
an. ant and toddler mortality," based on census data, 
and viewed "within the framework of a general model of 
household decision-makiing.. subject to some sodoeco-
nomic constraints.' 

Most of the paper focuses on fertility, 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," i.e., contributing to mor-
tality. The rise in the female literacy rate "from 20% in 1947 
to 50% by 1970 may have contributed to a10 to 18 point fall 
in the infant mortality rate." 

Water supply and water disposal rates dso 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 achild's health from an unsanitary envi-
ronment principally occurs after the first year, probably at 
the time of weaning." 

Henry, Fitroy J., "lEnvironmental S._ ation, Infection, 
and Nutritional Status oi Infants in Rural St. Lucia, West 
Indies.- TrnsactionsRoyalSocietyTropicalMedicineand 
Hygiene, 75:4)507-513. 1981. 

This study shows dear correlations between water sup-
ply/sanitation and infant health in the areas observed. 
Health and growth of some 229 infants were followed for 
two years in three valleys. Socioeconomic conditions and 
feeding patterns (induding breastfeeding) were similar in 
each valley, but they had different levels of water supply 
and sanitation: 

yWater
DVy Wat 

(Inter- Water Houshld Excnt 
tvtxtm) Supplt (liters) Dtsposa 

Cul-de-Sac Public stand- 64 Latrines of 
(None) pipes "widely -low quality" 

dispersed,, 
one Fer 350 
population 

Desruisseau Individual 120 Latrines of 
(New water household -low quality' 
supply) water supply 

Ti Rocher Individual 124 Water seal 
(New water household latrines 
supply, new water 
latrines) supply 

Asarris and Tridwuris infections dropped 30 and 50% 
respectively after water supplies and latrines were in
stalled in two of the three valleys. Prevalence of diarrhea 
was substantially less for children in areas with im
proved sanitation, some 70 percent less for one-year
olds. During the study, 34.7 percent of children from the 
"non-intervenfion" are, (Cul-de-Sac) were treated for di
arrhea and vomiting, cumpared to 27.. percrnt in the 
area with a new wate- .upply (Desruisseau), and 18.5 
percent in the area with both a new water supply and 
new latrines (i Rocher). Treatment for skin diseases 
showed a similar pattern, reaching 20.8 percent in Cul
de-Sac, 4.9 percent in Desruisseau, and 3.7 percent in Ti 

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 sirilar 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 condudes that the "better growth 
that was observed after upgrading the environmental 
situation suggests that here, malnutrition is more likely 
to be the consequence than the cause of illness." 

Hikes, Ntit L, "Sector Priorities in Meeting Needs: 
Some Statisca Evidence." World Bank, Washington. 2 
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, nutritirn, education, 
and accessibility to dean water. Other variables anclude 
income, income distribution, female school enrollment, 
urbanization, and size of the public sector. Four statistical 
methodologies were used. 

Using simple correlation, adult literacy had the highest 

correlation coefficient (r = 0.906). Per capita calories con
sumption, population per doctor, percent of urban popu
ation, and percent of population with access to dean 

water had correlation coefficients ranging from 0.703 to 
0.714, with water 0.706. Multiple linear correlation yielded 
similar 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, Ailen H., Theocore C. Cruaberg, and Brian I. 
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 hepatitis A viral 
infections during a five-year period (1968-1972). The re
suits showed strong correlations with certain parameters 
of the water supply and sewerage systems.

Although water quality records showed that samples 
generally met bacteriological standards, residual free chlo
rine levels were consistently ',elow 0.1 mg/1 in 60 percent 
of the samples. Some data suggest that some drinking 
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water may have been more contaminated than might have 

been suspected on the basis of coliform levels alone. Tern-

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-

pipes and by combined or overflowingter and sewer 
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 conta-rina-

tion of water supplies; unfortunately, such conditions are 

commonplace in many urban areas of the developing 

world 


Alan M. Gillelson, and
Hollister, A.C., Dorothy Beck, 

ofWatarvailabieityonShigeilaE.C. Hempil. ,,lnfluren 
Prevalence in Children of Farm Labor Families." Am4eMr-
can Journal of Public Health, 45 (3) Madh 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 

were among 2,707 "families" (meaning all per-
children 
sons living in one household). The objective of the study 

preva-to define the relationship between Shigellawas 

lence and the availability of water for personal hygiene, 


including laundry, bathing, and especially hand washing. 
secured from all available childrerRectal swabs were 

under ten years old in the selected camps at intervals of at 
were divided into three

least one month. The camps 
types, according to their sanitary facilities: 1.) Cabins with 

private water faucets, private showers or tubs, or private 

toilet or both. 2.) Cabins with only water faucets 	inside, 
Cins

having access to communal facilities outside. 3.) 

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: 

PercentPlumnn'q F17CiItt Percent 
P,,av Cultures P0S1tay hrouse)dWInsuf Cahn

Faucet i;,nd Shower 

2.5and/or Toilet 1.6 
6.23.0Faucet Only 

5.8 	 11.0Nothing 

The study showed that Shigella prevalence was associ-

ated with the availability of water for personal hygiene. 

This implies that the control of Shigella infections mzv be 

significantly improved by providing easily accessible wa-

for personal hygiene. This observation had alreadyter 
been made in 1950, in an unpublished report by James 

Watt to the California Director of Public Health, and in the 

published paper by Watt, Hollister and others (summa

rized elsewhere in this annex.) Water quantity is empha

sized because in these studies water quality met minimum 

standards. The paper is a meaningful addition to under

standing the usefulness of water in controlling at least one 

diarrheal disease. 

M., John M. Boyce, Richard J. LevinedHughes, )am" 
"WaterandMoulemuddin Khan, and George T. Curlio. 

Cholera in Rural Bangladesh."the Transismior,of El Tor 
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: Importanceof SurfaceWater
 
Organization. InTransmisiOn." Bulletin World Healti 

press. 
These authors describe an epidemiological study in

neieilgclsuyiTeeatosdsrb 
Fifteen cholera index casesMatlab Thana, Bangladesh. 

were selected at random from the patients at the Cholera 

Hospital at Matlab Bazaar because 1.) they were residents 

of the Matlab Vaccine Trial Study Area, and 2.) they had a 

rectal swab culture positive for V. cholerae on the day of 
initiation 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 identified and water samples were tak
sources of water (tubewells,en from neighborhood 

ditches, tanks, canals, and rivers) for drinking. cooking, 
analyzed and re

bathing, and washing. Samples were 


ported as positive or negative for V. choleraebiotype El Tor.
 

Extensive contamination of water sources was found in 

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. Families using a cul

ture-positive water source for drinking, bathing, or wash
more likely to be infected with

ing were significantly 
cholera than other families. Families using the same water 

source as the index family for either drinking or bathing 
The authors conciude:likely to be infected.were more 

"The data support the hypothesis that contaminated wa
.in areas 

ter is important in the transmission of cholera. 

where V. cholerae. biotype El Tor, is endemic." 

Hughes, James M. "Potential Impacts of Improved Water 

Supply and Excreta Disposal on Diarrhoea Disease Mor

bidity: An Asscisment 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

water and excreta disposal projectsfits associated with 
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 inside. The data suggest, he says, that 

"volumes in the range of 20-30 lpcd may be a minimum 
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required to yield reductions in diarrhoeal disease 

rrfbidity." 

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, Bang adesh. Dacca. 14 pp. 1961. 

This study compares hospitalized confirmed cholera 
cases for three major refugee camps, a few miles apart, in 
Dacca during the cholera epidemics of 1974 and 1975. The 
results show a clear correlation between water supply/ 
sanitation 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 

latrines." Comparative facilities and rates of cholera inc-
dence for each camp are summarized below: 

Rifuge Camp Perse, Pet Persons Chor Cases 

4ypoudwiou) Water Sour Per Latnne Per loo0 


1.16A. Geneva 662 130 
Camp (49,675) 
B. Kamalapur 1,896 325 3.95 

Railway Camp 

(11,375) 

C. Katabani 2,018 404 4.29 

Capupara 

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,J.S. "EliminaciondeAguasNegras,Suministro 
de Agua y Diama Endemica en un Barrio Urbano Pobre 
de Cali, Colombia." Boletin Oficina Sanitaria Paname;i-
cmaa. 88(5):402-412. 1980. 

This paper describes a study of the incidence of diar-
rhea, as seen by 19 health centers in Cali, Colombia, 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 ,iith the potability of water. 
Houses with a latrine were found in 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 latrne, 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 Journalof Public Health, 71 (1)-31-37. 1961. 

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 reighborhood factors, indud
ing hygiene, had a strong relationship to child growth. 
The findings "certainly suggest a need to expand the at
tack on malnutrition with programs intended to control 
the transmission of enteric agents at a neighborhood 
level." 

Kourany, Miguel, and Manual A. Vasquez. "Housing and 
C ainSocioenvirnmental Factors and Prevalence of En
teropathogenic Bacteria among Infants with Diarrheal 
Disease inpanama."AmericanJournal ofTropicalMedi
cine and Hygiene, 1846).939-941. 1969. 

The authors report an attempt to evaluate the role of 
certain socioenvironmental conditions on a group of in

fants with identified 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 dcvised, using 
observations made during home visits and data on sani
tary facilities taken from the National Census of 1960. 
Information on diarrheal infections was available from an 
early study (American Journal of Tropical Medicineand Hy
giene, 18: 930-935). 

Forty-five percent of the infant cases came from Type 2 
dwellings: i.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. Nine percent 
came from Type 6 dwellings: hous.ng for very poor fain
ilies in a rural area, w'th few ii any toilet facilities. The 
authors state that orly the Type I dwellings of the middle 

to high group show a statistically significant difference 
among te six dwelling types. They state that "The differ
ence in 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 I dwellings suggest the benefits of 
piped water to each family and of flush disposal of human 
excreta to water-carried sewerage. The multiplicity of fac
tors influencing diarrheal diseases is recognized in the 
authors' dosing statement: "Planned programs for ade
quate housing, provision for a safe water supply within 
each dwelling, if possible, safe removal of human excre
ment, and improvement of the general standard of living 
will undoubtedly be accompanied by a significant de
crease in the frequency and severity of diarrheal diseases 
due to enteric infections." 

Marshall, Carter.. 'TheRelationshipBetweenTrachoma
and Piped Water in a Developing Area." Archives Envi
nm fental Health, 17215-220. 1968. 

Also: Marshall, Cartef" L. "Some Exercises in Social Ecol
ogy: Health, Disease, and Modernization in the Ryukyu 
Islands." InFarvar, Taghi M., andJohn B. Milton, Editors. 
The Careless Technology, Ecology and InternationalDe
velopment. Natural History Press. New York. 1972. Pp. 5
18. 

The author reports part of a trachoma control program 
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undertaken during the 1960s in the densely populated 
Ryukyu isbands of the Western Pacific. Surveys of tracho-
ma in school children were undertaken in the capital city 
of Naha, on the island of Okinawa, in the city of lshikawi, 
and in five rural villages. The Ryukyrs were and are 
densely populated (1,142 per square wile in 1965) coral 

island-i with, in 1965, few paved roads. Fine dust is com

mon during dry periods, but rainfall averages 83 inches 

annually. About 40 percent of the population in 1965 was 

provide;d 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 modem, piped water system. Ishikawi (popu-

lation 16,000) has no central water supply system. Of the 


have piped water to indi-
five rural villages surveyed, fou 


vidual households. The fifth, Tonahi, does not have a
 

piped water supply; its residents take their water from
 

shallow wells. 

The differences in trachoma prevalence between corn-

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 trachonma in Ishikawi 

(partially provided with house connections) was 24 per-

cent and in Tonahi (no piped water supply) was 42 per-

cent. No explicit data were presented on water quality, 
or average distance to nonpipedper-capita water use,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 in water-scarce and water-rich areas than to purity 
" 

of water per se." 

Misra, K.K. "Save Water in Rural Areas: An Experiment in 

Promoting Community Participation in India.ff Interna-

tional Journal of Health Education. 18: 53-59. 1971. 

This artile describes an experimental water supply pr-
ject undertaken in 1963 in 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 in 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 bva health worker as to whether the child(ren) 
had had loos stools on that particular day. The survey 
was conducted over 2':t years. 

The initial survey showed: 1.) high incilence of diar-

rhea among children less than five years of age and 2.) 

lower incidence in children living in housing with tap 

water or standpost water supplies. 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 

examined for typhoid, scabies, conjunctivitis, and tracho-

ma. Again, the introduction of tap water correlated with a 

drop in disease. The following table shows reduction in 

morbidity per thousands of population: 

on~.- y,.a,
1965 19 19677 1%8 

Diseases directly Diarrhea 838 36.r 27.1 19.0 
related to Dysentery 12.2 5.3 3.6 3.1 
unclean water Typhoid 3.3 0.0 0.3 0.0 

25.4 16.9 0.0 0.6Diseases caused Scabies 
by lack of Conjuncti

2.6 3.9 1.9
dean water vitis 8.5 

Trachoma 3.3 0.9 0.0 0.3 

Ultimately 350 of 836 families took private house con
nections at their own expense. The remaining families 
were served from 42 public standposts, Source, stoage,were paid for by the 
distribution, and standpost costs 

and UNICeF.Fstate, the panchayat 

Moore, Helen A., Enrique de la Cruz, and Oscar Vargas-
Mendez.DiarrhealDiseaseStudiesinCostaRica-IV.The 
luene of Sanitation upon the Prevalence of Intestinal 
Infection and Diarrheal Drease." American Jounud of 

Epidenkiology, 82(2): 162-184. 1965. 

This study, sponsored by the Ministry of Public Heal&,. 

of Costa Rica, the U.S. Agency for International Deekup

ment, and the Servicio Cooperaivo Interamericano de Sa

lubridad Publica, was part of an extensive epidemiological 
Part IV covered hous..

investigation from 1959 to 1961. 

hold sanitary facilities in six districts in a rural canton of
 

Costa Rica. The survey covered all cf the 1,202 homes in
 

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, fites, 

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 st,pplied 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: 

on an aeawide basis1. The six districts were ranked 
from best to poorest for household sanitation. Recovery 

casesrates of enteropathogenic bacteria from diarrhea 

were lower in the three districts with the best sanitation 

than for the three with the poorest ianitation. The same 

characteristic held for the prevalence of Ascaris and Tri
casechuris among survey subjects. However, diarrhea 

not correlate with the sanitation rankings.rates di 
2. Rntal value of houses proved to be a satisfactory 

means for grouping houses according to their sanitary 

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. 
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3. Among all houses, the increased water use as indi-
cated by the number of water-using applances was com-
pared to case rates per 100 for Trichuri!, Ascaris, diarrheo 
and Shige, . 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 in each of the 
four rates, and further reductions appeared among 
houses with three or more water-using facilities. 

4. Seventy-Zwo houses of the 1,202 in Canton Barba 
were not on iped water. Differences in enteric diseases in 
this group were noted. Ten of 27 cultures (37 percent) 
from diarrhea cases in houses without piped waier were 
positive for some enteropathogenic organisms, versus 7 
percent for all diarrhea case,;ultured. 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 facilit also corre-
sponded to rates for the four enteric diseases. Ascaris in-
fections dropped from houses with no facility to thin-
wihepti c taok. Tfi sihtly 

5. Te aailbleexcetadispsalfaclit alo crre 

roouse nof-'it Nowith a septic tan-k. Trichuris rose slightly -rom "None"toto 
"Privy," then dropped for heanes wi'h sep'ic tanks. Diar-
"rey,"was l ope for h es witho Staks.iar-was 
rhea was lowest for home-, with no :acility. Shigella was 
essentially the same for "None" and "Privies," and zero 
for homes with eptic tanks. 

6. Occupant density was plotted agains: the four enter-
icd4. 

erates. 
rates. 

7. Hookworm infections were most frequent in adults 
(male 21.8 percent. females 19.9 percent). The prevalence 
was the same with or without a privy. T'he areas where 
earth floors were most common in homes had hookworm 
prevalence rates three times as high as other areas. The 
risk 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 iales. 

8. Animal entry to homes showed no evidence that the 
enteropathogenic organisms recovered from the animals 
were related to concurrent human infection or disease. 

9. Water quality as indicated by coliforn MPM values 
showed some relationship to disease indices. Except for 
the Santa Lucia dibzrict, Wet Season values were higher 
than Dry Season. Santa Luc~a 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 Lu-ia, the two svs-
tems with the high percentages oi MPM value-; had the 
highest diarrhea morbidity rates and the highest percent-
age of Gwardia lamblia positives. There was no consistent 
pa!:ern for the percentage of positives for Shigella. 

10. Santa Lucia's data were further confounding as it 
had the highest percentage of E.hist-lytica positives in the 
parasitism sur,ey. The authors strongly suspected the 
dissemination of E. histolytica through the water system. 
There was no variation in prevalence of E. histolutica by 
socic-economic level or by age. A similar interpretation 
was suggested for the Giardialamblia positive percentages 
in areas served by the San Roque and Buerta Vista sys-
tems, both unircated, unprotected surface sources. Acias-
sification of the -Worst Water" and "Better Water" 
relating the high MPM values and the months of high-
rainfall to diarrhea morbidity rates was madc. 1h;ere is 
consistency between the diarrhea rates and the water 
quality classification. The rates are higher for both the 0-4 

years and the All Ages during "Worst Water" periods. The 
differences are not dramatic, however. 

11. Exarrdiations of meat and milk were unproductive. 
The few i.oLidons of enteropathogens in meat did not 
relate to tne 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 thoc families only 13 diarrhea cases were 
observei. 

The authors re?:hed the following conclusions: 
1. Piped water was important in reducing the amount 

of infection with enteropathogenic bacteria. Dirrhea 
morbidity per se and parasitism were not oreatlv affected. 

It is suggested thata portion of thediarrheacaseswere not 
2. Increased rof of water was associated with decreases
2.Icesdv owarwsascitdihdcess 

in all of the index rates of morbidity and intestinal infecialoftendxresomrbiyaditsialne
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 disposaJ facility was associat
ed with extremely high Ascaris prevalence. Entamotba his
tolytica and Giar-ia lamblia infections were udged to be 
ply frm wa i o w g 
priqalyfrom water.

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 variations in bacteriological 
quality and variations in diarrhea morbidity. There was 
evidence of water transmission of Entamoeba histolytica in 
one system, and Giardialambia in another. There was one 
period of seasonal coincidence of high morbidity and very 
high coliform counts. 

5. Variations in fly counts and the bacteriological qua!
ity of meat and milk did not appear to be related to the 
variations in diarrhea morbidity. Domestic animals har
boring enteropathogenic bacteria were not demonstrated 
to be related to disease episodes in their owners. 

6. The incidence of diarrhea was reduced and the pre
valence of Shigella infections was least where a good level 
of sanitation was found in homes. 

This study amasses an impressive volume of data on 
enteric disease indices and on environmental sanitation 
conditions. There is a substantial amount of information 
which supports our hypotheses on sanitation and intesti
nal disease. However, troublesome variations appeared. 
These result from the lack of any control group in the 
communities and populations in the stud'. The availabil
ity of a cuntrol water source that consistentiy provided 
water ot d:inking standard quality at the ,ources and 
through distribution might have limited the variations 
and the lack of consistent patterns of water quality and 
disease. 

The extent of privies in these communities indicates a 
high level of sanitary consctousness. All privies are de
scribed as pit privies and in several instances as sanitary 
pit privies. "Sanitary" implies a complete isolation of the 
excre a, off the ground surface, away from water sources, 
and inaccessible to insects, poultry and mammals. That all 
919 homes with privies shou!J meet such criteria is im
probable. The uncertainties of excreta disposal by toddlers 
under two y'ears of age was another problem recognized 
by the authors. In the mild semi-tropical climate, young 
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as ones are seldom toilet-trained and are free to behave 

"door-yard" children. 
The diarrhea morbidity rates were not a sufficiently sen-

sitive index of the effects of water use and water qualit% 

which was poor at best, to produce conclusive evidence 

on the water-intestinal infections relationships. Matters of 

diet and nutrition were not noted in 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 ard 

Health. Washington. 939 pp. 1977. 


This is a follow-up to the Safe Dnnking Wa!fti Act of 

1974, intended as the scientific basis for revision of drink-

ing water regulations by the U.S. Environmental Protec-
tion Agency. The majority of the report is directed at water 

quality problems of an industrial society: trace metals, 

asbestos, synthetic organic chemicals, pesticides, carcino-

gens, and so on. 6
Chapter III, "Microbiology of Drinking Water" (pp 


134), has useful information on infective doses for man of 


bacterial protozoa and helminths, giardiasis, and radioac-


tivitv. It also dscusses effectiveness of water treatment 

The study contains over

and' disinfection processes. 

25,000 references. 


Patel,Mahesh. "EffectscftheHealth Service and Environ-
The Case of Sri on Infant Mortality:mental Factors 

Lanka ." JournalofEpidetiolyad Community Health, 

34:76-2. 1980. 

This study traces the relation between infant mortality 
rates and public health services in Sri Lanka. Although the 

infant mortality rate for Sri 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 associat-d with regional 
of mortalityvariations in environmental determinants 

than with r-giona; variations in public health expenditure. 
The most significant environmental factor associated with 

iliterregional 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 

relat;onship 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 

availability of latrines and infant mortality. This assumed 
the correct sign and became significant (r = 0.79) when the 

In the tea estate sector,tea estate sector was eliminated. 
many households,"latrines are provided but shared by 

are poorly maintained, and are frequently out of use... 

there are still many pit latrines in use, some of which 

empty into streams or irrigation canals." Cement floors in 

louses had a mild association (r = 0.52). 
PeVi Hines"TheRelatioof 

Peterson, NoianeJ.,na illines thelnstteaiayul elary QulSumrieatonetnl 
1960.

nities." Ameri,,.an journal of Hygiene, 71: 314-320. 
ity of the Water Supplies in Six Rocky Mountain Comm u-

This project of the Communicable Disease Center of the 

Public Health Service in 1957 was Jesigned to determine 

whether a correlation existed between the sanitary quality 

of the water in six Rocky Mountain communities and their 

incidence of unreported summertime gastrointestinal ill

ness in June. July and August, 1957. 
The sanitary quality of the water was determined from 

the records of the State Health Department. Histories of 
and August, 1957, were ohdiarrhea during June, July 

tained by house-to-house survey of about 100 famiL'es in 

each commuity. Three communities (identified as A, B, 

and C) were found to differ significantly from the other 

three in terms of the sanitary quality of the wate:. 

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 in the communities D, E, and F (p<0.01). This
 

water quality ard attack rate was
correlation between 

found consistently displayed when computed separately
 

for each community."
 
The article presents data on the case distribution by 

It o
months through June, July and August of 1957. 

for less than twothat people living in the areas 

years had higher attack rates than those living in the locale 

for more than two years. Clinical symptoms in attacks in 

communities D, E, and F were shorter and milder. No 

pattern was evident of any comion source or single expo

serves 

sure to infection. In communities with consistently con
14 percent during

taminated water, the attack rate was 
1957. For the communities with

June, July and August 
high quality water, the rate was 9 percent. In the former 

more severe and dramatic than in 
group, illne3ses were 

the latter.
 

• •"it is reasonable to believe
The authors conclude:. 

that the sanitary quality of water supplies in these com

munities significantly affected the incidence of illness. It is 

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'att ck rate in the population was (a reduction of) 
on the segment ofabout 5 percent. However the effect 

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 its objective. It confirms the value of community 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 serious community-wide waterborne dis

ease outbreaks. All that are needed are the inftctious or

ganism and large infective doses. 

Ponies, De Lima, Luiz Augusto, Minervina Ramos, and 

CariosRoberto. ,EstudoPreliminardoBeneficio-Custode 
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 pubiic 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 

te su pis eriodwwhileie inin twotw otherothersupplies over the entireirpw-ater or thd ent 

subdistricts, Nossa Senhora do 0. and Vila Maria, public 

water supplies were installed during 1953-1957 and in full 

use thereafter. The first two subdistricts were "controls" 
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and the !atter two "experimental" subdistricts. 
The authors' data show a rapid and dramatic dedine in 

infant mortality 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, i.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 mortality 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, :" the rapidity and 
magnitude of the decline in infant tr:zrtalitv rates---con-
temporaneouslv with the installation of public water sup-
plies-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 
derived benefit/cost ratios of 4.4 to I for Vila Maria and 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. 

-ali:Burke, Mary, Marjorie York, and Innis Sande. Mo 
tality in Childhood. Scientific Publication No. 386. Pan 
American Health Organization, Washington. 145 PP' 1979' 

Both of these papers report acollaborative ex-post-facto 
study of 35,000 deaths of infants and children (one to four 
years of age) in fifteen areas o' 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 

i.e., mortality decreased as the percentage ofwater: 
water increased. Correlation coeffi-houses with piped 

cients ranged from 0.688 to 0.834 for various data sets. The 

investigators concluded: "Trhe provision of water supplies 
and sanitary facilities to much higher proportions of fam
ilies in many urban and rural areas is essential for bringing 

about major reductions in postneonatal mortality." 
The study bv 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.Pshati."Impactof 
Water Supply on the Incidence of Diarrhoea and Shigello-
sis Among Children in Rural Communities in Madurai." 
IndianJournal of Medical Research, 66: 1894". 1977. 

This article reports on a study made by the staff of 

Gandhigram Institute of Rural Health and Family Plan-
ning, Madurai District, Tamil Nadu, India, during Janu-
ary-December 1972. The objective of the study was to 
determine whether public water supplies have controlled 
waterborne diseases in rural areas, using the incidence of 

diarrhea (shigellosis) as index in children under five years 
of age. 

For the study, three villages with open dug wells, 215
 
households and 388 children under five were the unim
proved group. Two villages had improved water supply 
with treated water frorm a reservoir. In one there was a 
mixture ot distribution by street taps and by taps within 
households. The second improved system pre'ided taps 
within households for all households with childven under 
five. 

All children, 1,130 at the start, were visited twice aweek 
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 containurs. 

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 cf 
diarrhea cases;, Shigella positives, and high MPNs in wa
ter samples from households with diarrhea attacks. The 
lowest values were for households with tps 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 incidence per 150 children 
was: Wells 8.8; ST12.5; TWH 4.7. 

3. Surveys of bacteriological quality found the wells all 
grossly poliuted; 16 to 25 percent of street taps and home 
taps were polluted; all but 12 to 14 percent of water in 

home storage was heavily contaminated. 
4. "Street taps wer'. not effective in reducing infective 

diarrhea." 
5. "Water stored in the homes is invariably found con

taminsted, irrespective of the source including even treat
ed and chlorinated water." 

6. They conclude that not only a protected, adequate 
and continuous wate, supply, but also public education 
concerning good sanitation practices and personal hy
giene, would be necessary to prevent waterborne 
infections. 

Richardson, N.J., and V. Bokkenheuser. -Salmonellae 
Group of Rural South African Bantuand Shigeilae ina 

Journal of Hygiene (Cambridge),School Children." 

58:100-117. 1960. 
Also the following: 

Richardson, N.J., and V. Bokkenheuser. "Salmonellae 
and Shigellae inaGroup ofPeriurban South AfricanBantu 
School Children." Journal of Hygiene (Cambridge), 
61257-263. 1M . 

Richardson, N.J., and H.J. Koornhof. "Salmonellae and 
Shigellae in a Group of Bantu School Children in the 
Eastern Transvaal Lowveld." South African MedicalJour
nal, 39-367-370. 1965. 

Richardson, N.J., H.J. 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. 
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, 
Richardson, N.J., S. Hayden Smith, V. Bokkenheuser, on the prevalence of intestinal salmonella and shigel 

and H.j. Koornhof. "Wamonellae and Shigellae in Bantu infections." 
As the studies proceeded, the authors made brief corn-

Childen Consuming Drinkirng Water of Improved Qual-

ity." South African Medical Journal, 42:46-49. 1968. ments on environmental matters other than the water 
"From this

quality. The report on Dube children says, 
Rihrdson, N.J., GillianM. Durnett, and H.J. Koomhof. 

study and its comparison with the previous surveys, it is 
-Bacteriological Assessmentof Meat, Offal and OtherPo 

apparent that there is a need for more efficient food cont 
sible Sources of 	Human Enterc Infections in a Ban
Toship" Journl (Cmbricgeons 66n36S-37t.trol and for the education of the Bantu as t,. the impor

of Hn 

e i g 6 6 S" 7 tance of personal hygiene habits. Furthermore, as the 

Township.'IoullfHY8i (Cbr d e socioeconomic position of the Bantu improves, more judi-

This series of five studies on salmonella and shige;la 

infections in Bantu school children, 1959 through 1968, 

identified water supply as one variable. 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 Atudied in 1959 and again ,n1968, 

5years after its water supply had been improved; Witkop-

pen, aperiurban area in the Soweto complex 15 miles from 

Johannesburg; Komatipoort, a rural Railway Administra-

tion settlement; and Dube Township in urban Johannes-

burg. The objective of these studies was to determine the 

incidence of salmonella and shigella infections in appal-

ently healthy Bantu school children and to seek factors 

influencing the incidence, 
Fecal samples were taken from school children aged six 

to seventeen, in nearly even numbers ot males and fe-
to sevenmales. Sampling 	frequency vaned from four 


Intestinal parasite examinations were
times per year. 
made in some samples. Water samples were taken concur-

rently and examined for total bacterial counts. E.coli and 

fecal E. coli. General information was given on nutrition. 

,Diet was marginally adequate but usually low in protein.) 

The last of the studies concentrated on foods of animal 

origin, rather than water quality, as possible contributorstotehgniec fsalmonellosis and shigellosis in 

to the high incidence of stoffl paeand 

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 summaies or conclusions: 

1. Tlaseng near Rustenberg, 1959: "Water was probably 

implicated in the conveyance of the infections." 
2. Witkoppen, 1962: "The drinking water was of poor 

quality and may well be implicaied 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, 8different types of so' nonella were recovered from 

the 2 rivers bordering the area." 
4. Dube Township, Jchannesburg, 1965: "Water sup-

plied to each house 1r, johaitnesburg 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 

on food of higher nutritionalcious spending of money 

value may have abearing 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 is adefinite 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

ganisms in the stools of apparently healthy Bantu school 
to the bacteriologicalchildren, ages six to sixtern, and 

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 0to 

five years. Very little information was provided on excreta 

disposal, handwashing or food handling. 
Present epidemiologi' ! Views of the ro!. of water as a 

amode of transmission of salmonellosis relegate it to 

much less important position than contaminated foods. 

The findings of the sixth study confirm that view. 

uiaolC.OoufadSJRbntiAIRubenstein, A., J.Boyle,C.L. Odoruff and S.J. Kunitz.
 
"Effect of Improved Sanitary Facilities on Infant Diarrhea 
inaHpVlag.Puicelt 	 pos,81)103 
in a Hopi Village." Public Health Reporls, 84(11): 1093
1097. 1969 

This study traces the effects of improving sanitation on 
the incidence of infant diarrheal diseases. Moenkopi, a 
Hopi Indian village in Arizona, was divided into two 

parts: an upper area in which indoor plumbing was in

stalled and a lower area which was left unchanged. Chil

dren from Moenkopi were classified according to 

residence in 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 'hat the average number of visits to 

the hospital per child in his first year of life declined in the 

upper village from 2.0 visits before indoor plumbing to 

0.85 after indoor plumbing. At the same time, the rate in 

the lower village was declining from 3.1 to 2.6. the decline 

in the upper village was significant at the 0.05 level. The 
was not. Subsequent age

decline in the lower village 
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 Moenkopi. 

The study notes several problems that could influence 
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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 modem facilities. The authors conclude 
that the refusal of the villagers of the traditional lower 
Moenkopi to install water indoors was a political decision 
and not hostility to good health practices, as they had 
installed their own outdoor water taps without govern-
ment he~p long before res:,dents of the "progressive" up-
per village got their facilities by cooperating with the 
Public Health Service. 

Schleissanan, D.J., F.O. Atchley, M.J. Welcomb, andS.F. 
Welch. 'Relation of Entvironmental Factors to the Occur-

of EntericvDiseasesiArenalofFatrn tothe 
muce of Enteric Diseases in Areas of Eastern Kentucky." 
Public Hcalth Monograph No. 54, 1958. Issued as Public 
Health Services Publication No. 591. Also published in 

Public Health Reports, Vol. 73411). November 1958. 

relch.e lti 

This study, conducted by the Public Health Service's 
Communicable Disease Center in mining camps of East-
em Kentucky, took p!ace 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 10C tmost between 100 and 3001. The objec-
tives were to investigate the associations between specific 
environmental conditions and the occurrence of diarrheal 
disease, and tr,e!stimate the levels of control attainable by 
selective envi.ltaeitit 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 in 
the house. Group A dwellings also were the only one-
with solid-waste collection service with covered cans in 
general use. Group B,13 communities 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 
in five rural hamlets, had only nominal sanitary facilities. 
Ninety-three percent of the dwelling units 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 infectiori was determined in pre-
school children at monthly intervals by rectal swabs. In-
testinal parasite prevalence was dete-nined from stool 
,pecimens from individuals of all ages in various cOmmu-
nities. Fly abunuance was measured by monthly counts 
during fly season by the scudder grill method. Water sam-
pIes were taken from public, semi-public and private wa-
ter su,'plies to determine colifoim counts. 

The diTrrJ eal disease morbidity rate for all ages during 
the entire st'-dy period in Group C people was 2.6 tims, 

and in Group B people i.94 times, that among Group A. 

For the 0 to 4 year-olds from September 1955 thr,,u--i 
August 1956, Group C children had morbidity rates for 

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 percert 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 than in Band 
C. 

Overall, the colilorm 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, housewives' years of formal edu,:ation, and sanitary facilities in 
wie'yasofrmldatnndaiayfcltesn

home; they were then correlated with reported diar
rbeal di-:,ase, pre-school child Shigella prevalence and 

. in all 
gs

ages. These analyses resulted in 
ascaris pevalencein 
the following findings: 

1. Shigella ind ascaris rates were two or more times i s 
F'j.-h for those in dwellings having 1.5 or more persons per 
room than those livirm.; under less crowded conditions. 

.. In -well saaiit:'e "areas, there was a higher diarrhe
al disrase rate in iess crow-ed homes (under 1.5 persons 
pei room) than in more crowded ones. However, this 
pattern dia not .old tor ShigeUa in pre-school children 
and ascdris in all ages. Rates were higher by a factor of 2 
and 4 respectively in the dwell ings 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 ciowding and had higher levels of educition than 
those having water outside the house. Persons in higher 
educational leveis 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 
Frevalence of liarrheal disase. Howe-., , the combined 
effects of these f.'ctors are. not as significant as the effects 
of inadequate sanitary facilities. 

5. The incidence of enteric disease was primarily affect
ed by the availability of water and sanitary facilities. 

The stud, did not undertake to isolate water supply 
alone as a beleticial 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 ex .reta 
disposal in reducing intestinal infections and infestations. 
It also showed that such sanitation items were related to 
the socioeconomic level of the communities. 

Shuval, Hillei i., Robert L. Tilden, Barbara H. Perry, and 
Robert N. Grosse. "Effect of lnvestm~nts in Water Supply 
and Sanitation on Health Status: AThreshold-Saturation 
" eory." Bulletin Word Health Organization, 59(2):243248. ull. 

This article hypothesizes a "general theory" for "plan
ning water supply and sanitation investments in (tie de
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veloping countries" that will "explain some of the 

reported anomalies as regards the health benefits associat-

water supply and other sanitationed with community 
fit a flattened S-

projects." The "model" aaempts to 
curve to data from 65 developing coun-

shaped, logis-
tries for. 1.) national life expectancy at birth as a function 

"low" or "high" wa-
of 2.) national adult literacy and 3.) 

ter supply coverage for the urban popuialinn in 1962. 

Some 38 countrie- with an average coverage ;f 79 percent 

ot urban population (wih either house connections or 


excreta disposal unspecified) are

public standpipes, 

termed the "high sanitation" group; 27 countries with an 


average urban coverage of 41 percent are termed the "low 


sanitation" group. 
The form ot the two curves (for high and tow groups) 

to fit the assumptions of "threshold" and 
was chosen 

"saturation" phenomena at the beginning and end of the 


curves. That is, marginal improvement in health status is 

as nil at lowest levels ?nd at highest levels of
assumed 

form tends to force
sanitation. Use of the logistic curve 

such a fit inasmuch as its theoretical form is 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-supp!y data lump house 

connections and public standposts together and ignore 

the rural areas where most of the population lives. Sani-

disposal, actual use of facilities, and health
tar' excreta 
educa.ion are also ignored. Litetacy data are not differen-

tiated by sex, although strong evidence is available that 

the literao, of mothers (often much lower than for males) 

is a critical factor in infant and child mortality. The "the-

ony" telis nothing about relative cost-effectiveness of alter-

native interventions, levels of service, or technologies or 

As presented, it assumes homogeneitymixes of the same. 
within countries. The authors do recognize many of these 

issues and quite properly include numerous caveats and 

precautionary notes.
The simplicity of a "general theory" has inherent ap-

I-eal. Nevertheless, each water supply and sanitation in-

tervention will continue to require location- and situation-
and economic, financial,specif.,- engineering, 

social and itealth effectiveness analyses,environmental, 

Skod., John9.,J. Belrtrand Mendis, and Michael Chia. A 

Watrlaed escoU FIH O.

Us Re 

Usae and Related Facto. UNICEF/WHO. Dacca. 4 pp. 
June 1977. 

This survey considers the relation between water usage 
cross-sectional -.urvey of

and diarrheal disease. It is a 

68,155 rural villagers distributed throughout the country 

(121 villages in 21 districts in four divisions), 

The cost of a tubewell with hand pump averaged less 

than U.S. S1 per person served. Tubewell use was primar

water. Use for bathing and washingily for drinking 
(ch;thes, uiensils, et al.) fell off rapidly with increasing 

distance. Use for drinking water also declined with dis

slowly; only about thirty percent used 
tance, but more 
tubewls if the distance to the nearest one exceeded 1000 

feet. Surface sources, e.g., "tanks" (water-filled borrow 

pits), are readily available in much of Bangladesh. 

Of the 65 tubewells tested, the bacterial qulity was 

found to be "satisfactory" in 70 percent. All open wells 

and surface waters tested were grossly polluted. In the
 
more


households using tubewells, 17.3 percent reported 

thar one case and 4.2 percent had reported more than two 

cases of diarrhea and/or dysentery in the week preceding
 
water sources


the interview. Households using surface 


had 29.1 percent reporting over one case, 9.8 percent over
 

two.
 
The total incidence of diarrheadysentery in villages
 

with tubewells equipped with hnd 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 in Bangladesh. 

SpideW.M., M.U. Kahn, ' A. Seed, and M.A. Sat°d. 
e S lter.pideo.M,.Ualnwv i'ae 

Tor Cholera Transmission in Rural Bangladesh.m Bulletin 

World Health Orfganization, 58(5): 731-740. 1960. 

This study of cholera transmission was conducted dur

ing the 1976 post-monsoon cholera season (October-Janu

arv) in the Cholera Research Laboratory (CRL) rural study 

area in Matlab Thana, Bangladesh. Index cases were ran

domly selected from patients admitted to the CRL Hospi

tal with cholera-like diarrhea and from whom V. cholerae 
from rectal swabs. All families who

had been isolated 
shared any water source for any purpose with an index 

case family were questioned about their water use habits, 

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 in the 
sur

study households. Water samples were taken at all 

face water points used by persons in the neighborhoods of 

index cases for bathing, dish washing, playing, or obtain
irsg water for drinking and cooking. Tubewells, tanks and 

ponds, canals, rivers, and ditches were sampled. Also 

sampled were leftover foods, and rinsings from the left 

hands of persons engaged in food preparation or water 

handling in each househo!d. Surfaces of cutting and food 

preparalion boards were also checked. 

Tubewell water was used only for drinking. Because of 
the relativity high iron content in local ground water 

pumped by hand from tubewells, all families 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

a brown sediment upon standing over
dencv "to form 
night." (Ferricoxide?) Tubewells were used by 62 percent 

of families in neighborhoods classified "cholera-negative" 

compared with 38 percent in "cholera-positive" neighbor
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hoods. Overall, 57 percent of surface water sources were 
contaminated, but tubewell water was Lonsistently free of 
detectabe V. chokrae. Food, hands, and utensils were 
also virtually free of contamination, 

The results showed that cholera transmission was via 
contaminated surface water, particularly water taken into 
households Lr coiking or drinking. Infections resulted 
from a daily dose not exceeding ten to the fifth power of 
organisms and the frequency of exposure appeared to be a 
major determinant of the infection rate. FLrther, "vehicles 
other than water played virtually no role in transmitting 
V. chjrae in 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 in jars prior to -sing it in 

the household. It may be possible in some cases to provide 
tubewell water that is acceptable in quality and availability 
for household use in this part of Bangladesh." 

E.C. Hemphill and T. DeStewart, W.H., L.J. McCabe, 
Capita. .DiarrhealDiseaseControlStudies-ThRla 
tionship of Certain Environmental Factors to the Preva-

lence of Shigella Infection." Ameicam Journalof Tropical 
Medicine and Hygiene, 4. July 1955. 

The U.S. Public Health Service sponsored this study toSrvcesposoed hi
TheU..HalhPblc stdyto 


determine whether the observed differences in Shigella 

prevalence rates in children were related to environmental 

differences among blocks of towns in southwest Georgia. 
The pe-;od of study was from April 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 
Part IV of the series. Areas of the towns observedwas 

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 April 1949 through March 1952) 
were in the Poor Sanitation 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. Corn-
bining the subdivided Poors showed a rate three times 
that of the combined subdivided Fair classificatiovis. The 

Shigella infection rates followed the sanitation classes 
when applied within blocks. Furthermore, infection rates 

appeated to be correlated with the proportion of Poor 
area. Where nmny infectionssanitation premises in an 

the families with better sanitation wereoccurred, even 
affected. Organized community efforts, rather than indi-

vidual inprovements of premises, appeared to be needed 

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 in this study were descriptive 

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-supplied or dug wells. The assumption was 
made that consumption and accessibility follow one an
other. Such an assumption is 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 life-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 in children. 

Tompkins, A.M., B.S. Draw, A.K. Bradley, and W.A. 

Williamsoh."WaterSupply and Nutritional Status in Ru
ral NothernNigeri." TrascinoftheRoyalSciAyof
 

Medicin and Hygin, 72 (3): 239-243. 192.
TropicJl 


This study examines the relation between water supply 

and malnutrition. From September 1976 through May 

1977, interviews vere 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 Nigena. 
Methods used were the classification of water supplies, 

bacteriological sampling of water, and accepted anthropo
metric observations on a random sample of pre-s:hool 
children. 

Three characteristics of the childreu--Weighl:'Age, 
Height/Age, and Weight/Height-were observed for rela

tion to water source: Protected Water (deep wellsi) and 

Unprotected Water (shallow wells, ponds, or pools). The 

results show that more children in areas of "unprolected 
water" are malnourished and "wasted." "Stunting," the 

result of chronic malnutrition, was essentially the same 

for both groups. 
Coliform counts in the "unprotected sources" of water 

about 10,000 per nl, in the "protected sources"were 
above 100 per ml,and in stored or heated water about I 

per ml. Pap, a guineacorn porridge, was at the level of 

U.K. piped water, about I 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

ing" to inadequate water supply seems clear, it remains to 
morebe determined whether "water purity alone" or "a 

complex relationship of unhygienic practice from food 

and food vessels" is the most important factor. 
The study, reported in 1972, was part of an ongoing 
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project; evident shortcomings may '"i eliminated in future 
work. There is no mention of excreta disposal. With water 

supply very rudimentary, even for the "protected 
is unlikely that excreta disposal met sanitzr'vsources. ;t 

norms, particularly for the target group, children from 
three months to 47 months. No information was provided 
on specific intestinal bacterial 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 mucroorganisms in water. No information was 
onprovided on the quantities of water used by those 

either "protected" or "unprotected" sources. With the im-
plied concern for the coliform content of foods, it is su.
prising that there is no information on food intake 
quantities and littleon diet. These may be fully reported in 

other articles from the project. 
This study does not provide substantial data supporting 

the heaith benefits of sanitary water supplies. Sanitary 
engineering consultation would have been beneficial. 

Trivedi, B.K., H.S. Gandhi and N.K. Shukla. "Bacteri-
oloical Water Quality aridd Increase of Water Borne Dis-
eases in a Rural Population." Indian JournalofMedical 
Science, 25411):795-801. 1971. 

The objective of this study was to get reliable infonna-

ion on the incidence of waterborne diseases and the b.ac-
teriological quality of rural water in India. 

Forty-eight wells serving three village, were inspected 

for location, drainage condition, water table, sources of 

po!lution, construction, disinfection, supervision and ,b-
oratory control. Bacteriological samples were taken for 

colony counts and MPN coliform indices every two weeks 

for two months, January and Febzuary 1968. Samples for 

chemical analysis were taken from seven randomly select-

ed wells. From March to July 15, chlorination was applied 

to 36 of the wells. These were divided into four groups of 

nine, which received different doses of chlorine weekly. 

Twelve wells of the Kheva village were acontrol group i1o 
which no chlorine was applied 

None of the 48 wells met the norms for a sanitary well. 

The majority of wells showed high colony counts and 

MPN values during the pre-chlorination sampling period. 

Throughout the study the control group of wells had high 

MPNs. However, the chlorinated wells showed a decline 

in MPN values in accord with the residual chlorine 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-
collected on gastroenteritis,.rv enquiries." Data were 

dysentery, typhoid fever, and infectious hepatitis. Water-

borne diseses 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 1%8, the pre-treatment per-
od. But during the four and one-half months of chlorina-

tion of wells, the treated area had an incidence rate one-

tenth that cf the untreated control area. 'h.b-group I of the 

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 svfficient 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 in the incidence of 
water-borne diseases." 

The data justify the authors' conclusion: "There was a 
substantial decrease ir, the incidence of water-borne dis

eases in the area of experimental wells during the period 
of chlorination, when compared to the same for the corre
sponding period in the previous years." The results are 
particularly striking as chlorination was a weekly treat

ment, not continuous. 

Van Zij, W.J. 'Studies inDiarrheal Diseases in Seven 
Countries by the Diarrheal Diseases Advisory Team." 

World Health Organization Document. WHOIENT 66.8. 
1966. 

This series of studies was to obtain information on the 
causes of and the factors conttibuting to diarrheal dis
eases. The availability of water received particular atten

tion. The series was sponsored by WHO and collaborating 
countries, and took place over a five-year period, 1960
1965. Itwas conducted by advisory teams made up from a 

pool of nine epidemiologists, 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 involved were: Mauritius, 1960, four months; Su

dan, 1961, four months; United Arab Republic (Egypt), 

1961, four months; Sri 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 in WHO/ENT 66.11, reviewed in 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 in 

respect to water supply, excreta disposal, fly populations, 
onsolid waste handling, and quality of housing. Data 

diarrhea were from health center records, from case ex

amination, from family interviews, and from fecal sam

pling by rectal swabs or stools. The bacteriological and 

parasitological examinations of fecal samples varied de

pending on facilities and needs. 
Findings in three of the countries-Sudan, UAR, and 

Iran-are of special interest. They dealt with paired coin

munities, 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 in the level 

of sanitation. That level was higher in water-supply areas, 

but not high enough to control the incidence of diarrhea. 
In Sudan, the water-supply village (Banat) had houses 

130 



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 watzr-canried excreta disposal. In Feitahab, 
the non-water-supplied area, there was no piped water 
supply. Other conditions were similai"but at amuch lower 

level. In Banat, 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 -ercent 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 in the water-supply areas and 
38 percent in the non-water supply areas. The Shigella 
isolations 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-
carried sewage and solid wastes disposal. The non-water-
supply areas had communal sources from standpipes or 

Abyssinian pumps. Water was drunk from the tap in Em-

baba, not stored in jars. 
In Iran, 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-

ively. The sanitation level of Robat Kareem was described 
as improved, with a central water supply providing house 

taps inthe 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 -Ailages was described as primitive. 

EUcreta disposal was by pit latrines for some and nothing 
at all for others. Flies we.e descibed as abundant in both 

Robat Kareem and the four villages. 
In all three countries, Sudan, United Arab Republic 

(Egypt) and Iran, the water-supply areas all had diarrhea 

rates among pre-school children that were :ower 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, is probably not able to reduce diarrhea dras-

tically enough to solve the problem." 
The study of Mauritius gathered data on the location of 

water sources and rates of diarrhea and Shigelia infection, 
Accessibility 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 facilities, nutri-

tion, and domestic and personal hygiene are impertant to 
re-prevent diarrhea. Another separate WHO document 

viewed later inthis work-"Summary Report on Diarrheal 
Disease Studies in Sevei Developing Countries over a 
Five Year Period (196.-1%5)"-presents an age distribu
tion for the Iran study. It makes itclear that the very 
young are the most vulnerable. 

The disease conditions under study have a mix of multi
pie causes. Safe and accessible water supply is a helpful 
protective factor, but does not in itself produce large 
reductions. 

VanZil, WJ.,R.Travieso, andM.A.Matute.'Studieson 
Dj e Diseases inVenezuela. Followup Report of the 
Work Started by the Dianoeal Diseases Advisory Team 
inCooperation 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. Oh
servations were made of fly counts, rainfall, and 

temperatures to determine effects on the occurrence of 

diarrhea. The bacteriological quality of water in the new 
Pampanito system, supplzd from a drilled well, was 

monitored. The characteristics of the distribution system 

were examined. Chlorination at the well was begun in 

June 1965 and continued throughout the year of the study. 

The incidenice of diarrhea was reported for children under 

7 years old. 
Pampanito and Monay provided four combinations of 

wiater and sanitation. The rural community of Pampanito, 
new with modern houses, had central water piped into 

the houses from a drilled well, good sanitary equipment 

and good wastewater disposal to cesspocls. 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
water inside thement. Two-thirds of the houses had 

house, and forty percent were connected to a sewerage 
system. Most of the remainder discharged waste on the 

surface. 
Monay's living conditions, in 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 public 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 public 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 climatic conditions, diarrhea, and fly popu

lations revealed no clear patterns. The study says that the 

incidence of flies and of diarrhea both seem related to the 

climate, but not necessarily dependent on each other. The 

authors conclude that "man-to-man" contacts are more 

important than flies in spreading diarrhea. The quantity 

and availability of water, along with good solid waste and 
as the mostwastewater disposal systems, are described 

useful solutions to the problem. 
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The authors comment that "improved housing alone 
does not mean very much. Providing awater supply to the 

population shows a reducticn of the diarrhoea incidence, 
but a more effective reduction of the diarrhoea rates oc-

curs when the availability of water is concurrent with 

good sanitation." The data support these conclusions, 
showing the advantage of water-,upplied communities 
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 firs: pairing and 

forty percent for the second pairi:ig. Pampanito (new), 

which had a better water supply in source and distribution 
titan 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 in 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-
phil. mDiae-heal Disease in Fresno County, California." 
American Journal of Public lealth, 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 determine the factors contributing 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: migrant farm labor camps, town fringe areas, and 

housing projects. The children under ten years old were 

examined for intestinal infections by rectal swabs. For 

families 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 it piped into the 
dwelling. Some units had complete baths and kitchens. 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. 
'he resulting data pointed to water use as a single envi-

ronmental factor which may significantly lower the Shi-
gella prevalence when the risk of acquiring that infection 
is 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 WaterDomestic Water Usein EastAftica. Uni-
verity of Chicago Press. Chicago. 306 pp. 1972. 

This is a fascinating account of water use and practices 

in Kenya, Tanzania, and Uganda during th? latter 1960s, 

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 during 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 supplies: 

PrcnrReductionDiagnous 
&apely Wtere 

ent
.&Mi 


1POGuinea Worm 
Typhoid W6 
Urinary Schistosomiasis so 
L o 80 
Leposias 80
 
Trypanosomiasis, Gambiense 80

80
Scabies 

70Yaws 

70
Inflammatory Eye Disease 
60Schistosomiasis, unspecified 
60Trachoma 


Bacillary Dysentery 50
 
Amebiasis 50
 
Dysentery, unspecified 50
 
Tinea 
 50 
Gastroenteritis, 4 wk. to 2 yr. 50
 
Gastroenteritis, over 2 yr. 50
 

50Skin and Subcutaneous Infections 
50Diarrhea of the newborn 

Paratyphoid and other Salmonella 40 
40Louseborne Typhus 
40Intestinal Schistosomiasis 
40Ascariasis 

Lousebome relapsing fevcr 40 
Otitis Extema 40 
Classic Skin (leg) Ulcer 40 
Trypanosomiasis, unspecified t0 
Dental Caries 10 

Overall reduction expected 52k 

WorldHealth Organization Diarrhoeal DiseasesAdvisory
 

Team. "Summary Report on Diarrhoeal Diseases Study in 
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Sewm Dewhpi% Counti es over a Five-Year Period 
W-f)." WHO Document ENT/.9. 

This WHO report covets the same studies as the WHO 

report by Van ZijI, which has been reviewed above. The 
in 1964-1965 was recounted.inwork done in Venezuela 

greater detail in this report. Only that part of this docu-

ment which deals with Venezuela, pages 24 through 31, is 

reviewed under this heading. 
Five communities were selected with differing sanitary 

conditions. Pampanito had an old section (population of 

2,114) with a central water supply, and a new section 

(population 833) in a modern housing prefect with piped-

in water. Monay similarly had an old se,.tion 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 moderm 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-
the data wereconnections had been made. Therefore, 

examined by dividing all of the houses in all of Pampanito 

into two groups--those house.s that had water inside and 

had washing facilities and these houses that did not have 

either one. The diarrhea incidence was 35% in 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 modem housing project with its full 

complement of sanitary facilities, 
Monay did not have public supplied water either in its 

old section or in its housing project. A division was made 

among Monay houses using washing facilities or having 

at least one tap, and those having no such facilities. The 

diarrhea rate was 33.5% in the first group and 47.5% in 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, 
differences in other sanitarysince there were no big 


facilities." 

to offerThe situations, which initially were believed 

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-

otis 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 
This points out the multipleworst sanitary conditions.' 


factors influencing diarrhea. 


Zaheer, Mohd, B.G. Parsad, K.K. Ctovil, and T. Bhadury. 

"ANote oan Urbn Water Supply in Uttar Pradesh." jo

nal hndian Medka Association, 38 (4): 177-182, 1962. 

This study reports on the progress of water supplies, 

water purification, and water quality in 73 towns with 

piped public water service in Uttar Pradesh (total popula

tion four million, one-jiteenth 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 in the late
 

1950s and early 16s, in 73 cities and towns with piped
 

water in whole or in part. The epidemiological 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 purification systems. The years of 

establishment of vater purification systems extended 

from 1943 to 1954. 
Information was assembled on 73 piped public water 

supplies and on the death rates for waterborne diseases in 

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 in four

teen towns in Uttar Pradesh. A substantial reduction in 

the death rates is recorded. The percentage reduction for 

the entire group was: cholera 74 pzrcent; typhoid 64 per

cent; dysenteries 23 percent; and diarrheas 43 percent. 
in which there were in-There were three exceptions 

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 cdorine, 

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

rheas 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 in 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

tributed to the provision of protected water supply." 

The data strongly support the value of piped water sup

ply to reduce waterbome diseases, even when the sup

fully meet all standards for bacteriologicalplies do not 
quality, continuity of service and disinfection practice. A 

favorable characteristic of the supplies studied is the high 

proportion of deep tube well: i.e., 53 of the 73 supplies 
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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 quesion. The study did not provide any control 

towns with piped water supply. It also did not supply 
information on changes in preventive and curative med-

cal services, despite the long period covered. However, 

the data is a positive addition to the public healti, value of 

sanitary water supply. 

Zebec, M., A. Bujevic and B.Cvjetanovic. "Mraclin, SO 

years of Rural Drinking Water and Sanitation Programme 
In Croatia." Annex 2 (22 pp.) in Cvjetanovic, Branko. NEf-
fect of Water Supply and Sanitation on Health in Rural 

Communities in Developing Counuies." Unpublished
Report. Zagreb. 42 pp. + Annexes. June 1960. 

This reports a program during the late 1920s for im-

provement of sanitation for the village of Mraclin (pop. 

approx. 1000), near Zagreb, Yugoslavia. The program re-
ma-suited in the installation of sanitary welL, latrines, 

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 

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 Cvjetanovic, shows the 

findings: 

&fmr Program:1921-1926 Duringand After 
Program: 1927-1932 

Age in 
years 

Annual rwah Rates per 
1000 Popuation 

Annud Dah Rates per 
10O0 Populatimn 

0.0.9 
1-4.9 
-910-19.9 

185 
46 
66 

143 
26 
56 

2D-39.9 10 9 

4059.9 13 13 

W79.9 
80 
A Alps 

46 
267 
27 

314 
19 

These results show that most of the reduction in mortal

ity occurred in children under five years of age. Infant 

mbrtality 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 sanitation program, particularly for the very young. 
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