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INTRODUCTION

• . i . i . V OT--'1

WATER IS THE SOURCE OF LTFE ON EARTH FOR HUMANS, ANIMALS AND

PLANTS. A HUMAN BEING WILL SURVIVE WITHOUT DRINKING WATER

FOR ONLY A FEW DAYS. TN ANCIENT TIMES THE RELATION BETWEEN
WATER SUPPLY AND HEALTH WAS KNOWN BY ASSOCIATING MARSHY
PLACES WITH FEVERS. IT LASTED UNTIL THE 19™ CENTURY BEFORE
THE PRECISE RELATION BETWEEN INFECTED WATER SOURCES AND
DISEASES AS CHOLERA WAS SHOWN BY JOHN SNOW IN LONDON.

Worldwide the supply of drinking water can be very different over the
countries. In western Europe, North-America and Australia drinking water
is available in sufficient amounts and of relative good quality. In other parts
of the world safe drinking water is not always available for all citizens because
of scarcity or pollution of the sources.

Drinking water can be polluted with micro-organisms or/and with chemical

pollutants. For tropical countries the micro-organisms form the biggest health

threat. Diseases, especially diarrhoea and malaria, related to drinking water

and sanitation are responsible for at least 5 million deaths per year worldwide.

This document gives information about diseases caused by exposure to unsafe
(drinking) water and poor sanitation. Diseases caused by micro-organisms are
classified in four categories which are based on the route of transmission of
the agent. If it was not so clear in which category a disease should be
classified, the classification of the WHO is chosen.

This booklet contains nine chapters, each chapter has got one or more para-
graphs. Each paragraph gives information about a single disease, micro-
organism or pollutant. So the paragraphs can be read separately. In every
paragraph there is a short introduction to the subject. In facts, trends and
effects information is given about the prevalence and symptoms of the
disease. In causes and pathways information is given about the causing agent
of the disease, for instance a micro-organism, the vector or pollutant and the
transmission route is described. Every paragraph ends with some actions
which can be taken to prevent the transmission of the disease.

This booklet gives information about the highlights of the most important

diseases in one or an other way related to water all over the world. The infor-

mation is derived from the public literature or the internet, mainly from the

WHO-site. The authors did their very best to write the paragraphs in a way

that the information and the message will be understood by a broad public

and especially by the participants of the second World Water Forum in The

Hague, March 2000.



1 WATER, SANITATION AND HEALTH

IN THE TIME OF HIPPOCRATES THE RELATION BETWEEN WATER SUPPLY

AND HEALTH WAS ALREADY WELL KNOWN BY ASSOCIATING MARSHY

PLACES WITH FEVERS. SNOW, IN HIS FAMOUS BOND STREET STUDY

IN 1 8 5 5 SHOWED THF PRECISE RELATION BETWEEN INFECTED WATER

SOURCES AND CHOLERA. PRESENTLY, A TOTAL OE 2 0 - 3 0 MAJOR

WATER AND SANITATION RELATED DISEASES ARE KNOWN TO BE CAUSED

BY MICRO-ORGANISMS. FOR TROPICAL COUNTRIES THESE MICRO-

ORGANISMS FORM BY FAR THE BIGGEST HEALTH THREAT, EVEN

THOUGH VARIOUS CHEMICAL POLLUTIONS - ARSENIC, FLUOR, LEAD FTC.

- CAN ALSO POSE HEALTH PROBLEMS.

FACTS AND TRENDS

Water contaminated by humans or animals and chemical or industrial wastes, can
cause a variety of communicable diseases brought on by ingestion or physical
contact. More than 2,0 years ago public health researchers realized the enormous
impact if the transmission routes of water related infections and diseases could
be broken by the use of safe water supply and hygienic sanitation.

Research about the relations between water supply and sanitation with health
proposed to classify water-related diseases according to the transmission routes
which resulted in the following now universally accepted four categories for
sanitation related diseases: waterborne, water-washed, water-based and water-
related diseases (see Table 1).

WATERBORNE DISEASES: caused by the ingestion of water contaminated by human
or animal faeces or urine containing pathogenic bacteria, viruses or parasites.
These diseases include cholera, hepatitis, poliomyelitis, typhoid fever, amoebic and
bacillary dysentery and other diarrhoeal diseases. The classical waterborne diseases
are due to highly infectious organisms, where only a few are needed - relative to
the levels of pollution that readily occur - to infect the host. The two main diseases,
typhoid fever and cholera, associated with high mortality if untreated, are diseases
that a community is very anxious to escape. Both of the responsible organisms are
relatively fragile and have as their sole reservoir, the human being.

WATER-WASHED DISEASES: caused by poor personal hygiene and skin or eye contact
with contaminated water. These include trachoma, scabies, and flea-, lice- and
tick-borne diseases. The diarrhoeas are the most important water-washed diseases
in tropical areas. They are responsible for the vast morbidity in people of all ages.
The diarrhoeal diseases are responsible for the majority of economic losses
ascribed to water-related diseases in many countries. They are brought on by a
range of infectious agents but fall to a low incidence where the hygiene is good.
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WATER-RASED DISEASES: caused by parasitical (worm) infections. The parasites
arc found in intermediate organisms living in water and include legionellosis,
dracunculiasis (guinea worm), disease of Weil, schistosomiasis and other helminths
infections. Several diseases are due to flukes or trematodes, whose larvae depend
on aquatic snails. The eggs pass from excreta to water, and the larvae emerge from
the snails and may be ingested directly via domestic water or via ingestiori of food,
plants or animals that are carrying encysted larvae from the water.

WATER-RELATED DISEASES: caused by insect vectors breeding in water. Diseases

include dengue, filariasis, malaria, onchocerciasis, tryponasomiasis and yellow

fever. In rural areas people can be bitten at residual waterholes. Infection may

be controlled by selective bush clearing near the water point. Mosquitoes can

be killed with a suitable insecticide.

Table 1: Transmission categories, diseases and action

Category

I Water-borne

II Water-washed

(a) skin and eyes

(b) diarrhoeal

III

IV

Water-based
(a) penetrating

skin

(b) ingested

Water-related
insect vectors
(a) biting near,

(b) breeding in

Example

cholera, hepatitis,
poliomyelitis, typhoid,
amoebic and
bacillary dysentery

trachoma, scabies,

flea and tick borne diseases

legionellosis,

dracunculiasis (guinea worm),

schistosomias

dengue, malaria,

yellow fever

sleeping sickness

trypanosomiasis, onchocerciasis

filariasis

Relevant
improvement

water quality

quantity

protection user

running, piped
water

V Poor sanitation worms e.g. hookworm excreta disposal



TRANSMISSION PATHS:

a. human-to-human via the environment

• •

A ^ A
b. human-to-human multiplying in the environment

A - • < " - A
c. human-to-animal-to-human via the environment

d. animal-to-human via the environment

Current knowledge of tropical epidemiology indicates that low-income communities
in hot climates suffer from high morbidity due to non-waterborne faecal-oral infec-
tions and to the water-washed infections. In the faecal-oral category, diarrhoeal disea-
ses (especially among children) are a major cause of acute morbidity and mortality
throughout developing countries, most of the diseases being non-waterborne. In the
water-washed category, skin and eye infections are also major causes of morbidity,
and like non-waterborne diarrhoea, are reduced by increasing the quantity, availability
and reliability of the water supply almost irrespective of its quality. Therefore a gener-
al rule can be postulated that all low-income water supply facilities should strive to
transport sufficient quantities of water near to or into homes throughout the year.

In over 50 countries (34 in Africa, 13 in Asia, 5 in Latin America and 1 in Europe) the
domestic water consumption is below a Basic Water Requirement level of 50 liters
per capita per day (Led.), with 26 countries below 20 Led. and 6 even below 10 Led.
The Basic Water Requirement is considered to be 5 Led. for drinking (pure mini-
mum to sustain life), 15 for bathing, 10 for cooking and 20 for sanitation.

Conventional engineering wisdom recommends treatment of all drinking water,

except when using high-quality groundwater sources. Universally, drinking water

suppliers adhere to drinking water quality standards, mostly the standards issued by
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the World Health Organisation. In situations where treatment is not feasible owing to

financial or maintenance constraints a choice must be made between supplying water

without treatment or abandoning the water supply. Abandoning should be considered

only when the rationalised health risks outweigh the rationalised benefits.

Water quality e.g. microbial and chemical quality:

• Microbial causes: viruses, bacteria, parasites, intestinal helminths infections
and worms

• Chemical causes: chemical pollution such as fluor, arsenic, nitrates, (heavy)

metals, pesticides

The magnitude of the health burden from the most prominent water-related

diseases is monitored and regularly reported on by the World Health Organisation.

Over 1996 the burden was reported as found in the table below (Table 2).

Table 2: The incidence of water-related diseases over 1996 (source WHO)

Disease Morbidity Mortality Relationship of disease to water
(episodes per year, (deaths per year) supply and sanitation
or as stated)

Diarrhoeal diseases

Infection with intestinal
Helminths

Schistosomiasis

I X IO'J

, 9 *1.5 x 10

O.2 X IOS

Dracunculiasis (Guinea worm) 100,000

Trachoma 0.15 x

Malaria 0.4 x io9

3.3 x 10s

100,000

200,000

1.5 x io6

Highly related to unsanitary excreta
disposal, poor personal and domestic
hygiene, unsafe drinking water

Highly related to unsanitary
excreta disposal, poor personal and
domestic hygiene

Highly related to unsanitary excreta dis-
posal and absence of nearby sources of
safe water

Highly related to unsafe drinking water

Highly related to not washing the face,
often due to absence of nearby sources
of safe water

Related to poor water management,

water storage, operation of facilities at

water points and drainage



Disease

Dengue fever

Poliomyelitis

Trypanosomiasis

Bancroftian filariasis

Onchocerciasis

Morbidity Mortality Relationship of disease to water
(episodes per year, (deaths per year) supply and sanitation
or as stated)

1,75 x io6 20,000

114,000

275,000 130,000

72.8 x 10s

17.7 x io6 40,000

people currently infected

excluding Sudan

Related to poor solid waste manage-

ment, water storage, operation of facili-

ties at points and drainage

Related to unsanitary excreta disposal,
poor personal and domestic hygiene,
unsafe drinking water

Related to the absence of nearby
sources of safe water

Related to poor water management,
water storage, operation of facilities
at water points and drainage

Related to poor water management
in large-scale projects

ACTIONS

The knowledge about the transition routes in combination with information
from epidemiological research about the enormous public health burden caused
by water and sanitation related diseases provided a huge challenge for public
health engineers to take remedial action. A challenge which led to the
Interna-tional Drinking Water Supply and Sanitation Decade (1980-1990),
which targeted at adequate water supply and sanitation provision for all by
1990. But, despite the efforts in service provision and construction during the
Decade, rapid population growth and lagging investments together with failing
operation and maintenance of facilities have left more people without access to
basic water supply and sanitation facilities today than in 1990. Presently an
estimated quarter of humanity does not avail of access to proper and safe water
supply and sanitation. The Decade also learnt that provision of water supply
and sanitation facilities is not enough to reduce water and sanitation related
morbidity and/or mortality.

Reducing the public health burden of water and sanitation related diseases
by breaking the transmission routes of the disease causing agents can be seen
as consisting of three interactive elements, that is availability of safe and
adequate facilities, their proper use for public health benefits and their upkeep.



The first element is the availability of safe drinking water facilities and hygienic
means for excreta disposal. Concretely, this means 20 to 40 litres of water per
person per day located within a reasonable distance from the household.
Safe water implies the protection of water sources as well as proper transport to
and storage in the home. It also means clean facilities with good drainage for
bathing, and for washing clothes and kitchen utensils. Sanitary disposal of
excreta comprises the isolation and control of faeces from both adults and child-
ren so that they do not come into contact with water sources, food or people.
A second element is the proper use of the water and sanitation facilities by
the users at the household level to obtain the health benefits inherent in them.
This means knowing how to protect and store water safely, how to maintain
personal and domestic cleanliness, how to maintain sewage disposal facilities
and how to avoid or minimise unsanitary environmental conditions. To break
the transmission chain of faecal-related diseases, good standards of personal and
domestic hygiene, which begin with handwashing after defecation, are essential.
Knowledge transfer and personal as well as public attitudes and practises attaching
importance and dignity to private and public hygiene are the key factors.

The third of the interactive elements is the public support to improve public
health. The public importance attached to public health is expressed by govern-
ment policies and their institutional as well as financial support for sector
development and upkeep. It is even more so expressed by and dependent on
community-based efforts, whether in a small village or a large metropolis, in
identifying and meeting people's needs.

ADDITIONAL READING

Curtis V., The dangers of dirt, Household hygiene and health, 1998,
ISBN 90-5485-898-2

White G., Bradly DJ, White AU. Drawers of Water, Domestic Water Use in
East Africa. Chicago University Press, Chicago, 1972

Feachem R., Me Garry and D. Mara. Water, Wastes and Health in Hot
Climates. John Wiley and Sons, London, 1977

Dr. D. Warner, Community Water Supply and Sanitation: A WHO perspective;
World Health Organization, Geneva, 1996

Glieck, P., Basic Water Requirements for Human Activities: Meeting Basic
Needs, Water International, 21 (1996) 83-92

Internetsites:
www.who.int/cdt/html
www.cdc.gov/ncido/dpd.list_drc.htm
www.who/inf-fs/en/factii2.html



2 WATERBORNE DISEASES

WATERBORNE DISEASES ARE

CAUSED BY THE INGESTION OF WATER

CONTAMINATED BY HUMAN OR ANIMAL FAECES

OR URINE CONTAINING PATHOGENIC

MICRO-ORGANISMS

EXAMPLES ARE:

CHOLERA, HEPATITIS, POLIOMYELITIS, TYPHOID,

AMOEBIC AND BACILLARY DYSENTERY AND OTHER

DIARRHOEAL DISEASES



AMEBIASIS

ENTAMOEBA HISTOLYTICA IS ONE OF THE AGENTS CAUSING SUCH

AMOKRIC INFECTIONS AS AMOEBIC DYSENTERY. THIS PARASITE, FOUND

IN DYSENTERIC STOOLS OF A PATIENT IN ST. PETERSBURG, WAS FIRST

DESCRIBED BY LOSCH IN 1 8 7 5 , ALTHOUGH HF FAILED TO RECOGNISE THF.

CAUSAL RELATIONSHIP BETWEEN AMOEBA AND ACUTE COLITIS. IT TOOK

MANY YEARS AND EXPERIMENTS TO REVEAL THE DIFFERENCE BETWEEN

A SLIGHTLY LARGER, MORPHOLOGICALLY DIFFERENT AND HARMLESS

COMMENSAL, ENTAMOEBA COLI AND ENTAMOEBA HISTOT.YTTCA AS BEING

THE CAUSE OF AMOEBTC DYSENTERY. RECENTLY, ENTAMOEBA HISTOLYTICA

HAS BEEN DIFFERENTIATED FROM THF. MORPHOLOGICALLY IDENTICAL

NON-PATHOGENIC ENTAMOEBA DISPAR.

FACTS, TRENDS AND EFFECTS

FACTS AND TRENDS: Entamoeba histolytica is an ubiquitous organism. It is more
prevalent in the tropics and subtropics than in cooler climates. However, in
unhygienic communities found in temperate and subarctic areas, the incidence
is, at times, as high as in the tropics.

Ft is estimated that io% of the world's population is infected with Entamoeba

histolytica or Entamoeba dispar; this has resulted in about 50 million cases of

invasive amebiasis and up to 100,000 deaths. Amebiasis is in many countries a

not reported disease. For the WHO it is a Class 3C disease, only reported collectively

on a weekly, monthly or sometimes annual basis in recognised endemic areas.

EFFECTS: Entamoeba histolytica is named for its lyric effect on tissue. It may act
commensally or invade the tissue, giving rise to intestinal or extra-intestinal disease.
Most infections are asymptomatic but may become clinically important under
certain circumstances: Symptomatic invasive infection develops in about 10%
of the asymptomatic individuals.

Intestinal disease may vary from mild abdominal discomfort to fulminating
dysentery with fever, chills and bloody diarrhoea. Spreading of the disease to
other organs via the bloodstream may occur, producing an abscess in the liver
or, less commonly, in the lung or brain. Amebiasis may mimic other diseases
like bacterial dysentery or carcinoma.

Case fatality is low in accurately diagnosed and properly treated patients.
F.ntamoeha dispar is not reported to cause symptomatic invasive disease.

CAUSES AND PATHWAYS

CAUSES: Entamoeha histolytica is a one-celled micro-organism and exists in two

forms: the active, growing and potential invasive trofozoite and the surviving

state, the cyst. The cysts are in the infective stage.

The life cycle of E. histolytica is simple: the infective cyst passes after ingestion through

the stomach into the small intestine. There the amoeba emerges from the cyst. In the



lumen of the colon the cysts start to form under conditions which are as yet

unknown. The cysts are excreted in the faeces and are infectious at once.

PATHWAYS: Transmission occurs mainly by ingestion of faecally contaminated

food or water containing amoebic cysts. The cysts are relatively chlorine resistant.

Transmission also occurs in direct human-to-human contact or sexually by oral-

anal contact. Asymptomatic, cyst passers form the main reservoir, which may

continue to pass cysts for years. Acute amoebic dysentery patients do not excrete

cysts and therefore only pose a limited danger.

Cysts remain viable in damp soil up to 8 days and in water at 4 C for about

3 months. These figures will depend on bacterial contamination and temperature:

the greater the number of bacteria and the higher the temperature, the shorter the

period of survival. Cysts are killed by temperatures above 5o°C, irradiation and

desiccation.

Cysts can be transmitted via flies and cockroaches, the cysts surviving in a fly's

excreta for as long as 48 hours.

ACTIONS

• adequate, safe supplies of water for drinking, household purposes and bathing by

filtration, sedimentation or sterilisation employing iodinisation;

• disposing human faeces in a hygienic manner;

. protecting food supplies from contamination caused by use of human excreta as

fertiliser and by infected food handlers, filth flies or cockroaches;

• thorough washing with potable water and keeping fruit/vegetables dry;

disinfectant dips for fruit and vegetables are of unproved value in preventing

transmission of E. histolytica;

• preventing direct human-to-human transmission in institutionalised groups, as in

mental hospitals and prisons;

• treatment of infected persons: both symptomatic and asymptomatic.

There is no vaccine available for E. histolytica. Chemoprophylaxis is not recommen-

ded because of the risk of drug intoxication and induction of drug resistance.

ADDITIONAL READING

Beaver PC, Jung RC, Cupp EW. (eds.). Clinical parasitology. Lea & Febiger,

Philadelphia, 1984, pp. 101-124

Benenson AS. Control of communicable diseases manual, 16"1 ed., American

Public Health Association, Washington DC. 1995, pp. 10-13.

Ravdin JI. Amebiasis. Clin Inf Dis. 20:1453-66, 1995



CHOLERA

CHOLERA IS AN ACUTE WATERY DIARRHOEA CAUSED BY THF. BACILLUS

VIBRIO CHOLF.RAE, ORIGINATING FROM THE GANGES DELTA IN INDIA AND

NOW ENDEMIC THF WORLD OVER. IT HAS BEEN RESPONSIBLE FOR EIGHT

SUCCESSIVE PANDEMICS; THE FIRST ONE OCCURRING IN 1 8 1 7 AND LEAVING

MILLIONS DEAD. THE WORLDWIDE EPIDEMICS HAVE RESULTED FROM

MUTATIONS OF THE ORGANISMS COUPLED WITH GLOBAL TRAVEL AND

MOBILITY. IN 1849 SNOW DEMONSTRATED THE IMPORTANCE OF INFECTED

WATER IN THE SPREAD OF CHOLERA IN LONDON USING HIS FAMOUS

BRoAp STREET HAND PUMP. THE CHOLERA VIBRIO (A GRAM-NEGATIVE,

COMMA-SHAPED FACULTATIVE ANAEROBIC BACILLUS) WAS DISCOVERED IN

1883 BY KOCH IN EGYPT.

DURING THE FIRST DECADES OF THE 20™ CENTURY CHOLERA BECAME

KNOWN AS "THE GREAT SANITARY REFORMER" TN EUROPE AND NORTH

AMERICA, BOOSTING AS NO OTHER THE LARGE-SCALE CONSTRUCTION OF

WATER SUPPLY AND SANITATION SYSTEMS.

FACTS, TRENDS AND EFFECTS

BACTS: Cholera was known as a killer disease from the times of Alexander the Great.
Between 1909-1948, 788,000 deaths due to cholera were reported in India alone.
Between 1991 and 1998, 700,000 incidences of cholera were recorded in Peru,
with some 4600 deaths as a result.
Data from WHO (WHOISIS) on the incidence of water-borne diseases, one of
which is cholera, report one billion episodes (morbidity) per year and an estimated
3.3 million deaths per year. Cholera outbreaks are reported almost weekly, for
example, in rural and urban areas in India, Bangladesh, Kenya, Malawi, Afghanistan
and China, but also in Peru and Colombia.
Cholera seems to be seasonal, with a major peak from September to January and
second, smaller, peak from March to May.
Cholera has occurred in almost all countries except those in the northernmost and
southernmost parts of the globe.

TRENDS: Currently, the world is experiencing the eighth cholera pandemic.
As the number of clinical cases of cholera El Tor 01 decline, outbreaks of the
0139 type are occurring the world over. The classical biotype had caused the
5th and 6th pandemics and the 7'" pandemic by the El Tor OT biotype.
The present 8"' pandemic has been caused by El Tor 0139. Thus, of the four
pandemics for which a cause is known, three came through a different
organism, suggesting that cholera has been generating mutations in response
to changing conditions and pressures.


