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CHAPTER - 2

HEALTH ASPECT OF WATER AND SANITATION

2.1. DECIDING ON HEALTH PRIORITIES

The International Drinking Water Supply and Sanitation
Decade has recently ended. The declared goal of the Decade
of providinga all the world’'s population with adequate
domestic water supply and excreta disposal has not been
achieved. But progress has definitely been made in many
countries aincluding India. Also, the very important issue
has been highlighted i.e., providing safe drinking water and
sanitation system should get a priority among health issues.

O0f course, there are other important issues, but it is
indisputable today that safe drinking water and hygienic

sanitation system can achieve & lot in reducing the
incidence of infectious diseases, overwhelming causes of
mortality and morbidity in all developing countries.

Though providing drinking water and sanitation for all
population has been targetted in the “Health for all by 2000
ALDLY - it ig a difficult task. Resource of finance
(especially recurrent finance for operation and

maintenance), skilled labour and institutions are generally
scarce and water and sanitation investments must compete
with other pressing areas of public expenditure. The
resources allocated to water and sanitation can only make
limited improvements unless correct decisions are taken
about which type of project will yield the greatest health
benefits.

This climate of scarce resources makes it imperative
that we have a detailed understanding of the health aspects

of water supply and sanitation. The scarcer the resources
the more is the need to know exactly how and why various
changes in water supply and sanitation can influence

infection and disease in the community.

2.2. CLASSIFYING DISEASES RELATED TO

WATER SUPPLY AND SANITATION

The diseases related to water supply and sanitation are
numerous and the relationships atre sometimes complex.
Conceptual systems have been developed for understanding
dieseases related +to water supply and those related to
excreta. These classification sygtems are discussed below.
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2.2.1. Water Related Infections

Definitions

\

A water-related disease is one that is in some gross way
related to water in the environment or to impurities within
water. Water—- related diseases may be divided into those
caused by a biological agent of disease (a pathogen) and
those caused by some chemical substances in water. The first
group may be called the water-—-related infections and may
include some of the greatest causes of disease and death in
the developing countries (for instance diarrheal diseases
and malarial). The second group includes diseases such as
fluorcsis (linked to high fluoride levels in drinking water)
and infantile methemoglobinemia (related to high nitrate
levels 1in drinking water). These chmistry related diseases

are overwhelmingly overshadowed by the water related
infections in the developing countries, but some of them are
slawly gaining importance in Indis. particularly due to

industrial developments. However, in this section only water
related infections will be discussed, whereas the chemistry
related diseases discussed in section 2.2.4.

R

Transmission Routes

The water-related infections are so described because
their transmission, or the prevention at their
transmission, depends in part upon water. There are four
transmission routes that are water related. These are shown
i Table 2.1 and are related there to the environmental
strategies for disease control that are appropriate to each
route. The four routes are

1. Water—borne route. Truly water—-borne transmission
occurs when the pathogen is in water that is drunk by a
person or animal that may then become infected.
Fotentially water-borne diseases include the classical
infections, notably cholera and typhoid, but also
include a wide range of other diseases, such as
infectious hepatitis, and some diarrheas and
dysenteries. The term water—borne disease has been and
still is, greatly abused sao that it has become almost
synonymous with water—-related disease. It is essential
to use the term water-borne only in the strict sense
defined here.

Another source of misunderstanding has been the
-assumption  that, because a disease is labeled water-
borne this describes its usual, or even its only means
of transmission. The precccupation with strictly water-
borne transmission has its origins 1in the dramatic
water—-borne epidemics of cholera and typhoid, which
occured in some European towns in the past century and
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in the first quarter of this one, and were caused by

urban water supplies with inadequate treatment
facilities. Similar epidemics sometimes occur in
tropical towns today, bult it must be noted that all

water-borne disease can also be  tranemitted by any
route that permits fecal material to pass into the
mouth. Thus cholera may be spread by indirect fecal-
oral routes, for instance via contaminated food. Water-
borne transmission is merely the gspecial case of
drinking fecal material in water, and any disease that
can be water—-borne can also be transmitted by other
fecal-oral routes.

2. Water—-washed route. There are many infections of the
intestinal tract and of the skin that, especially in
the tropics, may be significantly reduced following
improvements in the domestic and personal hyagiene.
These improvements in  hygiene often depend wpon
increased availability of water and the use for
hygienic purposes of increased volumes of water. They
may therefore be described as water—washed diseases and
they depend on the quantity of water used, rather than
its guality. The relevance of water to these diseases
As  that it is an aid to hygiene and cleanliness, and
its guality is relatively unimportant for this purpose.
A water—-washed disease may be formally defined as one
whose transmission will be reduced following and
increase in the volume of water used for hygiene
purposes, irrespective of the quality of that water.

Water—~washed diseases atre of thiree main types. First,
there are infections of the intestinal tract, such &as
diarrheal diseases, which are important causes of
sericus illness and death especially among young
children in poor countries. These include cholera,
bacillary dysentery, and other diseases previously
mentioned under water-borne diseases. These diseases
are all fecal—-oral in their transmission route and are
therefore potentially either water—-borne or water-
washed. Any disease that is transmitted by the pathogen
passing out in the feces of an infected person and
subsequently being ingested (a fecal-oral disease) can
either be transmitted by a truly water—-borne route or
by an almost infinite number of other fecal-oral
routes, 1in which case it is probably susceptible to
hygiene improvements and is therefore water—-washed.

The second type of water—-washed infection is that aof
the skin or eyes. Bacterial skin sepsis, scabies, and
fungal infections of the skin are extremely prevalent
in many hot climates. and eye infections such as
trachoma are also common and may lead to blindness.
These infections are related to poor hygiene and it is
to be anticipated that they will be reduced by
increasing the volume of water used for personal



hygiene. However, they are not fecal-oral and cannot be

water-barne. They therefore relate primarily ta water
quantity and are not significantly related to water
quality.

The third type of water-washed infection is also not
fecal-oral and can never be water-borne. These are
infections carried by lice or mites, that may be
reduced by improving personal hygiene and therefore
reducing the probability of infestation of the body and
clothes with these arthropods. LlLouse-borne epidemic

" typhus and louse-borne relapsing fever are likely to be
affected by improved persaonal hygiene. They are mainly
transmitted by body lice which cannot persist on people
who regularly bath themselves and launder their
underclothes.

-

2. Water—-based route. A water—-based diseage is one in which
the pathogen spends & part of its life-cycle in a water
snail or other aquatic animal. All these diseases are
due to infection by parasitic worms (helminths) which
depend on aguatic intermediate hosts to complete their
life-cycles. The degree of sickness depends uporn the
number of adult worms that are infecting the patient
and 80 the importance of the disease must be measured
in terms of the intensity of infection as well a&s the
number of people infected. Important examples are
schistosomiasis and Guinea worm.

4. Insect vector route., The fourth route is via insects
that either breed in water or bite near water. Malaria,

vellow fever, dengue and onchocerciasis (river
blindness), for example, are transmitted by insects
that breed in water whereas West African
trypanosomiasis (Gambian sleeping sickness) is

transmitted by the reverine tsetse fly (Glossina spp.)
which bites near water.

Classification of Water—Related Infections

Table 2.1 lists these four water-related transmission
routes and links them to their appropriate preventive
strategies. In order that these concepts may be employed to
assess the impact on health of a water improvement scheme,
The chief water-related diseases have been listed in table
2.2. The diseases that are of particular interest in the
Indian context, have been underlined. It must be noted,
however , that all the fecal-oral infections can be
transmitted by either the water—-borne or water—washed
routes, so0 they are placed in a special category of their
own. The second cateqory is reserved for infections that are
exclusively water-washed, that is, the skin and eye
infections plus diseases that are associated with



infestations of lice. Each water-related infection can then
be assigned to one of the following four categories : (1)
fecal-oral; (2) water—-washed; (%) water—based; and (4)
insect vectored.

2.2.2. Excreta—Related Infections

Definitions and Transmission Routes

An  excreta-related infection is one related +to human
excreta (meaning urine and feces). Only two transmission
mechanisms are excreta related :

1. Transmission via infected excreta. The pathogen 1is
released into the environment in the feces or urine of
an infected individual. '

-~

2. Transmission by an excreta-related insect vector. AR
insect that visits excreta to breed or feed may
mechanically carry excreted pathogens to food ar an
insect vector of & nonexcreted pathagen may
preferentially breed in fecally polluted sites. '

All excreta-related infections except one are &also
extreted infections. i.e., they are shed in the wurine or
feces of an infected individual. The one clear exception is
Bancroftian filariasis, which in some parts of the world is
transmitted by members of the Culex pipiens aroup of
mosquitoes (especially by C. gquingquefasciatus) that breed
in sewaqge and other heavily polluted waters. All  excreta-
related infections are also water related except for the
haok-worm Stronqyloides and the beef and pork tapeworms.
Several water-related infections are not excreta related
(e.g., skin infections, trachoma, Guinea worm and malaria).

Factor Affecting Transmission (Refer Table 2.3.)

1f an excreted infection is to spread, an infective
dose of the relevant agent has to pass from the excreta of
& case, carrier, or reservoir of infection to the mouth or
some other portal of entry of a susceptible person. Sptead
will depend upon the number of pathogens excreted, upon how
these numbers change during the particular transmission
route or life-cycle, and upon the dose required to infect a
new individual. Infective dose is in turn related to the
susceptibility of the new host. Four key factors govern the
probability that, for a given transmission route, the
excreted pathogens from one host will form an infective
dose for another. These are latency, persistence,
multiplication, and host response. Diagrammatically the
concept can be represented thus
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Excreted Load. There is wide variation in the concentration
of pathogens passed by an infected person. For instance, a
person infected by a small number of nematode worms may be
passing a few eggs per gram of feces, whereas a cholera
carvier may be excreting more than 1000000 Vibrio per gram,
and a case may pass 10000000000000 vibrios in a day. Where
large numbers of organisms are being passed in the feces
they can give rise to high concentrations in sewage. Thus,
even in England, where water use is relatively hiagh and
salmonellosis is relatively rare, raw sewage may contain
10000 Salmonella per liter. At these concentrations, removal
efficiencies of 99% in treatment works will still leave 100
pathogenic aorganisms per liter in the effluent.

Latency. Latency is the interval between the excretion of a
pathogen and its becoming infective to & new host. Some
organisms, including all the eydcreted viruses, bacteria and
protozoa have no latent pericd and are immediately
infectious when the excreta are passed. The reqguirements
for the safe disposal of excreta containing these agents
are far more stringent than for thasez helminthic. infections
in which there is a prolonged latent period. - Among the
excreted helminthic infections only three have eggs or
larvae that may be immediately infectious to bhumans when
passed in the feces. These are Enterobius vermicularis,
Hymenolepis nana, and sometimes Strongyloides stercaoralis.

The remaining excreted helminths all have a distinct latent
period, either because the eggs must develop into an
infectious stage in the physical environment outside the
body, or because the parasite has one or more intermediate
hasts through which it must pass to complete its life-cycle.

FPersistence. The percistence or survival of a pathogen in
the environment is a measure of how guickly it dies after it
has been passed in the feces. 1t is the single property most
indicative of the fecal hazard in that a very  persistent
pathogen will create a risk throughout most treatment
processes and during the reuse of excreta.

Multiplication. Under some conditions certain pathogens will
multiply in the environment. Thus, originally low numbers
can be multiplied to produce a potentially infective dose.
Multiplication can take the form of reproduction by bacteria
in a favoured substrate (e.g. Salmonella on food), or of the
multiplication by trematode worms in  their molluscan
intermediate hosts. The former case is a mechanism whereby
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light fecal contamination may build up bacterial numbers to
reach the rather high minimal infective doses needed by
many excreted bacterial pathogens. The need for this may
determine the usual mode of infection, since multiplication
in water is limited compared with the massive increases
possible in food. Viruses and excreted protozoa cannot
multiply outside their animal Hosts. Among the helminths
transmitted by excreta, all the trematodes (e.g.
schistosomes) infecting bumans undergo multiplication in
aquatic snails. This introduces a prolonged latent period of
a month or more while development is taking place in  the
snail, followed by an output of up to several thousand
larvae into the environment for each egg that reached &
snail.

Infective Dose. Although the minimal infective dose for some
diseases may be a single organisms or very few, the doses
required in most bacterial infections are much higher. Data
bearing on this are very hard to acquire, since they involve
administering & known dose of a pathogen to a volunteer.
Also data obtained from controlled studies must be
extrapolated cautiocusly in & country like India, as it has
beern  found that in & malnourished condition, & much lower
infective dose may cause the disease.

Host Response. Host response is important in  determining
the result of an individual receiving a given dose of an
infectious agent. In particular, acquired immunity, and the
relation of age to pathology, are important for predicting
the effectse of sanitation. At one edtreme would be a short-
lived parasite to which little immunity was developed &nd
in which the relation between infection and disease was not
age dependent. Then & close, tending to linear,
relationship between exposure and disease might be expected
with improvements in the appropriate aspects of sanitation
giving health benefits proportional to effort. Ascaris may
approximate to this model.

At the other extreme would be a viral infection that qgives
rise to long-lasting immunity and where the chance of overt
disease 1in those infected rose with increasing age. An
example is infection with poliomyelitis virus. Under very
bad sanitary conditions all are infected at a young age,
older children and adults are immune, and disease is limited
to & few of the youngest children who may suffer chronic
paralysis. If sanitation improves, infection is deferred and
its pathological consequences later in life are more
serious. Thus, although poliovirus transmission may be
reduced by improving sanitation, reduction in disease is in
practice achieved by immunization. The same may be true for
hepatitis A.

ODther hosts besides humans. Some excreted diseases are
infections exclusively or almost exclusively of humans.
Others involve animals either as alternatives to humans as




host or as hosts of other stages in the life-cycle, In the
first case, where wild or daomestic vertehrate animals act
as alternative hosts (such infections are called zoonoses),
control  of  human excreta is likely not  to suffice for
complete prevention of the infection.

Classification Qj Excreta-Related Infection

The many esxcreta-related infections are harder to
classify precisely than the water-related infections. A six-
part classificaﬁion, developed by the Ross Institute for the
World Rank is shown in Table 2.4. ARlmost all the diseases
mentioned in this table, except cateqgory V. are relevant in
the Indian context.

I. Fecal-oral infections (nonbacterial). Improvements in
excreta disposal will have differing degrees of influence

on the variouws fecal—-oral diseaczes. Some of these

infections, caused by viruses, protozoa and helminths, can

spread very easily from person to person whenever personal
and domestic hygiene is not ideal. Among these, viruses need
A special mention as the accurrence and medical significance
of excreta viruses are being irncreasingly recognised. Qver
100 different viruses are known to be faecally excreted by
man and diseases caused by these organisms range from the
trivial to the serious or even fatal. (Table 2.5%.)

Changes 1n excrets disposal methods are unlikely to
have much effect on their incidence unless accompanied by
sweeping changes in  personal cleanliress. requiring
substantial improvements in water supply and bhousing. as
well as major efforts in health education.

I11. Fecal-oral infections (bacterial). For the fecal-oral
dicseases caused by bacteria, person to person transmission
routes are important but so too are other routes with
longer transmission cycles, such as the contamination of
food, crops, or water sources with fecal material. Some of
the pathogens in this category, notably Campylobacter,
Salmonella and Yersinia, are also passed in the feces of
animals and birds and are transmitted in atffluent
communities in Ewrope and North America which have high
standards of sanitary facilities and hygiene. This suggests
that they will not be greatly influenced by limited
sanitary improvements among poor people in the tropics.

ITI. Soil-transmitted helminths. This category contains
several species of parasitic worm, the eqgges of which are
passed in faeces. They are not immediately infective, but

first require - a period of development in favourable
conditions, usually in moist so0il. They then reach their
next human host by being ingested, for instance on

vegetables, or by penetrating the soles of the feet. Since
the eqgs are not immediately infective, personal
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cleanliness has little effect on their transmission, but

any kind of latrine that helps to avoid faecal contamination
of the floor, vyard or fields will limit transmission.
However, 1f a latrine is poorly maintained and the floor

becomes soiled, it can then become a focus for

transmission. The eqggs of these worms can survive for

months between hosts, so that adequate treatment of excreta

is essential if they are to be reused on the land.

IV. Beef and pork tapeworms. The beef. tapeworm (JTaenia
saginata) and pork tapeworm (7. solium) live as adult worms
in the intestines of humans. Eggs are passed in human feces
and must be ingested by cattle or pigs (depending on the
species) in which they develop to form cysts in the muscles
and various other sites. Human beings are reinfected by
eating the cysts in raw or undercooked meat. Transmission
is prevented if human excreta are disposed of in latrines
where cattle or pigs cannot go and if sewage and nightsoil
are adequately treated prior to use for fertilizing fodder
crops or pasture.

V. Water—-based helminths. ARll of the water—-based diseases
already mentioned, except for Guinea worm, a&re caused by
helminths which are passed in excreta and must then pass a
stage in the body of an aquatic host, usually a snail. They
then reinfect humans through the skin or when insufficiently
cooked fish, crabs, crayfish or aquatic vegetatiocon are
eaten. Appropriate euxcreta disposal methods can help to
control them by preventing untreated excreta from reaching
water in which the aquatic hosts live. However, in all cases
except Schistosoma mansoni and S. haematobium, animal feces
are a source of infection so that measures restricted to
human excreta can have only a partial effect. Since one eggq
can multiply in the snail host to produce a thousand larvae,
a low level of fecal contamination may still be encugh to
mairntain transmission.

VI. Excreta—-related insect vectors. These are of two main
kinds. First, the Culex pipiens group of mosquitoes, found
throughout most of the world, breeds in thighly polluted
water, for instance 1in eceptic tanks and flooded pit
latrines, and transmits Bancroftian filariasis in some
regions. Second, flies and cockroaches breed where feces
are exposed. They carry pathogenic organisms on their
bodies and in their intestinal tracts. Their nuisance value
ig great, but their importance in spreading excreted
pathogens i1is uncertain.

Control of Excreta—-Related Infections

The potential impact of sanitation improvements, and
of improvements in personal hygiene, on the various
categories of excreta-related disease, is summarized in
Table 2.4. For most of these diseases, an improvement in



excreta disposal is only one of several measures reqguired
for their control. It is essential that people of all ages
use the improved toilets and keep them clean. The disposal
of children’s excreta is just as important as that of
adults. Studies 1in the past have often failed to detect
beneficial effects from improved sanitation because
although latrines were built, they were not kept clean and
were not used by children or by adults when working in  the
fields.

2.2.3. WATER _AND EXCRETA RELATED INFECTIONS

Seperate classification of water— and excreta-related
infections are sumnmarized above and in Table 2.2 and Table
2.4. Thece two classifications are overlapping in that many
water—-related infections are excreta related and most
excreta—-related. infections are water related. In projects
that combine interventions in both water supply and excreta
disposal. the use of the two classifications may cause
confusion. In this final section, therefore, the water- and
extreta-related infections are brought together in  groups
having similar epidemiclogical features and are tabulated
in  a way that highlights their amenability to prevention
through interventions in water supply, excreta disposal, or
hygienic behaviour (Table 2.6). The groupings considered
are

1. The diarrhea-causing infections and enteric fevers

2. Foliomyelitie and hepatitis &

. Worms with mo intermediate host

4, Worms with intermediate stages in the pig or cow

5. Worms with aguatic intermediate stages

b, Skin and eye infections and louse-borne infections

7. The infections transmitted by water-related
insects

The Diarrhea-Causing Infections and Enteric Fevers

The Diarrheal diseases are, when combined with
malnutrition, a major cause or the major cause of childhood
disease and death throughout the developing world. They are
the most important group of water—- and excreta-related
infections. Diarrheal diceases are caused by a variety of
excreta  viruses, bacteria, and protozoa. In &1l cases
transmission is fecal-oral and both water—-borne and water-—
washed modes of transmission occur. It may be true that, in
condition of extreme poverty, water-washed transmission

10



(e.g. person—to-person via fingers, food, utensils) is the
dominant mode. This may explain why some studies have shown
that improvements in water quality have not been
accompanied by a reduction in diarrheal disease incidence.
A Study in Rangladesh has shown that handwashing can be  a
very effective means of reducing the transmission of
shigellosis. '

Figure 2.1 represents the major transmission routes for
diarrheal diseases and enteric fevers (typhoid and
paratyphoid) and indicates the modes of action of several
strategies for interrupting transmission. The relative
merits of the alternative contreol measures are further
elaborated in Table 2.7, which also indicgte the likely
differential effect of control measures on viral,
bacterial, and protozoal diarrheas. There are many areas of
uncertainty and ingrnorance and diarrheal disease research
is a fast moving field at the present time. In particular,
the next few years will see a great improvement in our
wnderstanding of the epidemiology and prevention of
diarrheas caused by viruses E. coli and Campylobacter.

Poliomyelitis and Hepatitis A

Faoliomyelitis and hepatitis A are entirely different
infections but they have several epidemiological features in
common . Tranamission is fecal-oral; infective doses are
probably low;s infection usually confers long-lasting
immunity; and transmission continues even under conditions
of optimal water supply, hygierne, and excreta’ disposal.
Water—~haorne transmission occur's but 1s probably of limited
importance compated to person—to-person transmissiorn.
Frevention of poliomyelitis is achieved by vaccination and
the prospects for an effective vaccine against hepatitis A
are excellent. Figure 2.2 represents the major transmission
routes for poliovirus and hepatitis A virus and indicates
the modes of action of several strategies for inter.upting
transmission. The relative merits of the alternative control
measures are further elaborated in 1.hle 2.7.

e ——— e ——— e ey ttiee

Se.eral excreted helminths that infect humans have no
obligatory intermediate host. The adult worms live in the
human intestine, and their eggs or larvae are passed in the
feces (or, if not actually in feces, then at least via the
anus). The eggs of Ascaris and Trichuris must remain in a
suitable environment (usually warm, moist soil) for S5-6
weeks before they become infectious. Reinfection is then
oral, by ingesting food or dirt contaminated by infective
eggs. The eggs of the hookworms also develop in warm, moist
soil. After one week or more infective larvae are formed
that cause reinfection by penetrating the unbrokern skin,
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usually of the foot. Figure 2.3 and Table 2.7 describe the
transmission routes and control measures for these common
intestinal worms.

Worms with Intermediate Stages in the Pig or Cow

The beef and pork tapewarms (Taenia saginata and T.
Solium) are parasites with life-cycles that are
theoretically easy to interrupt through correct management
of hbuman feces. The adult worms live only in the intestine
of humans. Eggs, usually contained in worm segments, are
passed anally and usually in the feces. These eggs mast be
eaten by & cow or pig (for T. saginata and T. ‘solium
respectively) following which they hatch and form encysted
larvae in the muscle, tongue, liver, or other site. Humans
are reinfected by sating inadequately cooked beef or pork
containing cysts. Transmission and control of @ these
tapeworms are described in Figure 2.4 and Table 2.7.

Worms with Aquatic Intermediate Hosts

A facinating array of worms infect humans only having
passed through developmental statezs in one or more &aguatic
hosts (in other words they are water based). Among them are
infections like schiztosomiasis which are of major public
health importance in many countries in Africa, some areas of
Middle East and China and infections like clonorchiasis
which are of some public health importance in a few
countries like China, Hongkonag. Eorea, Vietnam etec. O0Of
particular importance in India amaong this group is  the
diseased caused by Guinea worm infection.

Water-Borne Reinfection

—

Guinea worm or Dracunculus medinensis requires an
aquatic intermediate host. and reinfection in man is always
and only water—-baorne. Female worms mature in the deep
tissues and then migrate to lie subcutaneously in & limb.
Numerous larvae develop within the body of the female which
induces a blister im the skin, which breaks down. The female
exposes her prolapsed uterus their and the larvae are
discharged whenever water is sensed by the worm. The life-
cycle continues if these larvae reach water containing
copepods Cyclops, which eat the larvae. Development to the
third stage larvae takes place in the body of the cyclop and
these are infective to buman if ingested. Guinea worm is &
unique water related infection in that it can be erradicated
solely by simple improvement in community water supply.
Measures that prevent larvae entering wells and other water
sources (e.g. slow sand filtration) will eliminate Guinea
warm transmission (Figure 2.3 and Table 2.7)




Skin, Eye, and Louse—-Borne Infections

This mixed group of infections are not excreta related
and are not water—borne but are transmitted in conditions
of poor personal cleanliness (Figure 2.6 and Table 2.7)

Skirm infections are extremely common and varied in the
tropics. They are a very major cause of mild ill-health and

can be personally disfiguring with consequent social!
distress. Superficial fungal infections are common in the
moist tropics, as are various types of skin sepsis and.

uwlcer of bacterial origin. In some regions the prevalence
of scabies exceeds S0% among schowl childrenn and the
burrows made by the mites frequently become infected Dby
bacteria. Transmission of these shkin infections is by close
contact; skin—-to-skin or via clothes or bed linen.

Eye infection is a major public health problem in nearly,
all developing countries. Most serious of the common
infection is trachoma, which ie particulary prevalent in.
arid areas of India. Trachoma often leads to impaired vision
and sometimes to blindness. Various forms of conjunctivitis
(especially acute bacteria) are alsa very commor, though
usually without sericus clinical consequences. Transmission
is by direct eye—-to-eye transfer of infective discharge Dby
fingers, clothing or flies.

Diseases transmitted by body louse i.e. louse borne
typhus caused by Rickettesia prowazeki and louse borne
relapsing fever caused by PBRorrelia recuwwrentis can be
reduced by controlling louse population and this can be

achieved by increased body and clothes washing.

Infections Transmitted by Water—Related Insects

A large group of infections., several of them of major
internationals public health importance, are transmitted by
flies or mosquitoes which breed in water or bite near water.
Only four will be discussed here @ malaria, yellow fever,
dengue and Bancroftian filariasis. ‘

Malaria

Malaria is one of the most serious and widespread
diseases of our time. It is caused by various species of
the protozoon PRlasmodium and is transmitted by various
species of the mosquito Anopheles. Reduction of Anopheles
breeding sites requires a detailed knowledge of the precise
ecology of the main vector species in the given locatiaon.
Domestic water supply projects are unlikely to reduce the
number of breeding sites. In some a&arid a&reas malaria
transmission is highly seasonal, occuring only when the
rains create suitable breeding sites. In such areas it is
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possible that the developement of a water supply could
create pools or puddles that would extend into the dry
season and prolong the period of malaria transmission.

Yellow Fever and Dengue

Yellow fever and dengue are considered together because
they are both caused by viruses transmitted mainly in urban
areas from human to human by the mosquito Aedes aeqypti. It
must bhe noted however, that though Dengue 1is widely
prevalent in India, outhreak of Yellow Fever do not occur.f,
aegypti is a peridomestic mosgquito that breeds in almost any
small collection of rainwater or plped water. Favourite
sites include jars, cans, gutters, cisterns, coconut shell
and car tyres. A water supply and excreta disposal scheme
that provides good drainage and reduces the need to store
water may reduce breeding. a&lthough rainwaster sites will be
unaffected.

Ranfroftian filariasis

Rancroftian filariasis is the mosguito—-borne infection
of greatest relevance because some water and <sanitation
prajects have the potential to make matters considerably
worse., Bancraoftian filariasis on the East Atrica coast, in
northeast. Africa, the Middle East, Asia, and Latin America
ie  transmitted mainly by membere of the Culex pipienc
complex and particularly by Culex guinquefasciatus
(previously known alsc as C.p. fatigans). This mosquito iz a
major nocturnal nuisance 1n many tropical cities and can
breed irm highly polluted waters. When the flow of piped
water 1into a town or city increases, in  the absence of
adeqguate sewerage, drainage and sullage disposal systems,
many stagnant and polluted bodies of water are created.
Foorly maintained septic tanks, cesspools, and flooded pit

latrines also tend to proliferate in rapidly growing
tropical cities. These changecs provide greatly increased
breeding opportunities for Culex quinquefasciatus with

consequent increase in the bitting population. This in  turn
may lead to increased transmission of Wuchereria bancrofti
with the result that the prevalence and intensity of
infection increase and the serious clinical consequences
(elephantiasis and hydrocele) are seen mare fregquently and
in lower age groups. Unless the greatest care is taken,
water and sanitation projects in urban areas may be
accompanied by an increase in one of the most disfiguring
diseases that afflict humankind.
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2.2.4. Chemicals Causing Water Related Diseases (Table 2.8)
Arsenic :

The sources of Arsenic pollution in water are generally
industrial wastes, contaminating water bodies, either
directly or by leaching through spil and also some
agricultural insecticides. Though rare, natural arsenic
pollution can occur in groundwater from arsiniferous belts
in specific geomorphological conditions, as has been found
in some areas of West Bengal.

The symptoms of chronic arsenic poisoning include
various types of dermatological lesions, muscular weakness,
paralysis of lower limbs etc. Arsenic is potential
carcinogen and skin and lung cancer can  occur after
prolonged exposure.

Mercury :

Mercury poisaning can occur through food and water. The
source of pollution is almost exclusively industrial waste.
It must be noted however, that chronic mercury poisoning is
lees often water horne. Industrial wastes contaminate water
bodies and is taken up by plyto and zooplanktons. These are
then biomagnified in fish and other sea foods, eaten by man.
Im organic mercury poisoning various types of neural damages
occur ranging from numbness, speech impairment to paralysis
and death. With inorganic mercury poisoning renal damages
can occocur.

Nitrates :

Increase in nitrate levels in surface and groundwater
is primarily due to agricultural fertilisers and manure,
animal dung and other sources of nitrogencus materials in
the environment. Human body is capable of reducing nitrates
to nitrites in the digestive system. There are two distinct
threats to human health from nitrites,., First, nitrites can
oxidise the haemoglobin to methemoglobin, which is incapable
of transporting oxygen in the blood stream. This illness,

known as methemoglobinaemia or blue baby disease, is
especially harmful to infants since they are particularly
susceptible to asphyxiation by maethaemoglobinaemia.

Secondly, nitrites can combine with various amines 1in the
gastrointestinal tract to form nitrosamines (particularly in
low acidity conditions) some of which are carcinogenic.



Fluoride occurs naturally in water. Though most waters
contain below 1 mg of fluoride per litre, there are areas
that are rich in  fluoride containing minerals, where
fluoride content of water can be very high.

There 1is good evidence to show that the presence of
fluoride in water results in a substantial reduction of
dental caries in both children and adults.

However long term consumption of water above the
permissible level can give rise to dental fluorosis,
manifested. by mottling of teeth and, higher exposures can
give rise to skeletal fluorosis, a crippling disease in
which bone structure is affected.

There are several other inorganic chemicals like
cadmium, lead and organic chemicals like pesticides
polynuclear aromatic bhydrocarbons etc. that can cause health

hazards 1in man after prolonged exposure above permissible
levels.

Also, radiocactive substances, ir surface and
groundwater, either from natural sources or from  human
activities, can pose serious health hazards and has become
an important idissue internationally after the Chernobyl
accident.

However these are as yet, not of great public health
importance in India.

2.3. CONCLUSION

It is estimated that in India alone, 1.5 million
children below 9 years die from diarrhoeal disease every
vear. Despite tremendous advances in medical knowledge and
practice, morbidity and mortality due to water and excreta
related communicable diseases continue to remain & heavy
burden for all governments in the developing countries.

Water and sanitation has been accepted today, as a
priority issue in health sector. But it is also clear that
the health impact cannot be achieved by a simplistic policy
of only supplying clean water. Only carefully designed
programmes that integrate water gquality improvements with
improvement in water availability, sanitation and hygiene
education will &achieve substantial reductions in the
transmission of water and excreta related infections.

16



T
The Four Routes of Wate

and the Preventive Stra

Transmission route

Water—-washed

Water-hased

Water—-related insect
vectar

a Applies to schistosmiasis
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