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Simple methods for disinfecting household drinking water
N. H. ANTIA, V. A. RAJWADE, E. DAS

ABSTRACT
Background. The methods commonly used for disinfecting

drinking water are either too expensive or impractical for use
in villages and urban slums.

Methods. We have devised two simple and cost-effective
methods for disinfecting drinking water using solar heat and
the normally unutilized heat from the traditional Indian mud
stove or chulha.

Results. Using these methods water temperatures of 60°C
were attained which successfully disinfected water con-
taminated artificially with E. coli (120 organisms per ml)
after 3 hours.

Conclusion. This simple technique of disinfecting water
may be acceptable on a large scale.

INTRODUCTION
Water-borne diseases are a major cause of mortality and
morbidity in developing countries especially amongst
children under 4 years of age. The World Health
Organization estimates that nearly 5 million deaths occur
per year in this age group as a result of diarrhoea alone.
Other diseases such as hepatitis, typhoid, amoebiasis,
giardiasis and poliomyelitis also result in extensive
morbidity and mortality. These diseases are most common
in the rural areas and urban slums, and are caused by an
inadequate quantity and a poor quality of drinking water.
Attempts at solving this major health hazard such as boil-
ing water or using vaccines, oral rehydration therapy
(ORT) and drugs have little impact despite considerable
expenditure on research and treatment.

Several studies have shown that the provision of a
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piped, potable water supply does not greatly alter the
incidence of such diseases because of contamination
during transport and storage. I It is, therefore, necessary
to devise a cheap, effective and practical method for
providing drinking water which is free from infective
agents, especially to children below 4 years of age. The
commonly advocated method of boiling drinking water
for ten minutes is not a:practical solution under the condi-
tions in which the majority of our people live because of
the cost and scarcity of fuel. 2

Other domestic methods==use of chlorine and iodine
tablets, filters, and ultraviolet radiation-are impractical
except for the affluent urban population.

We describe here a simple, cost-effective and practical
method for disinfecting household drinking water which
is suitable to the poorest rural household or urban slum at
no additional cost.

METHODS
The method, capable of eliminating most pathogenic
organisms such as bacteria, viruses or parasites, is based
on heating water to a temperature of 50°C to 65 °C for
variable periods of time according to the known thermo-
susceptibility of various water-borne pathogens
(Table 1).4-9

We performed a set of experiments to determine the
time and temperature at which various concentrations of
E. coli were killed after being added to sterilized tap water.
We found that it is feasible to eliminate a high load of
the organisms within 30 minutes at temperatures as low
as 55°C.

Two methods have been evolved-solar heatingv'? and
utilizing heat which is wasted during the normal course of
cooking on the traditional chulha. Both methods can
provide adequate amounts of safe drinking water (2000 to
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TABLE I. Thermal death point and time of selected pathogens

Pathogen Thermal Thermal Pathogen Thermal Thermal
death death death death
point time point time
°C (minutes) (0C) (minutes)

Bacteria Viruses

Salmonella typhi 56--60 60 Poliovirus 50-55 30
Shigella 55 60 Hepatitis A 56(?) 30
Staphylococcus aureus 62 30 Reoviruses 56 30

70 shorter time or70 shorter time
Proteus vulgaris 55 60 Rotavirus 50 30
Escherichia coli 60-63 30 (90% inactivation
Vibrio cholerae 55-56 30 can be achieved)

Streptococcus [aecalis 60 30 .Protozoa
Streptococcus pyogenes 54 30

Entamoeba histolytica (cysts) 50 30
Campylobacter jejuni 56 60

68 5
Campylobacter fetus 56 5 Giardia lamblia (intestinalis) 56 10
Klebsiella 55 30 Giardia muris 54

Cryptosporidium (oocysts) 55 20

Source : References 4-9
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FIG. 1. A top view of the simple solar water heater.
FIG. 2. Water temperatures reached in the simple solar water

heater in green ( ) and colourless (--------) water
bottles (750 ml.) over a period of time. Measurements were
made in the month of November between 11 a.m. and 4 p.m.
Average values of 3 experiments are displayed with their
standard deviations.
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FIG. 3. A frontal view of a simple chulha used in rural areas
showing the placement of bottles (650 ml.) at the opening
and at the rear.

FIG. 4. Average water temperatures (n=2) reached in the
bot~les placed at the mouth of the rural chulha over a period
of time. The arrow depicts the period at which addition of fuel
for cooking was stopped and the maintenance of temperature
for at least 40 minutes thereafter.
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2500ml) in each household for at least two to three children
below 4 years of age.

Solar heating
Sunlight is available in most of the tropics for over nine
months of the year. Figure 1 shows the use of a simple
solar water heater which consists of an open trough
produced by vertically splitting the standard 10 to 20 L
plastic water or petrol can. A black painted metal sheet is
placed in the case on which three to five commonly avail-
able glass bottles (750 ml capacity) filled with water are
kept horizontally. This is tightly covered with a clear
plastic or glass sheet. A water temperature of 55°C to
60 °C can be reached even in winter months after four
to four and a half hours exposure to sunlight (Fig. 2).

In a pilot experiment, a sample of water artificially
contaminated with E. coli (120 organisms per ml) was
effectively disinfected after exposure to sunlight for three
hours (from 12 noon to 3 p.m.). Even in winter a peak
temperature of 56°C was reached and maintained for
90 minutes (Fig. 5).

Rural domestic chulha
Figure 3 shows how the simple chulha can be readily
adapted to hold two such bottles near the opening for the
firewood. Bottles can also be placed at the back of the
chulha where there is normally an escape of heat. The
temperature of water in the bottles placed at the mouth of
.the chulha reaches 55°C to 60 °C within 45 to 50 minutes
and this temperature remains constant for more than
an hour while cooking is being done for a small family
(Fig. 4). In the water bottles placed at the back of the
chulha the temperature reaches up to 56°C and remains
constant for more than an hour. After the cooking is over,
even if no additional fuel is added, the chulha remains hot
for a considerable period. This heat can be utilized by
keeping the bottle of water directly on the ashes.

DISCUSSION
This simple method of disinfecting water may be acceptable
on a large scale to both the rural and urban slum popula-
tion. It may well find acceptability amongst the Indian
middle class. Its great advantage is that it destroys most
pathogens at the point of actual use and does not require
transfer to any container where contamination can occur.
This method also deals with a wide variety of pathogens
and has advantages over specific immunization for the
various water-borne diseases. Heavily contaminated
water can also be disinfected and this is of considerable
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FIG. 5. Killing of E. coli at various temperatures and time
intervals with respective controls at room temperature.

importance during floods and epidemics.
The next step is to define the conditions in which this

technology can be applied in terms of the variety and
mixture of pathogens and the physical quality of the
drinking water source. However, the greater challenge
will be to foster the acceptance of such practices in the
general target population.
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