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Waterborne infectious diseases are transmitted pri-
marily through contamination of the water sources 
with excreta of humans and animals. The water 
treatment technologies available are fairly costly and 
not sustainable. Solar energy can be used effectively 
for sterilizing drinking water during clear and partially 
cloudy days. However, during mostly cloudy days the 
temperatures required may not be reached. A combi-
nation of traditional cotton-sari filtration and heating 
of water to simulate a solar boiler was evaluated as a 
water sterilization treatment. Experimental data 
showed that filtration of raw water through four-
layered cotton-sari cloth (250 μm) reduced the coli-
form count and further heating to sub-boiling tem-
peratures (55–60°C) for less than an hour resulted in 
complete inactivation of coliforms. The use of cloth  
filtration and low-temperature solar sterilization can 
be an effective, feasible and environmentally sustain-
able technique of disinfection to obtain clean drinking  
water. 
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SAFE drinking water is the basic need of human beings. 
Microbial contamination of drinking water is a common 
pollution hazard. Every day diarrhoeal diseases from easily 
preventable causes claim the lives of approximately 5000 
young children throughout the world1. There are many 
types of bacteria, viruses and protozoans responsible for 
diarrhoeal diseases with a range of persistence in water, 
infectious dose and health significance. The methods to 
isolate and enumerate the different organisms are com-
plex, expensive, time-consuming and specific to each  
organism. Coliform bacteria are good indicator organisms 
for the presence of pathogenic bacteria due to their rela-
tionship with the pathogenic bacteria, their relative ease 
of determination by simple methods and their occurrence 
in large quantities in human faeces. For drinking water, 
WHO recommends that Escherichia coli or thermotoler-
ant coliforms must not be detectable in any 100 ml  
sample2. 
 Disinfection of water may be accomplished by chemi-
cals, direct application of heat and filtration techniques. 
The methods like chlorination and ozonation have side 
effects3. Boiling of water is not necessary for disinfection 
and only low-temperature sterilization is sufficient. In 
fact, boiling requires about twice the energy as heating to 

65°C (sterilization temperature), plus the extra time of 
monitoring, and the time and expense of obtaining fuel4. 
 Sterilization via solar energy can play an important 
role in improving water quality, particularly in those  
regions that enjoy a hot, sunny climate5. It has been  
reported that coliform bacteria in raw river water heated 
in a solar box cooker were inactivated at temperatures of 
60°C or greater, although it is not indicated how long the 
water samples were maintained at this temperature before 
being tested for bacteria6. Spinks et al.7 carried out thermal 
inactivation analyses on eight species of non-spore-
forming bacteria and concluded that the temperature 
range from 55°C to 65°C was critical for effective elimi-
nation of enteric pathogenic bacterial components. Again, 
there was no mention of how long the water needs to be 
kept at these temperatures to achieve inactivation. When 
a solar heater was used for disinfection, it was observed8 
that in 99% of the cases, coliform removal was total for 
effluent temperatures of 55°C. However, for safety rea-
sons 60°C was established as the minimum disinfection 
temperature. Jorgensen et al.9 showed that it is possible to 
eliminate coliform and thermotolerant coliform bacteria 
from naturally contaminated river water by heating to 
temperatures of 65°C and above with solar radiation in a 
flow-through system of copper pipes. However, they rec-
ommended that to provide a good safety margin an outlet 
temperature of 75°C be used. Overall, none of these 
 
 

 
 

Figure 1. Temperature–time relationship for safe water pasteuriza-
tion. The hatched area is the safe zone for all common pathogens. 
(Source: Feachem et al.10.) 
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studies specifies the time period for which the water has 
to be maintained at a given temperature for reliable pas-
teurization. 
 Feachem et al.10 gave conservative estimates of the 
amount of time needed at various temperatures to inacti-
vate the various pathogens found in human and animal 
excreta (Figure 1). This semi-log plot of time versus tem-
perature shows that the time required to pasteurize de-
creases exponentially with temperature. Therefore, rapid 
sterilization can be achieved at temperatures of 70°C. 
However, solar collectors (even efficient ones) cannot 
reach this temperature during cloudy days. Though 
Feachem et al.10 have shown that pathogen inactivation is 
possible at 50–55°C, it may require one day to achieve 
this. This is more or less impossible to do with a solar 
hot-water system. 
 Colwell et al.11 found that four-layered saris if used for 
filtering water removed the plankton and particulate mat-
ter of > 20 μm size from water, thus eliminating 99% of 
Vibrio cholerae cells attached to them and reducing tur-
bidity and pathogen count simultaneously. Also a large 
number of women using such filtration perceived a posi-
tive decline in the incidence of diarrhoea in their families. 
Therefore, to test if disinfection could be achieved rap-
idly at a temperature lower than 60–65°C, we filtered the 
water through four-layered cotton-sari cloth (250 μm)  
before heating it. Cloth filtration is already a common 
practice in rural areas, especially when water becomes 
turbid during the rainy season and when bacteriological 
quality of water is poor. 
 Hence a strategy to filter the water through a cotton-
sari cloth and then to use thermal inactivation was fol-
lowed. With this strategy excellent water treatment can be 
effected rapidly at 55°C. Details of this procedure follow. 
 Solar disinfection or SODIS is one of the simplest 
methods for providing acceptable quality drinking water. 
The SODIS technique involves storing contaminated 
drinking water in transparent plastic or glass bottles that 
are placed in direct sunlight for periods of up to 8 h  
before consumption12. If water temperatures exceed 50°C 
in SODIS, 1 h of exposure is sufficient to obtain safe 
drinking water13. This is due to the synergy between the 
optical and thermal inactivation processes. However, the 
use of plastics in SODIS is known to be a problem for 
environment and human health. The leaching of antimony 
from polyethylene terephthalate (PET) containers may 
lead to endocrine-disrupting effects14. Westerhoff et al.15 
found that exposure to elevated temperatures (60°C or 
more) significantly increases the concentration of anti-
mony in PET-bottled water. The evidence suggests that 
PET bottles may yield endocrine disruptors under condi-
tions of common use, particularly with prolonged storage 
and elevated temperatures16. 
 Due to the chemical leaching and other perceived prob-
lems in SODIS, such as requirement of low turbidity in 
water and good sunshine, it was decided to study only 

thermal inactivation of indicator bacteria at sub-boiling 
temperatures. 
 To simulate the sterilization of water in a solar boiler, a 
laboratory experiment was carried out using a constant 
temperature water bath. Untreated water of Nira Right 
Bank Canal used by the local people for drinking was 
used in the experiments. Water samples were collected in 
1 liter sterilized flasks directly from the tap originating 
from the tank in which the canal water was stored and 
their temperature was recorded. The water sample was 
sub-divided into 100 ml aliquots which were poured into 
a set of sterilized 100 ml glass flasks and plugged with 
sterile cotton. These flasks were immersed in the constant 
temperature water bath and heated. A series of tempera-
ture treatments of 50°C, 55°C, 60°C, 65°C and 70°C were 
carried out separately each for 15, 30, 45 or 60 min. 
 Immediately after heating, the water sample was ana-
lysed using a standard total coliform fermentation tech-
nique to determine the most probable number (MPN) of 
coliform bacteria present per 100 ml of water sample17,18. 
The test was performed in three steps: presumptive phase, 
confirmed phase and completed phase. Three replications 
of each test were carried out. From the results of the con-
firmed phase, the MPN of organisms per 100 ml water 
was obtained from the standard five-tube MPN statistical 
table19. 
 The initial MPN count of the original water sample in 
this experiment before the heat treatments was 350–920 
coliforms per 100 ml. From the data of standard multiple 
tube fermentation assay (Table 1), it was observed that at 
60°C and above the coliforms were inactivated within 
15 min (MPN = 0). But at 55°C the coliforms in unfil-
tered water were inactivated only when it was heated for 
more than 30 min. Treatment temperature of 50°C was 
ineffective to inactivate coliforms in unfiltered water 
unless heating was carried out for more than an hour. 
Therefore, water was filtered through a four-layered sari 
cloth before heating. 
 

 
 

Figure 2. Temperature–time relationship for safe water pasteuriza-
tion. In the area above the line no colony forming units of coliforms 
survive. 
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Table 1. Most probable number (MPN) of organisms in unfiltered and cloth-filtered water per  
 100 ml 

Temperature Time of treatment MPN in unfiltered MPN in filtered  
(°C) (min) water water 
 

50  15 213 59 
  30 131 51 
  45 7.5 11.5 
  60 4.6 0 
55 15 11.2 0 
  30 5.7 0 
  45 0 0 
  60 0 0 
60, 65, 70 15 0 0 
  30 0 0 
  45 0 0 
  60 0 0 

 
 

Table 2. Comparative data of MPN and colony forming units (CFUs) of coliforms in cotton sari-filtered water 

Sample MPN CFU count Remarks 
 

Raw water  350–920 125 Untreated canal water 
Raw water filtered with four-layered 215–825  97 Coliform count declines 
 cotton-sari cloth 
Raw water filtered with four-layered 
 cotton-sari cloth and heated 
50°C 15 min 14–130  55 Coliforms in water  
  30 min 3.7–130  32  sample were inactivated 
  45 min 3.7–23   2  after heating for 60 min 
  60 min 0   0  
55°C 15 min 0   3 Coliforms in water sample 
  30 min 0   1  were inactivated after 
  45 min 0   0  heating for 45 min 
  60 min 0   0  
60°C 15 min 0   0 Coliforms in water sample 
  30 min 0   0  were inactivated after 
  45 min 0   0  heating for 15 min 
  60 min 0   0  

 
 
 From Table 2 it can be seen that the filtration of water 
through four-layered cotton-sari cloth and further heating 
at 55°C for a minimum of 45 min inactivated the coli-
forms. MPN of coliforms in the water was zero even 
when heated at just 55°C for 15 min after filtering. How-
ever, only when heating was carried out for a duration of 
60 min at 50°C or 45 min at 55°C did it give both zero 
MPN and colony forming units (CFU). 
 It has been reported that the coliform bacteria may not 
always show up in every water sample from a given 
source. They can be sporadic and sometimes seasonal20. 
Nevertheless, the results of our experiment indicated that 
heating of water at sub-boiling temperatures (50–60°C) 
for a short duration after filtering it can significantly re-
duce the pathogen population by an order of magnitude. 
 Thus a good strategy for sterilization of water is its fil-
tration through four-layered cotton-sari cloth and further 
heating for a minimum of 45 min at 55°C or 60 min at 

50°C, to completely eliminate the coliform population 
(Table 2 and Figure 2). These heating conditions for  
water can be achieved even on a partially cloudy day in a 
not-so-efficient solar boiler. 
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