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ABSTRACT 
Solar Water Disinfection (SODIS) is a simple, environmentally sustainable, low-cost solution 
for drinking water treatment at household level for people consuming microbiologically 
contaminated water. In the present work, inactivation kinetics of Escherichia coli suspension was 
studied using PET bottles with different backing surfaces (transmissive and absorptive) and 
Compound Parabolic Collector (CPC) under real, solar radiation (cloudy and cloudless) 
conditions. Use of CPCs considerably reduced the time required for complete inactivation of     
E. coli. Its use would be particularly advantageous during cloudy conditions. Another test for 
comparing inactivation kinetics of E. coli in tap water with that in distilled water indicated that 
inactivation rate of E. coli was slightly faster in tap water compared to distilled water due to the 
presence of natural materials present in tap water. Black painting would especially be 
advantageous under cloudy conditions when one day exposure would not be enough for 
complete inactivation of bacteria. The results of the study thus indicates that solar water 
disinfection is a promising technology for treatment of microbiologically contaminated water in 
rural areas of developing countries, needing continued development. 
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INTRODUCTION 

Contaminated drinking water poses a major 
health risk to human beings worldwide. In 
developing countries, surface waters such as 
rivers, streams and lakes are used for multiple 
activities, including livestock watering, bathing, 
and cooking. This water, which may be 
contaminated with pathogenic organisms, is also 
used for drinking water. People in developing 
countries may have no other options for drinking 
water because there is a lack of water distribution 
infrastructure and lack of funding for developing 
water treatment systems. The lack of adequate 
drinking waters in developing countries is a 
continually growing problem due to population 
increases and increased demands on source 
waters. Therefore, water disinfection methods 
that are easily employed in developing countries 
are  needed. Diseases  related to contamination of  

drinking-water constitute a major burden on 
human health. In 2002, 17% of the global 
population, 1.1 billion people, lacked access to 
sufficient water supply, and many more consume 
microbiologically contaminated water.1 In sub-
Saharan Africa, 42% of the population is still 
without improved water.2 88% of diarrheal 
disease is attributed to unsafe water supply, 
inadequate sanitation and hygiene.2 Therefore in 
many case the provision of safe drinking water 
has become task of individual house hold. Only 
half of the world’s population has access to 
improved water through household connections 
or yard tap.2 Different treatment devices for 
household water purification are available 
commercially all over the world. Such systems 
use a variety of basic processes such as filtration, 
adsorption, ion exchange, reverse osmosis, 
disinfection or distillation to achieve a desired 
contaminant removal. *Author for correspondence 
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Most of these technologies are designed in the 
developed countries for their use. Though these 
devices are now available in the developing 
countries, they are not affordable to the majority 
of the local people. More importantly, POU 
treatment systems in the developed countries are 
often being applied to the water already 
subjected to extensive treatment, including 
disinfection or withdrawn from high quality 
water sources. Hence, such water is already 
likely to be relatively safe or low risk with 
respect to microbial quality and waterborne 
disease risk even without the POU treatment. In 
contrast, in many developing countries, the 
household treatment often needs to be applied to 
water that is highly contaminated and turbid. 
Therefore, treatment requirements to achieve 
acceptable microbiological quality can be 
substantial and only some technologies or 
processes may be capable of meeting this 
objective. Thus, the application of these 
technologies in the developing countries requires 
the availability and affordability of the materials 
and adaptation of the technologies to local 
conditions. Of the several technologies that are 
available for the household water treatment some 
appear to be the most widespread and promising 
for further development. These include filtration 
through different granular media, coagulation-
flocculation, chemical disinfection, solar 
disinfection, and boiling. Solar Water 
Disinfection (SODIS) is a simple, environment-
tally sustainable, low-cost solution for drinking 
water treatment at household level for people 
consuming microbiologically contaminated raw 
water. SODIS uses solar energy to destroy 
pathogenic microorganisms causing waterborne 
diseases and therewith it improves the quality of 
drinking water.3 In many areas of the world the 
SODIS method of making water safe to drink is 
being used, and with great success. SODIS 
improves the microbiological quality of drinking 
water, using solar UV-A radiation (Wavelength 
320-400 nm) and temperature to inactivate 
pathogens causing diarrhea.3 A synergy of these 
two  effects  occurs,  as  their  combined  effect is  

much greater than the sum of the single effect.  
This means that the mortality of the 
microorganism increases when they are exposed 
to both temperature and UV-A light at the same 
time. SODIS is ideal to disinfect small quantities 
of water of low turbidity. Batch-process Solar 
Disinfection (SODIS) involves storing microbio-
logically contaminated drinking water in 
transparent containers such as plastic bags or 
plastic or glass bottles. These are placed in direct 
sunlight for periods up to 8 h before 
consumption. During the exposure to the sun the 
pathogens are destroyed. If cloudiness is greater 
than 50%, the plastic bottles need to be exposed 
for 2 consecutive days in order to produce water 
safe for consumption.3 The disinfection of 
drinking water using sunlight for the treatment of 
oral rehydration solution and subsequently 
demonstrated to be effective against a range of 
bacteria and other microorganisms like protozoa, 
fungi, virus, etc. using laboratory isolates and 
naturally contaminated water.4-15  

AIMS AND OBJECTIVES 
The present work was to assess the batch solar 
disinfection kinetics of E. coli under natural 
sunlight. For this, water samples from different 
sources with varying characteristics were used in 
different tests and their bacterial inactivation 
kinetics was studied. Further, compound parabo-
lic collectors, which are reported to decrease the 
time required for complete disinfection of water 
was also included in the study. 

MATERIAL AND METHODS 
PET bottles 
One-litre PET bottles having circular cross 
section were used in the present study. To 
achieve aeration, a small air space was provided 
after adding water. Two types of bottles were 
used in tests on kinetics of bacterial inactivation 
viz., transparent (transmissive) and partial black 
(absorptive rear surface). For the absorptive rear 
surface, the back of the reactor was painted 
black. Bottles were washed with acetone and 
sterilized distilled water prior to the tests. 
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Compound Parabolic Collectors (CPCs) 
The equation for design of the Compound 
Parabola Collectors (CPCs) was taken from the 
literature.8 CPC mirrors were built with highly 
reflective aluminium sheet having 0.5mm 
thickness. Three CPCs were fabricated one for 
holding a 2L PET bottle and the other two for 
0.5 and 2.0 L capacity borosilicate glass tubes. 
Borosilicate glass tubes were closed at one end 
and the other had a sampling valve fitted at the 
other end. 
The tests were performed during March-June 
2009 with mostly sunny dry days and some 
cloudy days on the terrace of civil engineering 
department of S. V. National Institute of 
Technology, Surat, India. Exposure of water 
sample to sunlight generally started at 10:00 
am. Water samples in the bottles were shaken 
well to ensure aeration and to disperse bacteria 
and were placed horizontally. Care was taken 
to ensure uniform exposure for all the bottles 
throughout the experimental duration. The 
samples were taken at regular 2 hr interval for 
a maximum period of 8 hr and analyzed for 
total coliforms attaining at least four data 
points per day. Water temperature and ambient 
temperature were recorded using a digital 
thermometer. 
Isolation and Enumeration of E. coli 
E.coli was isolated from a sewage sample by 
enriching it in a 50 ml sterile MacConkey’s 
broth following 24 hours incubation at 37°C. 
After incubation one loopful from the broth 
was streaked on Endo Agar plate and 
incubated at 37°C for 24 hours. The pink 
colored colonies were transferred on sterile 
nutrient agar slant which served as stock 
culture for further experiments. Enumeration 
of viable E. coli and total coliforms was 
conducted by plate count or MPN test by 
multiple tube techniques. 
Comparison of bacterial inactivation with 
and without CPCs 
In order to test how CPCs enhanced the 
bacterial inactivation, tests were conducted 
with four SODIS batch reactors - one PET 
bottle (2L Capacity), and 3 CPCs. Distilled 

water seeded with an initial E. coli 
concentration of ~ 106 CFU/ml was used in 
the test.  
Effect of water quality on inactivation 
Inactivation kinetics of tap water and distilled 
water was compared. Further comparison was 
made  between  transparent  and  black-painted 
 bottles. In this test water was first sterilized 
and an initial E. coli concentration of ~ 106 
CFU/ml was added. 

RESULTS AND DISCUSSION 
Effect of CPC on bacterial inactivation 
In this test, bacterial inactivation in 3 CPCs 
was compared with that in PET bottle without 
CPC. It is clearly seen from Fig. 1 that CPCs 
enhanced bacterial removal. Though the test 
was conducted on a cloudy day, complete 
inactivation of bacteria was observed in all 
three CPCs within 4 hours of exposure 
whereas in simple PET bottle, this could not be 
achieved even after 6 h of exposure, thus 
requiring second day exposure for complete 
inactivation. This clearly shows the advantage 
of using CPCs for solar disinfection. Similar 
results have been reported.15,16 While during 
hot clear days, one day exposure will be 
sufficient to achieve complete elimination of 
E. coli, as reported in previous sections of this 
work, CPCs would be required to achieve this 
during cloudy and rainy days. The higher 
inactivation of organisms in CPCs can be 
explained as follows. On cloudy days most of 
the available UV-A is in the diffused form 
with negligible value for direct component. 
CPC reflectors distribute all of the diffuse 
radiation reaching the aperture onto the 
reactor. 
Effect of water quality on solar inactivation 
Inactivation kinetics of E. coli in tap water was 
compared with that in distilled water using a 
similar initial E. coli concentration. In this test, 
both transparent and absorptive surfaces were 
used for comparison. Fig. 2 indicates 
inactivation rate of bacteria was slightly faster 
in tap water compared to distilled water in the 
case of transparent bottle. This is possibly due  
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to the presence of natural materials present in 
tap water which enhanced the solar 
disinfection. It can also be seen from Fig. 2 
that the temperature in tap water was slightly 
higher in the case of transparent bottle. This 
might also have contributed to the higher 
inactivation rate in tap water. This difference 

in inactivation rate was not apparent in 
absorptive bottle as complete inactivation was 
obtained in both tap water and   distilled  water  
within 4 hours of exposure. A comparison of 
inactivation rate between transparent and 
absorptive surfaces showed much faster 
inactivation in bottles with  absorptive surface.  
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    Fig.  1 : Kinetics of bacterial inactivation               Fig. 2 :  Effect of water quality (Tap and     
                 distilled  with and without CPCs                           water) on bacterial inactivation 

CONCLUSION 
Based on the tests conducted in the present work 
the following conclusions may be made.       
Intensity of solar radiation has a significant 
influence on the bacterial inactivation kinetics. 
Complete inactivation of E. coli could not be 
achieved under cloudy conditions in 6 hours of  
exposure to sunlight. However, under bright 
sunlight, even 4 hours of exposure was found 
sufficient. Absorptive surfaces (black-painted) 
improved the inactivation rate of bacteria. Black 
painting would especially be advantageous under 
cloudy conditions when one-day exposure would 
not be enough for complete inactivation of 
bacteria. Compound Parabolic Collectors (CPCs) 

enhanced the inactivation rate of bacteria. Simple 
CPCs could be used for solar disinfection process 
to ensure faster inactivation in highly contami-
nated water. 
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