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Abstract 

 

In developing countries, lack of safe and reliable drinking water constitutes a major 

problem. Contaminated water is the major cause of most water borne diseases like diarrhoea. 

Disinfection of water is accomplished by a number of different physical – chemical 

treatments including boiling, application of chlorine and filtration techniques. Solar energy, 

which is universally available, can also be used effectively in this process, that is, to 

deactivate the micro-organisms present in this contaminated water thereby improving its 

microbiological quality. This treatment process is called solar water disinfection.  This paper 

therefore appraises the extent to which research work has been done as regards purification of 

water using solar radiation in Nigeria vis-à-vis outside the country. It is hoped that it will 

serve as a wake-up-call for Nigerians especially those in remote areas with no treated pipe 

borne water supply. The problems and prospects of this technology as well as the policy 

implications are presented. 

 

 



 

 

 

2

INTRODUCTION 

In the developing countries especially in Nigeria, about 70% of the population lives in the 

rural areas with little or no access to safe and reliable drinking water supplies. There is an 

increasing need for a safe, reliable and stable source of water supply in the rural communities 

due to increasing population with diminishing sources of potable water. Provision of an 

adequate potable water supply is fundamental to public health [1]. The lack of adequate water 

supply and sanitation facilities seriously exposes the rural population to numerous water-

related diseases. In the developing countries, water related diseases account for the majority 

of premature deaths which in many cases could be alleviated by the provision of an adequate 

supply of water for both drinking and washing [2].  A dominant communicable disease is 

diarrhoea that is largely transmitted through the consumption of contaminated water. There 

are about 875 million cases of diarrhoea per year of which 4.6 million end in death [3]. 

 Different levels of inadequate water supply contribute to this toll, e.g.  

(i) lack of public water supply implies that a large part of the rural population is 

still forced to use contaminated surface water; 

(ii) unreliable public water supply due to frequent interruptions or breakdowns drive 

people back to polluted water sources; 

(iii) public water supply which distributes water unsafe for consumption exposes 

supplied population to a considerable health risk. 

Therefore, due attention must be paid to the operation and maintenance of existing water 

supply schemes in order to increase their reliability in supply and their treatment efficiency. 

One approach that will fulfill these criteria is certainly self-help individual water supply 

systems operating at household level. 

 

WATER PURIFICATION OPTIONS 

On the low management level, the choice of an adequate technology will be especially 

decisive for the viability of the system. At household level, the following treatment methods 

are often propagated: coloration, ozonation, boiling, chlorination, filtration through ceramic 

filters, etc. However, these methods have their advantages and disadvantages. 

 

Boiling 

Boiling of water requires energy which in the rural areas is usually supplied in the form of 

fuel wood. This type of water treatment is no longer a good practice, particularly in areas 

where fuel wood is scarce and deforestation is in progress. 
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The advantages of Boiling Water include: 

- Pathogens that might be lurking in your water will be killed if the water is boiled long 

enough.  

- Boiling will also drive out some of the Volatile Organic Compounds (VOCs) that might 

also be in the water. This method works well to make water that is contaminated with 

living organisms safe to drink, but because of the inconvenience, boiling is not 

routinely used to purify drinking water except in emergencies. 

The disadvantages of Boiling Water include: 

- Boiling should not be used when toxic metals, chemicals (lead, mercury, asbestos, 

pesticides, solvents, etc.), or nitrates have contaminated the water.  

- Boiling may concentrate any harmful contaminants that do not vaporize as the relatively 

pure water vapour boils off.  

- Energy is needed to boil the water. 

Distillation 

Salts, sediment, metals, anything that won't boil or evaporate, remain in the distiller and must 

be removed.  Volatile organic compounds (VOCs) are a good example of a contaminant that 

will evaporate and condense with the water vapour. A vapour trap, carbon filter, or other 

device must be used along with a distiller to ensure the more complete removal of 

contaminants. 

The advantages of Distillation include: 

- A good distillation unit produces very pure water. This is one of 

the few practical ways to remove nitrates, chloride, and other salts that carbon 

filtration can not remove.  

- Distillation also removes pathogens in the water, mostly by killing and leaving them 

behind when the water vapour evaporates. If the water is boiled, or heated just short 

of boiling, pathogens would also be killed. 

- As long as the distiller is kept clean and is working properly the high quality of treated 

water will be very consistent regardless of the incoming water - no drop in quality 

over time. 
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No filter cartridges to replace, unless a carbon filter is used to remove volatile 

organic compounds. 

The disadvantages of Distillation include: 

-   Distillation takes time to purify the water. It can take two to five hours to make a 

gallon of distilled water. 

- Distillers uses electricity all the time the unit is operating 

Distillers requires periodic cleaning of the boiler, condensation compartment, and 

storage tank.   

- Countertop Distillation is one of the more expensive home water treatment methods, 

using much electrical energy per gallon of distilled water  produced - depending on 

local electricity costs.  The cost of ownership is high because you do not only have 

the initial cost of the distillation unit to consider, but you also must pay for the 

electrical energy for each gallon of water produced. 

  Most home distillation units require electricity, and will not function in an 

  emergency situation when electrical power is not available. 

Chlorination 

Disinfection by chlorine compounds is often rejected by the consumers due to the 

undesirable taste and odour acquired by the water. In addition to these complaints, the 

use of chemicals often poses great problems with respect to their reliable supply, 

timely distribution and correct dosage. 

 

Filtration 

Filtration through ceramic filters is often an unaffordable treatment method. However, 

apart from being expensive, ceramic filter candles are subjected to frequent clogging 

and often leak through fine cracks caused by careless handling [3]. 

 

SOLAR WATER PURIFICATION 

Due to the problems associated with the above methods, there is need for the development of 

alternative treatment techniques that are effective, practical and simple enough to be applied 

by individual households. Solar water disinfection is considered to be such an alternative. 

The treatment process is a simple technology using solar radiation to inactivate and destroy 
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pathogenic bacteria present in water. The use of solar energy, which is universally available 

and free of charge, is the basis of this low-cost and sustainable technology. Solar water 

disinfection aims at treating small quantities of drinking water in the order of 2litres per 

person per day or of approximately 10-15litres per family per day [3]. This technology is 

designed to resolve the water quality problems of the people in developing countries deprived 

of a safe drinking water supply.  Solar Disinfection of water –SODIS, is a simple, cheap, 

efficient, useful, renewable and environmentally friendly practical technique that uses solar 

energy to inactivate and destroy pathogenic micro–organisms present in water. The process is 

a combination of heating and use of ultraviolet (UV) radiation from the sun which is 

sufficient to sterilize water [4]. 

Water passes through a clear chamber where it is exposed to Ultra Violet (UV) rays.  

UV rays effectively destroy bacteria and viruses.  However, how well the UV system works 

depends on the energy dose that the organism absorbs.  If the energy dose is not high enough, 

the organism’s genetic material may only be damaged rather than disrupted.   

The advantages of using UV include: 

-  No known toxic or significant nontoxic byproducts introduced 

- Removes some organic contaminants 

- Leaves no smell or taste in the treated water 

-  Requires very little contact time (seconds versus minutes for chemical  

 disinfection) 

-   Improves the taste of water because some organic contaminants and nuisance 

    microorganisms are destroyed 

-  Many pathogenic microorganisms are killed or rendered inactive. 

-  Does not affect minerals in water 

The disadvantages of using UV include: 

- UV radiation is not suitable for water with high levels of suspended solids, 

turbidity, colour, or soluble organic matter.  These materials can react with UV radiation, 

and reduce disinfection performance. Turbidity makes it difficult for radiation 

to penetrate water and pathogens can be 'shadowed', protecting them from the light.  

- UV ray is not effective against any non-living contaminant, lead, asbestos, many organic 

chemicals, chlorine, etc.   

- Tough cryptosporidia cysts are fairly resistant to UV rays.  
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UV is typically used as a final purification stage on some filtration systems.  If you are 

concerned about removing contaminants in addition to bacteria and viruses, you would still 

need to use a quality carbon filter or reverse osmosis system in addition to the UV system [5].  

 

METHODOLOGY 

 Essentially, the treatment consists of filling transparent plastic, glass bottles or solar 

disinfectant with water and exposing them to full sunlight for about five hours or two 

consecutive days under cloudy sky. To absorb more heat and raise the water temperature the 

bottle is painted black on one side and placed on a black surface in the sun, with the clear side 

facing the sun. It has been reported that most micro-organisms are killed when exposed to 

temperatures of over 70oC for a certain period of time and also when exposed to ultraviolet 

solar radiation especially near UV (300-400nm) with an optimum at 357nm [6,7].   

 If the water temperature at the bottom of a glass jug heated with solar energy in a 

solar hot box is raised to 65oC or higher, the water will be above the milk pasteurizing 

temperature of 62.8oC for at least an hour. The heat should be sufficient to kill pathogenic 

microbes and thus pasteurize the water [8]. Since micro-organisms are invisible to the naked 

eye, the water is examined for an indicator organism, suggesting fecal contamination. 

Suitable indicator bacteria of fecal population are coliforms, especially Escherichia coli and 

Fecal streptococci [9]. Heating water up to a temperature of 65oC and exposing the water 

sample to direct solar radiation for 2-3hours at the same time can disinfect biologically 

contaminated water [10].  

Also, water samples are taken from a biologically contaminated water source. The 

contaminated water is treated either by exposure to solar radiation alone by placing in 

transparent bottles or by exposure to heat and solar radiation by placing in the Solar 

Disinfectant, Fig. 1.   
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Water samples are taken periodically, placed in sterile bottles covered by aluminium 

foil, and placed in the refrigerator until tested. During the day and/or period of exposure, the 

solar light intensity is measured using radiation sensors. It should be ensured that the solar 

disinfectant is placed outdoor in an open space where sunlight cannot be obstructed by 

houses, walls, trees, or bushes throughout the exposure period, and also the site should be 

selected away from children, domestic animals, and pets to avoid mischief. An estimated 

30,000 plastic bottles filled with contaminated water are placed in the sunlight in Asia, Africa 

and Latin America [11]. 

SODIS project was carried out in Kenya and the objective was to improve the quality 

of drinking water by using this effective, low cost and sustainable technology at household 

level. The main concern of the users was: "Does it work? Does it kill the germs?" In order to 

answer this question a series of bacteriological tests for faecal coliform were carried out. 

When shown the results of these tests on their water, the community members were 

convinced, Table1 [12]. 

       Fig.1: Schematic Diagram of the Solar Disinfectant 
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Table 1:  Comparison of faecal coliform count for raw water and SODIS treated water; Number of faecal 
coliform per 100ml of water. 

 Bacteriological water tests 
 Water Source and Type  Raw Water SODIS Water Exposition 

Jikoni Group FC per 100 ml 
Protected well, rope to draw water, 
Sirma 4 to 18 0 to 1 8 hours hot sun 
Protected well, hand pump, Maiyo 0 to 2 - Sodis not tested 
Rainwater tank, Dorcas 0 0 8 hours hot sun 
Unprotected spring, Helen (<5 NTU) 8 to 15 0 8 hours hot sun 
SODIS water storage bottle, Helen 0 - No recontamination 
Unprotected spring, Monica (20 NTU) 244 0 16 hours hot sun 
Mondui Spring, unprotected (20 NTU) 175 - 500 0 8 hours hot sun 
Gatina Group     
Protected well, handpump, Tabitha 2 to 18 0 8 hours hot sun 
SODIS water storage bottle, Tabitha 1 to 4 - Recontamination 
Protected well, handpump, Nyambura 12 0 5 hours hot sun* 
Protected well, handpump, Charles 0 - Sodis not tested 
Other sites: Sodis by staff     
Langas protected well/pump 6 to 9 0 5 hours hot sun* 
Cherotich protected well/pump 11 0 5 hours hot sun* 
Megun Protected well/pump (15NTU) 10 to 15 0 8 hours hot sun* 
Various rainwater tanks 0 0 8 hours hot sun* 
Note: * indicates that the SODIS was undertaken by staff to verify the technique 
The turbidity of the water was < 5 nephelometric turbidity units (NTU) unless indicated 

 

 The project was also carried out in Sri Lanka. On a pilot basis SODIS was introduced 

to 324 families in 21 communities in the districts of Hambantota, Anuradhapura, 

Polonnaruwa and Bathicola in the dry zone and Kandy in the wet zone of Sri Lanka. NGO's 

working in the selected areas did the training of users at field level. For this purpose 46 

community development workers were trained in the application of SODIS and promotion for 

SODIS techniques at village level.  

The evaluation study of the project revealed that 81% of the SODIS users currently 

still practice SODIS, while 19% gave up the method. 49% of the present users apply SODIS 

for their whole family's requirement of drinking water, while 42% use it partially and 9% use 

SODIS only to a very little degree [13]. 

 

PROBLEMS OF SOLAR DISINFECTION OF WATER 

-  For aesthetic reasons, taste, odour, turbidity, and colour are the principal physical 

properties of water that are noticed by the user. These characteristics may also 

indicate possible health hazards.  
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- Suspended particles in the water reduce the penetration of solar radiation into the 

water and protect microorganisms from being irradiated.  SODIS requires relatively 

clear water with turbidity less than 30 NTU. 

- In water with higher turbidity than 30 NTU, pathogens will have to be inactivated by 

the temperature rather than radiation (>50oC for at least an hour) or the water has to 

be filtered before being exposed to the sun. 

-  Sunlight does not only destroy pathogenic microorganisms found in the water but also 

transforms the plastic material into photoproducts. Laboratory and field tests showed 

that these photoproducts are generated at the outer surface of the bottles. No migration 

of photoproducts or additives (UV-stabilisators) into the water was observed [14]. 

-  SODIS does not change the chemical water quality 

-  SODIS requires suitable weather conditions 

-  SODIS is not useful to treat large volumes of water 

-  SODIS requires sun radiation and temperature 

 

PROSPECTS OF SOLAR DISINFECTION OF WATER 

- The container needs to be exposed to the sun for 6 hours if the sky is bright or up to 

50% cloudy which is possible in Nigeria. 

- The container needs to be exposed to the sun for 2 consecutive days if the sky is 

100% cloudy. 

- During days of continuous rainfall, SODIS does not perform satisfactorily but 

rainwater harvesting is recommended during these days.  

- If a water temperature of at least 50°C is reached, an exposure time of 1 hour can be 

sufficient. 

-  The most favourable region for SODIS lies between latitudes 15°N/15oS and 

35°N/35o S. These semi-arid regions are characterized by high solar radiation and 

limited cloud coverage and rainfall (3000 hours sunshine per year). The second most 

favourable region lies between the equator and latitude 15°N/15oS, the scattered 

radiation in this region is quite high (2500 hours sunshine per year) [15]. 

-  Various types of transparent plastic materials are good transmitters of light in the UV 

and visible range of the solar spectrum. Plastic bottles made from PET (PolyEthylene 

Terephtalate) are preferred because they contain less UV-stabilisators than PVC 

(PolyVinylChloride) bottles [16]. 

-  Glass bottles can be used for SODIS. 
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-  Ageing of plastic bottles (due to mechanical scratches and due to photoproducts) leads 

to a reduction of UV transmittance which will reduce the efficiency of SODIS. 

Heavily scratched or old, blind bottles should be replaced. 

 

 

POLICY IMPLICATIONS OF SODIS 

-  The quality of the relation between the community and the development worker is a 

key aspect for the success of the project. The closer the relationship between the two 

parties, the better is the implementation of SODIS. 

-  SODIS should be integrated into larger hygiene education programs. 

-  Demonstrations of the effectiveness of SODIS at the field level should reduce 

scepticism and convince potential users of SODIS. 

-  Mass media and SODIS promotion material play a significant role in the 

implementation process. 

-  Measures should be taken to build up a scheme for the supply of plastic bottles in the 

local market. 

-  Encourage homeowners to purchase equipment from reputable companies with 

properly qualified and experienced personnel;   

-  Help homeowners discern between health related water quality and aesthetic water 

quality;   

- Provide information on what to do and where to go for help or more information. 

 

CONCLUSION 

- No known toxic or significant nontoxic byproducts introduced 

- Removes some organic contaminants 

- Leaves no smell or taste in the treated water 

-  Improves the taste of water because some organic contaminants and  

nuisance microorganisms are destroyed 

-  Many pathogenic microorganisms are killed or rendered inactive 
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-  Does not affect minerals in water 

-  SODIS, if implemented in Nigeria will improve community health. 
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