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I 

 

Abstract 
 

Lack of safe drinking water is one of the biggest humanitarian problems in the 

world today. Over one billion people in developing countries have no access to 

good quality drinking water, and subsequently, diarrhoea caused by unclean water 

leads to 1.8 million deaths of children under the age of five. That corresponds to 90 

per cent of all deaths among children in that age group. However, by improving 

water and sanitation management, one tenth of all worldwide cases of disease can 

be prevented. In relation to this, the United Nations has launched the seventh 

millennium goal, which is to half the proportion of people lacking access to safe 

drinking water by year 2015 (compared with the proportion of year 2000). 

Therefore, it is important to both improve and develop water treatment techniques 

in order to achieve a sustainable development, especially in the third world. 

 

Kofi Ansah and Edumafa are two villages on the Ghanaian countryside. Here, as in 

the rest of Ghana, it is common to drink water from throwaway plastic containers. 

This is because the water quality is poor in the stationary water sources such as 

tanks and wells etc. The plastic containers contribute to a big waste problem and 

it´s therefore desirable to improve the water quality in stationary water sources in 

order to reduce the waste problem that now is occurring.  

 

Solar Disinfection, or SODIS, is a water treatment technique that is based on solar 

radiation. Water containers (usually PET bottles) are filled with water and then 

exposed to the sun for about six hours. The germicidal effect can be derived to 

thermal heating in combination with the sun’s ultraviolet radiation. The technique 

is suitable in the third world since the treatment procedure is both simple and 

inexpensive. The purpose of this study was to estimate the possible waste reduction 

regarding the small plastic containers by the implementation of SODIS as a water 

treatment technique, and evaluate if SODIS is an adequate way to improve the 

quality of water collected from stationary water distribution systems in Ghana.  

 

The study has shown that SODIS is an adequate method for producing low health 

risk water at a household level in Ghana. A solar exposure of six hours is enough to 

reach a safe bacterial content within the treated water. It is also clear that SODIS 

could reduce the present waste problem regarding the throwaway plastic containers 

by more than 1600 plastic bags per person and year, and that the Ghanaians attitude 

to start performing SODIS is positive.  

 

Further work should be aimed at implementing SODIS as a water treatment 

technique by teaching the Ghanaian people, especially in the rural areas, the 

importance of water and sanitation issues. The implementation of SODIS is a long 

term project that cannot be accomplished singlehandedly. It can be achieved by 

instructing certain people in the villages as to how the procedure is done. For this 

to be effective, these individuals should preferably be well educated and speak both 

English and the local language. These people can in turn educate and instruct the 

other villagers in how SODIS is executed and by doing so complete and secure a 

sustainable use of the technique. 



II 

 

Sammanfattning 
 

Bristen på rent dricksvatten är ett av de största humanitära problemen världen står 

inför idag. Över en miljard människor i utvecklingsländer saknar tillgång till rent 

dricksvatten, och diarré orsakat av orent vatten leder varje år till 1,8 miljoner barn 

under fem års död. Det motsvarar 90 procent av alla dödsfall bland barn i den 

åldersgruppen. Vidare kan 10 procent av världens alla sjukdomsfall förebyggas 

genom förbättrad vatten- och sanitetshantering. I tillägg till detta har Förenta 

Nationerna lanserat det sjunde millenniemålet som är att halvera antalet människor 

utan tillgång till rent dricksvatten till år 2015 (jämfört med nivåerna år 2000). Det 

råder därför ingen tvekan om att det är viktigt att både förbättra och utveckla 

vattenreningstekniker, särskilt i tredje världen. 

 

Kofi Ansah och Edumafa är två byar på den ghananska landsbygden. Där är det, 

som i resten av landet, vanligt att dricka sitt vatten ur engångsplastpåsar. Detta 

eftersom vattenkvalitén är undermålig i stationära vattenkällor, såsom tankar och 

brunnar etc. Plastpåsarna bidrar till ett omfattande avfallsproblem och det vore 

därför önskvärt att förbättra kvalitén hos vattnet från stationära källor för att på så 

vis minska plastanvändningen.  

 

Solar Disinfection, eller SODIS, är en vattenreningsteknik som baseras på 

solstrålning. Vattenbehållare (vanligtvis PET-flaskor) fylls med vatten och 

exponeras sedan för solen i ungefär sex timmar. Den desinficerande effekten kan 

förklaras med termisk rening i kombination med solens ultravioletta strålning. 

Tekniken är lämplig i utvecklingsländer eftersom den är både enkel och billig att 

utföra. Studiens syfte var att uppskatta den potentiella avfallsreduceringen som 

skulle uppstå om man skulle implementera SODIS, samt att undersöka om SODIS 

är en lämplig vattenreningsteknik för att förbättra vattenkvalitén från stationära 

system i Ghana. 

 

Studien har visat att SODIS är en lämplig metod för att producera vatten med en 

låg hälsorisk för små hushåll Ghana. Sex timmars solexponering är tillräckligt för 

att nå en säker bakterienivå hos det behandlade vattnet. Det är också tydligt att 

SODIS kan reducera avfallsproblemet gällande plastpåsarna med mer än 1600 

plastpåsar per person och år samt att ghananernas inställning till SODIS är positiv. 

 

Framtida arbete bör vara inriktat på att implementera SODIS genom att upplysa 

den ghananska befolkningen, särskilt på landsbygden, vikten av vatten- och 

sanitetsfrågor. En SODIS-implementering är ett långsiktigt projekt och kan inte 

åstadkommas ensamt. Det kan uppnås genom att instruera vissa människor i byarna 

hur tekniken går till. Dessa individer bör vara välutbildade och dessutom tala både 

engelska och det lokala språket. Dessa personer kan sedan lära och instruera övriga 

bybor hur SODIS går till och på så sätt fullborda och säkerställa ett hållbart 

användande av tekniken.  
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Introduction 
 

Background 

 

Lack of safe drinking water is one of the biggest humanitarian problems today. 

Over one billion people in developing countries have no access to good quality 

drinking water, and diarrhoea caused by unclean water leads to 1.8 million deaths 

of children under the age of five (Watkins 2009). That corresponds to 90 per cent 

of all deaths among children in that age group (WHO/UNICEF Joint Water Supply, 

Sanitation Monitoring Programme 2005). One tenth of all cases of disease can be 

prevented by improving water and sanitation management (Prüss-Üstün, Bos et al. 

2008) and the seventh millennium goal launched by United Nations is to half the 

proportion of people lacking access to safe drinking water by year 2015 (compared 

with the proportion of year 2000) (Watkins 2009). It’s therefore important to both 

improve and develop water treatment techniques in order to achieve a sustainable 

development, especially in the third world. 

 

It’s common in Ghana to drink water out of small plastic containers that carry 0.5 

litres of water. The country doesn’t have the same system as Sweden with bins and 

other waste disposal equipment and facilities. This results in the plastic containers 

being thrown on the ground when emptied. Kofi Ansah is a village located on the 

Ghanaian countryside. Maria Sandberg and Roger Renström from the Department 

of Energy, Environment and Construction technique at Karlstad University visited 

Kofi Ansah and other parts of Ghana in the spring of 2012. They affirm that the 

empty plastic containers contribute to a big waste problem. As a solution to this 

problem, it’s proposed that it would be better to distribute water throughout big 

water tanks or wells instead, in order to reduce the waste problem that now is 

occurring. However, the water quality is better in the small plastic containers than 

in the stationary water sources (tanks, wells and tap water). Photograph 1 shows the 

lack of waste handling in Swedru, a small town between Accra and Cape Coast: 

 

  
Photograph 1: Waste disposal in Swedru. 
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Shalom orphanage is located in Kofi Ansah and hosts 20 children between the age 

of two and fifteen. The orphanage is the result of one person’s hard and dedicated 

work, Susanna Benckert. She herself has collected the money to build and run the 

orphanage (Passanisi 2012). Some projects have already been successfully carried 

out at the orphanage; installing a new solar power panel being one of those projects 

(Persson 2012). However there is more to be done. 

 

Susanna has bought a water tank for the orphanage. The tank is filled once every 

month. Susanna describes the temperature of the water as lukewarm. This in 

combination with a low turnover creates a good environment for bacteria to 

multiply in. It can therefore be expected that the water quality in this tank is poor. 

The tank was however not in use at the time of this project. Instead, the children at 

the orphanage collected their water from two wells. 

 

Edumafa is a village located by the shore near Cape Coast. The villagers receive 

their drinking water from a governmental (public) pipeline and from three wells. 

The water from the pipeline is connected to a storage tank. And just as in the rest of 

Ghana, it´s common to drink out of plastic bags that contribute to a big waste 

problem.   

 

Solar Disinfection, or SODIS, is a water treatment technique which is based on 

solar radiation. Water containers (usually PET bottles) are filled with water and 

then exposed to the sun for about six hours. The germicidal effect can be derived to 

thermal heating in combination with the sun’s ultraviolet radiation. The technique 

has more than five million users, predominantly in poor countries.  The technique 

is suitable in the third world since the treatment procedure is both simple and 

inexpensive (McGuigan, Conroy et al. 2012). 

Purpose 

 

The purpose of this study is to estimate the possible waste reduction regarding the 

small plastic containers by the implementation of Solar Disinfection as a water 

treatment technique, and evaluate if Solar Disinfection is an adequate way to 

improve the quality of water collected from stationary water distribution systems in 

Ghana. 

 

Targets 

 

Simulation 

 

The following targets will be examined with a COMSOL Multiphysics® 

simulation model: 

 

 Determine how the UV-dose of SODIS if affected by the solar radiation 

power and the turbidity of the treated water. 

 Determine SODIS efficiency against E.coli. 
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SODIS experiments 

 

The following targets will be determined through field experiments: 

 

 Examine the logarithmic survival ratio (LSR) of coliform bacteria by the 

(standard) SODIS procedure. 

 Examine how the LSR of coliform bacteria by the SODIS procedure is 

affected by attaching aluminium foil on the down facing side of the SODIS-

container (reflective improved). 

 Examine how the LSR of coliform bacteria by the SODIS procedure is 

affected by painting the down facing side of the SODIS-container black 

(temperature improved). 

 Determine if SODIS is an adequate method to obtain drinking water with a 

low health risk in Ghana. 

 Determine which of the three SODIS procedures (standard-, temperature- or 

reflective improved) that inactivates bacteria most rapidly.  

 Investigate how the bacterial content of SODIS treated water is affected by 

the solar exposure time. 

 

Interviews and workshops 

 

The following targets will be examined by interviews and workshops in Ghana: 

 

 Determine if people in Ghana consider that they have problems regarding their 

drinking water. 

 Determine if people in Ghana are aware of the existence of SODIS. 

 Determine if people in Ghana are willing to go through with the SODIS procedure 

in order to obtain safe drinking water. 

 Determine how much the use of throwaway plastic containers can be reduced per 

person by implementing SODIS as a water treatment technique. 

 

Delimitation 

 

The only water quality parameter that will be examined during the SODIS 

experiments is the aspect of coliform bacteria. 
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Water treatment with ultraviolet radiation 

 

Using ultraviolet (UV) radiation is a well-established method for water treatment. 

The UV-rays from the sun were used to treat water in India as early as in 2000 BC 

(Conroy, Elmore-Meegan et al. 1996). The first scientific studies were carried out 

in 1870 AD by Downes and Blunt (Byrne, Fernandez-Ibanez et al. 2011). The 

discovery of chlorine hampered the development of UV-water treatment systems, 

but the hazardous by-products of chlorine and its inefficiency against 

Cryptosoridium and Giardia has once again brought back UV-systems as a usable 

technique (Hijnen, Beerendonk et al. 2006). There are two main tracks when it 

comes to water treatment with UV-radiation; advanced technique and Solar 

Disinfection (SODIS). The advanced technique uses a UV-source (such as different 

types of lamps) to generate the UV-radiation and SODIS uses the UV-radiation 

from the sun. 

 

Ultraviolet radiation is considered to be efficient against all pathogens such as 

bacteria, viruses and protozoa that are spread through drinking water (Hijnen, 

Beerendonk et al. 2006).  UV-radiation can be divided into three spectrums, UV-C 

(100-280 nm), UV-B (280-315 nm) and UV-A (315-400 nm). DNA contains 

pyrimidine rings of thymine and cytosine bases. The pyrimidine rings can absorb 

some of the UV-radiation during exposure. The energy absorption leads to the 

forming of pyrimidine dimers (pyrimidine dimers are pairs with covalent bonds). 

The dimers contain cyclobutan pyrimidine dimers (CPDs). The pyrimidine dimers 

make it impossible to combine the base pairs and therefore change the shape of the 

DNA-molecule. Consequently, the polymerase enzymes cannot copy the DNA and 

the pathogen becomes inactivated. Observe that the pathogen isn’t dead, only 

inactivated (McGuigan, Conroy et al. 2012). 

 

An inactivated pathogen can become reactivated since cells have several DNA-

repair mechanisms. Cyclobutan Pyrimidine Dimers photolyase enzymes (CPD 

photolyase enzymes) can repair dimers when being exposed to blue light. Many 

bacteria contain these CPD-photolyase enzymes. Another repair mechanism is the 

removal of the affected bases. That is called base extension repair. The gap that is 

created becomes filled by a DNA-polymerase (McGuigan, Conroy et al. 2012). 

 

UV-A radiation isn’t enough energy-rich to directly change the shape of the DNA-

molecules, but it can disinfect water by the production of reactive oxygen species 

(ROS). Singlet oxygen, superoxide, hydrogen peroxide and hydroxyl radical are 

some examples of ROS. They can damage the DNA of the pathogens after being 

formed by oxidation of amino acids in proteins and oxidation of unsaturated fatty 

acids in lipids (McGuigan, Conroy et al. 2012). 

 

Wavelengths between 240-280 nm cause direct damage to DNA and the 

wavelength that has the highest absorption is 260 nm (Gadgil 2008). 
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The logarithmic survival ratio (LSR) of pathogens is defined as follows: 

 

                              
  

  
    [1] 

 

where Nt is the number of pathogens after the treatment and N0 is the initial number 

of pathogens (Mori, Hamamoto et al. 2007). A logarithmic survival ratio of 1 

corresponds to a 90 per cent pathogen reduction, 2 corresponds to 99 per cent etc. 

The negative sign before the logarithmic operator results in a positive sign for the 

logarithmic survival ratio. 

 

The UV-dose [J/m
2
] is calculated as: 

 

  -      
            

 
 [2] 

 

where Pradiation is the radiation power [W], t is the exposure time [s] and A is the 

exposed surface area [m
2
]. 

 

The necessary UV-dose for different pathogens and logarithmic survival ratios can 

be read in table 1 (Hijnen, Beerendonk et al. 2006): 
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Table 1: Necessary UV-dose for different pathogens and logarithmic survival ratios. A logarithmic 

survival ratio of 1 corresponds to a 90 per cent pathogen reduction, 2 corresponds to 99 per cent etc. 

  Necessary UV-dose [mJ/cm
2
] 

Logarithmic survival ratio 1 2 3 4 

 Bactillus subtilis 56 111 167 222 

 Adeno virus type 40 56 111 167 - 

Clostridium perfringens 45 95 145 - 

Adeno virus type 2,15,40,41 42 83 125 167 

Acanthamoeba 40 71 119 167 

Adeno virus(natural, type 40 

excluded) 
25 50 - - 

Calicvirus canine 10 21 31 41 

Rota virus SA-11 10 20 29 39 

Calicvirus feline 9 19 28 38 

Coxsackie virus B5 8 17 25 34 

Streptococcus feacalis 9 16 23 30 

Legionella pneumophila 8 15 23 30 

Polio virus type 1 7 15 22 30 

Shigella sonnei 6 13 19 26 

Salmonella typhi 6 12 17 51 

Hepatitis A 6 11 17 22 

Calicvirus bovine 5 11 16 21 

E. coli O157 5 9 14 19 

E. coli 5 9 14 18 

Cryptosporidium USEPA 3 6 12 - 

Giardia USEPA 2 5 11 - 

Campylobacter jejuni 3 7 10 14 

Yersinia enterocolitica 3 7 10 13 

Legionella pneumophila 3 6 8 11 

Shigella dysenteriae 3 5 8 11 

Vibrio cholarae 2 4 7 9 
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Advanced UV-systems for water treatment 

 

Most devices that treat water with ultraviolet radiation are composed of a UV-

source that is concealed by a pipe where the water is flowing. See figure 1: 

 
                                                            

Figure 1: Schematic drawing of advanced UV-devices. 

 

Low pressure (LP) lamps are the most common UV source today. They are 

monochromatic (emits only one wavelength, 253.7 nm) and the radiation power 

from LP-lamps is temperature dependent. It can take as long as 400 seconds for the 

lamp to reach maximum radiation power. LP-lamps have a relative short lifetime 

(about one year) and they contain mercury which is an environmental toxin 

(Crawford, Banas et al. 2005).  Another disadvantage with LP-lamps is that they 

are very fragile (Chatterley, Linden 2010). However, water treatment with UV-

lamps is energy efficient. Water treatment with boiling requires 20 000 times the 

amount of primary energy per unit water compared with UV-treatment. And unlike 

many chemical treatments, UV-radiation doesn’t affect the taste or smell of the 

water (Gadgil 2008). 

 

Scientists are trying to find alternative UV-sources to replace the LP-lamps and 

improve UV-water systems. Medium pressure (MP) lamps are one of the sources 

that are being investigated today. They are polychromatic (emits several 

wavelengths from 200 nm to visible light). Their degree of efficiency from 

electricity to UV light is around 15 to 20 per cent. That is lower than the degree of 

efficiency for LP-lamps that generally is around 25 to 30 per cent (Crawford, 

Banas et al. 2005). Research indicates that UV-treatment with MP-lamps is more 

effective against pathogens than LP-lamps (Linden, Thurston et al. 2007, Quek, Hu 

2008). 

 

It seems like the MP-lamps damage not only the genome of pathogens, but also 

their viral coat and core proteins due to the multiple wavelengths (Eischeid, Meyer 

et al. 2009). It has also been shown that a lower UV-dose is required with MP- than 

with LP-lamps. This is due to a reduced repairability. The reduced repairability is 

believed to been explained by the damages caused on the viral coat and core 

UV-source 

Water in 

 

Water out 
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proteins. Delayed mutations have also been detected within the pathogens after 

finished exposure to MP-lamps (Quek, Hu 2008).   

 

Pulsed UV (PUV) is another type of UV-system that is being investigated. PUV is 

a relatively new technique and it isn’t used in commercial water treatment systems, 

but it is being practised in food- and pharmaceutical industry (Bohrerova, Shemer 

et al. 2008). The PUV-lamps don´t contain mercury and they don´t require any 

warm up time like the LP-lamps do. They are polychromatic and emit wavelengths 

from 200 nm and beyond the visible light. Studies have shown that PUV-systems 

are more efficient than both MP- and LP-systems. Experiments have shown that 

PUV-systems are 2.4 times more efficient against E-coli than MP-lamps at the 

same UV-dose. Some part of the inactivation can be attributed to the visible light. 

It is believed that the visible light can damage the viral coat of the pathogen and 

thereby increase the inactivation (Bohrerova, Shemer et al. 2008).  

 

A third track that is being examined is LED technology. LED-lamps don´t contain 

mercury, don´t need any warm up time and can be switched on and off more 

frequently than LP-lamps (Crawford, Banas et al. 2005). They are also more 

compact and durable than the LP-lamps (Hamamoto, Mori et al. 2007).  UV-LED-

lamps are polychromatic and have a degree of efficiency of less than 1 per cent and 

their life time is only 1000 hours (41 days). But LED-lamps for visible light have a 

degree of efficiency of 75 per cent and a life time of 1 000 000 hours (over 100 

years) and it is expected that degree of efficiency and lifetime of UV-LED-lamps 

will approach the levels of visible LED-lamps (Chatterley, Linden 2010). 

 

SODIS 

 

Disinfection of water by filling transparent glass or plastic bottles and exposing 

them to the sun has been executed for over 30 years. Solar Disinfection (SODIS) 

has more than five million users in over 50 countries in Asia, Latin America and 

Africa. The most common material for the water container is Polyethylene 

terephthalate (PET). PET doesn’t transmit any UV-B radiation but has a 

transmittance of 85-90 per cent of the UV-A radiation. The disinfection time varies 

from 6-48 hours, depending on the solar intensity (McGuigan, Conroy et al. 2012). 

It’s important not to wait too long before consuming SODIS-treated water. This is 

because of pathogens ability to be reactivated. It´s therefore recommended to 

consume SODIS-treated water within 24 hours after finished treatment (McGuigan, 

Conroy et al. 2012).  
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The efficiency of the treatment is raised by shaking the bottle before concealing it. 

The water becomes aerated which increases the formation of ROS.  The complete 

SODIS-procedure can be seen in figure 2 and is collected from EAWAG & 

SANDEC (2002). Solar water disinfection, a guide for the application of SODIS. 

[Electronic]. Available: 

http://www.sodis.ch/methode/anwendung/ausbildungsmaterial/dokumente_material

/manual_e.pdf [2013-06-03] 

 

 
Figure 2: SODIS-procedure. EAWAG & SANDEC (2002). Solar water disinfection, a guide for the 

application of SODIS. [Electronic]. Available: 

http://www.sodis.ch/methode/anwendung/ausbildungsmaterial/dokumente_material/manual_e.pdf 

[2013-06-03] 

 

Many studies suggest that PET is a preferable material for SODIS, even though 

PET doesn’t transmit any UV-B radiation. One reason is that SODIS, using PET as 

container material, is the cheapest way to disinfect water at a household level 

(Clasen, Cairncross et al. 2007). It doesn’t need an own supply chain since there 

already exists selling of beverage in PET (Sobsey, Stauber et al. 2008). Glass has a 

greater transmittance of UV-radiation but this is compensated by the thinness of the 

PET-bottles. SODIS is in addition a good way to reuse the PET-bottles that 

otherwise would have created a disposal problem (Conroy, Elmore-Meegan et al. 

1996). It has also been confirmed that no photochemical reactions occur from the 

PET-material to the water inside the container during the SODIS-treatment 

(Wegelin, Canonica et al. 2001). To sum things up, PET is a very good material for 

SODIS and there are several cheap improvements that can be done to increase the 

degree of pathogen inactivation. 

http://www.sodis.ch/methode/anwendung/ausbildungsmaterial/dokumente_material/manual_e.pdf
http://www.sodis.ch/methode/anwendung/ausbildungsmaterial/dokumente_material/manual_e.pdf
http://www.sodis.ch/methode/anwendung/ausbildungsmaterial/dokumente_material/manual_e.pdf
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Studies have shown that the level of pathogen inactivation is increasing with higher 

water temperature (Gómez-Couso, Fontán-Sainz et al. 2010).  But that is only true 

for water temperatures over 45  (McGuigan, Joyce et al. 1998). The temperature 

whitin the bottle can be raised by painting the downfacing side of the bottle black. 

This increases the absorbed blackbody radiation and therefore the water 

temperature. 

 

Reflecting the incidient radiation is another improvement that can easily be done at 

a low cost. This can be achieved by attaching, for example, aluminum foil on the 

downfacing side of the bottle. That would reflect some of the incident radiation 

back to the water in the container. The method is efficient but it has some 

drawbacks. The foil tears easily in field and the reflecting ability is decreased after 

one to two months of use, due to oxidation. A comparison between blackpainted 

and reflecting back shows that reflecting back is superior when the solar intensity is 

low (Mani, Kanjur et al. 2006). 

 

The efficiency of SODIS is strongly dependent on the turbidity of the water. 

Prefiltration increases the degree of inactivation (McGuigan, Joyce et al. 1998). 

The baseline and the maximum logarithmic survival ratio (LSR) for SODIS can be 

read in table 2. Baseline LSR corresponds to the effectiveness that would have 

been achived by a unskilled person in field with minium of supporting facilities and 

instrument. Maxium LSR corresponds to a skilled person with maximum support 

from facilities and instruments (Sobsey, Stauber et al. 2008). 

 
Table 2: Baseline and maxiumum logarithmic survival ratio (LSR) for different types of pathogens. 

Baseline LSR corresponds to the effectiveness that would have been achived by a unskilled person 

in field with minium of supporting facilities and instrument. Maxium LSR corresponds to a skilled 

person with maximum support from facilities and instruments. A logarithmic survival ratio of 1 

corresponds to a 90 per cent pathogen reduction, 2 corresponds to 99 per cent etc. 

Pathogen Baseline LSR Maximum LSR 

Bacteria 3 5,5+ 

Virus 2 4+ 

Protozoa 1 3+ 
 

 

There are several, more sophisticated, methods for increasing the effectiveness of 

SODIS. One of these is photocatalytic enchantment. Consider a semiconductor that 

is being exposed to radiation with a wavelength that is equal to or greater than the 

semiconductors band gap (the energy difference between two energy levels). That 

would result in an energy uptake that promotes the electrons from the valence band 

to the conduction band. The electron movement leads to the formation of electron-

hole-pairs. These can either recombine with the result of the energy being reemitted 

as light or heat, or they can migrate to the catalyst surface. They can participate in 

redox reactions if they migrate to the catalyst surface and those reactions lead to 

the formation of ROS, Reactive Oxygen Species (Byrne, Fernandez-Ibanez et al. 

2011). And as mentioned earlier, ROS damages the pathogens proteins and lipids. 
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Titanium oxide  is the most suitable semiconductor concerning cost, chemical and 

photochemical stability, avaibility and lack of toxicity. There are two alternatives 

in how to use the semiconducter. Either by dissolvning it into the water, or by 

attaching it to a surface that is beeing placed in the water container. The first option 

is more efficient due to a larger reaction surface, but it needs posttreament of the 

water. The catalyst needs to be separate from the water which is resulting in a more 

complex and expensive procedure (Byrne, Fernandez-Ibanez et al. 2011).  By 

placing a plastic surface with titanium oxide  in the water containe, the disinfection 

becomes 25 per cent more effective than with the regular SODIS procedure 

(Sciacca, Rengifo-Herrera et al. 2010). 

 

Another way to increase the efficiency is to add different additatives to the water. 

An additative that has a positive effect is hydrogen peroxide. The inactivation of 

bacteria increases when comparing SODIS with and whitout hydrogen peroxide. 

Another positive effect with the additative is that the bacteria don´t  recover 

(become reactivated) when using the additative. Hydrogen peroxide  isn´t toxic to 

the bacteria but it leads to the formation of ROS, which is toxic for them (Sciacca, 

Rengifo-Herrera et al. 2010). 

 

The material of the water container is of great importance for the performance of 

SODIS. As mentioned earlier, PET doesn’t transmit any UV-B radiation. Half the 

time is required to reach a logarithmic survival ratio of three using PPCO-plastic, 

compared to PET. This is because PPCO is UV-B-transparent. By adding sodium 

percarbonat in combination with citric acid or with copper and ascorbate, the 

inactivation can be speeded up by a factor 1.4-19 (Fisher, Iriarte et al. 2012). 

 

Radiation in participating media 

 

It’s necessary to understand how radiation behaves in a participating media to 

understand the physics behind water treatment with UV-radiation. 

 

Radiation in a participating media is a very difficult phenomenon to study and the 

mathematics that describe the physics are inherently complex (Howell et al. 2011). 

Two of the properties that describe radiation in participating media are absorption 

and Rayleigh scattering. Absorption describes to which degree energy is transferred 

from wave to matter (Encyclopædia Britannica Online 2013). The absorption 

coefficient     , with the unit 1/m, at a specific wavelength is written as: 

 

      
  (

 

  
)

 
   [3] 

 

where I is the transmitted radiative intensity, I0 is the incident radiative intensity 

and L is the path length (Smith, Baker 1981). 
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Rayleigh scattering is the dispersion of radiation by particles that have a radius of 

less than 10 per cent of the incoming radiations wavelength (Encyclopædia 

Britannica Online 2013). Scattering includes reflection, refraction and diffraction 

of radiation (Jones 2000).  Reflection is an abrupt change of the direction of 

radiation as a result of the rays striking the boundary between different mediums; 

refraction is a change of the direction of radiation as a result of the rays passing 

from one medium to another. The change is caused by a change of the rays speed 

and diffraction is the spreading of radiation around obstacles (Encyclopædia 

Britannica Online 2013).  

 

The scattering coefficient        can be derived in an analogous way as the 

absorption coefficient (Howell et al. 2011). 

 

The scattering is called isotropic if the intensity of the scattered radiation is the 

same for all directions. It simplifies calculations a lot, but there´s no single natural 

occurring object that has isotropic scattering properties. However, it´s a fair 

approximation for multiple scattering systems, a system with several object that 

scatter the radiation. The opposite of isotropic scattering is anisotropic scattering. 

The pattern of the anisotropic scattered light varies with the polar angle (Howell et 

al. 2011). Figure 3 shows a comparison between the isotropic scattering function 

against an anisotropic (Rayleigh) phase function. The figure is collected from 

Howell, J.R., Siegel, R. & Pinar Mengüc, M. (2011). Thermal Radiation Heat 

Transfer. Boca Raton: CRC Press. 

 

 

 
Figure 3: Comparison between isotropic and anisotropic scattering (denoted as                            

Rayleigh).Collected from Howell, J.R., Siegel, R. & Pinar Mengüc, M. (2011). Thermal Radiation 

Heat Transfer.Boca Raton: CRC Press. 
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The attenuation coefficient      ([1/m]) is defined as (Smith, Baker 1981): 

 

               [4] 

 

It´s the concentration of dissolved organic matter that decides the value of the 

absorption and scattering coefficients of water. That corresponds to the turbidity of 

the water (McGuigan, Joyce et al. 1998). As equation 4 says, both the absorption 

and scattering coefficient is wavelength dependent. 

 

Figure 4 shows in which degree the radiative energy has been transmitted and 

absorbed as a function of the thickness of the participating medium (Jones 2000). 

 
Figure 4: Absorptivity and transmission of radiative energy as a function of the thickness of the 

participating medium. 

 
 

As figure 4 shows, the transmitted energy attenuates exponentially with the 

thickness of the participating medium. 

 

Equation 5 describes the radiative energy loss     , on a volume element with the 

length dL due to absorption and scattering at a specific wavelength: 

 

                         [5] 

 

where     is the attenuation coefficient at a given wavelength,   is the direction of 

propagation L (Howell et al. 2011). 

 

Equation 6 describes the radiation transport equation in a participating medium 

when using the discrete ordinates method. The method is based on the discrete 

representation of the directional dependence of the radiation intensity. It solves the 

equation for a number of directions that span the full solid angle: 

 

                          
 

  
∫                  

  

 
 [6] 
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where         is the radiation intensity at a given position s at the direction  , T is 

temperature,       is the blackbody radiation intensity (COMSOL Multiphysics 

4.3 2012).         is the scattering phase function (Howell et al. 2011) and is 

written                , where         is the cosine of the scattering 

angle and a1 is the Legendre coefficient. The Legendre coefficient describes the 

pattern of the scattered light. Isotropic scattering corresponds to a Legendre 

coefficient set to zero.  The     factor represents the full solid angle. Further on 

is  ,   and A defined as earlier (COMSOL Multiphysics 4.3 2012).  

 

COMSOL Multiphysics® is a type of software that can simulate and solve 

problems involving radiation in participating media. COMSOL solves the radiation 

transport equation (equation 6) by discretization. The radiation transport equation 

in the direction i can be expressed as: 

 

                  
 

  
∑     

 
            [7] 

 

where the index j denotes the direction of the incoming radiation that contributes to 

the direction   . The    factor provides an accurate representation of the integral 

when converting it to a sum. It´s called the weighting factor (Howell et al. 2011). 

The other parameters (     ,       ,  , A,   and the     factor) is defined as 

earlier. 

 

Equation 8 governs the radiation intensity for the model boundaries:  

 

                 
  

 
                              [8] 

 

where    is the surface emissivity,         is the diffuse reflectivity and n is 

the outward normal vector.      is the heat flux that strike the surfaces and is 

written:  

 

     ∫               for all        [9] 

 

where        is the radiation intensity at a given position s at the direction   and 

the index j denotes the direction of the incoming radiation that contributes to the 

direction   . COMSOL discretizes equation 8 and 9 in the direction i to (COMSOL 

Multiphysics 4.3 2012): 

 

                
  

 
                             [10] 

 

     ∑                 [11] 

 

  



 

15 

 

Coliform bacteria 

 

Coliform bacteria are microorganisms that figure in the intestinal tract of both 

animals and humans. They are evidence of fecal contamination of water supplies 

and the level of coliform bacteria is the most accepted indicator of water quality in 

the United States (Encyclopædia Britannica Online 2013). The Swedish National 

Food Agency (Livsmedelsverket, SLV) has decided that water is suitable (but with 

a remark) for drinking, if coliform bacteria are detected in 100 ml of water at the 

user´s tap, or in 250 ml in packed water. The water is considered unsuitable for 

drinking if 10 bacteria are detected in 100 ml of water at the user´s tap, or 10 

bacteria in 250 ml packed water (Livsmedelsverket [SLV] 2006). 

 

Table 3 displays WHOs classification of the health risk related to the concentration 

of coliform bacteria in water supplies (WHO 1997): 

 
Table 3: The health risk related to the concentration of coliform bacteria according to the WHO. 

Concentration of coliform bacteria 

[Number/100 ml] 

Remark 

0 In compliance with WHO guidelines 

1-10 Low risk 

10-100 Intermediate risk 

100-1000 High risk 

>1000 Very high risk 
 

 

Escherichia coli, or E. coli, are species of coliform bacteria that cause 

gastrointestinal illness. Most of the E. coli bacteria are harmless (Encyclopædia 

Britannica Online 2013) but they can cause serious symptoms and illness such as 

diarrhoea, hemolytic uremic syndrome and thrombotic thrombocytopenic purpura 

(Griffin, Ostroff et al. 1988). Hemolytic uremic syndrome (HUS) leads to 

destruction of red blood cells and in some cases kidney failure. Thrombotic 

thrombocytopenic purpura causes anemia, changing neurological manifestations, 

fever and kidney failure (Encyclopædia Britannica Online 2013). There are at least 

six different kinds of E. coli that cause diarrhoea, each with their own pathogenic 

scheme. They are probably the most common cause of diarrhea among children 

(Nataro, Kaper 1998) and as mentioned earlier, 90 per cent of all deaths among 

children under the age of five can be related to diarrhoea caused by unclean water. 

 

SLV has decided that water is unsuitable for drinking if E. coli is detected in 100 

ml at the user´s tap, or in 250 ml in packed drinking water (Livsmedelsverket 

[SLV] 2006). 
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Method 
 

Simulation 

 

The physics module that was used for the COMSOL-simulation model was 

“Radiation in Participating Media”. It models radiative heat transfer within a 

participating medium. The module was used for simulation of the ultraviolet 

radiation transfer in a water-filled PET-bottle. The created model was two-

dimensional and the geometry and named boundaries can be seen in figure 5: 

 
Figure 5: The geometry and named boundaries of the simulation model. 

 

The model consists of two domains and represents a cross-section of a PET-bottle. 

The upper domain (referring to figure 5) represents the water in the PET-bottle and 

the lower domain the PET-plastic that faces the sun. The length of the domains was 

1.0 m and the heights of the upper and lower domains were 0.1 and 0.01 m 

respectively. The upper domains height corresponds to a PET-bottle with a 

diameter of 10 cm. The height of the lower domain is irrelevant for the simulation 

model and doesn’t affect the outcome of the simulation (as long as it´s >0 m). The 

reason for the “long” model (1.0 m) was that the side boundaries wouldn’t interfere 

too much with the radiation phenomenon simulated. The idea was to simulate the 

distribution and attenuation of the solar radiation when it enters the PET-bottle 

orthogonally. 

 

The UV-radiation was simulated with temperature analogy. The radiative energy 

transfer was generated by giving the domain boundaries different temperatures and 

emissivity. The temperature of boundary C was determined by trial and error by 

analyzing and matching the outgoing radiative heat flux from that specific 

boundary with the desired radiosity. The desired radiosity depends on which UV-

solar case that was simulated. Table 4 shows the different UV-solar cases that were 

simulated:   

  

D C 

 B 
 A 
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Table 4: The different simulation cases of the UV-solar-power entering the water (at boundary C). 

Solar Case Radiation Power [W/m
2
] 

I 42  

II 22   

III 20  

 

Common for all simulation-cases was that the transmittance of the UV-radiation 

through the PET-material was presumed to be 85 per cent (McGuigan, Conroy et 

al. 2012)  and the radiation power was assumed to be constant. Case 1 corresponds 

to the maximum UV-solar power that reaches the earth (50 W/m
2
) (Byrne, 

Fernandez-Ibanez et al. 2011) which results in that the incoming radiation to the 

water is 42 W/m
2
, after consideration is taken for the UV-transmittance of PET. 

 

Five per cent of the total solar radiation power that reaches the earth belongs to the 

UV-region of the spectra (Byrne, Fernandez-Ibanez et al. 2011) and that was 

assumed for case II and III. Case II can be derived to the medium solar power that 

reaches Saltpond (a city between Accra and Cape Coast) in March (517 W/m
2
). 

The UV-solar power that reaches boundary C for case II becomes 22 W/m
2
, after 

taking into consideration the UV-transmittance of PET and the fact that five per 

cent of the total solar radiation at the earth’s surface belongs to the UV-spectra. 

Case III can be derived to the annual average solar power that reaches Saltpond 

(471 W/m
2
) which results in an incoming UV-radiation power of 20 W/m

2
 at 

boundary C (Arku). 

 

The initial values of both the domain body temperatures were 0 K throughout all 

simulation cases. The domains were given different values for the absorption- and 

scattering coefficient representing the degree of turbidity. Table 5 shows the 

different absorption- and scattering coefficients that were used: 

 
Table 5: Simulation cases of absorption and scattering coefficient representing different degrees of 

turbidity. 

Attenuation cases Absorptions 

coefficient[1/m] 

Scattering 

coefficient[1/m] 

A 0.03790 0.01055 

B 0.45700 0.04850 

C 3.70000 1.03000 

 

Case A is assumed for the clearest natural water and a wavelength of 360 nm 

(Smith, Baker 1981). The absorption coefficient for case B is assumed for pure sea 

water and 260 nm (UMAINE 2008) and the ratio between the absorption and 

scattering coefficient is assumed to be the same as for case A. The absorption 

coefficient for case C is assumed for Lake George in Uganda and 440 nm 

(UMAINE 2008) and as for case B; the ratio between the absorption and scattering 

coefficient is assumed to be the same as fore case A. 
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The temperatures and emissivity for the different boundaries can be seen in table 6: 

 
Table 6: The temperatures and emissivity for the different boundaries. 

Boundary Temperature [K] Emissivity[1] 

A 0 0 

B 0 1 

C Thigh 1 

D Thigh 0 

 

Boundaries A were given a temperature of 0 K and an emissivity of 0. The low 

emissivity was given to the boundaries in order to minimise their interference with 

the radiation phenomenon. The low temperature was given so the boundaries 

wouldn’t contribute to the irradiosity on boundary B. Boundary B was given a 

temperature of 0 K and an emissivity of 1. The low temperature and high 

emissivity become the forcing mechanisms in the model. This is because boundary 

C has a high temperature Thigh (depending on the simulation case) and an emissivity 

of 1. Boundary D was given the temperature Thigh and an emissivity of 0. The high 

temperature and low emissivity results in that the radiation from boundary C aims 

for boundary B. The incoming radiative heat flux on boundary B could then be 

determined. 

 

The values for Thigh (that matched the desired radiosity) for the different simulation 

cases can be seen in table 7: 

 
 Table 7: Thigh for the different simulation cases. 

Case Thigh[K] 

IA 134.0 

IB 134.5 

IC 138.0 

IIA 114.5 

IIB 114.5 

IIC 117.5 

IIIA 111.5 

IIIB 111.5 

IIIC 114.5 

 

It was in total nine simulation cases. The incoming radiation power was measured 

on the boundary representing the PET-side not facing the sun (boundary B). The 

incoming radiative power striking boundary B ([W/m
2
]) was multiplied with the 

number of seconds in six hours. The product corresponds to the UV-dose after six 

hours exposure to the sun (see equation 1, page 5). The result was compared to the 

required UV-dose for a logarithmic survival ratio of one, two and three for E-coli. 

No notice was taken of the thermal disinfection process. 
 

The mesh of the model was “Extremely fine”, which was the finest available and 

all studies were executed for stationary conditions. 
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Study visits at water plants 

 

Three water plants, two in Sweden and one in Ghana, were visited in order to 

receive a wider understanding concerning water treatment and the differences 

between the countries’ water management. The two plants in Sweden were 

Sandtorp and Hynboholm and the visits were executed on the 17 of January 2013. 

Jan Wilhelmsson, an environmental engineer from Karlstad County, gave a guided 

tour and information about the plants and treatment steps.  

 

Groundwater is treated by two steps at Sandtorp water plant; a UV-treatment and 

after that a raise of pH and the buffering capacity by addition of soda. The UV-

device was installed in 2011 and consists of a pipe with three fluorescent lamps, 

equally distributed with an angle of     . The power of each lamp is 290 W and 

the wavelength of the radiation is 254 nm. The device generates a UV-dose of 40 

mJ/cm
2
. Some maintenance is required; the envelope glass that protects the lamps 

needs to be wiped off once every week and the lamps needs to be replaced once 

every year. It takes about 400 seconds for the device to reach the maximum UV-

dose (warm up time) after being activated. 

 

Two steps are also required to treat the groundwater at Hynbyholm water plant; an 

addition of caustic soda in order to raise pH and the buffering capacity and after 

that a UV-treatment. The UV-device was installed in 1994 and consists of a pipe 

with two fluorescent lamps, equally distributed with an angle of     . The power 

of each lamp is 64 W. The lamps have to be replaced once every year. 

 

New Brimsu water plant in Cape Coast was visited on the 10 of April and Moses 

Coleman, who works with quality insurance, gave a guided tour and information 

about the treatment steps. The plant supplies most parts of Cape Coast with water, 

which is collected from the river Kakun. The water enters the plant from a 

constructed dam and works as a first treatment step (sedimentation due to low 

water speed). The water is thereafter mechanically treated by two filters before it 

enters the plant area. Chlorine gas is added to the water in order to oxidise the iron 

(so it later on in the treatment process can be flocked) and active carbon is added to 

remove any odour and/or taste within the water. Calcium hydrochloride is used if 

they run out of chlorine gas and potassium permanganate is added if the chlorine or 

calcium hydro chloride isn’t sufficient to oxidise the iron. 

 

The next step is to add aluminium sulphate. That leads to the coagulation of 

suspended particles (clay). The water passes through a sedimentation pool where 

the flocks of clay and iron sink to the bottom. Sand filters are thereafter used before 

a second treatment with chlorine. The second chlorine step is used in order to 

disinfect the water (killing the pathogens). The final step is adjusting the pH by 

adding hydrated lime. 
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SODIS experiments 

 

Full time test 

 

Three water sources were examined in order to determine the logarithmic survival 

ratio of coliform bacteria by the different SODIS-procedures; tap water from 

Swedru (a town outside the capital Accra), water from a well at Shalom orphanage, 

and a pond in Kofi Ansah. Three tests were executed on the tap water and two tests 

for the well and the pond. The solar radiation power ([W/m
2
]) at each experiment 

occasion was measured with a Solar Radiation Sensor. It measures light between 

350 nm to 1100 nm (Campbell 2011). The total duration of each experiment was 

six hours and the solar radiation power was measured with two hour intervals. A 

mean value was then calculated for the solar radiation power for the specific 

experiment day. The type of weather was also noted for every experiment occasion 

(for example clear, cloudy etc.).   

 

Photograph 2 shows the well in Kofi Ansah: 

 

Photograph 2: The well in Kofi Ansah. 
 

 

Photograph 3 shows the pond in Kofi Ansah: 

 

 
Photograph 3: The pond in Kofi Ansah. 
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The water from the pond was very turbid in comparison with the water from the 

well. Photograph 4 shows a comparison between the water samples (the sample 

from the pond is to the left): 

 

 
Photograph 4: A comparison between the water sample from the pond (to the left) and from the well 

(to the right). 
 

Four water samples were collected at each source: three samples for the SODIS-

procedure and an untreated reference sample. The SODIS-procedure was 

performed in three versions and common for each version was that the PET-bottles 

that were used for the SODIS-procedure had a rectangular shape and a volume of 

1.5 litres. The bottles were rinsed out with the water from the source before 

sampling, and were initially filled to about three quarters. They were then shaken 

for 30 seconds in order to aerate the water before they were completely filled and 

concealed. The bottles were placed on top of a metal roof at 8.30 and were taken 

down at 14.30, resulting in six consistent hours of solar exposure. The three 

different SODIS-procedures were: 

 

 Standard SODIS-procedure (S-SODIS). 

 Reflective improved SODIS (R-SODIS). 

 Temperature improved SODIS (T-SODIS). 

The S-SODIS-procedure is the plain SODIS-technique without any improvements. 

R-SODIS is the S-SODIS-procedure improved by attaching aluminium foil on the 

down facing side of the PET-bottle with rubber bands, resulting in an increased 

incident radiation due to reflection. T-SODIS is the S-SODIS-procedure improved 

by painting the down facing side of the PET-bottle black. This results in an 

increased temperature due to increased blackbody radiation. Photograph 5 shows 

the different SODIS-versions. From left to right: S-, R- and-T-SODIS (the orange 

strings were used in order to simplify the placement and removing of the bottles 

from the roof): 
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Photograph 5: The different SODIS-versions that were examined. From left to right: S-SODIS, R-

SODIS-T-SODIS 

Photograph 6 shows the three SODIS-containers placed on top of a metal roof. In 

order from left to right; T-, S- and R-SODIS (it may look like the black painted 

side is facing upwards but the black side is facing down): 

 

 
Photograph 6: SODIS-containers placed on a metal roof. 
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Bacterial tests were executed with paddle testers on the untreated water before the 

experiment and on the three SODIS-samples after the solar exposure. The paddle 

testers measure total aerobic bacteria/ total coliforms and were purchased from 

HACH®. Figure 6 displays the paddle testing procedure that was executed and the 

figure is collected from HACH (2012). Paddle Tester, Total Aerobic Bacteria/ 

Total Coliforms [Electronic]. Available: http://www.hach.com/asset-

get.download.jsa?id=7639984033 [2013-02-20]: 

 

 
Figure 6: Paddle testing procedure. Collected from HACH (2012). Paddle Tester, Total Aerobic 

Bacteria/ Total Coliforms [Electronic]. Available: http://www.hach.com/asset-

get.download.jsa?id=7639984033 [2013-02-20] 
 

Initially, the paddle is removed from the vial and dipped in the water sample. 

Excessive water is dripped off the paddle before reinserting it to the vial. After that, 

the test is incubated for approximately 48 hours, optimally at a temperature of 35-

37  . Since there was no access to a temperature locker, the tests were incubated at 

room temperature (about 27  ). Thenceforth, the paddles were compared with a 

reference chart with known bacterial colony density level (HACH 2012). Figure 7 

displays the bacterial colony density chart that was used to determine the number 

of coliform bacteria. The number above the figure corresponds to the number of 

coliform bacteria per litre in the water sample. The figure is collected from HACH 

(2012). Paddle Tester, Total Aerobic Bacteria/ Total Coliforms [Electronic]. 

Available: http://www.hach.com/asset-get.download.jsa?id=7639984033 [2013-02-

20] : 

 

 
Figure 7: Bacterial colony density chart. Collected from HACH (2012). Paddle Tester, Total 

Aerobic Bacteria/ Total Coliforms [Electronic]. Available: http://www.hach.com/asset-

get.download.jsa?id=7639984033 [2013-02-20] 
 

Equation 1 on page 5 was used to calculate the logarithmic survival ratio of the 

coliform bacteria for the different SODIS-procedures. The results were further on 

compared with the WHO guidelines for safe drinking water (table 3, page 15). 

 

http://www.hach.com/asset-get.download.jsa?id=7639984033
http://www.hach.com/asset-get.download.jsa?id=7639984033
http://www.hach.com/asset-get.download.jsa?id=7639984033
http://www.hach.com/asset-get.download.jsa?id=7639984033
http://www.hach.com/asset-get.download.jsa?id=7639984033
http://www.hach.com/asset-get.download.jsa?id=7639984033
http://www.hach.com/asset-get.download.jsa?id=7639984033
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Speed tests 

 

Additional speed tests were executed in order to determine which of the SODIS-

procedures that inactivates bacteria most rapidly. The water for the tests was 

sampled in Edumafa and came from a tank connected to the governmental pipeline 

and from two wells. The tank and one of the wells can be seen in photograph 7 and 

8 respectively: 

 

 
Photograph 7: The water tank connected to the governmental pipeline in Edumafa. 
 

 

Photograph 8: One of the wells in Edumafa. 
 

The procedure for the speed tests were the same as for the full time tests, but the 

duration of the solar exposure were only two hours. The bottles were placed on top 

of a metal roof at 8:30 and were taken down at 10:30. The solar radiation power 

was measured three times; at 8:30, 9:30 and 10:30. The paddle testers were used to 

determine the bacterial inactivation and equation 1 on page 5 was used to calculate 

the logarithmic survival ratio. Three speed tests were executed, two with water 

from the wells and one from the tank connected to the governmental pipeline. 
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Solar exposure time test 

 

A third experiment procedure was executed in order to investigate how the 

bacterial content of S-SODIS-treated water would be affected by the solar exposure 

time. Seven water samples were collected from one of the wells in Edumafa, one 

sample for reference and six for the S-SODIS procedure. The preparation for the 

experiment was the same as for the other experiments (rinsing out the bottles with 

water from the source, aerating of the water etc.) and the bottles were placed on top 

of a roof at 8:30 and was taken down at 14:30. The paddle testers were used for one 

bottle every hour. One test was executed for one of the bottles after one hour and 

for another bottle after two hours etc. In this way could the bacterial content of the 

S-SODIS-treated water be related to the solar exposure time and by using six S-

SODIS-bottles could the risk of contamination by the paddle testing procedure be 

eliminated. 

 

The results from the solar exposure time tests were further on compared with the 

WHO guidelines for drinking water. 

 

Interviews and workshops 

 

Interviews were carried out in order to get information and understanding about the 

Ghanaian relationship to safe drinking water. The respondents were citizens of 

Swedru, Dankwa Krom (a village near Cape Coast), Cape Coast, Edumafa, the 

owners and administrators of Shalom Orphanage in Kofi Ansah, representatives 

from Institute of Development Studies at the University of Cape Coast and Ghana 

Water Company Ltd. The respondents were both men and women from 18 to 72 

years. An interpreter was used when the respondents didn’t speak English.  

 

The strategy of the interviews was to avoid closed question which could be 

answered with a simple yes or no. Open questions would make it easier to get 

exhaustive and profound answers (Jacobsen 1993).  Both audio recorder and notes 

were used during the interviews. After the interviews, the recordings were listened 

to in order to acquire a more clarified picture about the safe drinking water 

situation (Thomsson 2002). 
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The following questions were asked to the respondents from Swedru, Dankwa 

Krom, Cape Coast, Edumafa and the owners and administrators of Shalom 

Orphanage in Kofi Ansah (15 respondents in total): 

 

1. How much water do you consume in a day? 

2. How much plastic packed water do you buy in a day? 

3. Do you experience any problems related to water such as diseases, 

unnecessary time for retrieval or efforts due to cooking of water (collecting 

of fuel for burning etc.)? 

4. Do you treat your unpacked drinking water? If not, why? 

5. Have you heard about the SODIS procedure? (If the respondents haven’t 

heard about SODIS, a short explanation of the technique was held) 

6. Are you willing to start performing the SODIS procedure in order to treat 

your drinking water? 

 

The reduction of throwaway plastic containers per person by implementing SODIS 

as a water treatment technique was calculated as a mean value for question number 

2, excluding possible outliners. The outliners were identified with equation 12: 

 

| |  
   ̅

 
 [12] 

 

where x is the suspected outliner and  ̅ is the mean value and s is the standard 

deviation for the whole data set. The specific values were considered to be 

outliners if | |     (Encyclopædia Britannica Online 2013) and were therefore 

rejected from the data set. 

 

The assumption was made that the implementation of SODIS as a water treatment 

technique would eliminate the need to buy plastic packed water. The need of 

replacing the SODIS-containers after long time use was neglected. The standard 

deviation for the throwaway plastic container reduction per person and day was 

also calculated (outliners excluded).   

 

The following questions were asked to the representatives from the Institute of 

Development Studies at the University of Cape Coast and Ghana Water Company 

Ltd (three respondents in total): 

 

1. How is Ghana’s drinking water situation? 

2. Do the people of Ghana consume unsafe water and if, in which extent? 

3. If the answer was yes on question 2: Why do some people consume 

unsafe drinking water? 

4. Is the safe drinking water situation better or poorer in the rural areas of 

Ghana? 

5. Have you heard about the SODIS procedure? (If the respondents haven’t 

heard about SODIS, a short explanation of the technique was held) 

6. Do you think that the SODIS technique can be implemented in Ghana? 
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Workshops were held in Edumafa for the villagers in addition to the interviews. 

The SODIS-procedure was demonstrated and explained and the participants could 

thereafter ask questions about the technique. Figure 2 on page 9 was used for the 

explanation. Emphasis was put specifically on the importance of sunny weather, 

the clearness of the water and the fact that the water needs to be consumed within 

24 hours after finished solar exposure. The numbers of participants during the 

workshops were four to six. In total, 15 workshops were held.  
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Results 
 

Simulation 

 

Figure 8 shows the different UV-doses for the different simulation cases and the 

required UV-dose for a logarithmic survival ratio (LSR) of one, two and three for 

E.coli (see table 1 on page 6) plotted against the attenuation coefficient (the sum of 

the absorption and scattering coefficient). A logarithmic survival ratio of 1 

corresponds to a 90 per cent pathogen reduction, 2 corresponds to 99 per cent etc.: 

 

 
Figure 8: UV-doses for the different simulation cases and the required UV-dose for a logarithmic 

survival ratio of one, two and three for E.coli plotted against the attenuation coefficient. A 

logarithmic survival ratio of 1 corresponds to a 90 per cent pathogen reduction, 2 corresponds to 99 

per cent etc. 
 

Figure 8 shows that SODIS can disinfect E. coli to a logarithmic survival ratio of 

two after six hours of solar exposure if the water isn’t too turbid. 

 

Figure 9 to 11 relates the UV-dose for the different simulation cases to the solar 

exposure time (hours). The result is further on compared to the required UV-dose 

for a logarithmic survival ratio of one, two and three for E.coli. Case I corresponds 

to a solar radiation power of 42 W/m
2
, case II to 22 W/m

2
 and case III to 20 W/m

2
. 

A indicates an attenuation coefficient of 0.0485 1/m, B to an attenuation coefficient 

of 0.05055 1/m and C to an attenuation coefficient of 4.7300 1/m. 

 



 

29 

 

 
Figure 9: The result from simulation cases IA, IIA and IIIA as a function of the solar exposure time. 

The result is being related to the required UV-dose for a logarithmic survival ratio of one, two and 

three for E.coli. 
 

 
Figure 10: The result from simulation cases IB, IIB and IIIB as a function of the solar exposure 

time. The result is being related to the required UV-dose for a logarithmic survival ratio of one, two 

and three for E.coli. 
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Figure 11: The result from simulation cases IC, IIC and IIIC as a function of the solar exposure 

time. The result is being related to the required UV-dose for a logarithmic survival ratio of one, two 

and three for E.coli. 
 

Figure 9 to 11 shows that SODIS can disinfect E. coli to a logarithmic survival 

ratio of one after three hours of solar exposure, and a logarithmic survival ratio of 

two after six hours of solar exposure if the water isn’t too turbid. 

 

SODIS experiments 

 

Full time tests 

 

The results from the full time SODIS experiments can be read in table 8. SRP 

corresponds to Solar Radiation Power in W/m
2
, BC to Bacterial Content in number 

per litre, LSR to Logarithmic Survival Ratio, S- to standard-, R- to reflective- and 

T-SODIS to temperature improved SODIS:



 

31 

 

 

a) T
h

e b
acterial co

n
ten

t w
as h

ig
h
er after th

e treatm
en

t th
an

 in
itially

 d
u

e to
 co

n
tam

in
atio

n
. 

 W
ell K

o
fi 

A
n

sah
 

P
o

n
d

 K
o

fi 

A
n

sah
 

W
ell K

o
fi 

A
n

sah
 

W
ell K

o
fi 

A
n

sah
 

T
ap

 

T
ap

 

T
ap

 

S
o

u
rce

 

T
ab

le 8
: R

esu
lts fro

m
 th

e fu
ll tim

e tests. S
R

P
 co

rresp
o

n
d

s to
 S

o
lar R

ad
iatio

n
 P

o
w

er in
 W

/m
2, B

C
 to

 B
acterial C

o
n

ten
t in

 n
u

m
b

er p
er litre, L

S
R

 to
 L

o
g

arith
m

ic S
u

rv
iv

al 

R
atio

, S
- to

 stan
d

ard
-, R

- to
 reflectiv

e- an
d

 T
-S

O
D

IS
 to

 tem
p

eratu
re im

p
ro

v
ed

 S
O

D
IS

 

6
0

0
 

1
8

5
 

6
0

0
 

1
8

5
 

3
3

5
 

4
8

9
 

4
9

2
 

S
R

P
 

8
.3

0
 

[W
/m

2
] 

9
0

0
 

5
3

0
 

9
0

0
0
 

5
3

0
 

1
0

0
0
 

4
0

0
 

8
6

2
 

S
R

P
 

1
0

.3
0
 

[W
/m

2
] 

8
9

4
 

1
6

8
 

8
9

4
 

1
6

8
 

1
0

0
0
 

8
0
 

1
8

5
 

S
R

P
 

1
2

.3
0
 

[W
/m

2] 

3
0

8
 

1
7

5
 

3
0

8
 

1
7

5
 

3
5

8
 

6
3
 

7
0

3
 

S
R

P
 

1
4

.3
0
 

[W
/m

2] 

6
7

6
 

2
6

5
 

6
7

6
 

2
6

5
 

6
7

3
 

2
5

8
 

5
6

1
 

M
ea

n
 

S
R

P
[W

/m
2] 

5
5

0
0
 

5
5

0
0
 

1
0

0
0
 

1
0

0
0
 

1
0

0
0
 

0
 

1
0

0
0
 

In
itia

l B
C

 

[1
/litre] 

5
0
 

1
0

0
 

1
0

0
 

1
0

0
 

0
 - 

1
0

0
 

F
in

a
l 

B
C

 S
-

S
O

D
IS

 

[1
/litre] 

1
0

0
 

1
0

0
 

1
0

0
 

1
0

0
0
0

a 

0
 - 0
 

F
in

a
l 

B
C

 R
-

S
O

D
IS

 

[1
/litre] 

1
0

0
 

1
0

0
 

5
0
 

1
0

0
 

0
 - 0
 

F
in

a
l 

B
C

 T
-

S
O

D
IS

 

[1
/litre] 

 

2
 

1
.7

 

1
 

1
 

>
3

 

- 1
 

L
S

R
  

S
-

S
O

D
IS

 

1
.7

 

1
.7

 

1
 

A
 

>
3

 

- 

>
3

 

L
S

R
 

R
-

S
O

D
IS

 

 

1
.7

 

1
.7

 

1
.3

 

1
 

>
3

 

- 

>
3

 

L
S

R
 

T
-

S
O

D
IS

 

C
lear 

C
lo

u
d

y
 

C
lear 

C
lo

u
d

y
 

C
lear/ 

C
lo

u
d

y
 

C
lo

u
d

y
 

C
lear/ 

C
lo

u
d

y
 

W
ea

th
er

 



 

32 

 

The logarithmic survival ratio for the full time S-SODIS-procedure is plotted 

against the mean solar radiation power in figure 12. A logarithmic survival ratio of 

1 corresponds to a 90 per cent pathogen reduction, 2 corresponds to 99 per cent 

etc.: 

 

 

Figure 12: The logarithmic survival ratio for the full time standard-SODIS-procedure is plotted 

against the mean solar radiation power.  

 

The logarithmic survival ratio for the full time R-SODIS-procedure is plotted 

against the mean solar radiation power in figure 13: 
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Figure 13: The logarithmic survival ratio for the full time reflective-SODIS-procedure is plotted 

against the mean solar radiation power.  

 

The logarithmic survival ratio for the full time T-SODIS-procedure is plotted 

against the mean solar radiation power in figure 14: 

 
Figure 14: The logarithmic survival ratio for the full time temperature-SODIS-procedure is plotted 

against the mean solar radiation power. 
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It can be established that all three SODIS-versions are able to generate drinking 

water with a low health risk after six hours solar exposure, by comparing column 8-

10 in table 8 with the WHO guidelines for drinking water (table 3, page 15). 

However, it is impossible to unambiguously determine how the different SODIS-

procedures affect the logarithmic survival ratio of coliform bacteria, or, for that 

matter, which SODIS version is superior. 

 

Speed tests 

 

The result from the speed tests can be read in table 9. SRP corresponds to Solar 

Radiation Power, BC to Bacterial Content and LSR to Logarithmic Survival Ratio: 
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The logarithmic survival ratio for the water from the governmental pipeline for the 

speed test can be seen in figure 15. A logarithmic survival ratio of 1 corresponds to 

a 90 per cent pathogen reduction, 2 corresponds to 99 per cent etc: 

 
Figure 15: The logarithmic survival ratio for the water from the governmental pipeline for the speed 

test. 
 

The logarithmic survival ratio for the water from well one for the speed test can be 

seen in figure 16: 

 
Figure 16: The logarithmic survival ratio for the water from well one for the speed test. 
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It´s not possible to calculate the logarithmic survival ratio for the third speed test 

because the reference paddle wasn’t functional. The initial bacterial content of the 

water was therefore unknown. A comparison of the three SODIS-paddles shows 

that the T-SODIS-procedure resulted in the lowest bacterial content. The S-SODIS-

procedure was the second most efficient, followed by the R-SODIS-procedure. 

 

Neither is it possible, by using the results from the speed tests, to determine which 

of the SODIS-procedures inactivates bacteria most rapidly. 

 

Solar exposure time test 

 

The results from the solar exposure time test can be seen in figure 17. The upper 

graph displays how the bacterial content of the water is decreasing with the solar 

exposure time and the lower graph shows how the solar radiation power varies 

during the experiment.  

 
 

Figure 17: The upper graph displays how the bacterial content of the water is decreasing with the 

solar exposure time and the lower graph shows how the solar radiation power varies during the 

experiment.  
 

In figure 18 is the bacterial content of the water from the solar exposure time test 

compared with the limit for low health risk water according to the WHO guidelines 

for drinking water (see table 3, page 15). The bacterial content-scale is 10-

logarithmic: 
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Figure 18: The bacterial content of the water is compared to the WHOs guidelines for drinking 

water. The y-scale is 10-logarithmic. 
 

Figure 18 shows that three hours of solar exposure can be sufficient for obtaining 

low health risk water during clear weather. 

 

Interviews and workshops 

 

For the complete answers from all respondents, see Appendix-Interview answers. 

 

It emerged during the interviews that the Ghanaians in general don´t experience 

any problems regarding their drinking water. Some of the respondents said that 

when they get sick, they don’t know whether it´s the water or another source that 

causes the illness. 

 

Very few of the respondents had heard of SODIS before, only 1 of 18. But the 

attitude to SODIS was very positive after an introduction. And 14 of 15 of the 

respondents from the villages and the orphanage said that they are willing to go 

through with the SODIS-procedure in order to obtain safe drinking water. The 

single respondent that didn’t want to go through with SODIS was one of the 

owners of Shalom Orphanage in Kofi Ansah. The reason for that is that the method 

is impractical for a household with over 20 children.  

 

Both the respondents representing the Institute of Development Studies at the 

University of Cape Coast believed that SODIS can be implemented in Ghana. They 

clarified that the implementing of SODIS is a long term project and cannot be 
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accomplished singlehandedly. It can be achieved by educating certain people in the 

villages (like doctors, teachers and political important people such as the chief and 

the elders) in how the procedure is done. If they can start performing the technique, 

the other villagers will become interested. Then, the people that initially were 

educated in the technique can spread the knowledge and instruct the other villagers. 

That would result in a sustainable and long term use of SODIS. The representative 

from Ghana Water Company Ltd also believes that SODIS can be implemented in 

Ghana. He highlighted education as the key of achievement. 

 

The use of throwaway plastic containers can be reduced by 4.5 bags per person and 

day by implementing SODIS as a water treatment technique. That corresponds to a 

reduction of more than 1600 containers per person and year. The standard deviation 

for the reduction of throwaway plastic container per person and day is 1.5. 
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Discussion 
 

Using ultraviolet radiation is a well-established method for water treatment. It can 

be carried out in many different ways, from the simplicity of SODIS to 

sophisticated technological devices such as LED-UV-, pulsed UV- (PUV), medium 

pressure- (MP) and low pressure (LP) lamps. In Sweden, where the solar radiation 

power is lower than in Ghana, these sophisticated devices are more suitable. The 

devices are relative expensive and the water has to be pressurized in order to use 

them. So they are not economically sustainable solutions for Ghana. SODIS is 

instead a more preferable technique for the Ghanaians, especially when considering 

the lack of electricity. It is unlikely that the people of Ghana would handle the 

mercury from the LP-lamps (that are common in Sweden today) in a correct 

manner, considering the fact that they have a major waste problem regarding the 

plastic containers. In addition to the mercury problem, LP-lamps have a short life 

time and need to be replaced once a year. More sophisticated solutions can reach 

the third world if technological improvements are achieved, for example 

concerning UV-LED-systems. The UV-LED-systems could have a potentially long 

life time and would have the benefit of being mercury free. It´s further on more 

likely that they would survive the transport on the poor roads in Ghana, since they 

are more durable than the LP-lamps.  

 

The SODIS-procedure is as mentioned earlier dependent on solar radiation. The 

reduction of 1600 throwaway plastic containers per person and year is therefore too 

high since the sun isn’t shining strong enough every day of the year in Ghana. 

However, the implementation of SODIS would have a considerable effect on the 

waste problem that now is occurring. Also, the implementation of SODIS can have 

other positive effects, besides the obvious health improving and waste reducing 

effect. For example, the people would no longer need to collect fuel for cooking 

their drinking water. They would save money since they wouldn’t need to buy 

packed water or chlorine tablets. It´s further on hard for a community to reach a 

sustainable development if the citizens cannot work or go to school because of 

illness. The implementation of SODIS can therefore have a considerable impact on 

the endeavour towards a sustainable development in Ghana.  

 

The key to implementing SODIS as a water treatment technique is education and 

it´s important to inform the Ghanaian people about the consequences of lack in 

sanitation and unsafe drinking water. It emerged during the interviews and 

workshops that people in Ghana don’t know if their water causes diseases or if 

there’s another source for the illness. Further work should therefore be aimed at 

educating the population of Ghana the importance of sanitation issues, especially in 

the rural areas. The first thing to do for implementing SODIS as a water treatment 

technique would be do educate certain people (hereafter referred as instructors) in 

the villages in how the procedure is executed and briefly the mechanics behind the 

inactivation of bacteria. The instructors should speak both English and the local 

language and be well educated people, such as teachers, doctors etc. (it is more 

likely that educated people will understand the procedure and the mechanics). They 

should also be aware of the consequences of lack in sanitation and unsafe drinking 

water. The chief and other politically important people in the village should also be 
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part of the instructor brigade in order to increase the probability of SODIS-

acceptance. The instructors would function as ambassadors between the SODIS-

implementers and the villagers. The implementers are the people that want to 

implement SODIS in the village and should have substantial experience and 

knowledge about SODIS. The instructors will be teaching the villagers how the 

treatment is done and it´s limitations. They will also make sure that it´s executed 

correctly when the implementers leave the village. That will result in a sustainable 

and long term use of the treatment. The implementers and the instructors should 

maintain a regular contact, if for example questions appear about the procedure that 

the instructors cannot answer.   

 

A possible programme for implementing SODIS in a village could be: 

 

1. Establish a contact with someone who knows the specific village and the 

villagers well. 

2. Use that contact person to get in touch with the politically important people 

in the village (such as the chief) for introduction of the implementers, 

SODIS and this programme.  

3. Educate the instructors in the village on how the treatment is executed and 

the mechanics behind the bacterial inactivation. This may have to be done 

repeatedly.  

4. Gather the villagers for a meeting where the instructors introduce the 

implementers for the villagers and instruct and demonstrate how the 

SODIS-procedure is done. The importance of hygiene and sanitation will 

also be educated. Water tests should be executed before and after the 

treatment in order to highlight the efficiency of SODIS. A number of bottles 

should be handed out to the households in order to activate the process of 

using SODIS.  

5. The instructors, together with the implementers should be monitoring the 

villagers for a couple of days to make sure that the procedure is executed 

correctly and be able to instruct and answer questions that may appear 

about the treatment. 

6. A regular contact should be maintained between the implementers and the 

instructors, even after the implementers have left the village. In that way, a 

sustainable use of SODIS can be achieved. 

The results from the COMSOL simulation model show that the turbidity has a big 

influence on the ability of the radiation to penetrate the water. This comports with 

other studies (McGuigan, Joyce et al. 1998). But it is hard to compare the results 

for the different simulation cases since the attenuations data (absorption and 

scattering coefficients) were picked at different wavelengths. Attenuation case A is 

picked for 360 nm (UV-A), B is picked for 260 nm (UV-C) and C for 440 nm 

(visible light). It would have been ideal to compare attenuation data for different 

degree of turbidity but for the same wavelength. This would have been done if 

there were more attenuation data available. It was very hard to find values of 

absorption and scattering coefficient for water in the UV-region of the spectra. 
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Despite this, the results from the simulation model show that the attenuation 

coefficient has a big influence on the disinfection process and that accentuates the 

importance of the clearness of the water during SODIS. 

 

The simulation model assumes constant solar radiation power, which is utilized 

when calculating the UV-dose. It is unlikely that the UV-radiation power would be 

constant for six consistent hours. That means that the calculated UV-dose for the 

six hours exposure may be overrated for the different simulation cases. On the 

other hand, the simulation model only calculates the UV-dose and neglects the 

thermal disinfection effect. Despite this, the full time tests on site in Ghana validate 

the model and shows that the model can be used in estimating, on a pre-study level, 

which countries that are suitable for SODIS. There is a lot of previous work done 

in measuring the solar radiation for different parts of the world. The expected UV-

dose in SODIS-bottles for different locations in the world can be estimated by 

using that data as an input for the model.  

 

The SODIS-experiments show that all three SODIS-procedures (S-, R- and T-

SODIS) are able to generate drinking water with a low health risk (compared with 

WHO guidelines) during a six hours solar exposure in Ghana. The treated water 

had throughout all full time tests a bacterial content less or equal to 100 bacteria 

per litre. But the method has some limitations. It´s not suitable for large volumes of 

water and the efficiency depends on the solar radiation that varies with the weather 

and season. It can further on only inactivate pathogens and doesn´t remove metals 

or salt. The users must also apply forward planning and prepare enough water for 

the next morning (because of the required six hours treatment time). Even though, 

the tests shows that SODIS is an adequate water treatment technique for small 

households and can reduce the health risks related to drinking water significantly 

and result in progression towards a sustainable development.  

 

It was very surprising that the Ghanaians in general did not think that they had any 

problems regarding their drinking water. Some of the respondents said that they 

don’t know why they sometimes get sick, if it´s caused by water, food or another 

source. That may explain why they don´t experience any complications related to 

water. The bacterial tests that were performed on the different water sources in 

Ghana showed that almost all of them (except one of the tap samples) were 

classified by the WHO to be high- or very high risk water. This highlights the 

difference in the Ghanaian and Swedish relationship to drinking water. The 

Ghanaians accept that they need to buy large quantities of packed drinking water 

and that unpacked water needs to be treated (for example by boiling). That would 

not have been accepted by most people in Sweden and many swedes take clean and 

safe drinking water for granted. Most swedes would never have the patience to wait 

six hours for safe drinking water by the SODIS-procedure, weather the Ghanaian 

people have other preferences and may therefore accept the treatment time that 

SODIS require. Another indicator of the differences between Sweden and Ghana’s 

relationship to safe drinking water is that contaminated drinking water causes 

headlines in Sweden, when it’s accepted as a part of the daily life in Ghana. 
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The mean value of the logarithmic survival ratio for the full time tests can be 

calculated to 1.9. The baseline logarithmic survival ratio (the LSR that will be 

reached by an unskilled operator in field without access to supporting facilities and 

instrument) is 3 (see table 2 on page 10). It is more likely to reach a higher 

logarithmic survival ratio if the initial bacterial content is higher. The results from 

the full time tests show that it´s hard to reach a bacterial content less than 100 

bacteria per litre by the SODIS-procedure. It is therefore difficult to reach a 

logarithmic survival ratio higher than one since the initial bacterial content was 

relatively “low” (1000 bacteria per litre). That reduces the mean value for the 

logarithmic survival ratio. One may therefore suspect that higher logarithmic 

survival ratios would have been achieved by examining poorer water sources than 

those who were examined in this study.  

 

One of the squares in the LSR R-SODIS-column in table 8 (result for the full time 

tests) is denoted –
a
. This is because the bacterial content of the treated water was 

higher than in the untreated reference sample. This could be due to contamination 

from the air when executing the paddle testing procedure, but it’s probably due do 

a contamination of that specific water sample that was used for the SODIS-

procedure. It could, for example, be explained by a piece of leaf or insect in the 

water sample. This would lead to a higher bacterial concentration in that specific 

water sample. Since that particular water source was open and exposed to the 

environment, it´s the most plausible explanation. 

 

The paddle testers that were used during the experiments gave a good hint of the 

reduction of coliform bacteria. But more precise tests would be needed in order to 

determine which of the SODIS-procedures (S, R or T-SODIS) is the most effective. 

The paddles that were used were chosen for their simplicity and the possibility to 

work “in field”. More sophisticated tests would probably need a laboratory facility 

and would therefore not be suitable on site in Ghana where the tests were executed. 

It would further on been preferable to do more tests, but there were a limited 

number of paddle testers at hand. 

 

In was strange that S-SODIS was the most effective SODIS-version for the speed 

test executed on the water from the governmental pipeline. The reflective- and the 

temperature improved SODIS-version should theoretically be more efficient than 

the standard procedure. But the bacterial content for the R- and T-SODIS-versions 

were 11 and 20 times higher respectively, than for the S-SODIS-version. The 

paddle tester that was used for the S-SODIS-sample may be the explanation for the 

peculiar result. The paddle testers should optimally be stored at 2-8  , a 

temperature way cooler than the actual storage temperature (about 27  ). This may 

have resulted in some damaged paddles that would give a lower bacterial content 

than the actual one. That may also be the cause for the non-functional reference 

paddle from the speed test executed on the second well in Edumafa (denoted -
b
 in 

table 9). The paddles were incubated in room temperature but should optimally be 

incubated between 35 and 37  .  A laboratory facility would be needed, as 

mentioned earlier, in order to use more precise tests and therefore be able to 

determine which of the SODIS-procedures that inactivates bacteria most rapidly 

and efficiently. Further on, it would have been easier to control the initial bacterial 

level within the water samples and thereby achieving more accurate results. 
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There are different ways to improve the effectiveness of SODIS other than the ones 

that were tested in this work, for example photocatalytic enhancement using a 

semiconductor. The SODIS-procedure becomes more complicated and also more 

expensive by using semiconductors. The benefit of the original SODIS-procedure 

is that the method is both simple and inexpensive to execute, which increases the 

probability of a long term and sustainable usage of the technique. It´s crucial for 

the users of SODIS that it is both simple and inexpensive since they often don’t 

have much money to spare. That was important when choosing the three SODIS-

procedures (S, R and T-SODIS) that were investigated, since they´re all easy to 

execute at a low cost.   

 

Considering the interviews, it was sometimes hard to know whether the 

respondents gave honest and true answers to the interview questions. People 

wanted to be polite and that could cause the respondents to give the answer they 

thought the interviewer was wishing for, for example on the question: “Are you 

willing to start performing the SODIS procedure in order to obtain your drinking 

water?” It was clear in some cases that the respondents didn’t fully understand the 

questions but it was very rare that they asked the interviewer to repeat them (the 

interviewer repeated and/or reformulated the question if it was clear that the 

respondent didn’t understand it). An interpreter was used when the respondents 

didn’t speak English and it is possible that the information changed when it was 

translated by the interpreter and mediated to the interviewer. All these 

communication problems may have affected the outcome of the interviews in some 

degree.  However, the interviews show that people in Ghana in general would 

consider performing the SODIS-procedure in order to obtain safe drinking water. 

 

The results of this study has shown that SODIS is an adequate method for 

producing water with a low health risk at a household level in Ghana, and that the 

method can reduce the present waste problem regarding throwaway plastic 

containers. The study has also shown that the attitude among the Ghanaians to start 

performing SODIS is positive. The summarized results show that there are good 

possibilities for an implementation of SODIS in Ghana (by considering the positive 

attitude toward the technique and Ghana’s solar situation). The implementation 

would have a significant impact towards a sustainable development in Ghana. It 

could further on be executed in other countries with water related problems, 

resulting in a progress towards a global sustainable development. There are a lot of 

countries, especially in Africa, that have enough solar radiation power for 

performing SODIS. Over one billion people in developing countries have no access 

to good quality drinking water, and diarrhoea caused by unclean water leads to 1.8 

million deaths of children under the age of five (Watkins 2009). That number could 

be reduced by an SODIS implementation, since this study has shown that the 

method is very efficient against coliform bacteria. And as mentioned earlier, the 

seventh millennium goal launched by United Nations is to half the proportion of 

people lacking access to safe drinking water by year 2015 (compared with the 

proportion of year 2000) (Watkins 2009). For summing things up; SODIS could 

play an important part in the endeavour towards a global sustainable development.  
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Conclusions 
 

This study has shown that SODIS is an adequate method for producing water with 

a low health risk at a household level in Ghana.  A solar exposure of six hours is 

enough the reach a safe bacterial content within the treated water. It is also clear 

that SODIS can reduce the present waste problem regarding throwaway plastic 

containers by more than 1600 plastic bags per person and year, and that the attitude 

among the Ghanaians to start performing SODIS is positive. 

 

Further work should be aimed at implementing SODIS as a water treatment 

technique by educating the Ghanaian people, especially in the rural areas, the 

importance of water and sanitation issues.  
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Appendix - Interview answers 
 

The following questions were asked to the respondents from Swedru, Dankwa 

Krom, Cape Coast, Edumafa and the owners and administrators of Shalom 

Orphanage in Kofi Ansah: 

 

1. How much water do you consume in a day? 

2. How much plastic packed water do you buy in a day? 

3. Do you experience any problems related to water such as diseases, 

unnecessary time for retrieval or efforts due to cooking of water (collecting 

of fuel for burning etc.)? 

4. Do you treat your unpacked drinking water? If not, why? 

5. Have you heard about the SODIS procedure? (If the respondents haven’t 

heard about SODIS, a short explanation of the technique was held) 

6. Are you willing to start performing the SODIS procedure in order to treat 

your drinking water? 

The first respondent was a 25 year old woman from Swedru. Her answers to the 

interview questions were: 

 

1. About seven and a half litres. 

2. 15 plastic bags. 

3. She occasionally has to drink tap water because there’s no plastic packed 

water available, and that sometimes makes her sick. 

4. It happens that she boils the water before consuming. 

5. She had heard about SODIS. 

6. Yes, she was willing to start performing the SODIS in order to obtain safe 

drinking water. 

The second respondent was Susanna Benckert. She is 25 years old and is one of the 

owners and administrators of Shalom Orphanage in Kofi Ansah. Her answers to the 

interview questions were: 

 

1. About three liters. 

2. Six plastic bags. 

3. The orphanages drinking water is collected from a well. It´s heavy work to 

carry the water from the well to the orphanage. The children can drink the 

water from the well most of the times, but it happens that the water quality 

is bad in the well which results in many children being sick at the same 

time. 

4. They don´t treat the unpacked water since she cannot see any need of doing 

that. She also says that the case would have been different if the orphanage 

was located in Sweden and not Ghana. 



 

 

 

5. No, she hasn’t heard about SODIS. 

6. Not at the orphanage, since it wouldn’t be practical for such a large 

household. But she thinks that it´s a good idea for smaller households.   

The third respondent was Alwin Armah. He is 38 years old and is the other owner 

and administrator of Shalom Orphanage in Kofi Ansah. His answers to the 

interview questions were: 

 

1. About four litres a day. 

2. Two plastic bags. 

3. He, like Susanna, describes the carrying the water from the well to the 

orphanage as heavy work. 

4. No, since he doesn´t get sick a lot. 

5. No, he hasn’t heard about SODIS. 

6. Yes, he likes the simplicity of the method and can consider implementing it.   

The fourth respondent is a villager from Dankwa Krom and he is 65 years old. His 

answers to the interview questions were: 

 

1. About three and a half litres, but is depends on the weather and season. 

2. Seven plastic bags. 

3. He doesn’t get sick a lot since he is very careful with his drinking water. 

And when he gets sick, it’s not clear if it can be related to drinking water. 

4. He heats and filters his unpacked drinking water and he sometimes uses 

chlorine tablets. But he says that a lot of people in rural Ghana don’t treat 

their water at all which causes serious illness such as diarrhea and guinea 

worms. 

5. He hasn´t heard about SODIS before- 

6. - but he can absolutely consider trying it. 

The fifth respondent was a citizen of Cape Coast. He is 33 years old and his 

answers to the interview questions were: 

 

1. About two and a half litres. 

2. Five plastic bags. 

3. No problems he could think of. 

4. He sometimes drinks tap water. If he does so, he boils it. 

5. No he hasn´t heard about SODIS before. 

6. He can consider trying it. 

  



 

 

 

The sixth respondent was a citizen of Cape Coast. She is 32 years old and her 

answers to the interview questions were: 

 

1. About two litres 

2. Four plastic bags. 

3. No problems. 

4. She sometimes drinks tap water. She boils the water if it looks dirty. 

5. No she hasn´t heard about SODIS before- 

6. - but she can consider trying it. 

The seventh respondent was a villager in Edumafa. She is 32 years old and her 

answers to the interview questions were: 

 

1. Three litres. 

2. Four plastic bags. 

3. No problems. 

4. She uses chlorine tablets for her unpacked water. 

5. No she hasn´t heard about SODIS before. 

6. Yes, she can consider trying it. 

The eighth respondent was a villager in Edumafa. She is 18 years old and her 

answers to the interview questions were: 

 

1. About four litres a day. 

2. Six plastic bags. 

3. No problems. 

4. She sieves her unpacked drinking water. 

5. No she hasn´t heard about SODIS before- 

6. – but she can consider trying it. 

The ninth respondent was a villager in Edumafa. He is 32 years old and his answers 

to the interview questions were: 

 

1. Three and a half litres. 

2. Four plastic bags. 

3. No problems. 

4. No he doesn’t treat his unpacked drinking water. 

5. No he hasn´t heard about SODIS. 

6. Yes, he can consider trying it. 

  



 

 

 

The tenth respondent was a villager in Edumafa. She is 38 years old and her 

answers to the interview questions were: 

 

1. About six litres. 

2. Six plastic bags. 

3. She doesn’t know whether it is the water or food that sometimes makes her 

sick. 

4. No she doesn’t treat her unpacked drinking water. 

5. No she hasn´t heard about SODIS- 

6. –but she can consider trying it. 

The eleventh respondent was a villager in Edumafa. She is 43 years old and her 

answers to the interview questions were: 

 

1. About four litres. 

2. Four plastic bags. 

3. No problems. 

4. No she doesn’t treat her unpacked drinking water. She cannot see any 

reason to treat it. 

5. No she hasn´t heard about SODIS- 

6. –but she can consider trying it. 

The twelfth respondent was a villager in Edumafa. He is 35 years old and his 

answers to the interview questions were: 

 

1. About four litres. 

2. Four plastic bags. 

3. No problems. 

4. No he doesn’t treat his unpacked drinking water. 

5. No he hasn´t heard about SODIS- 

6. Yes, he is interested in trying SODIS. 

The thirteenth respondent was a villager in Edumafa. He is 72 years old and his 

answers to the interview questions were: 

 

1. About four litres. 

2. Two plastic bags. 

3. He thinks the plastic water bags are expensive. 

4. No he doesn’t treat his unpacked drinking water. He cannot see any reason 

to treat it. 

5. No he hasn´t heard about SODIS- 

6. –but he can consider trying it. 

  



 

 

 

The fourteenth respondent was a villager in Edumafa. She is 30 years old and her 

answers to the interview questions were: 

 

1. About five litres. 

2. Four plastic bags. 

3. No problems. 

4. No she doesn’t treat her unpacked drinking water. 

5. No she hasn´t heard about SODIS. 

6. Yes, she can consider to start perform SODIS. 

The fifteenth respondent was a villager in Edumafa. She is 28 years old and her 

answers to the interview questions were: 

 

1. About two and a half litres. 

2. Five plastic bags. 

3. No problems to report. 

4. No she doesn’t treat her unpacked drinking water. 

5. No she hasn´t heard about SODIS- 

6. –but she can consider trying it. 

The following questions were asked to the representatives from the Institute of 

Development Studies at the University of Cape Coast and a representative from 

Ghana Water Company Ltd: 

 

1. How is Ghana’s drinking water situation? 

2. Do the people of Ghana consume unsafe water and if, in which extent? 

3. If the answer was yes on question 2: Why do some people consume unsafe 

drinking water? 

4. Is the safe drinking water situation better or poorer in the rural areas of 

Ghana? 

5. Have you heard about the SODIS procedure? (If the respondents haven’t 

heard about SODIS, a short explanation of the technique was held) 

6. Do you think that the SODIS technique can be implemented in Ghana? 

  



 

 

 

Dr. E.K Ekumah & Dr. J. Boateng Agyenim work with rural development. They 

were interviewed simultaneously and their answers were: 

 

1. It has improved over time, especially after the independence (which 

occurred 1957). Cape Coast had piped water (which is concerned to be 

pure) even during the colonial time, since they had a British governor in 

town. The piped water was only available for people at Cape Coast Castle 

where the governor was staying and the “common man” couldn’t benefit 

from it. The situation is better nowadays and more people have access to 

piped water, but people do still consume unsafe drinking water.  

2. Yes (both opinion), people does consume unsafe drinking water but it’s 

hard to tell in which extent.  

3. It´s a combination of education, cost and convenience. Some villages on the 

countryside don’t have access to piped water. There are drilled wells in 

some communities, but it happens that you have to pay a fee in order to use 

the water source. The fee is used for maintenance of the well and other 

public costs for the village. Some people don’t want to pay for their water 

and therefore they consume unsafe drinking water from rivers and/or 

shallow wells (which probably are contaminated). Some people think it´s 

more convenient to drink from the rivers, for example because of distance.  

4. It´s unquestionably worse in the rural areas. About 42 per cent of the people 

in rural areas don´t have access to piped water and guinea worm is 

common. 

5. No, none of them have heard about SODIS before. 

6. They both think it´s a great idea, but it will require time to implement it and 

it cannot be done singlehandedly. It would be necessary to educate certain 

people in the villages (educated people like doctors, teachers and political 

important people like the chiefs and the elders) in how the procedure is 

done. If they can start performing the technique, the other villagers will 

become interested. Then can the people that initially were educated in the 

technique spread the knowledge and instruct the other villagers. 

  



 

 

 

Moses Coleman works with quality insurance at new Brimsu water plant, which is 

managed by Ghana Water Company Ltd. His answers to the interview questions 

were: 

 

1. The water that leaves the water plants is of good quality, but it´s gets worse 

along the pipe system due to old pipes. Lack of planning have led to 

buildings and roads being construct above the water pipes, which makes it 

hard or impossible to handle the maintenance. So it´s more of a distribution 

problem than a problem that can be related to the water treatment in the 

plants. 

2. Yes they do, but it´s hard to tell if which extent. 

3. They think it´s ok to do so, because people have “always done so”. It´s hard 

to change people’s habits. It would be necessary to educate the population 

about the consequences of unsafe drinking water in order to get control of 

the problem. 

4. It´s worse in the rural areas. 

5. No, he hasn’t heard about SODIS before. 

6. The thinks it can be implemented. The procedure is both inexpensive and 

simple, and that should attract the people in the rural areas. He highlights 

educations as the key for accomplish the implementation. 

 


