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Abstract 

Since many diseases in Kenya arise from low quality drinking water, new effective cleaning systems 
and techniques, which can be deployed without extensive infrastructure investments, are needed. 
Solar-powered titanium dioxide (TiO2) photocatalysis could be one promising candidate, which can 
meet these demands. In the present project photocatalytic water cleaning technologies were 
evaluate at the University of Eldoret in Kenya. 

A portable photocatalysis reactor, suitable for field work, which was developed by researchers at the 
Divison of Solid state physics, Dept. Engineering Sciences at Uppsala University, was used for 
performing water cleaning studies on-site and for educational purposes. Evaluation of photocatalytic 
performance was also evaluated in Petri dishes by degrading dye and bacteria from various water 
samples. 

Results showed clear photocatalytic activity in Petri dishes with certain dye concentration and 

bacteria abundance was lower after water treatment. The initial tests of the photocatalytic reactor 

were not satisfactory, but nevertheless indicated that dye degradation may be possible to monitor 

with additional improvements of the reactor. We see good potential, from a practical and long term 

sustainability perspective, to further develop photocatalysis competence at University of Eldoret.   
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1 Introduction  

Climate change and population growth bring new challenges for our planet and its inhabitants. As of 

today, ecosystems are struggling to maintain a healthy environment and natural resources are 

becoming scarce. Water is one of the resources affected the most by climate change, which has 

devastating effects on the environment and humans. Not only is water vital for the survival of 

humans, but also for a possibility of any social or technological development.  

Estimations of today’s water situation are frightening. Just to mention some numbers: 1.1 billion 

people are without clean drinking water and about 4000 children die every day from water borne 

diseases (World Water Council, 2014). The countries and populations who are suffering from water 

shortage are mainly centred on the equator, one of them being Kenya. Kenya is a  country that 

experiences a predominantly arid climate year round, and holds natural water resources that is to 

large extent inaccessible, limited and of inferior quality. Additionally Kenya faces rapid urbanization 

and population growth. This leaves 59% of the population without access to safe water supplies 

(UNICEF and World Health Organization, 2012) and a great need of development of water solutions 

for the people.  

A user-friendly and effective water cleaning technique that does not require well-develop 

infrastructure could be part of the solution. This report will focus on one emerging water purification 

method:  Photocatalytic water cleaning. It is a good candidate for water cleaning in exposed areas, 

since it can be operated with sunlight as the only power source. Photocatalysis can not only disinfect 

water, but can also effectively remove harmful chemicals contained in water, including bio-persistent 

chemicals such as dyes and pharmaceuticals. There is however a number of issues which needs to be 

addressed before photocatalytic techniques can be deployed. In this context, on-site field studies are 

an essential part of this development. 

2 Background 

TiO2 photocatalysis is not new; it has been an active research area for the past, say 40 years, ever 

since the pioneering works of Fujishima and co-workers in Japan, and Teichner and co-workers in 

France (Fujishima, Hashimoto, and Watanabe, 1999). Fujishima, Hashimoto, and Watanabe (1999) 

declares that TiO2 photocatalysis has been used in different areas for different purposes, ranging 

from self-cleaning tiles to cancer-treatment. Common for most photocatalytic systems is the reactive 

catalytic material TiO2. It is a cheap and ubiquitous binary oxide; Ti is the fourth most common 

transition metal in the earth crust. It exists naturally in three different phases: rutile (the most 

stable), anatase and brookite. Anatase is most often used in photocatalysis. The photocatalytic effect 

arises when TiO2 is subjected to UV-light. Absorbed photons will generate excited electron-hole pairs, 

which, when diffusing to the TiO2 surface, will react with adsorbed oxygen, hydroxyls and water to 

produce highly reactive radicals and hydrogen peroxide: ∙ 𝑂2
−, ∙ 𝑂𝐻,  𝐻2𝑂2 . The highly reactive ∙ 𝑂𝐻 

production consumes dissolved oxygen in the solution. These agents react with organic compounds 

and also biomolecules such as, proteins, lipids, toxins, virus, bacteria, protozoa, etc. The product 

from the organic oxidation is ultimately 𝐻2𝑂 and 𝐶𝑂2 and possibly trace (harmless) mineral acids. It 

is a multifunctional effective substrate, with the possibility to be driven by sunlight, and therefore 
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has advantageous water cleaning abilities which do not entirely rely on well-developed 

infrastructure.  

The degradation of organic compounds by TiO2 can be divided into 5 separate steps, Figure 1 (Chong 

et al. 2010).  

1. External diffusion of the reactants to the TiO2 photocatalyst surface. This is the mass transfer 

step from the surrounding media (water in this study). 

2. When the contaminant has reached the surface it will adsorb, i.e. make a bond to the TiO2 

surface. 

3. Reaction of the adsorbed organic compound with the photo-excited TiO2 photocatalyst 

(which becomes excited when it absorbs light with energies greater than the so called 

bandgap energy, which is UV light with wavelength less than about 400 nm, in the case of 

TiO2); either direct electron transfer, or through reactions with hydroxyl or oxygen radicals 

formed at the excited TiO2 surface. 

4. Desorption of reaction products formed in step 3, which ultimately is water and carbon 

dioxide if the oxidation reaction is complete. 

5. Mass transfer of reaction products from the TiO2 surface to the bulk water. 

 

Figure 1. Reaction steps for a pollutant to degrade on a TiO2 material under UV-radiation. 

 

Regarding the reaction kinetics, the slowest of the 5 steps will determine the overall reaction rate 
(Chong et al. 2010). It is very important that the organic compound is adsorbed or in close contact to 
the photocatalyst  (Vinodgopal and Kamat,  1992). The same study reports that if mass transfer is 
rate limiting it is possible to increase the flow conditions and thereby increase the reaction rate by 
appropriate reactor design. The same principal of close contact to the surface also applies to 
microorganisms. This has large impact on developing a feasible water treatment system. 

Another benefit is that the reaction takes place on the surface of the TiO2 material and produces no 

excess waste, which thus makes it  a self-cleaning process without requirements for maintenance 

(Fujishima, Hashimoto, and Watanabe 1999). When it comes to photocatalytic water cleaning there 

has been variety of technical solutions, designed to fit the specific purpose of the cleaning. 

Photocatalysis has some benefits compared to conventional water treatment. The most important is 

that it can completely mineralize almost any chemical and biological compounds, instead of just 

transferring them to another state (Gaya and Abdullah, 2008). Moreover, the oxidation potential of 
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TiO2 photocatalysis is higher than normal UV and H2O2 treatments. Other beneficial properties 

making TiO2 a feasible candidate to water treatment is that it is effective at ambient temperatures 

and pressures and therefore in principle allow for low operating costs (Chong et al. 2010). 

There are two commonly used methods of photocatalytic water cleaning; either a fine TiO2 particles 

are applied in slurry form, or alternatively and practically the most desired methods is to immobilize 

TiO2 on a substrate. The slurry form has some intrinsic advantages due to the high surface-volume 

ratio of dispersed particle with high contact area with the surrounding medium, and that the mass 

transfer is short (Pozzo, Baltanás, and Cassano 1997). From chemical reaction efficiency viewpoint 

there is however a trade-off between light extinction when the UV-light has to pass through the 

slurry and the concentration of TiO2 particles in the water slurry (Pozzo, Baltanás, and Cassano 1997). 

The benefits that the fine nanoscale particles have are at the same time a source of problem. After 

water treatment the TiO2 particles must be separated from the water. Although TiO2 is not toxic, at 

least at low exposures (Gustafsson et al. 2011), it is crucial to avoid loss of catalyst particles during 

separation, and introduction of new pollutants (Pozzo, Baltanás, and Cassano 1997). Many 

separation techniques have been developed (Fernández-Ibáñez et al. 2003; Doll and Frimmel, 2005; 

Lee et al., 2001). 

In contrast, the immobilized photocatalyst has the benefit of easier implementation because there is 

no separation involved. Research at the Division of Solid State Physics at the Ångström Laboratory in 

Uppsala is developing the physical structure of the immobilized TiO2 into more effective 

photocatalysis. Here, the aim to develop porous structures with controlled structure which exposes 

reactive surfaces, alleviate problems of catalyst deactivation, and also explore new materials beyond 

TiO2, which are capable of utilizing more of the solar spectrum (TiO2 exploit only 3-4% of the solar 

radiation (Chong et al. 2010), Examples include sputtered nonporous TiO2 and WO3 films with 

optimized facet distribution and structure,TiO2 nanotubes, with and without co-additon of metal 

nanoparticles, prepared by anodization of titanium foils which expose a high surface area with 

unique physical structure. 

3 Purpose 

A semi-portable cleaning system has been developed and designed by researchers at Dep. 

Engineering Sciences at Uppsala University. It consists of an integrated box containing a TiO2-coated 

glass plate, a magnetic stirrer, an UV-lamp and a prism which allows an absorbance laser to directly 

measure the concentration of a model organic pollutant. One purpose of the MSF study has been to 

evaluate the TiO2 photocatalysts on-site and present the technique at the University of Eldoret. 

Another purpose is to evaluate photocatalysis for water disinfection and to compare commercial TiO2 

photocatalysts with TiO2 nanotubes prepared at Dep. Engineering Science in Uppsala. In the present 

MSF several questions on water and photocatalytic water treatment have been addressed: 

 For which types of water is the photocatalytic system most suitable? 

 What are the cleaning timeframes of the system of various water qualities? 

 How does the concentration of test pollutant (methylene blue) compare to the actual level of 

pollutants in various water sources? 
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 How does the technique compare to present water cleaning used at the University of 

Eldoret, Kenya? 

 Would it be possible to improve or extend the system for applicable on-site adaptations? 

 Would the TiO2 photocatalysis technique be suitable to upscale at Uni. Eldoret in a larger 

pilot study? 

 Can the portable photocatalytic reactor be used for educational purposes in Kenya and 

thereby spread the awareness of the technology? 

 What are the water related problems from a common peoples perspective? 

Yet another purpose of this study is to discover local and individual water management where 

photocatalytic water treatment could be feasible. This is because photocatalytic water treatment 

most likely is suitable for small scale water cleaning, which may serve families or small communities 

without a supply of drinking water, and primarily concerning cleaning of so called grey water. 

There is a long-term successful collaboration between the International Science Program, ISP, at 

Uppsala University and the University of Eldoret in Kenya. The host for this project on-site at 

University of Eldoret, Professor Mwamburis, has previously been a PhD student, financed by ISP, at 

the Div. Solid State Physics, Dep. Engineering Science. To further nourish this relation it is planned 

that the portable photocatalytic reactor used in the study, after on-site evaluation and 

dissemination, will be donated to the University of Eldoret, as an educational tool to demonstrate 

photocatalysis for under-graduate students. The hope is that this will lead to research and further 

development of the water cleaning projects at the University of Eldoret. 

4 Methods 

In order to evaluate the actual effect of the photocatalytic process it is equal to relate the breakdown 

of methylene blue (MB) with the total amount of carbon. Methylene blue is blue dye that commonly 

acts as a model pollutant easily monitoring properties.  A standardized COD (Carbon Oxygen 

Demand) measurement protocol provided by the University of Eldoret was used to correlate the 

reduction of Methylene blue to dissolved corbon. Regarding drinking water, the amount of 

potentially dangerous organisms is another crucial parameter, and was measured separately with a 

simple bacterial incubation method. For comparison, samples were collected for COD and incubation 

tests at several times for both photocatalysis and other conventional water cleaning methods used at 

University of Eldoret Kenya. 

4.1 Water situation 

The water situation in Kenya varies from one place to another because of the size of the country. 

There are already reports on how the water situation is, but since this study is located within the 

country it is a great opportunity to discover the perception of the water situation when talking to 

people from the local community. The method used in these informal interviews was to ask open 

questions such as: How is the water situation in this town? How is your personal connection with 

water in your life? And in those cases when the situation and the level of communication and 

knowledge allowed, inquiries were also made to obtain more details about the water situation. Since 

these meetings were not planned the information was most of the time documented after the 

meetings. Most meetings were in the form of informal interviews, and they were not planned 
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strategically in advance to cover all aspects of the water situation. The results should therefore be 

regarded just as the perception of the water situation by some individuals. 

4.2 Eldowas and Chebara 

During the study about the water situation in Eldoret, the Chebara water treatment plant, managed 

by Eldowas, was identified to be main source of water to the city. It was decided to make a field trip 

to the water treatment plant. To enquire about the chemical properties, an interview with the 

manager of the chemical department at Eldowas was organized. 

4.3 Photocatalytic reactor 

A semi-portable cleaning system was developed and designed by researchers at Div. Solid state 

physics, Dep. Engineering Sciences at Uppsala University. The main purpose of the reactor is to 

perform the photocatalytic reaction in a controlled environment, and directly measure the 

absorbance of pollutants in solution without the need for specialized (and expensive) chemical 

analysis equipment. The idea is the let the added methylene blue (MB), a blue dye, act as a model 

pollutant and monitor the absorbance of a red laser line directed through the solution, which 

corresponds to a strong absorbance peak in MB, as a function of time. The reactor is fully automated 

and computer controlled and is intended for persons without no a priori training in photocatalysis or 

knowledge in chemical analysis instruments. A photocatalytic sample is placed at a designated 

position in the bottom of the reaction cell beneath UV-A generating black light bulbs. The active 

photocatalytic TiO2 sample was produced at Ångtröm laboratory with a method called doctor 

blading. Doctor blading is a widely used method for producing for producing thin films and 

membranes on glass (Berni et al., 2004). The doctor bladed photocatalytic TiO2 sample  used in the 

reactor will in this report be referred to TiO2  membrane samples. The dye solution is continuously 

stirred with a magnetic stirrer to increase the speed of the photocatalytic reaction. 

In detailed view the reactor consists of two main parts as shown in Figure 2a: the base and the 

cuvette. The base contains all the electronics, including power supply, the motor for the stirring bar, 

laser and ands photodiode, and a small computer. LEDs on the front works as a display, indicating 

which functions are activated. Green is for the stirrer, yellow is for the UV-light, and red is for the 

laser and measurements. The back has a power switch and two plug-in connectors, one for power 

and the other for an USB-cable. A fan is cooling the inside when the power is on. A cable from the 

backside can be connected to the lid of the cuvette, which powers the UV-light and an additional fan.  

The reactor is a plastic container with glass bottom. The inside of the reactor Figure 2b has dedicated 

space for the four essential components besides the contaminated water: The TiO2-sample, a 

magnetic stirrer, a prism to let the laser pass through the MB-solution, and UV-light mounted on the 

reactor lid. It is designed to fit on the base in only one way so that the laser is correctly positioned 

beneath the prism. 
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a)                                                                         b) 
 

When connecting the reactor with the software (programmed in Arduino) several settings can be 

made to control the experiments. It allows for adjusting the time with and without UV-light, 

periodicity, UV-intensity, speed of the magnetic stirrer, and laser intensity. Manual measurements 

and manoeuvre is also possible. 

By integrating the components in a single photocatalytic reactor, including reaction cell, chemical 

analysis, measurement read-out, and data visualization, a direct and intuitive way of observing 

photocatalytic activity can be obtained (Stefanov et al. 2014). 

Typically, a new experiment is started by adding 100 ml distilled water to the reaction cell, acquiring 

a baseline signal of the absorbance (zero value). Adding 1 ml of 100ppm MB to the solution without 

illuminating the sample leads to a drop of the laser intensity due MB absorption. However, 

adsorption of MB on the walls of the reactor and to the TiO2 sample results in a decrease of the MB 

concentration in the solution and will hence lead to a decreased absorption as a function of time 

until adsorption-desorption equilibrium is achieved. The absorbance typically stabilizes after 

approximately 40 minutes, after which illumination of the photocatalyst can begin. 

The big advantage of the reactor is that the photocatalytic activity can be analysed on-line with 

precision through absorbance measurements, and that even small changes in the concentration can 

be measured. If a new photocatalytic material is developed the effect can be easily evaluated in the 

reactor by comparing their activity under otherwise identical conditions.  

Another beneficial experimental property is the ability to easily change sample and reactor settings 

which fundamentally influence the effect of MB photodegradation, especially photocatalyst material, 

UV intensity, and stirring speed. 

Figure 2. a) Photograph the reactor, b) Schematic drawing of the main components of the reactor: Sample, magnetic 
stirrer, laser, UV-light source, and the MB dye molecule which is added to the water solution as a model pollutant.  
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4.4 Petri dish experiments 

To evaluate the water cleaning capacity of TiO2, activated by solar irradiation rays from the Kenyan 

sun, a series of Petri dish experiments were carried out. The Petri dishes were prepared with 

different concentrations of MB and distilled water, coffee or water samples and a TiO2 sample. This 

was done to investigate the effectiveness of cleaning with TiO2 on three common types of water 

pollutants in Kenya; carbon compounds, coffee and tea colouration and bacteria. The two TiO2 types 

used were TiO2 membrane glass slides, and slurries of TiO2 nanoparticle powder. In addition to the 

cleaning capacity also the effectiveness of the two TiO2 types were compared. The slurry TiO2 was 

mixed at UoE with TiO2 nanoparticle powder and distilled water (0.48 g/L), see Appendix B.1.2 for the 

slurry preparation. See Appendix B for all laboratory reports from the Petri dish experiments. 

After preparation the dishes were placed outside of the laboratory at UoE on a grass covered lawn 

(0°34'15.4"N 35°18'12.5"E). The area is very close to equator and therefore high insolation is 

expected. The weather during the time of the experiments was sunny with some clouds and the 

temperature ranged between 20℃ and 30℃. In order to make sure all particles come in contact with 

TiO2 surface the dishes were manually stirred about every 15 minutes during all experiments. The 

length of the experiments varied, finishing when there was small difference between samples colour 

or when weather became unsuitable.  

4.4.1 Methylene blue and coffee experiments 

Photocatalytic degradation of MB was used as how effectively 

TiO2 can degrade MB with Kenyan solar radiation. MB is a 

model dye used to represent carbon contaminations in water. 

As MB is degraded the blue colour fades, and indicates that 

the pollutant has been degraded. To all experiments a control 

Petri dish was prepared with the same setup except for the 

TiO2 sample, Figure 3. The experiments were stopped when 

the dye solution was judged to be clear by visual inspection. 

For all MB experiments photographs were taken initially, 

during and after the experiment. The photographs were then 

analysed to determine to the degree of MB photodegradation. 

The coffee experiments had the same set up as the MB 

experiment. Photos were taken to observe and analyse colour 

degradation of the coffee during the time of sunshine 

exposure. The coffee degradation was tested with both slurry 

and TiO2 membrane. The colour of coffee mainly comes from 

various organic melanoidin polymers, and they are known to 

be hard to degrade. 

The method for determining photocatalytic reaction is based 

on qualitative comparison in colour differences. Also the 

photographed colour change can be made quantitative by doing a RGB-colour/time analysis, which is 

possible with even with smart phone. A series of experiment were set up in order to optimize the 

set-up to get clear and unambiguous results showing the photocatalytic degradation effect. This is 

Figure 3. A typical experimental set up. The 
photograph is from Experiment 09-07-14, see 
Appendix B.1.3, and shows two slurries and two 
TiO2 membrane samples, each with one MB and 
one coffee contamination. There is also a control 
for the membrane samples. 
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important if lecturers at UoE should be able to demonstrate and explain the technique in a 

pedagogical manner.  

To point out the importance of set-up and initial concentration Figure 4 shows the principle set up.  

 

Figure 4. An overview of the Petri dish MB and coffee experiment outline. 

The low level of pollution is the same standard solution used in the reactor with a 1 ppm 

concentration of MB. The standard solution is similar to low level of pollution whilst heavy pollution 

has a concentration 9 ppm. The hypothesis is that the lightly polluted water would rapidly become 

clear, but the colour difference would be too vague to differentiate by visual inspection of 

photographs. Similarly, the heavy polluted water is expected to show no difference because the 

amount that has been degraded will not differentiate in colour change from the initial state, or that a 

too high pollution would saturate the TiO2 particles thus making them ineffective (Saquib and 

Muneer, 2003). In contrast, the medium pollutant concentration represents a balance of sufficient 

colour (pollutant) and not too high pollutant/TiO2 particle ratio as too saturate the particles. To 

confirm the theory of higher degradation with higher concentration of TiO2 (Gaya and Abdullah, 

2008), either one or two TiO2 coated glass slides were used for the medium concentration to show 

the difference. 

No coffee experiments were used with the TiO2 membrane glass slides because of the limited 

number of available coated slides and lacking a known procedure how to clean and reuse coffee 

stained TiO2 coatings. For slurry experiments only light to medium polluted water was prepared since 

previous heavy polluted experiments with TiO2 coated glass slide showed no visible change in colour 

and could be regarded as un upper limit of what is practically detectable. All experiments must be 

done with a control because the sun alone clearly degraded MB in all experiments. This happened 

although MB should be rather stable under sun light without TiO2.  

 

4.4.1.1 MB Experiment 12-06-14, High concentration MB with TiO2 membrane samples 

In the first MB experiment extremely high concentrations of MB were tested in order to investigate if 

those levels could effectively be degraded with TiO2 in reasonable time (of the order of 1 to 2 hours) 

and still be visually detectible. See Table 1 for Petri dish preparation. See Appendix B.1.1 for full 

laboratory report. The samples in the experiment, denoted MB TIO2 1-3 in the table, each contain 

one TiO2 coated glass slide, and sterile water with a concentration of methylene blue according to 

Table 1. 

  

TiO2 coated 

glass slide 

TiO2 slurry 
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Table 1. Petri dish preparation of Experiment 1 with TiO2 coated glass slide. The sample column is referring to specific 
sample experiments as they were named in the corresponding lab report found in Appendix B.1.1. 

SAMPLE 
NAME 

VOLUME 
(ML) 

MB 
 (ML) 

TIME PLACED 
OUTSIDE 

TOTAL TIME OF 
UV EXPOSURE 

CONCENTRATION 
MB (PPM) 

 

MB TIO2 1 20 2 10.17 -12.14 1 h 57 min 9 
MB TIO2 2 20 2 10.17 -12.14 1 h 57 min 9 
MB TIO2 3 40 4 10.17 -12.14 1 h 57 min 9 

 

4.4.1.2 MB and Coffee Experiment 09-07-14, Coffee and light blue concentrations with TiO2 membrane 

samples 

A total of 5 samples were prepared with different concentrations of MB. Either one or two 

membranes were used. This was done in order to see if it would degrade the MB faster with more 

TiO2 surface area. See Table 2 for Petri dish preparations. 

In addition to the MB experiments two Petri dishes with one control was also prepared with Nestlé 

Instant Coffee and Slurry TiO2. This was done to investigate how well the TiO2 can clear coffee. See 

Table 2 for Petri dish preparations. See Appendix B.1.3 for full laboratory report. 

Table 2. Petri dish of preparation Experiment 4 with TiO2 coated glass slide and concentration of TiO2-slurry was 0.48 g/L 
TiO2. The sample column is referring to specific sample experiments as they were named in the corresponding lab report 
found in Appendix B.1.3. 

EXPERIMENT SAMPLE NAME CONCENTRATION TIME OF 
UV 
EXPOSURE 

UV 
EXPOSURE 

CONCENTRATION 
MB (PPM) 

 

METHYLENE 
BLUE  

Control 0.3 30 ml distilled water 
0.3 ml MB 

11.10-
14.10 

3 h 1 

Control 0.6 30 ml distilled water 
0.6 ml MB 

11.10-
14.10 

3 h 1,9 

TiO2 membrane 
sample 0.3 

30 ml distilled water 
0.3 ml MB 
1 TiO2 membrane sample  

11.10-
14.10 

3 h 1 

TiO2 membrane 
sample 0.6 

30 ml distilled water 
0.6 ml MB 
1 TiO2 membrane sample 

11.10-
14.10 

3 h 1,9 

TiO2 membrane 
sample x2 0.6 

30 ml distilled water 
0.6 ml MB 
2 TiO2 membrane samples 

11.10-
14.10 

3 h 1 

COFFEE Control 30 ml of slurry TiO2 11.10-
16.00 

4 h 50 min  

Slurry TiO2 3  
 

30 ml of slurry TiO2 

 
11.10-
16.00 

4 h 50 min 3 grains of Neslé 
instant coffee 

Slurry TiO2 6  30 ml of slurry TiO2 

 
11.10-
16.00 

4 h 50 min 6 grains of 
Nestlé 
instant 
coffee 
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4.4.1.3  MB Experiment 14-07-14, Medium concentrations 

MB Experiment 5 had the same set-up as previous experiments but with a medium concentration of 

MB. This was in order to find a concentration that clear results could easily be detected by the naked 

eye. See Table 3 for Petri dish preparations. 

See Appendix B.1.4 for full laboratory report. 

Table 3. Petri dish preparation of Experiment 5 with TiO2 coated glass slide and concentration of TiO2 was 0.48 g/L TiO2. 
The sample column is referring to specific sample experiments as they were named in the corresponding lab report found in 
Appendix B.1.4. 

SAMPLE NAME DISTILLED 
WATER  
(ML) 

MB 
(ML) 

TIME PLACED 
OUTSIDE 
 

TOTAL TIME OF 
UV EXPOSURE 
 

CONCENTRATION 
MB (PPM) 

 

CONTROL 1 30 1 11.00 -14.20 3 h 20 min 3,2 
MB 1 TIO2  30 1 11.00 -14.20 3 h 20 min 3,2 
CONTROL 2 30 2 11.00 -14.20 3 h 20 min 6,2 
MB 2 TIO2  30 2 11.00 -14.20 3 h 20 min 6,2 
MB 2 TIO2 X2 30 2 11.00 -14.20 3 h 20 min 6,2 
 

4.4.1.4 MB Experiment 08-07-14, Slurry, light and medium concentrations 

Low and medium concentrations experiments were conducted to investigate the degradation of MB 

with slurry 0.48 g/L TiO2 In this experiment one sample was tested with the double amount MB, to 

study which concentration worked well for colour change analysis. See Table 4 for Petri dish 

preparation. 

See Appendix B.3 for full laboratory report. 

Table 4. Petri dish preparation for Experiment 08-07-14. The concentration for the Slurry TiO2 was 0.48 g/L TiO2. The sample 
column is referring to specific sample experiments as they were named in the corresponding lab report found in Appendix 
B.3. 

 

  

SAMPLE NAME CONCENTRATION OF MB TIME OF UV 
EXPOSURE 

TOTAL TIME OF 
UV EXPOSURE 

CONCENTRATION 
MB(PPM) 

CONTROL 0.3 30 ml of distilled water  
0.3 ml of MB  

09.53-12.25 2 h 32 min 1 

CONTROL 0.6 30 ml of distilled water  
0.6 ml of MB  

09.53-12.25 2 h 32 min 1,9 

SLURRY TIO2 0.3 30 ml of slurry TiO2  
0.3 ml of MB  

09.53-12.25 2 h 32 min 1 

SLURRY TIO2 0.6 30 ml of slurry TiO2  
0.6 ml of MB 

09.53-12.25 2 h 32 min 1,9 
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4.4.2 Bacteria experiments 

The bacteria experiments were carried out to investigate the ability of TiO2, activated by the Kenyan 

sun only, to kill bacteria, i.e. to disinfect water. Water was collected using a plastic bottle originally 

used for drinking water. After collection the water was stored in refrigerator, until the time of the 

experiment. For each experiment a water sample was treated using either slurry or TiO2 membrane 

samples films. Together with the samples a control was prepared in order to relate the level of 

bacteria killed by solar irradiation alone and by TiO2 and solar irradiation, since it is known that 

bacteria can be killed only by the combination of UV light and moderate temperatures of the order of 

55C to without additions of other agents (the SODIS effect, which is exploited in several places in 

Africa and Asia as a simple water disinfectant methods (www.sodis.ch)). An initial value for each 

water sample was represented by a sample that was kept in refrigerator from time of collection until 

time of cultivation. With this experimental set up it was possible to compare the level of bacteria 

before and after the treatment and analyse the ability of TiO2 to kill bacteria present in Kenyan 

water. In addition, it provided documentation of the levels of contaminants for some sources of 

Kenyan water. 

4.4.2.1 Water collection sites  

4.4.2.1.1 UoE borehole 

Boreholes are common in Eldoret and the water is used for irrigation, washing, cooking and drinking, 

by people who are not connected to the main water grid. Before drinking the water is cooked for 10-

15 minutes. Water from the borehole at UoE is mainly used for irrigation, but is also a reserve if the 

main water supply would be cut off. See Figure 6 for photo of collection site. 

4.4.2.1.2 River Sosiani 

The Sosiani River runs through the city of Eldoret. In town it is contaminated by heavy traffic and 

daily waste articles like plastics, and it has a brownish colour. For a few unfortunate people, who lack 

access to main water grid and borehole water, this is the only source of water in Eldoret. Hence for 

them the water is used for irrigation, cooking, cleaning and even drinking. See Figure 5 for photo of 

collection site. See chapter Water situation, Eldoret for further information about the water situation 

in Eldoret. 

Figure 5. Photo to the left 

shows UoE borehole 

water collection site, and 

on the right the collection 

site in River Sosiani in 

Eldoret town, is shown. 
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4.4.2.2 Bacteria cultivations 

After the dishes had been prepared and placed outside in solar radiation, the water samples were 

sent for bacteria cultivation to count the presence of bacteria colonies. This was done by using a 

bacteria growth media (plate count agar and nutrient agar), introducing the water sample into the 

media, and then incubating the sample in the media for 24-48 hours at 25℃. After incubation a 

colony counter was used to manually count the colonies of bacteria. See Figure 5 for colony counter. 

See Appendix B.2.1 and B.3 for detailed bacteria cultivation procedure.  

 

  

 

4.4.2.3 Bacteria Experiment 1, 17-06-14 

See Table 5 for Petri dish preparation. The media Nutrient Agar was used for the incubation. 1 ml of 

the water sample was introduced to 9 ml of sterile water and stirred, and then 1 ml of the mix was 

introduced to the media. After 24 hours of incubation the colonies were counted. The water from 

River Sosiani was collected on the same day as the experiment was conducted. See Appendix B.2.1 

for full laboratory report. 

Figure 6. The photos are showing Mr. Richard Onyimb, Lab technician, conducting the bacteria cultivations. The 
photo to the left shows the bacteria cultivations. The photo to the right shows the colony counter used to count 
the presence of the bacteria colonies.   
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Table5. Petri dish preparation Bacteria Experiment 1 with TiO2 coated glass slide. The sample column is referring to specific 
sample experiments as they were named in the corresponding lab report found in Appendix B.2.1. 

EXPERIMENT SAMPLE  RIVER SOSIANI WATER  
(ML) 

TIME 
PLACED 
OUTSIDE  

TOTAL TIME 
OF UV 
EXPOSURE 

WATER FROM 
RIVER SOSIANI 

Control 20 ml water sample 11.47-
14.37 

2 h 50 min 

TiO2 

membrane 
sample #1 

20 ml water sample 
1 TiO2 membrane sample 

11.47-
14.37 

2 h 50 min 

TiO2 

membrane 

sample #2 

20 ml water sample 
1 TiO2 membrane sample 

11.47-
14.37 

2 h 50 min 

 

4.4.2.4 Petri dishes 

See Table 6 for Petri dish preparation. The media used was Plate count agar A.P.H.A. The dilution was 

done by first taking 1 ml sample with 9 ml sterile water (as in Bacteria Experiment 17-06-14). Then 1 

ml from the mixture was once again mixed with 9 ml sterile water. The result was calculated as an 

average of the two measurements obtained from the same sample.  

The water from River Sosiani was collected 17 June 1014 and kept in refrigerator 1 day until the 

experiment was conducted. See AppendixB.2.2 for full laboratory report. 

 

Table 6. Petri dish preparation Bacteria Experiment 2 with TiO2 coated glass slide. The sample column is referring to specific 
sample experiments as they were named in the corresponding lab report found in Appendix B.2.2. 

EXPERIMENT SAMPLE  RIVER SOSIANI WATER  
(ML) 

TIME 
PLACED 
OUTSIDE 
(HH.MM) 

TOTAL TIME 
OF UV 
EXPOSURE 

WATER FROM 
RIVER SOSIANI 

Control 20 ml water sample 12.23-
15.13 

2 h 50 min 

TiO2 

membrane 

sample #1 

20 ml water sample 
1 TiO2 membrane sample 

12.23-
15.13 

2 h 50 min 

TiO2 

membrane 
sample #2 

20 ml water sample 
1  TiO2 membrane sample 

12.23-
15.13 

2 h 50 min 

 

Bacteria Experiment Re-cultivation Experiment 17-06-2014 and 18-06-2014 

To achieve comparable results, new bacteria cultivations were done to the water samples treated in 

Bacteria experiment 1 and 2. The samples were kept in refrigerator from the initial cultivation until 

the new cultivations were done. See Table 7 for storage times. The bacteria cultivation were done 
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using Plate count agar (A.P.H.A). After 48 hours of incubation the colonies were counted. See 

Appendix B.2.3 for full laboratory report. 

 

Table7. Bacteria Experiment 2 with TiO2 coated glass slide in another cultivation. The sample column is referring to specific 
sample experiments as they were named in the corresponding lab report found in Appendix B.2.3. 

RECULTIVATION TIME OF TREATMENT 
(D.M.HH.MM) 

TIME OF  
RE-CULTIVATION 
(D.M.HH.MM) 

TOTAL TIME OF 
STORAGE AFTER 
TREATMENT 

1 17.06 11.47-14.37 24.06 12.00 166h 30 min 
2 19.06 12.23-15.10 24.06 12.00 117h 50 min 
  

4.4.2.5 Bacteria Experiment 4, 08-07-14 

A volume of 0.1 ml of water sample was taken directly from the Petri dish used for the experiment, 

using a sterile pipette, and inserted to a new sterile Petri dish. Then Plate count agar (A.P.H.A) was 

added. The dishes were incubated at 24 ℃ for 48 hours. See Table 8 for Petri dish preparation and 

UV-exposure times. 

The water from River Sosiani was collected 17 June 2014 and kept in refrigerator 22 days until the 

experiment was conducted. The water collected at the University of Eldoret (UoE) borehole was 

collected on the day of the experiment. See Appendix B.3 for full laboratory report. 

Table 8. Petri dish preparation Experiment 4 with TiO2 coated glass slide and concentration of TiO2-slurry was 0.48 g/L TiO2. 
The sample column is referring to specific sample experiments as they were named in the corresponding lab report found in 
Appendix B.3. 

EXPERIMENT SAMPLE PREPARATION TIME 
PLACED 
OUTSIDE  

TOTAL TIME 
OF UV 
EXPOSURE 

WATER FROM 
RIVER SOSIANI 

Control 20 ml water sample 09.53-
13.50 

3 h 57 min 

Slurry TiO2 20 ml water sample  
20 ml of slurry TiO2  

09.53-
13.50 

3 h 57 min 

TiO2  membrane 
sample #1 

20 ml of water sample 
membrane TiO2 sample  

09.53-
13.50 

3 h 57 min 

TiO2  membrane 
sample #2 

See TiO2 membrane #1 09.53-
13.50 

3 h 57 min 

WATER FROM 
BOREHOLE 

Control 20 ml water sample 10.40-
13.50 

3 h 10 min 

Slurry TiO2 20 ml water sample  
20 ml of slurry TiO2 

10.40-
13.50 

3 h 10 min 

TiO2 membrane 
sample #1 

20 ml of water sample 
TiO2 membrane sample 

10.40-
13.50 

3 h 10 min 

TiO2 membrane 

sample #2 
See TiO2 membrane #1 10.40-

13.50 
3 h 10 min 
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4.5 COD in Eldoret 

The method to calculate the chemical oxygen demand (COD) was obtained from the ISO standard 

15705:2002, but was slightly adjusted to available and chemicals and equipment at UoE. All solutions 

were prepared by Mr. Lubanga, a teacher at UoE, according to the instructions given in Table 9, 

except for the Ferroin indicator solution which was prepared accordingly to a recipe from the 

internet. See Table 9 for reagent preparation. 

Table 9. The following chemical preparations were made for the COD-experiments. 

REAGENT  PREPARATION  

DIGESTION SOLUTION  
-STANDARD POTASSIUM DICHROMATE  

4.913 g of potassium dichromate was dried 
at 103℃ for 3 hours and transferred to a 
beaker. 33.3 g of mercuric sulphate was 
added. Then 167 mL of concentrated 
sulphuric acid was added and the solution 
was left to dissolve and cool to room 
temperature. The solution was transferred to 
a 1000 mL beaker and diluted with distilled 
water to 1000 mL.  

CATALYST SOLUTION  
-SULPHURIC ACID REAGENT  

5.5 g silver sulphate crystals in a 1000 mL 
beaker. 500 mL concentrated sulphuric acid 
was added and the solution was left to stand 
for 24 hours. 

STANDARD FERROUS AMMONIUM 
SULPHATE SOLUTION (FAS) 

39.2 g of ferrous ammonium sulphate 
crystals was dissolved in distilled water. Then 
transferred to a 1000 mL flask and distilled 
water was added up to the 1000 mL mark. 

FERROIN INDICATOR 1.49 g of 1, 10-phenanthroline monohydrate 
and 0.7 g FeSO 7 H2O was mixed in a 200 mL 
beaker. The mixture was then diluted to 100 
mL. The solution did not dissolve fully.  

 

One sample was tested at a time following the same procedure. First, some glass pieces were added 

to a 500 ml borosilicate glass container to make the boiling process softer. Then 2.5 mL of the water 

sample tested was added followed by 1.5 mL of potassium dichromate reagent and 3.5 mL of 

sulphuric acid reagent. The solution became hot. On top of the glass container a reflux condenser 

was fixed. The arrangement was then put on a hot plate. The reflux condenser was connected to a 

tap in order to get a flow of water through it. See Figure 7. 
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Figure7. Titration setup used in COD measurements. a) A clear solution heated on hot plate with reflux condenser on top. b) 
Clear solution just turned to the reddish-brown colour by ferroin indicator at endpoint of FAS titration. 

The solution was boiled on the hot plate at maximum temperature setting for 2 hours. Running tap 

water was used to cool the reflux condenser. After two hours the plate was switch off and the 

solution was left to cool to room temperature. When cooled the sample was transferred to a conical 

flask. Distilled water was added to the solution in order to transfer all of the solution from the 

container. Then a few drops of ferroin indicator were added. The solution then becomes bluish 

green. A burette was fixed to a stand and filled with FAS, see Figure 7. Then the sample solution was 

titrated with FAS from the burette until a reddish-brown colour appeared due to colour change of 

ferroin. The volume of FAS solution added was noted. The same procedure was done both for the 

blank (distilled water) and the water samples. 

4.6 Future Academic applications at UoE 

This is a pioneer study for applications of photocatalytic water treatment at UoE. One goal of the 

project is to explore the technical feasibility of photocatalytic water cleaning of selected water 

sources in the Eldoret area using simple methods which readily can be used in small-scale field trials. 

Another is to develop an expertise in the field of photocatalysis at the UoE. Another aspect is to 

make an initial investigation into the suitability of setting up an up-scaled prototype of a 

photocatalytic water treatment system for academic use. In the course of the project, discussions 

with staff and students, as well as own experience and reflections have been used to develop ideas 

for suitable implementation of photocatalytic water treatment at UoE. 

  

a 

 
 a 

b 
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5 Results 

5.1 Water situation in Eldoret 

Most people in Eldoret town are connected to a grid of drinking water and every day more 

connections are made. Most of that water comes from a water treatment plant in Chebara. A 

detailed description of the plant is to be found farther down in this chapter. 

The water supply to Eldoret town is limited. Although there are attempts to avoid this scarcity by 

rations and water prices, the pipes at the end of the grid most often run dry. On top of this, many 

people, often poor, in the outskirts of Eldoret, are not connected to the water grid at all. The main 

alternative offered to these people is to use borehole water. Very few people in the area use the 

river water because it is widely known to be contaminated. 

The borehole water, although clear in colour, is however not considered clean. Rain in Eldoret is 

abundant and allows a shallow ground water table. A well can stretch from a few meters down to 10 

m. The people connected to the grid use borehole water only for other purposes than drinking. 

People not connected to the water grid use it as drinking water as well. When using borehole water 

as drinking water there are three main ways to do it: 

1. First, to simply drink it as it is. With that follows risk of getting a disease from the bacteria, 

amoeba and protozoa. Our experiences from interviewing people on-site reveal that it is very 

common for people in Kenya to spend much of their money on medication after drinking bad 

water. They showed appreciation for this study, i.e. water cleaning technologies, and wished 

that people start in the other end, and spent money on clean water instead of medicine. We 

were encountered with the information that a school of 300 young students close to UoE 

used water directly as drinking water. Large parts of the university did the same. 

 

2. The second option is to treat the water, which is pumped to tanks situated on the roofs of 

houses, with chlorine. It will disinfect the water, but it also comes with a chemical taste, and 

cost of the chemicals. Another downside of chlorine treatment is that harmful chlorine by-

products can be formed by this treatment, which have been reported to be both mutagenic 

and carcinogenic (Yang and Cheng, 2007; Lu et al., 2009; Coleman et al., 2005). Proper 

management of chlorine addition is therefore important, and there is a risk of over- and 

under-dosing the chlorine. 

 

3. The third and a very common method in rural areas is to boil the water for at least 15 min. 

Boiling the water, or any other food, on open fire is for many the only option. This practice is 

not energy efficient, nor is it environmentally sustainable, and is one cause of deforestation in 

Kenya. 

 

The effect of deforestation is visible in many places along the roads. Erosion and bad land 

management has caused some areas to become infertile and abandoned. Other areas have large 

landslides. In the last century much of the land was covered with rainforest similar to Kakamega 

rainforest. However the forests have now been cut down to give space for monoculture of corn 

farming which has results in a decrease of the biodiversity. Deforestation continues still today due to 

a high demand of wood for cooking. Forests have become scarce, and as a consequence prices of 
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wood products have become expensive, thus creating lucrative business for a 

few people, but leaving many poor people without economic means to by 

wooden products. If instead solar driven water cleaning technologies are used 

for water cleaning, rather than cooking using biomass, a way out of this 

negative spirals may be envisioned which eventually will avoid depletion of the 

fertile soils of rift valley. 

Another local problem was highlighted by a man on a bus. He worked at a 

greenhouse and plant nursery in the outskirts of Eldoret. He said that they 

used pesticide and herbicides in large quantities. He expressed worries and 

even asked for help with the handling and especially cleaning of the leftovers. 

Although we could not identify the chemicals he used, his worries were 

confirmed by an environmental scientist at UoE. The scientist said that many 

chemicals that were used in Kenya are forbidden in other countries because of 

their known hazardous properties. The man from the greenhouse said that 

they used to deposit the waste deep down in boreholes. This is problematic 

since chemicals then may spread to other wells that people use for drinking 

water. Unfortunately, we were not able to locate the exact location of the 

greenhouse. A dedicated field study on that greenhouse facility would have 

been interesting since photocatalytic water cleaning may be one possible 

candidate for a solution of this particular problem. 

5.1.1 Chebara dam 

The following section is based on a tour at the dam and water treatment plant 

in Chebara in Kenya. In order to have a stable supply of water for the water 

treatment plant a 30 m deep dam was built across a natural river. The water 

originates from the mountain Moibien. The dam was funded by the World 

Bank and the construction was started in 1993. After seven years it was 

finished and water was dammed to a lake of 200 acres (809,371 m2). A large 

spillway regulated the maximum water level to 2348 m above sea level. In the 

middle of the lake a concrete cylinder was constructed containing the “flow 

regulator” and pipe leading to the water treatment plant. At the time of the 

visit the water level was approximately 2 meters above the inlet and the 

regulator was fully opened. The diameter of the pipe was 60 cm. 

The Water Treatment Plant 

Gravity transports water to the treatment plant located some distance below 

the dam. The water treatment plant was built in three-phases. The first phase 

was built along with the dam and was dimensioned to produce 18000 m3 

water/day. The second phase construction allowed for 28000 m3/day. 

Approximately 12% of this water is used for cleaning the system and 2000 

m3/day is distributed to local community. The produced water is transported 

to Eldoret by a 51 km long pipe with the diameter of 60 cm. Along the pipeline 

some communities are connected, but most water goes to the Kapsoja 

treatment plant, which is close to the city of Eldoret and has a large tank 

reservoir upstream from town. This tank keeps the pressure in the water lines. 

The treatment plant in Chebara is the largest supplier of water to the city of 

Figure 8. Flowchart of 
the cleaning process at 
the water treatment 
plant in Chebara. 
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Eldoret. The others are Sosiani with a capacity of 13,000 m3/day and Kapsoja with 4000 m3/day 

during rainy season. A third construction phase of Chebara has recently started and will be explained 

more in chapter Treatment waste. 

5.1.2 The cleaning processes 

The cleaning takes place in three main steps: Sedimentation, filtration and disinfection. Each of the 

steps is described below. 

1. Sedimentation 

The raw turbulent water first entered a compartment to slow down the velocity. After the flow had 

turned into laminar flow a detector measured the flow rate. The water was then made turbulent 

again by forcing it down a waterfall after which aluminium sulphate was added for flocculation. The 

aluminium sulphate was mixed by a motor in large separate tanks. Around 500 L of the solution was 

used per day. The actual dosing employed depends on the turbidity, which was measured three 

times a day. After the water had settled downstream of the waterfall the water was led to 

sedimentation ponds. There were 14 large parallel ponds. The aluminium sulphate flocculated the 

particles and made them sink to the bottom. The top water was collected in perforated decimetre 

thick pipes. Since flocculation does not remove all particles, the water was passed through the 

filtration chambers for additional particle removal as described in more detail below. The produced 

sediment was accumulated on the bottom of the tanks and is called the sediment carpet. The carpet 

was lifted from the bottom by a small water flow in order to let it pass through a valve. The sediment 

sludge was then transported to the sludge dryer. 

2. Filtration 

There was one filtration chamber for each sedimentation pond. Each chamber had two filters. A filter 

consisted of one meter of coarse sand and gravel with larger particles at the bottom and 30 cm sand 

on the top. If the filter was clean, no water could be observed on top. As the filter got clogged, the 

water flowed slower. When no water could penetrate the filter cleaning process called back-washing 

had to be started. Air and water was then pushed up from below through the filter. This was done 

until the water was clean, typically between 5 and 20 min. A filter usually needed one back-washing 

every 24 h. The excess water was flowed to the back washing pond for sedimentation. The same 

water was then use for back-washing again. Despite the reuse, the process consumed a lot of water. 

3. Disinfection 

For disinfection, chlorine (unspecified) was added to the water. Around 45 kg was used every day. 

The chlorine solution was mixed in an identical tank as was used for the aluminium sulphate 

flocculation treatment. After chlorine addition water was directed to a large underground tank with 

good mixing conditions which was then fed to the water pipelines to Eldoret city. The concentration 

of chlorine added to the water was actually higher than needed because of jams along the water 

pipelines to Eldoret, and to ensure enough residual Chlorine to disinfect further contamination of the 

water downstream. 
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5.1.3 The operator room and the laboratory 

The operator room contained a master gauge, which measured the flow rate into the plant. At the 

time of our visit it measured 835 m3/h. A normal range was reported to be 780-800 m3/h. 

The laboratory was equipped with the most essential water quality measurement tools. A turbidity 

meter analysed how clear the inlet water was, which was then used to determine how much 

aluminium sulphate should be added for the flocculation process. Turbidity was measured three 

times per day. The typical turbidity value of untreated water was between 3 NTU and 4 NTU, and in 

the water after sedimentation the range it was typically between 1.3 NTU and 2.4 NTU. Finally, in the 

filtered water, the turbidity was between 0.7 NTU and 1.3 NTU. World health organisation (2012) 

recommends that the turbidity should be < 5 NTU and preferably <1.0 NTU in order to have an 

effective treatment of the chlorine. 

pH measurements were also performed. The raw water typically has pH values between 6.9 and 7.1. 

After flocculation and sedimentation the pH range was between 6.7 and 6.9 and after filtration it was 

between 6.7 and 6.8. 

DPD (diethyl-p-phenylene diamine) tablets were used for analyse the chlorine content after the 

chlorination. Typical values of chlorine were between 2.1 and 1.5 mg/L.  

With a flocculator and the Jar test measured the content of aluminium sulphate after sedimentation 

was measured. The concentration was typically around 20 ppm. 

5.1.4 Eldoret Water and Sanitation Company (Eldowas), responsible of water supply in Eldoret 

An interview with Dr. Francis O. Olal, quality assurance manager at Eldowas, was conducted to find 

information about the water quality and water management in Eldoret. The parameters investigated 

for water quality were chemical contents in the water and the level of contaminants.  

Eldowas provides approximately 50, 000 households in Eldoret with clean water for drinking. A 

typical household exists of approximately 6 to 10 people accordingly to Dr. Olal. He explained that 

the price of the water starts at 12 Kenyan Shilling (0.1 Euro) per cubic meter (1000 L), and the price 

per cubic meter increases depending on the amount used. This is both to encourage a restricted 

water use and to prevent wasting of water. Another motive for the progressive pricing is to make 

water available to people with a small income, when the ones who can afford to use more also pay 

more per unit. 

For most households which are not connected to the municipal water supply, a hand-dug borehole 

supplies them with water. These boreholes range from 5 to 10 meters in depth, which is sufficient 

since the water table is high in the Eldoret area. Dr. Olal had no test results for borehole water; 

however he said that the main problem was the presence of bacteria. A number of households that 

are connected today still use their old borehole for washing, cooking etc., and the municipal water 

for drinking. For a few unfortunate residents, rivers or lakes are the only sources of water. In Eldoret 

river Sosiani runs through the city and those without option use its water for washing, cooking and 

even drinking.  

Data from the water quality tests performed at the Eldoret Water and Sanitation Company is 

presented in Table 11 and 12. All data are accordingly to Dr. Olal typical values for the water source 

specified. 
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Table 11. Typical water quality parameters from the Chebara water treatment dam before and after treatment by the 
Eldoret Water and Sanitation water treatment plant in Chebara accordingly to Dr. Olal at Eldowas. The measurements are 
presented accordingly from the raw information that was given from Eldowas, however the values that read zero should 
probably be regarded as low than as zero.  

WATER SOURCE: CHEBARA  
QUALITY PARAMETER 

UNTREATED  TREATED 

pH 6.9-7.1 6.7-6.8 
Fe (mg/L) 0.7 0.1 
Mn (mg/L) 0.3 0.08 
NO3 (mg/L) 0.05 0.01 
F (mg/L) 0.09 0.01 
CU (mg/L) 0.1 0 
CONDUCTIVITY (mS/m) 200 0 
BOD (mg/L) 2 0 
COD (mg/L) 3 0 
COLIFORM (CFU/ mL)  300 0 
TURBIDITY (NTU )  3-4 0.7-1.3 
 

 

 

Table 12. Typical water quality parameter of untreated water from river Sosiani in Eldoret town (Dr. Olal, 2014) 

WATER SOURCE: RIVER SOSIANI ELDORET 
QUALITY PARAMETER 
 

UNTREATED  

pH 7.2-7.5 
CONDUCTIVITY (mS/m) 40-100 
BOD (mg/L) 4 
COD (mg /L) 10 
COLIFORM (CFU/mL) 300-350 
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5.2 Water quality outside of Eldoret. 

5.2 .1 Kitale 

In Kitale, not far from Eldoret to the Northeast, the situation was similar to the situation in Eldoret, 

possibly due the similar landscape and climate. Some of Kitale’s residents were connected to a pipe 

system where the water came from the mountains and were stored in a dam. Others used borehole 

water and as the third choice they used the river as a water source. 

5.2 .2 Lake Baringo 

The community at Lake Baringo, West of Eldoret had entirely different conditions. It is located on the 

west side of the Rift Valley. The climate was arid with short bushes and trees. There was plenty of 

groundwater but it was not possible to use it for either irrigation or drinking water. The reason is the 

tectonic activity. Rift Valley separates two tectonic plates, which slowly are gliding apart releasing 

sulphuric compounds from the interior of the earth into the groundwater.  

The only option for this community is to take the water from the lake. It is a lake which is flooded 

since the last prolonged rainy season and is still far above normal levels. The experienced guide at 

the lake, which we interviewed, said that we would probably get sick immediately if we drank it. In 

contrast if he would drink it, nothing would happen, he said, because he was immune. Still it was 

normal to boil it thoroughly before using it as drinking water. The biggest problem was fluoride 

content of the water. It colours teeth brown and is generally bad for the skeleton, causing skeletal 

and dental fluorosis (Ozsvath, 2008). 

5.2 .3 Masai Mara 

The Masai community outside of Masai Mara used springs from the mountains. No further details 

were given. 

5.2 .4 Wasini Island 

On Wasini Island, a coastal island on the border to Tanzania, there were no electricity or running 

water. No boreholes could be dug because of salt water intrusion. The only source is rainwater. On 

many places on the island there are many water collectors made of concrete where rain water is 

stored and where people can collect water in plastic containers. When there is plenty of water the 

water is very clear, but when the level is low, the water can get very brown in colour. Since the 

resource is rainwater an all year requirement for water treatment might not be needed.  
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5.3 Evaluation of a new photocatalytic reactor 

We encountered several problems with the photocatalytic rector on-site in Kenya. Despite extensive 

troubleshooting the reactor, with remote help from the PhD student at Dep. Engineering Sciences at 

Uppsala University, whom was responsible for the construction, satisfactory performance of the 

reactor was never attained. Problems which were solved on-site with remote guidance included 

software updates, control of the magnetic stirring speed, stirring bar interference, optical alignment, 

glitches in the plastic, and laser intensity.  

A typical result for of a control experiment measured of 1 ml MB in distilled water, see Figure 9. A 

manual drop by drop titration experiment showed that the optical system was working and could 

accurately detect changes in MB concentration, see Figure 10.  

 

 

Figure 9. Control measurement of absorbance of 1 ml MB in DI water showing typical variations of the readout signal using 
the automatic measurement setting available in the reactor software, showing variations in absorbance. 

 

 

Figure 10. Drop by drop titration using a setting of 80% of the laser intensity and employing a large magnetic stirrer. Each 
drop was ~0.04 ml, and the MB solution was 100 ppm. 

The measured absorbance is dependent on different reactor positions, see Figure 11. It is therefore 

important to peg the reactor properly in the experiments, which in our case was done with a folded 

paper. 
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a)                                                                    b) 

Figure 11. Dependence of measured absorbance on the reactor position (b). Position 4 (a) is when the reactor was fixed with 
a paper was the configuration used in all further experiments. 

 

The problems of absorbance variations as shown in Figure 9 were solved by only doing manual 
measurements without employing the automatic pre-settings . In Figure 12 an increase in the 
absorbance was observed during the first 60 min (i.e. apparent increase of MB concentration), where 
the first 30 min was made without UV illumination (“dark” phase), and the other 30 min the stirrer 
was switched off. After 60 min the stirrer and the UV-light was turned and a linear decrease of MB 
concentration was observed. 

 
Figure 12. Manual control measurement of absorbance of 1 ml MB in DI water showing typical variations of the readout 
signal. The absorbance variations were consistently smaller than when the automatic measurement setting was employed. 

Further experiments with the photocatalytic reactor were not possible since the motor of the stirrer 

broke down and the reactor was sent to back to Sweden for repair. A full trouble shooting report can 

be found in Appendix A. At a time of writing this thesis the malfunctions reported here have been 

located and fixed at Uppsala University. A major fault in the construction was identified to be missing 

lenses on the LED light sources, which reduced the light intensity on the sample, and thus yielded 

very small effects of illumination compared to blank experiments. The large signal variations 

detected in the initial trials performed in this study were mainly due to this effect. 
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5.4 Photocatalytic Petri dish experiments 

5.4.1 Methylene blue and coffee experiments 

In the rest of the experiments a simplified experimental setup was used which consisted of mixing 

TiO2 nanoparticles with the contaminated water in Petri dishes (TiO2 slurry experiments), or placing a 

TiO2 coated glass slide on the bottom of a Petri dish (TiO2 membrane sample experiments). The 

results from the Petri dish experiments with MB and coffee were obtained by taking photographs at 

regular time intervals during the experiments. All photos, except for photos from MB Experiment 1, 

are taken inside the laboratory to achieve as constant lighting conditions as possible. Here, some 

representative results will be presented; for a complete presentation of the results see Appendix B.1. 

5.4.1.1 MB Experiment 12-06-14 

The column denoted “Initial time 10.17” in Figure 13 show the initial blue colour at the beginning of 

the experiment. After 2 hours it is evident in Figure 13 that the blue colour had bleached. This shows 

that the MB has been degraded during that period of solar irradiation. At higher MB concentrations 

in a larger water volume the bleaching is less visible, but even in this case it is clear that 

photodegradation of MB has occurred. 

SAMPLE NAME INITIAL TIME 10.17 FINAL TIME 12.14 

TIO2 MEMBRANE 
SAMPLE 2/20 

 
 

 

TIO2 MEMBRANE 
SAMPLE 4/40 

 
 

 
 

Figure 13 Results from MB Experiment 1. The sample “TiO2 membrane sample 2/20” contains 2 ml MB in 20 ml of distilled 
water. The sample “TiO2 f membrane sample 4/40” contains 4 ml MB in 40 ml of distilled water. Both samples were TiO2 
membrane samples. The sample column is referring to specific sample experiments as they were named in the 
corresponding lab report found in Appendix. 
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5.4.1.2 MB and Coffee Experiment 09-07-14  

The results shown in Figure 14 show that the coffee mixed with slurry TiO2 bleaches during solar 

irradiation. After 3 h and 50 min of UV irradiation the coffee has to some extent been 

photodegraded. Similar to the MB experiments above, the clearing is more visible in the Coffee 3 

experiment which had a lower concentration of coffee compared with Coffee 6. 

SAMPLE 
NAME 

INITIAL TIME 11.10 TIME 12.20 TIME 16.00 

COFFEE 
3 

   
COFFEE 
6 

   
Figure 14 Results from MB and Coffee photodegradation experiments (Experiment 09-07-14). Coffee 3 was prepared with 30 
ml of TiO2 slurries and 3 grains of instant coffee powder and Coffee 6 with 6 grains instant coffee powder. The coffee grains 
were added to the solution when dry, each grain had a radius of about 1 mm. The sample column is referring to specific 
sample experiments as they were named in the corresponding lab report found in Appendix. 
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5.4.1.3 MB experiment 14-07-14 

From the results shown in Figure 15 it is clear that MB has been degraded in all samples during 3 

hours under UV radiation. Difference between using 1 TiO2 membrane sample and two is difficult to 

detect, when TiO2 0.6 membrane sample and TiO2 0.6 x2 membrane samples are compared, 

suggesting that the number of active photocatalytic surface sites is not the rate determine step for 

MB degradation. All photos were taken inside the laboratory. As a technical remark, we note that the 

photographs were not taken at exactly identical illumination conditions. For example, the brightness 

in the photo taken at 14.10 appears a little bit darker due light falling in from a window in the room. 

But if one looks at the difference between the background paper and the colour of the water in the 

dish, a total bleaching of the water is nevertheless noticeable. The results also show that after 1 h 10 

min the samples with TiO2 membrane sample are more efficient then with solar irradiation alone 

(control). 

 

Figure 15 Results from MB and coffee photodegradation (Experiment 09-07-14). Control 0.6, TiO2  membrane sample 0.6 and  
TiO2 membrane sample 0.6 x2 containing 0.6 ml MB and 30 ml distilled water. The TiO2 membrane sample 0.6 has one TiO2 
membrane glass slide and the sample TiO2  membrane 0.6 x2, has two membrane sample glass slides. The sample column is 
referring to specific sample experiments as they were named in the corresponding lab report found in Appendix. 

SAMPLE 
NAME 

INITIAL TIME 11.10 TIME 12.20 TIME 14.10 

CONTROL 
0.6 

   
TIO2  
MEMBRANE 
SAMPLE  0.6 

   
TIO2  
MEMBRANE 
SAMPLE  0.6 
x2 
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MB degrades partly after 1 h 30 min, and fully after 3 h in in the presence of TiO2 photocatalyst. The 

sample MB 2 TiO2 x2 (containing 2 TiO2 membrane samples) degrades MB faster than MB 2 TiO2 

(containing 1 TiO2 membrane sample). And the two samples containing TiO2 membrane sampls 

degraded the MB at a higher rate than the control. See Figure 16. 

SAMPLE INITIAL TIME 11.00 TIME 12.30 TIME 14.00 

CONTROL 2 

 
  

 

MB 2 TIO2 

MEMBRANE 
SAMPLE 

 
 

 
 

 
 

MB 2 TIO2 

MEMBRANE 
SAMPLE X2 

 
 

 
 

 
 

Figur 16.  Results from MB Experiment 14-07-14. The samples contains 2 ml MB and 30 ml water, where MB 2 TiO2 contain 1 
TiO2 membrane sample and MB 2 TiO2 x2 contain 2 TiO2 membrane samples. The sample column is referring to specific 
sample experiments as they were named in the corresponding lab report found in Appendix. 

5.4.1.4 MB and Coffee TiO2 slurry Experiment 08-07-14 

As shown in Figure 17 dishes were subjected to solar irradiation and the result recorded after 1 h 4 

min and 3 h 2 min, respectively. The control experiments were conducted with no added TiO2 but the 

same amount of MB as the Slurry TiO2 0.3 and Slurry TiO2 0.6. Photodegradation of MB in samples 

containing slurry TiO2 is clearly visible in Figure 17. There is no visible difference between the 

samples Slurry TiO2 0.3 (which contains 0.3 ml MB) and Slurry TiO2 0.6 (which contains 0.6 ml MB). 

The controls were only marginally bleached, but significantly less than the TiO2 containing samples, 

see Figure 17. At time 12.25, i.e. after 3 h solar irradiation the MB experiment was concluded. The 

total degradation of MB is shown in Figure 17 for the Slurry TiO2 0.3 and Slurry TiO2 0.6 samples. The 
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control 0.3 samples are bleached almost to the same level as the TiO2 containing samples. In 

contrast, the Control 0.6 sample still shows some blue colour also after 3 h solar irradiation. 

SAMPLE INITIAL 09.23 10.27 12.25 

CONTROL 
0.3 

   
SLURRY 
TIO2 0.3 

   
CONTROL 
0.6  

   
SLURRY 
TIO2 0.6 

   
Figure 17. Results from Experiment 3. The Control 0.3 and Control 0.6 contains 30 ml distilled water while Slurry TiO2 0.3 
Slurry TiO2 0.6 contains 30 ml slurry TiO2. And then both 0.3 samples contain 0.3 ml of MB, and the 0.6 samples contain 0.6 
ml MB. The sample column is referring to specific sample experiments as they were named in the corresponding lab report 
found in Appendix. 
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5.5 Photocatalytic bacteria disinfection experiments 
The results from the bacteria experiments are presented as the number of colonies per treated or 

untreated sample, and photographs of these colonies. In Appendix B.2 and B.3 a full compilation of 

the results are presented in laboratory reports for each experiment. Here a selection of typical 

results for the colonies present before and after treatment is presented. 

In Figure 18 the initial number of bacteria colonies in the untreated water sample (represented by 

the blue column) is by far the highest when comparing with the treated samples. Except in the 

experiment with Borehole water, where the Control (only solar irradiation) contains an 

approximately equal number of bacteria as the initial sample, all samples show significant decrease 

of the number of bacteria colonies after solar irradiation both with and without the presence of TiO2 

photocatalyst. This may be attributed to a “SODIS” effect where also solar irradiation in combination 

with heating of the sample (standing in the sun) is known to effectively kill bacteria (S. Dejung, 2007). 

In experiments Sosiani 1 and Sosiani 2, the samples with TiO2 membrane have killed more bacteria 

then the Control (only solar irradiation). In experiment Sosiani 3 the sample with TiO2 slurries killed 

more bacteria then the Control, while the samples with TiO2 membrane killed less than the Control. 

In experiment Borehole the sample containing TiO2 killed bacteria much more effectively compared 

with the Control, and also indicates that TiO2 slurries (TiO2 nanoparticles mixed in water solution) is 

the most efficient disinfectant method. 

 

 

Figure 18. Results from the bacteria cultivations for all Bacteria Experiments (BE). Sosiani1 represents BE. 17-06-14, Sosiani 
2 represents BE 18-06-14, Sosiani 3 represents BE Re-cultivation exp. 17-06-14 and 18-06-14, and Borehole represents BE 08-
07-14. The blue columns represent the initial untreated sample. The orange column represents the control (only solar 
irradiation), grey and yellow are the samples treated with doctor bladed TiO2 membrane sample  (“DB”) TiO2 films, and 
Preussian blue the samples treated with TiO2 nanoparticles mixed in water (”Slurry”). 
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5.6 COD Eldoret 

In order to convert the measured volume of FAS in COD experiments Equation 1 was used. 

 

𝐶𝑂𝐷 =
(𝐴−𝐵∗𝑁∗8∗1000)

𝑉
 (1) 

 

Here, A is the volume of FAS used for the blank, B is the volume of FAS used for the sample, N = 0.1 

that is the normality of FAS, and V is the volume of the sample. The COD is expressed in mg/L and 

doing the calculations of the present results gives a negative COD. Documentation are found in Table 

12. 

Table 12. Experiment data and observations 30/06/14. The sample column is referring to specific sample experiments as 
they were named in the corresponding lab report found in Appendix. 

EXP 
NO. 

SAMPLE TIME OF 
HEATING 
(HH.MM) 

VOLUME OF 
SAMPLE 

(ml) 

BURETTE 
READING (ml) 

INITIAL      FINAL 

VOLUME 
OF FAS 

(ml) 

EXPERIMENT 
OBSERVATIONS 

1 Blank  
 

11.23-13.23 
 

2.5  0 0.1 0.1 The colour 
never turned 
bluish-green 
after adding 
the ferroin 
indicator.*1 

2 RB 1 Initial 30/06/14 
14.39-16.39 

2.5 0 1.1 1.1  

3 RB 1 
Control 

31/06/14 
10.08-10.23 
(exp. stopped) 
11.26-13.11 

2.5 0 1.2 1.2 The water 
stopped 
flowing during 
the heating. *2 

*1. The fact that the colour never turned blue-green after adding the ferroin indicator suggests that 

something was wrong with the experiments. The very fast colour switch (only 0.1 mL of FAS) also 

suggests that something is wrong. A new blank was done (Blank 2). 

*2. When the water cooling supply stops working the experiment has to be stopped in order not to 

overheat the sample that can explode when overheated.  
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6 Discussion 

6.1 Water situation 

From the results of our survey of the water situation in Eldoret and surrounding areas it is easy to see 

that water treatment is greatly needed in both Eldoret and elsewhere in Kenya. The treatment plant 

in Chebara and the others has no doubt increased the safety and standards for many people in the 

area. Still, however, many people do not have access to safe drinking water. Photocatalytic water 

treatment, or other advanced water treatment technologies, could in the future be implemented to 

in Chebara treatment plant. It is built with international standards, and if a suitable solution for 

implementation of TiO2 then we believe the same implementations could be done at Chebara. The 

climate is suitable with many sunny days. 

Concerning people that are not connected to the water grid, and are using borehole water, the 

results from this study shows that photocatalytic water treatment could be a suitable candidate. 

Then these people can avoid the risk of getting sick in sort or long term and reduce the pressure of 

cutting down more trees for firewood. Investments in water cleaning technologies may have a very 

short pay-off time, since nowadays money is spent on medication for sicknesses caused by bad 

water. We have found large willingness and awareness of people that investments in technologies 

for clean water is urgent, and makes more sense than spending money on medication due to drinking 

polluted water. 

It would be possible for all those people outside the grid in Eldoret to acquire a photocatalytic water 

treatment reactor. But since the capacity of Chebara water treatment plant is larger than it can 

deliver, it is probably more efficient in the long term if the delivering capacity for Eldoret could be 

increased. 

Short-term solutions are important as well; especially for children. Construction and implementation 

of photocatalytic water treatment system could be highly valuable if the borehole water contains 

many coliforms. Another valuable target for a photocatalytic water treatment system is the cleaning 

of greenhouse waste before the staffs disposes it, as described in this report. This could also be 

feasible for other productions with light waste polluting the environment. 

If a photocatalytic treatment system with easy maintenances with a small to medium capacity can be 

realized, we believe that this could be suitable for many rural Kenyan families and communities. This 

is because most people seem to use mildly polluted water as drinking water, and the solar insolation 

is intense in many areas, making short-time photocatalytic water treatment possible. However, many 

households in the rural areas also lack a stable source of electricity, putting even more demands on 

the design of a water treatment system, where solar cells can be used to power the water treatment 

system. 

Other places with constant electricity have otherwise often good prerequisites for implementation of 

a cleaning reactor. It is common to pump the water directly from the borehole to the roof or a tower 

and letting gravity supply the taps and washrooms. With this equipment, an extra module of water 

treatment could be easily installed. 
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6.2 Photocatalytic reactor 

The photocatalytic reactor never generated the results of the expected initial dark phase exponential 

decrease due to adsorption followed by a linear degradation of MB in the UV phase. Experiments 

show that the irregular results are not affected by problems with stirring bar interference, optical 

malfunction or laser intensity. They indicate that it is more likely that they are caused by materials 

used in the reactor (and in particular the focussing of the LED light sources onto the sample surfaces, 

which now has been identified to be the main weakness; at the time of writing this thesis this fault 

has been fixed. Similarly, the software must be upgraded, because all manual measurements have 

given linear results. The manual experiment demonstrated in Figure 12 shows an initial increase 

during the first 60 min of MB concentration when the expected result instead is adsorption of MB 

leading to a decrease. The increase could be explained by the limited cleaning in the laboratory. 

Before the start of an experiment the equipment should be cleaned thoroughly with distilled water 

to ensure that no remaining MB is there. Because of scarcity of resources, cleanliness is an issue 

which must be considered in the future when performing laboratory photodegradation experiments 

for removal of chemicals. It is highly likely that MB remained adsorbed to the walls of the reactor and 

in the TiO2 film, leading do desorption during the experiment, which thereby apparently increase the 

MB concentration.  

Generally, the results clearly shows how there is no degradation of MB during the dark phase (no UV 

irradiation), or during the UV irradiation when the solution is not stirred. This show how vital both 

the UV irradiation and mass transfer are when using a TiO2 film as photocatalyst. The latter problem 

is alleviated when using TiO2 slurries, when the photocatalyst is mixed with the polluted water. 

At the end of the day the reactor never worked properly and was not donated to UoE during this 

project. Therefore the purpose of spreading awareness of photocatalytic water treatment through 

presentation of the photocatalytic was never fulfilled. However some of the staff at physics 

laboratory has shown great interest in the progress of our work. We have shown them in detail how 

the reactor is manoeuvred and educated them the theory behind it. They are positive about the 

integration of the reactor to classes in physics. When the reactor is donated the physics laboratory 

the staff will already have the knowledge of how to use it and know that the purpose is for 

educational use and evaluating photocatalytic effect. From this point of view, the educational part of 

the project plan with the photocatalytic reactor could therefore partly be seen as being 

accomplished. Further work should, however, be done to complete this aim of the project. 

6.3 Future developments at University of Eldoret 

The physics laboratory II is well equipped to conduct photocatalytic experiments. Professor Mghendi 

that is responsible has some basic previous knowledge in the field after he received a PhD at Uppsala 

University at the Div. Solid State Physics, Dept. Engineering Sciences. The Department of Physics at 

the University of Eldoret has a long relationship with Uppsala University, and the Department of 

Engineering Sciences in particular, through the International science programme (ISP). The ISP 

funded work consists of student exchange, allowing students from UoE to perform research and take 

courses at Uppsala University. Much equipment in the physics laboratory has been donated for 

research at the university. This was also one the purposes of this study, i.e. to donate a 

photocatalytic reactor that would be suitable for education and teach chemical engineering of 

photocatalytic materials. Our experience is that the interest of this type of exchange activities at the 

Department of Physics at UoE is genuinely large. 
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There are hopeful wishes, both at the forestry department and at the environmental department at 

UoE, that the photocatalytic techniques, or similar new technologies, are successful to reduce 

troublesome pollutants and leakage of dangerous pesticides in the waters in the Eldoret area. This 

interests which we encountered during our stay in Eldoret was picked up and we integrated it into 

our agenda for possible experiments. As further studies in photocatalytic applications are discussed 

there are many positive opinions, especially regarding integrating “cross-border” science in order to 

come up with new ideas. At present there is, however, no concrete plan for this at the moment.  

6.3.1 Up scaling in the physics laboratory 

Before the MFS started, it was discussed with Professor Lars Österlund that an up-scaled “device” 

implemented in Kenya could be interesting. A large tank system could be equipped with TiO2 

photocatalytic cleaning technologies for a rural school. The benefits with such system are many for a 

community and therefore an implementation of an up scaled version at the university is worth 

mentioning in this report. 

The upsides with university implementations are the educational and research benefits. Learning 

about a well working system as an integrated part of a university education could spread the 

knowledge more extensively rather than when it’s hidden away as a small bench-top device in a 

laboratory. Possible thesis from undergraduate level to PhD could be made using an up-scaled 

version of a photocatalytic for a deeper knowledge. Widespread deeper understanding together with 

practical knowledge is essential if the technique should have major role as a treatment method in 

Kenya. Every country works in their own way so an academic understanding on-site could adapt the 

method to suit the needs in the Kenyan society. In this way applications of photocatalysis (or similar 

new water cleaning technologies) could reach many people in need.  

Further applied and published research on such a system can encourage to refine, upgrade and/or to 

do optimization both within the university and outside. This could very be helpful in the process of 

create a working photocatalytic reactor system. 

A suitable place at the university premises has been located for an up-scaled reactor. It is a tower 

which is adjacent to the physics laboratory II in which other photocatalytic experiments are done. 

The tower allows easy mounting of the system. It has been used for solar heating and solar panels. 

Those systems were sponsored by ISP around 15 years ago. The systems have not been active for 10 

years. 

Between the solar heater on the tower and the laboratory there is a closed water flow system that 

connects them. The tank allows the water to be stored and used for a later occasion. The system 

looks like in the Figure 19. Since essential equipment for transporting the water up to the tower and 

collecting it inside are available an idea was created.  
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Figure 19. The solar heater system and the solar panel at UoE. The building to the left is physics laboratory II and the 

structure to the left is the adjacent tower. 

The tap water in the laboratory comes from a borehole close to a farm. The water is clear and 

therefore no pre-treatment is needed and as the report has concluded: borehole water contains 

bacteria and could successfully be treated by photocatalysis. The largest positive aspect is that only a 

small redesign could transform the existing solar heating system to a small photocatalytic water 

treatment plant. 

There are two main suggestions that could be done. Both include turning the closed system into an 

open one. The borehole water could be connected to the pump and transferred to the solar heater 

on the roof. The first suggestion is to dope the solar heater with TiO2. The treated water could then 

be stored in the tank for testing and preferably for common use, see Figure 20. 

However if testing shows that the water cleaning is not enough by passing the doped reactor it would 

be better if the water could looped trough the doped solar heater. This is possible if the water 

initially is filled in the tank and the flow meter indicates the number of needed loops valves can be 

changed in order to switch the system between open and closed. 

Even though the solar heating system has not been used for 10 years it would be sad to destroy it by 

changing the heater. Therefore suggestion two is preferable. It is similar to the open/closed 

switchable system, but with the difference of a separate photocatalytic reactor. There is enough 

space to make it fit there. To change between the photo reactor and the heater the only thing that 

need to change, is to be able to change the tubes from one device to the other and some minor valve 

changes. The heat-exchanger does not need to be bypassed but for clarity it is in the Figure 20. The 

drinking water from the outlet could be stored in separate tank.  



36 
 

 

Figure 20. The solar heater system and the solar panel integrated with a photocatalytic water treatment system at UoE. For 
clarity in the picture the heat exchanger is bypassed, but in reality it doesn’t need to be. 

Another upside of implementing a photocatalytic water treatment system at this site is that there is a 

solar panel on the tower. This solar panel is connected to computers in the laboratory which register 

the effect of the solar panel. This measurement can be converted to the insolation of the sun. The 

photocatalytic activity is proportional to the UV intensity the solar panel and can be used to optimize 

and analyse the efficiency of the reactor. Furthermore, since the equipment is integrated with the 

software Lab View, it is easy to modify. 

Since the cleanness of the water regarding to bacteria cannot be measured continuously, a future 

study could be to connect the water quality to solar insolation. If such relation would be possible, it 

could also be possible as a future project to make the system automatic and at the same time 

guarantee healthy water. 

As a conclusion of the implementation of a photocatalytic up scaled reactor at the physics laboratory 

II is that it could work very well for educational and research purposes. The knowledge and 

motivation is there. It could be built as an easily operated system with low maintenance. 

However every investment of implementation comes with risks and downsides. A big problem is that 

there seems to be little demand of cleaner water at UoE. Much of the water comes from Chebara 

water treatment plant with very clean water. In the area of the distant laboratories, where physics 

laboratory II is, the borehole water is considered drinking water. Therefore the main purpose of an 

up-scaled reactor, or pilot reactor, may instead be for research, educational and training purposes. 

Another downside relates to the solar heater. It was a donation of ISP and was working very well. It 

has, however, been put out of continuous practice since 10 years. The involved people that used to 

work with it has moved to other places. As it is now, only professor Mghendi knows how it works in 

detail.  

The risk is that the photocatalytic reactor will have the same fate. If investment of building such a 

system is made, a detailed long term plan of research and education should be made beforehand. 

Some examples of this have been mentioned throughout the chapter.   
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