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FOREWORD 
Uganda, with a population of 22 million, has about 85% of the population living in the rural 
areas and who have safe water supply coverage of about 57%. The sources of water are 
springs, shallow wells, deep boreholes, gravity flow systems and piped systems. 
 
It is identified that about 30% of the water supply systems in the rural areas are non-
functional. Some of the causes of this non-functionality are:- poor operation and maintenance 
of the systems, inability for the Districts to address promptly the repairs that cannot be 
handled by the communities, poor community mobilization and the poor quality of some 
water sources among others. 
 
In the category of the poor quality of water as one of the causes of the non-functionality, 
presence of Iron in the water has been identified. While iron in drinking water does not 
present a big health hazard, the problems with iron are mainly aesthetic. Iron gives a sour 
taste of metal, laundry becomes stained and food cooked in the water gives an unappetizing 
colour. The presence of iron has caused many water sources to be abandoned and hence 
increasing the non-functionality and of course reducing water coverage to rural areas. It is on 
this basis that this research is based and its results are important as it tends to solving one of 
the challenging problems. 
 
In recent times, different approaches have been taken to address the problem of iron in water 
supply. Researches have been done in India, South Africa, Sri Lanka , Burkina Faso and 
Philippines and there have been successes and failures which can be developed further to 
come up with a better option.  
 
As indicated in this book, the Authors, Hanna Andersson and Jenny Johansson of Dept of 
Environmental Engineering -Luleå University of Technology have undertaken a 
comprehensive research. This coupled with the findings from other researches in other 
countries have come up with an option that may be workable. The research has also 
recommended areas for further investigations and given recommendations for further 
development. 
 
The success of this research goes a long way into solving some of the problems that 
solutions have been difficult to come by and hence the Government of Uganda is keen on its 
development to completion. 
 
I would like to thank Sida for the support that was given to the Authors to enable them 
undertake this research. 
 
 
 
 
 
Eng. Mugisha-Shillingi 
Assistant Commissioner-Rural Water Supply 
Directorate of Water Development 
Kampala
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ABSTRACT 
Groundwater is presently one of the major sources of water supply in rural Uganda, though it 
has an excessive iron content. The problems with iron in water are mainly aesthetic. Iron gives 
water a sour, metal taste, stains laundry, and food cooked in the water receives an 
unappetising colour. As a result, people use unprotected surface water instead. It is therefore 
important to find a user-friendly and sustainable method for removing iron from groundwater 
boreholes.  
 
Through literature studies and personal communications with people working within the iron 
removal field, both successful and unsuccessful small-scale, user-friendly iron removal plants 
in developing countries, such as India, Sri Lanka, and Burkina Faso, were studied.  
 
In this study a water quality investigation was performed in the Rakai District of southern 
Uganda. The district has many boreholes with excessive iron content and earlier 
investigations were conducted here. In 1995, an iron removal plant was tested at two 
boreholes in this district, but the plant was not successful. In the present water quality 
investigation, ten different boreholes were monitored, focusing on iron. The investigation 
confirmed the high iron contents in the groundwater and showed ferrous iron concentrations 
up to 80 mg/L. The World Health Organisation recommends that drinking water have a 
maximum ferrous iron content of 0.3 mg/L. 
 
Considering the earlier experiences from Uganda and other developing countries, two iron 
removal prototypes were constructed and tested at two of the boreholes included in the water 
quality investigation. A filter with an up-flow construction was tested in Rakai village and a 
gravity flow filter was tested at the borehole located in the village of Ddwaniro. The water of 
the Rakai village borehole had a ferrous iron content of about 15 mg/L, whereas the borehole 
in Ddwaniro had 10 mg/L. The prototypes were made of plastic, 140 L volume tanks and 
consisted of an aeration step followed by filtration. Results from the gravity flow prototype 
testing showed that the water needed a retention time of about 60 minutes. With this retention 
time, the ferrous iron content decreased to about 1 mg/L, a level that is accepted by the people 
in Uganda. The up-flow filter did not show satisfying removal results during the testing 
period. 
 
Based on the test results from the prototype, a sustainable iron removal plant that may solve 
the problem of high iron content in boreholes was suggested in this study. The suggestion for 
the construction included an aeration tank, large enough to allow a retention time of about 60 
minutes, followed by a gravity flow sand filter. The handpump needs to be raised due to the 
size of the aeration tank. Finally, a discussion concerning the institutional arrangements for 
the implementation of the treatment unit was made. Different ideas for the operation and 
maintenance by community participants were suggested. 
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SAMMANFATTNING 
I dagsläget utgör grundvatten den största dricksvattenkällan på landsbygden i Uganda och 
vattnet anses vara relativt rent jämfört med andra alternativ. Grundvattnet i Uganda har höga 
järnhalter vilket inte är hälsovådligt men ger en oangenäm smak. Järnhaltigt vatten kan också 
ge fläckar på kläder vid tvätt samt missfärga mat och porslin. Befolkningen använder istället 
en hel del ytvatten som är av sämre kvalitet ur hälsosynpunkt. Det är av den anledningen 
viktigt att utveckla en användarvänlig och hållbar metod för att rena grundvatten från järn. 
 
I detta arbete har en sammanfattning av tidigare försök inom järnavskiljning gjorts genom 
litteraturstudier och även genom kontakter med människor verksamma inom ämnesområdet. 
Flera småskaliga och användarvänliga modeller, samtliga testade i utvecklingsländer som t ex 
Indien, Sri Lanka och Burkina Faso, har studerats. 
 
Inom ramen för studien har en undersökning av vattenkvaliteten utförts i Rakai District i södra 
Uganda. Distriktet har många borrade brunnar med höga järnhalter och har även tidigare varit 
föremål för undersökningar av vattenkvaliteten. 1995 installerades anläggningar för järn-
avskiljning vid två brunnar, men de fungerade inte tillfredsställande p.g.a. brister i drift och 
underhåll. I detta arbete testades vattenkvaliteten i tio olika brunnar, främst med avseende på 
järnhalt. Undersökningen bekräftade att värdena för järn var höga i grundvattnet. Halter för 
tvåvärt järn uppmättes till 80 mg/l och kan jämföras med Världshälsoorganisationens 
rekommendation på 0,3 mg/l. 
 
Utifrån sammanfattningen av tidigare försök i Uganda och i andra utvecklingsländer 
konstruerades två prototyper för avskiljning av järn. De byggde på principen luftning följt av 
filtrering. Prototyperna byggdes av plasttankar och testades vid två av de brunnar som ingick i 
vattenkvalitetsundersökningen. Grundvattnet i dessa brunnar hade halter av tvåvärt järn på 
omkring 15 mg/l respektive 10 mg/l. I byn Rakai testades ett filter där vattnet steg upp genom 
filtermaterialet och uttag av behandlat vatten skedde i övre delen av filtret. I byn Ddwaniro 
testades ett filter, där vattnet med hjälp av gravitationen flödade nedåt i filtret för att tas ut i 
botten. För filtret i Ddwaniro erhölls en rening på 95 % och för att komma ner i halter 
omkring 1 mg/l tvåvärt järn behövdes en uppehållstid på 60 minuter i filtret. 1 mg/l är en 
acceptabel nivå för tvåvärt järn i dricksvatten i Uganda. 
 
Baserat på resultaten från prototyptesterna föreslogs en reningsanläggning som är anpassad till 
borrade grundvattenbrunnar. I detta förslag ingick ett luftningssteg med 60 minuters 
uppehållstid följt av ett filter med sand som filtermedia. Slutligen fördes en diskussion om hur 
reningsanläggningen bör införas som en naturlig del av bybornas användning av brunnen. 
Även olika idéer om drift och underhåll för att främja delaktighet hos användarna föreslogs. 
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1 INTRODUCTION  
Groundwater is presently the major source of rural domestic water supplies in Uganda and it 
is planned to be the main source also for small towns (DWD, 2001a). The water quality must 
be improved to make this reality since many of the boreholes that have been drilled the last 
four decades yield groundwater with very high iron and manganese contents. Uganda is 
located in East Africa, see figure 1.1. More than 15% of the country is covered with water and 
the country seems to have abundant water resources but they are not evenly distributed.  
 

 
 

Figure 1.1 Map over Uganda (Utrikespolitiska institutet, 2002). 
 
Iron and manganese in drinking water do not present a big health hazard. On the contrary iron 
is an essential nutrition element. The problems with iron in water are mainly aesthetic. Iron 
gives water a sour taste of metal, laundry becomes stained and food cooked in the water gets 
an unappetising colour. Due to this reasons the villagers use other water sources such as 
ponds and rivers. This surface water often contains bacteria, organic matter etc and the 
presence of iron in groundwater therefore creates an indirect health hazard. 
 
The Rural Water and Sanitation sector in Uganda has been supported by Sida through 
UNICEF for many years. An agreement between Uganda and Sweden on phasing-out of 
support to UNICEF and entering a long-term agreement on bilateral support to the programme 
was made in 2000 (Settergren, 2002). Hence, the present co-operation is of transitional 
character because of this agreement and because of a general decentralisation process. This 
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process will result in new roles and areas of responsibility for stakeholders in the Water and 
Sanitation sector. The co-operation has three long-term objectives: 
 

• Initiate a sector wide approach to planning for the Rural Water and Sanitation sector, 
to be spearheaded by the Ministry of Water Lands and Environment/the Directorate of 
Water Development. 

• Expanded Water and Sanitation services in rural areas, based on community 
ownership and initiative. 

• Continued Swedish bilateral support to the sector. 
 
To facilitate the transition Sweden and Uganda have agreed that Sida will provide technical 
assistance through a consultancy. Sida has awarded the contract for the consulting services to 
Hifab International AB. 
 
The initiative of this Minor Field Study was a request for support in provision of iron removal 
plants, dated 28 September 2001. The inquiry came from Kibale District in Western Uganda 
where the iron content in groundwater was reported to be very high. The Directorate of Water 
Development (DWD) in co-operation with Hifab International AB considered this to be a 
suitable topic for a Master’s thesis. On DWD’s recommendation the study was performed in 
Rakai District, see figure 1.2. The wells in this region have major problems with high iron 
contents and earlier research has been made there.  

 
 

Figure 1.2  Map over Uganda and Rakai District (Danida, 2002).
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It is important to find a solution to the iron problem since there is an increasing pressure on 
the already vulnerable water resources (DWD, 2001b). Factors such as rapid population 
growth, increased industrial activities, environmental degradation, soil erosion and pollution 
of groundwater, rivers and lakes increases the need of clean water. The widespread problem 
with high iron content in groundwater has not been subject to any investigation made by 
DWD since 1995. At that time there was some monitoring done and an iron removal plant 
was constructed. The plant was made in two copies and they were tested at two boreholes in 
Rakai District. The plant worked for some time and then failed due to the users’ lack of 
operational and maintenance skills.  

1.1 OBJECTIVES AND SCOPE 
The objectives of this project were to initially summarise earlier experiences made within the 
iron removal field. Both successful and unsuccessful small-scale, user-friendly iron removal 
plants in developing countries were to be studied. After summarising earlier experiences the 
water quality in boreholes in Rakai District were to be monitored. On the basis of the water 
quality investigation and studies of earlier experiences the third objective was to design, 
construct and evaluate a prototype for iron removal. Based on the test results from the 
prototype a suggestion for a sustainable treatment plant that can solve the problem with high 
iron content in boreholes was to be made. Finally the institutional arrangements for the 
implementation and management of the suggested treatment unit were to be discussed.  
 
Contacts with people working with iron removal were established. Correspondence with them 
and studies of literature from Uganda and other developing countries constituted the initial 
work. In the water quality investigation ferrous iron, total iron and total manganese were 
analysed. Important water chemistry parameters such as pH, temperature, conductivity and 
dissolved oxygen were also measured. When designing the prototype, aspects such as user- 
friendliness, local materials and a sufficient removal of iron was taken into consideration. The 
constructed prototype was placed and tested at a borehole included in the water quality 
investigation. The same parameters as in the borehole inventory were analysed during the 
evaluation period of the prototype. The final suggestion for an iron removal plant was based 
on the study of earlier experiences and on the prototype tests. However, the material 
conditions were changed. 
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2 BACKGROUND  

2.1 IRON AND MANGANESE IN DRINKING WATER 
In rural areas in developing countries, groundwater is a favoured source of drinking water 
supplies since it is considered to be unpolluted. Nevertheless, high contents of iron in ground-
water boreholes can occur due to weathering from bedrock and corrosion of the handpump 
construction (Langenegger, 1994). Iron and manganese are chemically similar, high iron 
concentrations are therefore often followed by high concentrations of manganese. The 
concentration of iron and manganese must be controlled due to aesthetic reasons since certain 
quantities of metals in groundwater can be inconvenient and make the water unsuitable for 
domestic use.  
 
Groundwater generally contains less iron than 5 mg/L (Singh, 1999). The corresponding 
concentration for manganese is usually not higher than 2 mg/L. The World Health 
Organization (WHO) recommends concentrations of 0.3 mg/L for ferrous iron, 1.0 mg/L for 
total iron and 0.05 mg/L for total manganese. Since iron and manganese are chemically 
similar, they also cause the same type of problems (Desjardins, 1997). Iron concentrations 
higher than the WHO recommendation are responsible for causing the reddish-brownish 
colour to the water, staining laundry and giving the water some sour taste (Hanaeus, 1999). In 
Uganda ferrous iron levels up to 1 mg/L iron are acceptable (Settergren, 2002, personal 
comment). According to the WHO, iron and manganese do not present any health hazards. 
However, manganese contents of 0.6 mg/l and more can have toxic effects, especially for 
babies (Hartmann, 2001). 

2.1.1 Chemistry of iron and manganese 
Iron compounds form about 5% of the rocks in the earth’s crust and the iron can be in either 
ferrous (Fe2+) or ferric (Fe3+) forms (Hartmann, 2001). Iron appears in the form of oxides, 
hydroxides, carbonates and sulphides. The form and solubility of iron is strongly depending 
on the pH and on the oxidation-reduction potential of the water. 
 
While the normal level of soluble iron in groundwater is <1 mg/L minor changes in water 
chemistry can lead to significant increases in solubility of the metal (Gray, 1999). Ground-
water with a low redox potential often contains high levels of soluble iron and manganese 
ions (Hartmann, 2001). This water has a low content of dissolved oxygen, which means that 
micro-organisms reliant on oxygen have to reduce ferric compounds into the ferrous form to 
survive.  
 
Manganese is not as common in the earth’s crust as iron and in water it is found in the 
divalent form (Mn2+) and quadrivalent form (Mn4+) (Horkeby, 1993). The quadrivalent ion 
dominates in waters rich in oxygen while the divalent ion dominates in waters with a low 
concentration of oxygen, for example groundwater. In presence of oxygen the manganese is 
reduced in the same way as iron from the quadrivalent to the divalent form. 
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2.1.2 Influences of soil and bedrock on groundwater 
The concentration of iron and manganese in groundwater are mainly influenced by the 
chemical composition of the surrounding soil and bedrock (Horkeby, 1993).  
 
Rainwater adsorbs organic matter when the water percolates through layers of soil. At a 
deeper level the organic matter is oxidised, which gives reducing characteristics to the water. 
When the water reaches sediments containing ferric iron (Fe3+) the ferric iron is reduced to 
ferrous iron (Fe2+).  
 
When rainwater percolates deeper through soil and bedrock a great improvement in water 
quality occurs. Suspended particles are removed by filtration, organic substances are degraded 
and micro-organisms die off due to lack of nutrients (Hofkes, 1981). Therefore, groundwater 
is concerned to be a very clean alternative compared to other water sources such as surface 
water. Though, dissolved mineral compounds are not removed, and actually the content of 
minerals can increase due to leaching of salts from the underground layers.    

2.1.3 Corrosion of handpump and casing 
Corrosion is the attack of surface materials by chemical processes. Most metals occur in 
nature in the form of oxides that must be reduced to obtain the useful metals (Langenegger, 
1994). Corrosion (the oxidation of metals) is simply the process by which the metals return to 
their natural state. There are two methods to see whether the iron in groundwater boreholes 
derive from corrosion or from something else:  
 

1. Performing a pump test and measure the iron content over time. If corrosion of pipes 
is the reason for high iron content in the water, the concentration of iron will decrease 
rapidly after a few minutes of continuous pumping.  

2. Replacing the casing with a corrosion resistant device and then measure the iron 
content in the water.  

2.2 WATER SITUATION IN UGANDA 
Today about half of the population in rural areas do not have access to clean, safe water. In 
rural areas one third of the water supplying systems are non-functional. WHO recommends at 
least 20 litres per capita required for drinking, cooking and adequate hygiene but the current 
average water use is only half of that amount (DWD, 2001c). 
 
Direct rainfall is the most important source of local water resources. The average annual 
rainfall over most part of Uganda is >1000 mm (DWD, 2001a). The traditional way of 
digging 1-4 metres deep ponds for rainwater collection is often used instead of the abandoned 
boreholes (Kyamugambi, 2002, personal communication). The quality of this water might be 
poor since it can be contaminated. 

2.2.1 Water organisation 
The Directorate of Water Development (DWD) is the technical water sector agency at a 
national level and is responsible for policy development, resource mobilisation, monitoring 
and evaluation etc. (DWD, 2001c). It belongs to the Ministry of Water, Lands and



Background 

 
7 

Environment. Uganda is divided into 56 districts and each district has a District Water Office 
that is responsible for the water supplies. The district is gradually organised into; County, 
Sub-county, Parish and Village where the Sub-county is the planning and implementation unit 
(DWD, 2001c). However, the capacity in the Sub-county is very limited.  
 
One of the aims of the Rural Water sub-sector at DWD is to provide a basic water supply to 
65% of the rural population by the year 2005 (DWD, 2001a). The desired basic target is to 
supply 20 litres of safe and clean water per person and day. The water source has to be 
situated within a reasonable walking distance, which is defined as maximum 1.5 km.  

2.2.2 Groundwater 
The mainly prominent technology for drinking water in most parts of Uganda is Borehole 
technology especially in non-mountainous areas where springs do not exist. Due to the 
hydrogeology and chemistry of the underlying rocks, a high percentage of the boreholes in 
Uganda are mineralised with high levels of iron, manganese, sodium, zinc and fluoride 
(Kyamugambi, 2002, personal communication). Iron may also be present in boreholes due to 
the corrosion of steel (Hartmann, 2001). 
 
UNICEF drilled many of the existing boreholes in Uganda during the nineties. Deep 
boreholes were at that time considered to be the most appropriate solution to water scarcity. 
Unfortunately it turned out to be unsuitable for many parts of the country. When drilling a 
well with a depth of 40-90 metres in certain areas, the groundwater contains more iron and 
manganese than the water from the depth of 10-20 metres (Kyamugambi, 2002, personal 
communication). Where the groundwater level made it possible, a construction of shallow 
wells would therefore have been more convenient. As it turned out, several boreholes were 
abandoned almost immediately after construction due to the high levels of iron and 
manganese in the water. 

2.3 TREATMENT METHODS FOR IRON REMOVAL 
There are several ways of removing iron and manganese from water; for example aeration, 
water softener, oxidising filter, chlorination and filtration (Herman, 1996). However, there are 
just a few technologies that are suitable for the conditions in developing countries and 
especially in rural areas. Oxidation with air followed by sedimentation and filtration is the 
most common way of removing iron and manganese from groundwater on a community level 
in developing countries (Hanaeus, 2002, personal comment). This treatment method is based 
on accelerating the rate of oxidation. When the Fe2+ ion gets in contact with oxygen, Fe3+ is 
formed and iron oxide or iron hydroxide precipitates. The iron precipitate can be removed by 
filtration. This method works very well for amounts of iron and manganese < 5 mg/L and 
where there is no organic matter in the water (Ellis et al, 2000).  
 
Solutions of manganese compounds are more stable and more difficult to treat than ferrous 
solutions, though the removal procedures are similar. Manganese is almost impossible to 
remove without an addition of an oxidising agent or raising the pH to above 9 (Hartmann, 
2001). 
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2.3.1 Oxidation 
The most common oxidant used for oxidation of Fe2+ and Mn2+ is oxygen but sometimes even 
stronger oxidants such as potassium permanganate and chlorine are used (Ellis et al, 2000). 
When using air for oxidation the atmospheric oxygen gets in contact with the dissolved 
ferrous and manganese compounds and oxidises them to insoluble ferric and manganic 
hydroxides, which is shown by the following chemical formulas (Horkeby, 1993). 
 

2 Fe2+ + ½ O2
 + H2O ↔2 FeOOH + 4 H+  

 
Mn2+ + ¼ O2 + ⅔ H2O ↔ MnOOH + 2 H+ 

 

The intimate contact between air and water can be obtained in several ways. Most common 
for drinking water treatment is dispersing the water through the air in thin droplets (Hofkes, 
1981). The oxygen content of the water can be raised to 60-80% of the maximum saturated 
oxygen content by this method. To achieve a sufficient oxidation the saturated oxygen content 
should be at least 40-50% (Tyrrel, 2002, personal comment). 
 
When aerating the water, the contact between air and water has two effects (Hartmann, 2001). 
The first one makes the carbon dioxide to escape from the water so that pH rises. The other 
effect is to increase the amount of dissolved oxygen to assist the oxidation processes. The 
diffusion of oxygen into water is a bit slow and to accelerate the process, the water can be 
intensively aerated by adding compressed air or by open aeration (Hartmann, 2001). 
 
Oxidation by adding a chemical reagent has to be followed by an effective filtration because 
the precipitated particles settle very slowly which make them impossible to remove by 
sedimentation (Hartmann, 2001). Adding an oxidising agent is beneficial for iron removal 
especially where aeration does not show effective result. However, in rural areas these 
chemicals are often not available or far too expensive for the users. Therefore it is better to 
use a conventional oxidation system with air to achieve oxidation.  

2.3.2 Sedimentation 
High iron concentrations could require a sedimentation step before filtration due to the high 
content of precipitates that will rapidly clog the filter. Sedimentation is frequently used in 
water treatment for elimination of suspended particles with a higher density than water 
(Desjardins, 1997). The particles accumulate in the bottom of the sedimentation tank and the 
clear water in the upper part of the tank is decanted to a filter. 

2.3.3 Filtration 
Rapid sand filter 
The filtration rate in a rapid sand filter often varies between 5-15 m3/m2/hour (Hofkes, 1981). 
The grain size of the filter media vary between 0.4-1.2 mm. Due to this coarse sand, the pores 
of the filter bed is relatively large and even very turbid water can be cleaned by this filter. 
However, cleaning the filter is not easy. Since the water penetrates deep in the sand, rapid 
sand filters has to be back washed. It will not be enough just to scrape off the top layer of the 
sand to clean the filter. Rapid sand filters are often used to clean groundwater from iron and 
manganese. To assist the filtration process, aeration often is provided as a pre-treatment.
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There are different kinds of rapid filters, for example gravity filter, pressure filter and up-flow 
filter. Gravity flow filters are the most common type of rapid sand filters. Pressure filters have 
the same construction as gravity flow filters though it is enclosed in a tank to achieve a high 
pressure. Pressure filters are very complicated in installation, operation and maintenance and 
are therefore not suitable for small treatment plants in developing countries (Hofkes, 1981). 
Up-flow filters are well suited for small-scale treatment units but can be difficult and time 
demanding to clean. Sometimes up-flow filters are used as a pre-treatment step before the 
water is treated in a rapid filter with a gravity flow or a slow sand filter. 
 
Slow sand filter 
Slow sand filters operate at very low filtration rates, approximately 0.1-0.3 m3/m2/hour 
(Hofkes, 1981). Fine sand with grain size 0.15-0.30 is used as filter media (Gray, 1999). The 
sand makes the suspended matter retain in the upper 0.5-2 cm of the filter layer (Hofkes, 
1981). This makes the filter easy to clean by scraping away the top layer of sand. The 
removed sand is either replaced or washed and used again depending on which alternative that 
is the cheapest. For a principle sketch over a slow sand filter, see figure 2.1. 

 
Figure 2.1 Sketch of a slow sand filter (Hanaeus, 1999). 

 
Removal of iron from groundwater by oxidation, precipitation and filtration through a slow 
sand filter does generally not need other chemical pre-treatment (Pontius, 1990). The removal 
mechanisms in slow sand filters are both physical and biological. Reduction in organic 
constituents and chemical transformations, such as oxidation of ammonia and nitrate, are 
caused by micro-organisms in the filter (Pontius, 1990). For removal of iron there are some 
bacteria that are able to derive energy from the oxidation of ferrous iron into ferric iron, whilst 
others seem to oxidise and store the iron for no clear purpose (Tyrrel, 1998). When treating 
water from boreholes, the bacteria responsible for the process appear to be natural in the well 
environment. Therefore, the micro-organisms necessary to initiate the process are carried with 
the groundwater onto the filters. The bacteria start to grow when the concentration of ferrous 
iron approaches 0.3 mg/L (WHO, 1984). 
 
The population of iron-reducing bacteria requires oxygen for its growth and tends to grow on 
the surface of the filter-bed and form a slimy orange mat (Tyrrel, 1998). After running a filter 
for about 7-10 days this film is developed and the bacteria starts to oxidise the reduced iron 
compounds. This oxidation process carries on as long as the bacteria film is intact and no 
cleaning of the filter has been done (Tyrrel, 2002). 
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The construction and operation of sand filters must be carried out with great care and they 
must be checked regularly. One of the most important aspects of effective operation is to 
control the rate of filtration (CAT, 1997). Since sand filters offers good quality potable water 
the treatment is successfully used worldwide. However such a system is not guaranteed to be 
100% effective for cleaning surface water since it may lack in its removal of bacteria. This is 
because proper maintenance can not be assured.  
 
The construction of a sand filter can differ. One way is to construct the filter from rendered 
blocks by setting a concrete ring onto a concrete slab or a polyethylene tank (CAT, 1997). To 
prevent algae growth and stop leaves and other debris entering the filter an opaque lid should 
cover the filter. Filters should not be smaller than 1 m2 (the minimal cross-sectional area), 
even if very few people are using it. At least 0.02-0.08 m2 per person is recommended (CAT, 
1997). It is preferable to avoid pumping the filtered water, since energy is required to run the 
pump. If the water source and filter are located well above the storage tanks, pumping will not 
be necessary.  
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3 METHOD 
In this the section different methods used for literature search and water quality investigation 
will be explained in detail. The methods applied for design and construction of the prototype 
is described in chapter 6. 

3.1 SUMMARY OF EARLIER EXPERIENCES 
The search for literature about iron and manganese removal were made both at libraries in 
Sweden and at the local library at the Directorate of Water Development in Uganda. On the 
internet a thoroughly search was carried out both on the World Wide Web and in databases, 
such as BiblioLine and ProQuest. This was mainly to find literature and information 
concerning earlier technology tested for iron removal in developing countries. Several 
personal contacts were established both through internet discussion groups and on 
recommendation from people working at DWD. Personnel at DWD and people working 
within the water sector in other developing countries were interviewed to achieve information 
about the water situation in Uganda, about different kinds of filters and about the theory 
regarding iron and manganese. The questions were asked both by e-mail and personally at 
DWD. Engineers working at there were also asked concerning information about earlier iron 
removal try-outs in Uganda. 

3.2 ON-SITE INVESTIGATION OF WATER QUALITY 
An on-site investigation of the local conditions of the wells was performed. The investigation 
gave some answers to how the construction of the prototype should be made. The inventory 
also included the construction of the well and the area around the well. The structure of the 
village was investigated to make a suggestion for implementation of the iron removal plant. 
The user acceptability also needed attention and was taken care of through a short interview.  

3.2.1 Sampling sites 
Which boreholes in Rakai District that were going to be investigated, were chosen by random 
by the District Water Officer. The sites were named A to J, see their location in figure 3.1, a 
map over Kooki County. The location of this area in Rakai District is shown in figure 1.2. 
Seven of the boreholes were located in Kooki County which was known to have the worst 
problems with iron in groundwater in the district. Boreholes F and G are located in 
Lwamaggwa Sub-county but could not be accurate identified to specific boreholes on the 
map.  
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Figure 3.1  Map showing the 10 investigated boreholes in Rakai District. 

3.2.2 Sampling 
The sampling procedure at each well started with pumping water from the borehole for about 
20 minutes. This was to avoid the risk that pipe material had affected the sampled water. After 
20 minutes a bucket was placed under the spout and water was collected. With this approach 
three different samples were taken from the water source for immediate field analyses. New 
water was pumped into the bucket for each sample and for the first sample a 200 mL plastic 
bottle was filled with water for further analyses in the laboratory. To stabilise the pH and 
thereby to prevent iron from precipitation before analyses in the laboratory, nitric acid was 
added to the sample.  

3.2.3 Analyses 
Analyses of ferrous iron in water must be performed immediately after sampling due to rapid 
change from ferrous iron (Fe2+) to ferric iron (Fe3+) and to other insoluble iron compounds 
(Langenegger, 1994). If this procedure is not followed the results will be unreliable. The 
contents of total iron and total manganese was, however, analysed in the laboratory. When 
iron and manganese contents exceeded the level that was detectable with the equipment, the 
samples were diluted with deionised water. Otherwise it was not possible to measure the 
content with this equipment. For example, the highest possible ferrous iron concentration to 
measure without dilution was 5 mg/l. As a consequence of dilution, the precision of the results 
decreased. 
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Field analyses  
The solubility of iron minerals is strongly influenced by pH and redox variations, any changes 
in environmental conditions during sampling can rapidly change the sample composition. 
Therefore measurements of pH, conductivity, temperature and dissolved oxygen (which affect 
iron mobility) should be carried out immediately on-site (Langenegger, 1994). 
 
To measure pH, conductivity, temperature and dissolved oxygen a Multi-Probe was used, see 
figure 3.2. The Multi-Probe was submerged into a bucket filled with sampled water. The 
display showed the results for the different parameters. This equipment was quite old and not 
really reliable. Especially the detector for dissolved oxygen was unreliable and it never 
showed any variation in the dissolved oxygen content.  
 

 
 

Figure 3.2    Multi-Probe for analysing pH, conductivity etc. in field. 
 

Generally it is difficult to analyse dissolved oxygen in field since it is a parameter that varies a 
lot. The Multi-Probe was calibrated in the laboratory by a Senior Water Technician before 
each field trip. 

 
The three analyses on Fe2+ in field were made with a HACH spectrophotometer. When using 
a spectrophotometer one blank sample and one sample with a reagent is used. If, as in this 
case, ferrous iron is present an orange colour appears. The spectrophotometer reads the 
intensity of the colour and compares it with the blank without reagent. Since the ferrous iron 
content turned out to be very high most of the samples had to be diluted with deionised water.  
 
Laboratory analyses 
To analyse the concentration of total iron and total manganese, the bottles with water samples 
were brought back to the Directorate of Water Development’s laboratory in Entebbe. These 
analyses were also accomplished with the HACH equipment. Only one sample from each 
location was taken and analysed. Total manganese and total iron determination required a 
prior digestion. This digestion was performed by technicians at the laboratory. Chemicals and 
heat were used to break down substances into components that could be analysed. In field the 
sample was acidified with nitric acid. However, at the first sampling occasion no nitric acid 
was brought and therefore not added in field. 
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In the laboratory distilled hydrochloric acid (HCl) was added. The samples were steamed to 
reduce the volume. After breaking down the substances, the pH-level was adjusted to 4 by 
adding a base, in this case ammonia. The difference between adding enough base and too 
much is subtle and in several samples (marked in tables 5.2 and 6.2-6.7) too much base was 
added and iron ions precipitated. Therefore, the result showed a less total iron content than it 
should. This could be seen when ferrous iron content was higher than the total iron content. 
After that, the samples were transferred to a 100-mL volumetric flask and diluted with 
deionised water. This new sample was then used for total iron and total manganese analyses. 
 
For analyses of total iron the same procedure with the spectrophotometer as with the ferrous 
iron was used. The only difference was that another reagent was added. For analyse of total 
manganese ascorbic acid was added to both a cell riser with the sample and to a cell riser with 
the blank, which was pure distilled water. The reagent Alkaline-Cyanide was then added to 
the both cells and after swirling, an indicator was added to both the sample and the blank. 
After calibrating the equipment with the blank, the analyses on total manganese was 
performed. The reaction time for the reagent that was added to the sample was for the higher 
concentrations not as long as required and the results were therefore less reliable.   
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4 SUMMARY OF EARLIER EXPERIENCES 
Iron removal has been subject to many research projects in developing countries. There are 
several different designs that have been tried during the years. These tested iron removal 
plants have been both successful and unsuccessful. Below follows a summary of earlier 
experiences made in developing countries concerning iron removal treatment. Information has 
been received through literature studies, correspondence and discussion with competent 
people within the iron removal field.  

4.1 UGANDA 

4.1.1 The Directorate of Water Development, Uganda 
In 1995, analyses were made of water from newly developed boreholes in Rakai District. 
Nine boreholes, particularly in the Sub-counties Lwamaggwa, Kiwoolo and Bikabanda, were 
visited. The results of the analyses showed very high iron and manganese contents, total iron 
varied from about 1 mg/L to 45 mg/L and total manganese varied from 0.2-6.8 mg/L (DWD, 
1995). 
 
Uganda had never had governmental research in engineering and therefore not much research 
had been done by DWD within the subject iron removal (Kyamugambi, 2002, personal 
comment). During the Southwest Integrated Health and Water Program (SWIP) which was 
supported by UNICEF and Sida some progress was made. In 1995, two iron removal plants 
were built with help from literature from UNICEF projects in Sri Lanka and Bangladesh 
(Lubulwa, 1995).  
 
The filter construction was tested on two boreholes in Rakai, which were identified to give 
iron rich water. The plants were tested in the village and at the local hospital where the 
demand of clean water was very high (Stephenson, 2002, personal comment).  
 
The iron removal plant was designed to have an aeration tower that contained charcoal. After 
aeration, the water passed through a sedimentation tank, further to the adsorption chamber 
(Kyamugambi, 2002, personal communication). The design required raising the handpump to 
give room for the iron removal plant. The construction of the plant cost about $US 600 
(Stephenson, 2002, personal comment).  
 
Iron removal of 40-87% was achieved with these plants. However, after three to five months 
the sedimentation chamber needed to be cleaned. The maintenance was neither cheap nor easy 
for the users. The maintenance was based on voluntary efforts and no one felt responsible for 
it. Other problems were that it took too long time for the users to get the water out from the 
filter and that the removal was not sufficient enough. 
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4.1.2 Cranfield University, United Kingdom 
Since SWIP ended in 1995 not much further work has been done by DWD. However, in 1997 
the UK Department for International Development (DFID) funded the development of a 
small-scale, sustainable biological iron-removal filter at Silsoe College, Cranfield University, 
England (Tyrrel et al, 1998).  
 
Experimental filters were designed and tested in United Kingdom and then a prototype was 
constructed. This prototype was later tested and evaluated on-site in Lyantonde, Rakai 
District, Uganda.  
 
The design was a gravity flow system that aimed to be cheap, easy to operate and not likely to 
break down (Tyrrel, 1997). The filter construction was quite simple, see figure 4.1 below. In 
Uganda the most common way of collecting water was by using a so called jerrycan. This was 
a rectangular plastic container provided with a cap. The normal size was 20 litres. 
 

 
Figure 4.1  Schematic sketch of iron removal filter built in Rakai District (Tyrrel, 1997). 

 
Water entered the filter from the spout. An aeration tray divided the water into droplets that 
fell down on the water surface. From there, the water infiltrated through the filter media. In 
this case the media was a 15 cm thick layer of sand with 1.18 mm grain size. Under the media 
a 5 cm deep layer of gravel and a drainpipe was placed. This pipe collected the water and 
conveyed it to the outlet. The ballast was used to raise the head of water without having to 
pump too much water into the filter. In the Ugandan prototype plastic bags were used as 
ballast and it took only 29% more time to fill the jerrycan from the filter outlet than from the 
handpump spout. It was also confirmed that it took about 7-10 days for the bacteria film to 
establish in the filter. 
 
After summarising the try-outs in UK and Uganda, the author recommended that the filter 
should have an area of 1 m2 (Tyrrel, 1997). This area was needed to deliver water at a rate of 
0.25 L/s. The field trials confirmed that it was possible to reduce ferrous iron concentrations
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 from 7 and 8 mg/L to below the WHO limit, which is 0.3 mg/L. The cost of the prototype 
made in Uganda was approximately £235. The most expensive part was the tank that cost 
£200 but it could be replaced by cheaper alternatives.  
 
The simplest and still effective method of cleaning the filter was to stir the filter bed every 
week. This stirring removed the iron precipitates from the sand and made them rise to the 
water surface and also displace gas bubbles from the filter bed. The precipitates were removed 
by bailing the water. Field trials showed that weekly stirring with a simple stirrer for about 
two minutes followed by bailing was enough to restore the flow through the bed (Tyrrel, 
1997).  

4.2 INDIA 
Iron in groundwater is a well known problem also in India. A lot of research has been made 
and different iron removal plants have been constructed. The mechanical engineer Raj Kumar 
Daw has many years of experience working with handpumps and iron removal. During his 
years in India Kumar Daw tested the filter described below. The filter was based on an up-
flow system, see figure 4.2. Water from the pump was lead to the bottom of the tank through a 
pipe and then rose up through the filter media (Kumar Daw, 2002, personal communication). 
 
 

 
 

Figure 4.2  Up-flow iron removal filter built in India (received from Kumar Daw, 2002). 
 
The plant consisted of a storage tank of 1×1×1 m with a large draining outlet at the bottom. In 
the middle of the tank a screen was placed to hold the filter media. This layer was 
approximately 30 cm thick and consisted of gravel with 10 mm grain size. The aeration step 
was provided through a PVC pipe from which the water passed through perforations. When 
the water with the precipitated iron hydroxide reached the bottom of the tank, sedimentation 
occurred. Water that had passed through the filter media had relatively small iron content and 
a tap let this treated water out. The filter was recommended for iron contents of about 2-10 
mg/L.
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After approximately two weeks of running, the filter began to clog. Cleaning the filter was a 
long and tedious procedure. First the filter media had to be stirred up and after that the outlet 
at the bottom was opened. The water should then wash out the sediments that were 
accumulated in the media and at the bottom of the tank. This back-wash process was repeated 
at least twice and needed 1m3 of water to be pumped every time. 
  
This filter turned out to be quite successful (Kumar Daw, 2002, personal comment). As a 
result of the size of the filter and the fact that it was an up-flow filter, it was a great advantage 
that the users did not have to pump in raw water for very long time until treated water came 
out in exchange. The results showed that a raw water with iron contents of about 3-6 mg/L 
could be brought down to contents of 0.1-0.2 mg/L. However there were also some problems 
detected. An installation of this kind of filter needed some modifications of the existing 
handpump. The outlet of the pump had to be raised approximately 1.3 m above ground level 
and this operation was quite expensive. As a consequence of the raised pump the women did 
not feel comfortable with climbing the stairs to pump water. The maintenance was a problem 
as well since the filter was time-demanding to clean and also required people with some skills 
to both operate and maintain it. 

4.3 SOUTH AFRICA 
Groundwater tube-wells are widespread in the rural areas within the Lowveld region in South 
Africa. Many of them yield water with high iron concentrations (Chibi, 1991). This has 
resulted in abandoned boreholes and concentrations exceeding 20 mg/L have been noted in 
the area.  
 
In the Majaneng area users were willing to pay a reasonable amount of money if a low-cost 
iron removal unit was to be developed (Chibi, 1991). The primary consideration for the 
construction was that it should be possible for any household to construct their own treatment 
plant with a minimum of assistance.  
 
One system tested was an up-flow filter 
made by a 200 L drum and gutters see figure 
4.3 (Chibi, 1991). The water was led 
through charcoal in the aeration gutters and 
continued down to the precipitation chamber 
where the iron precipitates could settle. The 
water was then filtered up through three 
layers of gravel where the unsettled particles 
were captured. The treated water was 
collected through a tap. 

 
This prototype was installed in 1989 close to 
a community handpump for evaluation 
(Chibi, 1991). To prevent vandalism it was 
placed in the yard of a household next to the 
tube-well. It was monitored during six 
months and the iron removal reached over 
90%.   

Figure 4.3   Section through the iron removal  
          plant tested in South Africa (Chibi, 1995).
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The villagers were pleased with the result from the iron removal plant since their laundry and 
porcelain were no longer stained and their food was not discoloured by the water. However, it 
was unpopular that they had to carry a 25 L container from the tube-well 10 m to the filter. 
They preferred a treatment unit that treated water directly from the handpump and they were 
willing to contribute to facilitate such an implementation.  
 
A new prototype was developed taking into consideration the user’s view, see figure 4.4. This 
one worked with the principle of aeration and was designed for South African tube-wells 
having a spout height of only half a meter (Chibi, 1991). The prototype had not yet been 
tested when the article was written. 
 

 
 

Figure 4.4 The new suggested prototype for iron removal in South Africa (Chibi, 1995). 

4.4 SRI LANKA 
In Sri Lanka, in the 1980s, it was observed that people did not use the wells that were 
provided to give water (Attanayake, 1994). The reason was high iron content in the water 
caused by:  

1. Corrosion of casing material 
2. Excessive amounts of iron in groundwater 
 

The problem caused by corrosion was solved by changing the casing into new non-corrosive 
parts. The problem with high iron content in groundwater had to be dealt with through an 
appropriate treatment technology at handpump level.  
 
In 1989 the Finnish International Development Agency (FINNIDA) developed a new type of 
iron removal plant called “FINNIDA square type” (Hartmann, 2001). The characteristics of 
the plant were simplicity in design and the fact that the plant could be built on spot. As the 
Kandy District Water Supply and Sanitation project was proceeding, the plant was installed at 
some handpump wells where high contents of iron and manganese were detected. The plant 
was designed for approximately 100 users. 
 
The construction was a gravity flow filter system and it was built of locally available bricks 
(Hartmann, 2001). It consisted of two chambers, see figure 4.5. The inner one was filled with 
charcoal of size 1-3 cm and the outer chamber contained a 6 cm layer of sand with grain size 
1-3 mm. The water entered the filter in the inner chamber and when that one was full the 
water decanted out to the other section. A perforated PVC pipe was placed at the bottom of 
this section to collect the treated water and lead the water to the outlet. The major feature in
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 this treatment unit was that a film of iron bacteria would grow in the upper layers of the filter 
media (Attanayake, 1994). 

(cm) 

 
 

Figure 4.5  Sketch of FINNIDA square type filter built in Sri Lanka (Hartmann, 2001). 
 

Both the chambers were provided with washout ports to facilitate the cleaning process 
(Hartmann, 2001). The cleaning of the sand filter was simplified with the provision of 
commercially available non-woven fabric where the filtered materials blocking the filter 
operation could be taken out (Attanayake, 1994). In general, use of the fabric had increased 
the filter run length.  
 
Limitations and disadvantages that were observed when testing the filter in Sri Lanka were:  

1. Insect breeding under the concrete cover slab due to negligence of the consumers 
2. Damages caused on the edges of the cover slab due to frequent handling 

 
In 2001 most of the filters were still in use and the iron removal was about 90% (Hartmann, 
2001). The charcoal and the sand had been replaced by granite chips of size 10-25 mm and 1-
3 mm respectively. One of the benefits of the filter was that it was relatively cheap. Built of 
local materials the costs would be no more than $US 40. 

4.5 BURKINA FASO 
Engineers from CREPA, a centre for low-cost potable water and sanitation solutions in 
Ouagadougou, Burkina Faso have developed two types of iron removal plants for handpump 
sites. The CREPA iron removal plant type ADAF (aeration-decantation-adsorption-filtration) 
was designed in 1990 and was suitable for iron concentration over 10 mg/L and could reduce 
the iron content with about 90% (Hartmann, 2001). 
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The treatment plant both had an up-flow and gravity flow mode, see figure 4.6, and consisted 
of four main parts: 

A - Supply channel 
B - Sedimentation basin  
C - Adsorption basin  
D - Filtration basin  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4.6 The iron removal plant type ADAF built in Burkina Faso (CREPA, 1996). 
 
The supply channel where the aeration took place brought the water to the top of the 
sedimentation basin. This basin had a distribution plate on the top and had a depth of 1 m. The 
water continued to the adsorption basin that was filled with different layers of graded gravel 
to which the finest particles were attached by adsorption. The different layers in this up-flow 
filter were separated by polyethylene sheets. The gravity flow filtration basin consisted of a 
layer of quartz gravel with a grain size of 2.5-5 cm and a sand layer on the top with a grain 
size of 0.8-2 mm. These filter media and sizes were chosen as a result from several tests made 
by CREPA. 
 
The superstructure could be made of brickwork or steel and had an investment cost of $US 
400 and an annual investment cost of $US 60 (Hartmann, 2001). According to CREPA, the 
maintenance at village level was easy and cleaning of the filter was necessary at least every 
10 weeks (Hartmann, 2001). 

4.6 PHILIPPINES 
Carmelo M Gendrano worked as an area technical coordinator for the First Water Supply, 
Sanitation and Sewerage Project in the Philippines. In 1997 he was asked to design and build 
a low-cost and easily operated filter. Many of the wells drilled within the project area yielded 
iron-laden water. The conventional designed filters that had been tried did not work because 
of breakdown of the handpumps, lack of information regarding the maintenance and 
inadequate filter design (Gendrano, 2000).  
 
The filter was constructed as an up-flow system. The design was based on Ferro cement 
technology and the final unit consisted of a cylinder with the dimensions 110 cm diameter and 
110 cm high (Gendrano, 2000). Inside, a plastic basin aerator with a 20-30 cm charcoal layer 
and a stilling chamber were placed. The water passed through the aerator and entered the
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chamber at the bottom. Then the water rose up through the layer of 20-30 mm filter media. 
The filter material was gravel with grain size 4-12 mm. 
 
Some problems were detected with the filter. The maintenance was improper and the fact that 
the users plugged the aeration holes to increase the storage volume (Gendrano, 2000). 

4.7 DISCUSSION 
Earlier experiences showed that both up-flow and gravity flow system seemed to work quite 
well. In general the filter area was about 1 m2. The filter construction in both cases often 
needed modifications of the handpump since the distance between the spout of handpumps 
and the ground is short. This was solved by either raising the whole pump construction or by 
adding a spacer of about 10 cm. In up-flow filter the filter media often consisted of just one 
layer of gravel with the grain size 10 mm. In a gravity filter the media had to be of a smaller 
size, about 1-2 mm and that layer also needed support from a gravel layer that prevented the 
sand from being washed out. The materials in the filters were mostly locally available such as 
bricks, sand and charcoal. This made it possible to keep the costs down and filter could be 
built as cheap as $US 40.  
 
The superior reason for failure was that the users lacked knowledge about both operation and 
maintenance. The cleaning process was not properly taken care of, the users were not satisfied 
with the water-flow from the filter and sometimes tried to modify the filter by sealing the 
aeration holes. The experience that was made from many of the earlier filter constructors was 
that a person had to be paid for maintenance and operation of the filter. The operation should 
be as easy as possible and the construction should be sustainable. 
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5 RESULT AND DISCUSSION OF WATER 
QUALITY INVESTIGATION 

5.1 BOREHOLE INVENTORY AND RESULTS FROM     
CHEMICAL ANALYSES 

The investigated boreholes were located in 6 different Sub-counties within Kooki, Kakuuto 
and Kyotera County in Rakai District, see the map in figure 3.1. The inventory of the 
boreholes resulted in data from 10 boreholes, shown in table 5.1. The results of the chemical 
analyses can be seen in table 5.2.  
 
Out of these 10 boreholes, four were in regularly use and one was completely abandoned. The 
inventory was made during the rainy season which meant that the villagers had access to 
alternative water sources. The depth of the borehole as well as the year of construction and 
casing material was received from the National Ground Water Data Base at the Directorate of 
Water Development. DWD had provided most of the boreholes with a Source Id to facilitate 
the identification of the different boreholes.  
 
Table 5.1 Inventory data for investigated boreholes in Rakai District in 2002. 

Id Waterpoint Sub-county County Depth
[m] 

H1 
[cm] 

Year of
constr.

Casing 
material Status3 Source 

Id 
A Kibaale  Kibanda Kakuuto 111 57 - Mild steel W WDD3570 
B Kifamba Kifamba Kakuuto 78 ~502 1984 PVC DC, W WDD7580 
C Rakai T.C Byakabanda Kooki 68 175 - PVC W WDD5734 
D Kitaasa Byakabanda Kooki   - 52 1971 - DC, W, L - 
E Kimuli Kagamba Kooki 117 55 1984 PVC W CD3245 
F Lubimba - Kooki 48 44 1994 PVC DC, W, L WDD7079 
G Kakabazi Lwamaggwa Kooki   - 43 - - N - 
H Ddwaniro  Ddwaniro Kooki   - ~502 1960 - W GS1008 
I Byamba Ddwaniro Kooki   - ~502 1960 - W - 
J Bore Kyotera T.C Kyotera   - ~502 1994 PVC DC, W, L WDD8241 

- Data was not available 
1 The height from ground level up to the spout  
2 The height was estimated and not measured 
3 The status of the borehole shows what the people used the water for. In table 5.1 the letters stands for: 
 DC – The water was used for drinking and cooking purposes 
 W    – The water was used for washing hands, doing the dishes and washing cars etc. 
 L      – The water was used for laundry 
 N – The borehole was not used at all 
 
 
 



Iron Removal from Groundwater in Rakai District, Uganda 

 
24 

Table 5.2 Chemical inventory data for analysed boreholes in Rakai district including 
guidelines from WHO and GOU. 

Id Fe2+ 
[mg/l] 

Fe2+mean 
[mg/l] 

Fe-tot 
[mg/l] 

Mn-tot 
[mg/l] pH Temp 

[°C] 
DO 

[mg/l] 
Cond 

[mS/cm] 
A 8.9 9.6 8.6 9.0 71  0.47 6.6 22 0.14 0.41 

 

B 1.9 1.8 2.3 2.0 3.4  0.68 6.5 22 0.10 0.67 
 

C 15 11 14 13 44  0.88 5.9 21 0.15 0.72 
 

D 3.5 3.7 3.8 3.6 15  0.47 7.1 21 0.14 0.66 
 

E 80 76 73 76 270  4.0 5.8 22 0.15 2.12 
 

F 3.2 2.2 2.5 2.6 6.0  0.18 6.3 21 0.17 0.63 
 

G 15 8.4 7.3 10 71  1.2 6.9 21 0.14 1.14 
 

H 10 9.7 13 11 9.5*  0.19 6.2 22 0.13 1.09 
 

I 9.2 9.4 6.4 8.3 3.2*  0.52 6.3 22 0.11 0.57 
 

J 0.01 0 0.01 0.01 1.2  0.006 5.7 22 0.12 0.18 
Guidelines 
WHO Std                              0.3 1 0.05 6.2-9.5 - - 1.26 

 

GOU1 Std                              - 2 2 5-9.5 - - - 
1 Government of Uganda Standard (DWD, 1995) 
* Total iron content was detected to be lower than ferrous iron content 
 
A - Kibaale  
The borehole was located next to a school. The water from the well was very black. People 
working at the school said that the water was used during dry seasons though it was also used 
to wash the school’s kitchen utensils throughout the year. Children used the water for washing 
their hands. Kibaale School was provided with a rainwater harvesting system, and when it 
was possible they used that source. During the dry season water from a well situated a couple 
of kilometres from the school was used. There was no Water User Committee (WUC) 
connected to the borehole. However, school staff was responsible for the handpump. The 
number of pupils at the school was 800 in primary school and another 300 in secondary 
school.  
 
The mean of ferrous iron was 9 mg/L and the total iron was as high as 71 mg/L. Total 
manganese had an excessive amount of 0.47 mg/L. pH and temperature was normal. The 
casing in this well was mild steel but should not have influence on the chemical results since 
water was pumped for a while before it was collected. 
 
B - Kifamba  
According to the person who was responsible for the well, it had approximately 200 users. 
They collected about 4 jerrycans per family per day, which made 80 litres/day. A normal 
family in Uganda consists of about 9-10 persons. There was no problem with discolouring 
when cooking. However, the users complained on the water and thought that it stained 
clothes. As an alternative, they fetched water from a protected spring when doing the laundry.  
 
Ferrous iron content varied between 1.8-2.3 mg/L. That was rather low levels and explained 
that the people did not have much problem with the water. Total manganese was 0.68 mg/L 
and might be a reason for the stained clothes. Conductivity was low and other parameters 
were quite normal. 
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C - Rakai T.C  
The well was located about 200 m from Rakai village. The water was only used for domestic 
use during the dry season. However, the villagers used the water throughout the whole year 
for washing cars etc. In Rakai town, the District’s headquarter, the people also had access to 
another water source. This system had taps were the people could buy water for 25 Uganda 
Shilling (USh) per jerrycan ~20 litres (Ssentaba, 2002, personal comment). That was about 
$US 0.015 in year 2002. In some parts of the district, for example at the hospital, they also 
used rainwater harvesting. However, none of these systems were sufficient during the dry 
season. An iron removal plant (IRP) was installed at the investigated borehole in 1995. This 
IRP was covered with vegetation and was not in use. The handpump had therefore been raised 
to a level of 175 cm.  
 
The ferrous iron content in this borehole was high and the mean for three samples was 13 
mg/L. The manganese content was also above the recommended level. This water had a low 
pH, it was detected to 5.9, and the conductivity was also low. The casing material in the 
borehole was PVC so the iron could not derive from corrosion. 
 
D - Kitaasa 
The chairman of the WUC estimated that 500 families were using the borehole. They fetched 
water in 5 jerrycans per family each day. The water did not stain clothes. The chairman said 
that the villagers always boiled the water before use and thought that the water tasted fine. 
When boiling the water scum appeared on the surface. The pump delivered enough water 
throughout the year. The WUC had no bank account and no money. If the well needed 
reparation, it was supported by the Sub-county.  
 
When analysing the water (see figure 5.1) it showed that the ferrous iron varied between 3.5-
3.8 mg/L. The manganese content was 0.47 mg/L and though this value was about 10 times 
the value that WHO recommends, the users did not complain on problems with stained 
clothes. 
 

 
 

Figure 5.1 Analysing samples of collected water at the borehole in Kitaasa. 
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E - Kimuli  
The borehole in Kimuli was located at a school yard. According to a teacher nobody was 
responsible for the well. He assumed that the water had very high iron content. The water was 
only used by children when washing their hands and plates. By experience, it had shown that 
the water was not even usable for making cement since the cement would get fissures.  
 
The analyses confirmed that the iron contents (both ferrous and total iron) were very high. 
The water had a ferrous iron content of more than 250 times the WHO recommendation and 
the total iron reached levels of up to 270 mg/L. The total manganese content was 4 mg/L, 
which is 80 times the recommendation. The pH was low and the conductivity well above the 
level that WHO have recommended. The casing material was PVC and therefore, the high 
iron content derived from the bedrock and not from corrosion. 
 
F - Lubimba  
The Community Development Assistant in Lwamaggwa Sub-county described the water as 
salty. According to a villager the water was used for cooking, drinking and laundry. They also 
used rainwater that they collected in small ponds. 
 
The contents of ferrous iron and total manganese were 2.2-3.2 mg/L and 0.18 mg/L 
respectively. These values were quite low compared to the other investigated boreholes and 
the people did not complain. pH, temperature and conductivity were all normal. 
 
G - Kakabazi  
The well was abandoned. The pump could not 
be spotted from the road since grass and bush 
grew everywhere around the well, se figure 5.2. 
According to the Community Development 
Assistant in Lwamaggwa Sub-county the taste 
of the water was so bad that people would not 
use it. The water was black, very turbid and had 
an odour of sulphur, probably iron sulphide. 
 
The water had a total iron content of 71 mg/L, 
which was rather high compared to the ferrous 
iron content of 10 mg/L. The total manganese in 
this well was over 1 mg/L, which was the 
second highest in this investigation. pH and 
temperature were normal but the conductivity 
was rather high, close to the value that is  
recommended by WHO. 
 
 

 
Figure 5.2 Inventory work at the 
abandoned borehole in Kakabazi. 

H - Ddwaniro 
According to the chairman of the Water User Committee the water was only used for washing 
and not for laundry, it was reckoned to be both hard and salty. The food turned black when it 
was boiled in the water. Instead, the villagers fetched their water at alternative sources. For 
example, at a shallow well and some ponds that was located about 3-5 km away. The village 
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consisted of 137 households and the families fetched water approximately twice a day and 
every household used about 4 jerrycans of water per day. The chairman said that the WUC 
and the villagers were very interested in improvements of the borehole and that they collected 
100 USh ($US ~ 0.06) per month from each family.  
 
When analysing the ferrous iron, see 
figure 5.3, the content was rather high 
with a concentration of 10 mg/L. The 
total iron was lower than the ferrous. 
This was due to mistakes in the analyses 
at the laboratory, probably during the 
digestion of the sample. Total 
manganese was slightly above the 
recommendations. pH was rather low 
and had a value of 6.2. Temperature and 
conductivity was normal.  
 
 
 

Figure 5.3 Analysing Fe2+ in Ddwaniro village. 
 
I - Buyamba 
The water had a distinct smell of sulphur. The water was mostly used under the dry season 
though there were some children fetching water when visiting the borehole. During the rainy 
season a river with runoff water from the hills was used, see figure 5.4. A villager said that 
both sources were used without boiling the water before. He also claimed that someone was 
responsible for the borehole but he was not available for comments during the inventory. 
 

 
 

Figure 5.4 Children fetching water at an alternative water source in Buyamba. 
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As in Ddwaniro, this borehole had a lower content of total iron than ferrous iron. This was 
due to mistakes during the analyses at the laboratory. The ferrous iron was rather high with a 
mean of 8.3 mg/L. The total manganese was 10 times the recommendations. pH and 
temperature were normal but the conductivity was low.  
 
J - Bore 
A woman who lived nearby the well said that the water was very good. The galvanised iron 
pipes were changed into PVC in March 2002. They did not have problem before changing the 
casings either. There was a Water User Committee and they collected money when needed. 
Approximately 4 jerrycans of water was fetched per family and day and the water was used 
for all domestic needs.  
 
There where almost no ferrous iron or total iron in the water and were both well below the 
recommendations. The total manganese was also very low and within the recommendations. 
Temperature and conductivity was normal, though the conductivity was rather low. The pH 
was only 5.7, which was the lowest pH in the investigation.  

5.2 DISCUSSION 
The ferrous iron concentrations were all, except for one, above the recommendation from 
WHO, in some cases more than 100 times the recommendations. For total manganese there 
was also only one borehole that had a concentration below the recommendations from WHO. 
Comparing the concentration with the Government of Uganda standard, there was only one 
borehole that had a total manganese content exceeding the recommendation.  
 
When analysing the conductivity, all values except one were within the WHO 
recommendations. The boreholes that showed the highest conductivity values were also the 
ones with the highest manganese concentrations. When the analyses on the wells with very 
high contents were done, the water sample had to be diluted. This could have influenced the 
results of chemical analyses in different directions. 
 
Regarding pH, the values found were quite low. As many as three values were below the 
recommended value of pH 6.2, though all values were within the recommendations from 
DWD. The low pH was probably due to the composition of the bedrock. 
 
Groundwater boreholes normally do not contain much oxygen and in these analysed 10 wells 
an average of 0.14 mg/l was detected. However the dissolved oxygen was measured with 
equipment that was not reliable. 
 
The borehole J - Bore was the only investigated well that was located in Kyotera County. This 
fact together with the new pump interior that have been installed could be the reason for the 
very low concentrations of Fe and Mn in this well.   
 



 

 
29 

6 DEVELOPING AND EVALUATING A 
PROTOTYPE FOR IRON REMOVAL 

The results from the water quality investigation and from the studies of earlier experiences 
were used when developing a prototype. These experiences were as far as possible adjusted to 
the situation in Rakai District, Uganda. The prototype design had to agree with all important 
aspects of an appropriate iron removal plant, such as user-friendliness, sufficient removal and 
local material. However, when constructing the prototype some modifications of the design 
had to be made. This was due to available material and equipment, lack of time and physical 
conditions at the boreholes. 

6.1 DESIGN 
One of the main ideas about the design of the prototype was that it should be user-friendly, 
not be too expensive, chemicals should be avoided and local material should be used. A filter 
technique in between a rapid sand filter and a slow filter was chosen. The reason for this was 
the problems with cleaning a rapid filter and the fact that a slow sand filter is big and 
expensive to construct and, hence, a waste of resources. In rural areas it is hard to achieve a 
water load sufficient enough to back wash a rapid sand filter. Earlier experiences showed that 
both up-flow and gravity flow system seemed to work quite well. For that reason it was 
interesting to design and test one of each model.  
 
Both prototypes in Uganda were designed to have a filter area of 1m2. In general the filters 
that have been studied were about that size. This dimension was estimated to be enough to 
deliver water with a flow-rate acceptable for the users. Among the boreholes that were 
investigated, the spout of the handpump was with one exception not higher than 57 cm and 
therefore the filter could not be higher than that to fit under the spout. The handpump spouts 
in Uganda are in general not higher than half a metre.  
 
The filter design was chosen to avoid chemical additions. Chemicals are both expensive and 
non-sustainable and therefore unsuitable in developing countries. If the pH needed to be 
raised, as an alternative limestone was suggested to be used in the aeration step.  
 
When not using chemicals the aeration step has to be sufficient enough to oxidise Fe2+. Water 
with a temperature of 20 degrees is saturated at a dissolved oxygen content of 7-8 mg/L 
(Hanaeus, 2002, personal comment). For the prototype this meant that the aeration step had to 
provide the water with about 3-4 mg/L of dissolved oxygen to achieve a saturated oxygen 
content of about 40-50%. Given that the equipment for measuring dissolved oxygen was 
unreliable the results for oxygen could not be trusted. The aeration step in the gravity flow 
filter therefore was over-dimensioned compared to iron removal plants in earlier studies. In 
this design the aeration step consisted of both aeration channels and an aeration tray. 
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6.1.1 Gravity flow filter 
In the design the filter walls were made of bricks. The first step in the removal process was 
designed to be an aeration channel. It should contain some stones to make the water more 
turbulent and come into more contact with air. The channel conveyed the water from the 
spout to the filter. Next step was a perforated tray to allow the water to drop down at some big 
stones for extra aeration.  
 
With earlier experiences in mind the active filter media layer was designed to be about 20 cm 
thick and consisted of sand with a grain size of 1.2 mm. Below the sand, two support layers of 
gravel with different grain size should be placed. The support layer was needed to prevent the 
sand from being flushed out with the treated water. The grain sizes had to be different to keep 
the layers from being mixed. To decide which grain sizes the different support layers should 
have a uniformity coefficient was used. This meant multiplying the grain size of the first layer 
with 3 to achieve the grain size of the next layer (Visscher, 1987).  
 
The layers in the gravity flow filter therefore consisted of sand with  grain size 1.2 mm, gravel 
with diameter 4 mm and gravel with size 12-14 mm. The gravity flow filter design was also 
provided with an outlet at the bottom of the tank. To the outlet a hose pipe was connected to 
deliver the treated water to the users. The hose pipe also made it possible to fill the water into 
a jerrycan.  
 
6.1.2 Up-flow  
The up-flow filter had a different design. Open channels (with limestone if needed) led the 
water to a vertical tube. Through this pipe the water flowed to the bottom of the filter were 
precipitates had a possibility to settle before the water rose up through the filter media. Ten 
centimetres above the bottom of the tank a screen, supported by bricks, was designed to hold 
the filter media.  
 
In the up-flow filters that were examined in this study the filter media often consisted of just 
one layer of gravel to facilitate the cleaning process. The grain size was often about 10 mm. 
This seemed appropriate and therefore this filter was designed to contain only one layer of 
gravel with grain size 10 mm. 5 cm above the filter media a tap was placed to take out the 
treated water. A lid prevented contaminations from entering the filter. 

6.2 CONSTRUCTION 
Because the time for construction was limited, the filter had to be built in Kampala and then 
transported to Rakai by car. For that reason the size of the filter could not be too big and there 
was no time to build the plant in local materials such as bricks. This resulted in that the 
construction differed from the design. It seemed more important to test the construction of the 
prototype than to test different kinds of materials. The two prototypes were therefore 
constructed of plastic tanks given by the company Crestanks Limited and had a volume of 140 
L. The diameter of the tank was 68 cm and the active filter area was therefore 36.3 dm2. There 
was no limestone to find in neither Kampala nor Rakai so the pH in the water could not be 
adjusted. The manganese contents could therefore not be expected to decrease as much as 
desired. 
 
The sand and gravel for the filter was received from DWD in Entebbe and was sieved to the 
right sizes by personnel there, see figure 6.1. The sand also had to be washed before use to 
prevent that the water would become contaminated when passing through the sand layer. 
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Washing was done in small amounts using a hose garden pipe, buckets and brushes. 
Approximately, the sand was washed 4-5 times. Since the prototypes consisted of large 
quantities of sand and gravel, the prototypes had to be put together when the prototypes were 
installed at the handpumps. Some last modifications of the construction were done after 
finding a proper location for testing (see chapter 6.3). All together the cost for the prototypes 
was 66 500 USh ($US ~ 40) for the gravity flow filter and 73 500 USh ($US ~ 44) for the up-
flow filter, see specification for the costs in appendix A. 
 

 
 

Figure 6.1 Sand being sieved to the right dimensions. 
 
6.2.1 Gravity flow  
Starting with the circular plastic tanks from Crestanks Limited some modifications were done 
compared to the design, see figure 6.2. Since the opening in the upper part of the tank did not 
have room for an aeration device, the entrance was cut up to be wider. An outlet was drilled at 
the bottom of the tank and provided with a valve so it could be closed. To this valve a hose 
pipe was attached by a clip. Four aeration holes were made in the upper part of the tank. The 
holes were provided with mosquito net to prevent insect breeding. Instead of aeration tray that 
appeared to be hard to mobilise, a basin made of plastic was used. The tank was cut so that the 
basin could fit on top of it. The basin was perforated.  
 
 
 
 

 
 
 
 
 

 
 
 
 
 
 
 

Figure 6.2 Schematic sketch of the gravity flow filter.
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The last construction work, including some modifications, was made on-site when the tank 
was placed under the spout on the apron. The spout of the pump was quite low so there was 
no room for any aeration channels. First a 5 cm thick layer of gravel with grain size 12-14 mm 
was placed at the bottom. A second layer of finer gravel, with grain size 4 mm was spread 
over the first one in an additional 5 cm layer. The active filter media consisted of sand with 
grain size 1.2 mm and was placed on the gravel layers. It was only 15 cm thick to make room 
for aeration. On top of the sand some cleaned stones were placed.  
 
6.2.2 Up-flow 
The top of the tank was cut off so that the height of the tank was 38 cm. The aeration step 
consisted of pipes made of PVC. These pipes were 1 m and had the diameter of 110 mm. The 
first pipe was open like a gutter and the second one was closed, though provided with 
ventilation holes to let air get in contact with the water. They were arranged to lead the water 
from the spout into the filter. 
 
A screen was bought and cut to the circular dimensions of the tank. This was placed on top of 
bricks, about 10 cm above the bottom of the tank. A fine-meshed net of steel was placed on 
the screen to prevent the gravel with grain size 10 mm from falling through the screen.  
 
To transport the water to the bottom of the tank another PVC pipe was used. It had a diameter 
of 125 mm and was placed on the screen. The 15 cm thick gravel layer kept the pipe in 
position. The gravel constituted the filter media in the up-flow filter. The outlet was made in 
the upper part of the filter and had a tap. At the bottom of the tank a second outlet was placed. 
It was provided with a hose pipe in the same way as in the gravity filter. This was to enable to 
empty the filter. A lid to the filter was provided by Crestanks Limited to keep insects and 
contaminations away from the water surface. 
 

 

 

 

 

 
 
 
 
   

Figure 6.3  Schematic sketch of the up-flow filter.
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6.3 FINDING A PROPER LOCATION FOR TESTING 
To achieve a reasonably removal result when testing the prototype, it was important that the 
borehole did not have too high ferrous iron content. That is no more than 10 mg/L since it is 
difficult to achieve a sufficient result with higher concentrations (Kumar Daw, 2002, personal 
comment). Since Rakai District had generally very high contents of iron it would be of 
interest to test the prototype at a borehole with ferrous iron levels around 10 mg/L. 
 
An existing Water User Committee was needed to be responsible and to take care of the 
prototype during the testing period. It was also desirable that the villagers had an interest in 
the project so it was possible to have a discussion concerning the user-friendliness of the 
filter. Another aspect was the fact that the prototype should not keep the villagers from using 
the handpump as normal. 
 
The groundwater in the well where the filter should be placed had to have a low content of 
suspended solids so that the filter would not clog immediately. With this in consideration the 
boreholes A – Kibaale School and G – Kakabazi were not suitable. 
 
Taking the above aspects into consideration the borehole H, located in the centre of the 
village Ddwaniro in Kooki County, was considered to be a good choice for the gravity flow 
filter, see figure 6.4. 
 

 
 

Figure 6.4 Borehole H located in Ddwaniro village. 
 
The up-flow filter needed a raised handpump to give space for a sufficient aeration step. The 
only borehole in the borehole inventory with a raised handpump was C – Rakai T.C. This well 
had been subject to an earlier iron removal plant construction and was therefore raised. Since 
the height of the spout was so important the other aspects for choosing location had to be 
ignored. The well had a ferrous iron concentration above the recommended 10 mg/L.
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6.4 TESTING PERFORMANCE  

6.4.1 Method 
The testing was performed during two field trips with an interval of one week. The filters 
were installed during the first field trip. 
 
Sampling and analyses were made in the same way as in the water quality investigation, the 
method is described in chapter 3. The same parameters were measured; Fe2+, Fe-tot, Mn-tot, 
pH, conductivity, dissolved oxygen and temperature. The same equipment was used except 
for the second field trip when the Multi-Probe was exchanged to the better and working WTW 
(Wissenschaftlich Technische Werkstätten) MultiLine F SET P4. This equipment was used to 
measure dissolved oxygen, conductivity, pH and temperature. Therefore the values for 
dissolved oxygen were more reliable for the last testing occasion.  
 
When this new equipment was available, an oxidation test for the gravity flow filter was 
performed. The dissolved oxygen content in the water from the handpump was measured. The 
same was done when the water had passed through the aeration basin. In that way the level of 
oxidation in the aeration step was determined.  
 
Gravity flow filter 
Since a bacteria film should appear after approximately one week of using the filter, the 
prototype had to be left in Ddwaniro for at least 7 days (Tyrrel, 1997).  The frequency of the 
testing is shown in table 6.1. 
 
Table 6.1 Testing schedule for the gravity flow filter in Ddwaniro. 

Day 1 2 3 4 5 6 7 8 9 10 

 Installation 
Initial testing Testing Testing - - - - - - Testing 

Demolition 
 
During the test period a villager appointed by the WUC living nearby the well was engaged to 
be responsible for the filter. He was also instructed to pump water through the filter to prevent 
it from drying so that an environment for the iron bacteria could be established. The 
agreement was that an amount of 50 jerrycans (1000 L) should be pumped per day to achieve 
a sufficient load through the filter.  
 
Before installation of the filter an initial test was made to estimate the iron content in the raw 
water. Later during Day 1, samples were taken on the water that had passed through the filter. 
Since the filter was rather small, see figure 6.5, different retention times needed to be tested. 
This was done during one hour respectively during Day 2, 3 and 10. First of all the filter was 
emptied and after filling it up again sampling was made every ten minutes to achieve the 
different retention times.  
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Figure 6.5 The gravity flow filter installed in Ddwaniro village. 
 

Day 10, sampling was made until there was no more water left in the filter, which extended 
the sampling period to 80 minutes. Analyses were made both in the field and later at the 
laboratory. 
 
Up-flow filter 
The filter was installed and tested during one day. Before installing the filter, raw water was 
sampled and analysed. The filter was installed and filled with water after which sampling was 
made with water from the tap, see figure 6.6. Sampling was made during one day. When 
visiting the District Water Office it appeared that nobody would be able to be responsible for 
the filter during a test period of one week. 

 

 
 

Figure 6.6 The up-flow filter installed at Rakai T.C. 
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6.4.2 Results 
Gravity flow filter 
The raw water was tested at two occasions, before installing the filter and afterwards when the 
filter was removed, see table 6.2. The table showed that the mean for Fe2+ in the raw water 
was 11 mg/L. The results for Fe2+ were rather stable. Fe-tot varied quite a lot and in some 
cases the concentration was lower than the Fe2+ content, probably due to errors in analyse. 
Therefore, the concentration 34 mg/L and not the mean for Fe-tot was used for the total iron 
when comparing the test results. For total manganese removal the mean of 0.195 mg/L was 
used when calculating the removal that was achieved. The mean for pH was 6.5. 
 

Table 6.2 Results for analysed raw water in Ddwaniro village. 
Filter installation Fe2+  

[mg/L] 
Fe-tot  
[mg/L] 

Mn-tot 
[mg/L] pH 

Before 10 9.7 13 9.5* 0.19 6.2 
 

After 8.1 12 11 34 0.20 6.7 
* Total iron content was detected to be lower than ferrous iron content 

 
After installing the filter some initial analyses were done. These showed a ferrous iron 
removal of 18-38%, see table 6.3. The initial tests of the prototype however, did not show any 
removal of total manganese. 
 
Table 6.3  Initial results achieved Day 1 for water that had passed the gravity flow filter. 

No Fe2+ 
[mg/L] 

Fe2+ 
Removal 

[%] 

Fe-tot 
[mg/L] 

Fe-tot 
Removal 

[%] 

Mn-tot 
[mg/L] 

Mn-tot 
Removal

[%] 

Temp 
[C] 

DO 
[mg/L] 

Cond 
[mS/cm] 

1 6,8 38 17 49 0,49 - 22 0,14 1.06 
 

2 8,1 26 13 61 0,77 - 22 0,13 1.14 
 

3 9.0 18 8,8* 74 0,37 - 24 0,13 1.09 
* Total iron content was detected to be lower than ferrous iron content 
- No removal was achieved 
 
Day 2, the water was kept in the filter to get different retention times. The removal of iron 
appeared to increase with time. After 60 minutes the ferrous removal was almost 85%, see 
table 6.4. The total manganese did not show a clear tendency to be removed. 
 

Table 6.4 Results achieved Day 2 for water that had passed the gravity flow filter. 
Time 
[min] 

Fe2+ 
[mg/L] 

Fe2+ 
Removal 

[%] 

Fe-tot 
[mg/L] 

Fe-tot 
Removal 

[%] 

Mn-tot 
[mg/L] 

Mn-tot 
Removal

[%] 

Temp 
[C] 

DO 
[mg/L] 

Cond 
[mS/cm] 

10 5.8 48 14 58 0.49 - 25 0.82 1.05 
 

20 5.0 55 3.5* 90 0.19 2 24 1.22 1.03 
 

30 3.2 71 4.6 86 0.16 18 24 1.40 1.03 
 

40 3.2 71 3.3 90 0.37 - 25 1.21 1.04 
 

50 2.5 77 5.0 85 0.26 - 24 1.52 1.03 
 

60 1.8 84 2.7 92 0.26 - 25 0.12 1.04 
* Total iron content was detected to be lower than ferrous iron content 
- No removal was achieved 
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Removal of total iron was most effective during the first 20 minutes but for Fe2+ a significant 
removal was achieved already after 10 minutes, see figure 6.7. A diagram of manganese 
removal during the different testing days is shown in figure 6.10.  
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Figure 6.7 Iron removal achieved during Day 2. 

 
The results of chemical analyses for Day 3, see table 6.5, was quite similar to the results for 
Day 2. The temperature was however some degrees higher Day 3. During this day there was 
some removal for total manganese detected. 
 

Table 6.5 Results achieved Day 3 for water that had passed the gravity flow filter. 
Time 
[min] 

Fe2+ 
[mg/L] 

Fe2+ 
Removal 

[%] 

Fe-tot 
[mg/L] 

Fe-tot 
Removal 

[%] 

Mn-tot 
[mg/L] 

Mn-tot 
Removal 

[%] 

Temp 
[C] 

DO 
[mg/L] 

Cond 
[mS/cm] 

10 6.2 44 5.6* 84 0.18 10 20 0.14 1.01 
 

20 2.8 75 2.2* 93 0.16 20 20 0.14 1.03 
 

30 3.7 67 1.4* 96 0.16 16 20 0.13 1.01 
 

40 2.8 75 0.6* 98 0.13 33 20 0.14 1.01 
 

50 1.8 83 3.0 91 0.25 - 20 0.14 1.02 
 

60 1.4 87 2.3 93 0.19 5 20 0.14 1.06 
* Total iron content was detected to be lower than ferrous iron content 
- No removal was achieved 
 
The diagram in figure 6.8 shows the iron removal achieved during Day 3 and the results are 
quite similar as in Day 2.
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Figure 6.8 Iron removal achieved during Day 3. 

 
After 10 days the results illustrated a slightly better removal, see table 6.6 and figure 6.9. 
After a retention time of 80 minutes the level of ferrous iron in the water from the filter had 
decreased to 0.55 mg/l which was 95% reduction (after 60 minutes the removal was 90%). 
Total iron and ferrous iron seemed to comply with each other. During Day 10 the analyses 
showed that total manganese was removed, though it varied a lot. 
 

Table 6.6 Results achieved Day 10 for water that had passed the gravity flow filter. 
Time 
[min] 

Fe2+ 
[mg/L] 

Fe2+ 
Removal 

[%] 

Fe-tot 
[mg/L] 

Fe-tot 
Removal 

[%] 

Mn-tot 
[mg/L] 

Mn-tot 
Removal 

[%] 

Temp 
[C] 

DO 
[mg/L] 

Cond 
[mS/cm] 

10 6.3 43 6.0* 82 0.13 33 24 2.14 1.16 
 

20 3.8 66 3.2* 90 0.05 74 24 1.67 1.15 
 

30 3.2 71 3.4 90 0.16 20 24 1.87 1.16 
 

40 2.2 80 2.7 92 0.10 49 24 1.89 1.15 
 

50 1.7 85 2.2 94 0.13 33 24 1.93 1.15 
 

60 1.1 90 1.3 96 0.05 74 25 2.11 1.15 
 

70 0.70 93 0.95 97 0.18 8 25 2.58 1.15 
 

80 0.55 95 2.7 92 0.14 28 26 2.21 1.14 
* Total iron content was detected to be lower than ferrous iron content 
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The diagram below shows the ferrous and total iron removal achieved during Day 10.  
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Figure 6.9 Iron removal achieved during Day 10. 

 
During Day 10 an oxidation test was done as described in chapter 6.4.1. The new equipment 
for measuring dissolved oxygen showed that the initial level of dissolved oxygen in the water 
from the handpump was 2.14 mg/L and after the aeration step it had increased to 3.38 mg/L.  
 
The total manganese content did not show a clear tendency to decrease, see figure 6.10. The 
manganese removal was hard to detect, this may depend on the low pH level in the water. 
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Figure 6.10 Manganese removal results achieved in the gravity flow filter. 
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As shown in figure 6.11 there were no significant variations of the pH during the testing 
period. For Day 10 analysing was made during 80 minutes. 
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Figure 6.11  pH variations during the test period. 

 
Up-flow filter 
The raw water was analysed in the water quality investigation and also the day when the filter 
was installed, see table 6.7.  
  

Table 6.7 Results for analysed raw water in Rakai T.C. 
Time for analyses Fe2+  

[mg/L] 
Fe-tot  
[mg/L] 

Mn-tot  
[mg/L] 

Water quality investigation 15 11 14 44 0,88 
 

Filter installation 9,8 17,7 1,05 
 
The mean for the ferrous iron content in the raw water was 12.5 mg/L and the mean for total 
iron was 30.9 mg/L. For total manganese the mean was 0.97 mg/L. The up-flow filter was 
tested during one day and three samples were analysed, see table 6.8. The results did not show 
a satisfying removal of ferrous iron. Concerning the total iron content only one value was 
higher than the ferrous iron content. Therefore, 13 mg/L was the only reasonable result for 
total iron. The total iron content had decreased with 58% compared to the mean. The total 
manganese content had decreased and showed a removal result between 38-51%. 
 

Table 6.8 Results achieved for water that had passed the up-flow filter. 
No Fe2+ 

[mg/L] 
Fe2+ 

Removal 
[%] 

Fe-tot 
[mg/L] 

Fe-tot 
Removal 

[%] 

Mn-tot 
[mg/L] 

Mn-tot 
Removal 

[%] 

pH Temp 
[°C] 

DO 
[mg/l] 

Cond 
[mS/cm] 

1 11 12 13 58 0.50 48 6.1 22 0.31 0.72 
 

2 19 - 3.9* 87 0.47 52 6.0 22 0.14 0.69 
 

3 13 - 2.4* 92 0.60 38 5.9 22 0.11 0.70 
* Total iron content was detected to be lower than ferrous iron content 

 
The removal results for total iron and total manganese are not reliable due to errors during the 
analyses. Due to these errors, discussed in chapter 3.2.3, the analyses showed a better removal 
result than they should.  
 
The dissolved oxygen content was measured with the Multi-Probe and therefore the results 
were not reliable. pH, temperature and conductivity were stable during the testing period.
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6.4.3 Opinions from the users in Ddwaniro village 
To determine the villagers’ acceptance concerning an iron removal plant and inform them 
about the project, a small meeting was held in Ddwaniro village. The meeting was organised 
together with the Local Council. Representatives from the Water User Committee (WUC) 
including the chairman participated and also present were elderly, women, men, youth and 
children, see figure 6.12. Questions were asked in English and translated into the local 
language Luganda, by the Local Council, though some of the participants understood English. 
The Senior Water Technician from the laboratory (speaking Luganda) also attended to the 
meeting and answered some of the questions from the villagers. 
 

 
 

Figure 6.12 Meeting with representatives from Ddwaniro village. 
 
The people in Ddwaniro village had an urgent need for clean groundwater from the borehole 
and therefore, the interest of a treatment plant was immense. As far as anyone could 
remember the quality of the water had always been poor. The alternative to this water was 
surface water and rainwater, see figure 6.13. 
 

 
 

Figure 6.13 Rainwater harvesting at a house in Ddwaniro.
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The District Water Office in Rakai had not done any monitoring of the water from the 
borehole. Except for changing the older handpump into a newer model in 1995 no 
maintenance work had been done. According to the villagers the pipes were still the same 
since the installation of the borehole in 1960. If the pump would break down, money would 
be collected from all families in the village and the repair work would be carried out by the 
District Office. 
 
It was mainly children from the nearby primary school who used the water from the borehole 
for washing hands and plates after lunch. The village used two shallow wells and some ponds 
as alternative water sources. Each family (about 9-10 persons) was said to consume about four 
jerrycans of water per day (80 litres) and according to the villagers this amount would at least 
be the double if the water from the borehole had a better quality. The shallow wells and the 
ponds were located far from the village, approximately 3-5 kilometres of walking distance. 
Rainwater from roofs was collected occasionally in pots as an alternative source during the 
rainy season, see figure 6.13. During the dry season the ponds dried out and the amount water 
was more limited. Due to lack of fuel and time, the water was not always boiled before 
drinking. If one wanted to buy water that already had been fetched the cost was 300 USh 
($US~0.18) per jerrycan in the rainy season and 500 USh ($US~0.3) in the dry season. 
 
The WUC had existed in three years according to the Local Council and it consisted of six 
persons of which two were women. The District Water Office had trained the WUC in some 
basic skills, for example cleaning the apron.  
 
The villagers claimed to be willing to invest in an iron removal plant if they got guarantees for 
its efficiency. They would prefer a treatment plant for the borehole instead of an alternative 
water source, for example a rainwater harvesting system since it was limited to use during the 
rainy season. The amount of money they were willing to save each month was at least 1000 
USh ($US~0.6) per family. The WUC had tried to get some help from several NGOs 
concerning their water situation but had not yet succeeded. 

6.5 DISCUSSION 

6.5.1 Gravity flow filter 
From the results for Day 1 it appeared that the oxidation of Fe2+ improved when the water was 
left in the filter for some time. When extending the retention time the iron removal was very 
good. Already after 30 minutes, about 2/3 of the ferrous iron had been removed and the 
contents were down to about 3 mg/L. The best result of ferrous iron removal was as high as 
95%. This was when a ferrous iron content of 0.55 mg/L was achieved Day 10 with the 
retention time of 80 minutes. Another sign that showed that the water quality had improved 
was that the villagers during the testing period were able to use the water for washing cloth. 
This was not possible with the raw water since soap and detergent would not lather.  
 
The results for Day 10 did not show significantly better results compared to Day 2 and 3. 
Obviously the iron bacteria did not have the possibility to establish sufficiently. In this case it 
was difficult to control that the filter was not disturbed by the users during the test period. 
However, an iron film was shown on the water surface even though the filter had been 
disturbed. 
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The oxidation test described in chapter 6.4.1 was done when the prototype had been used 
during one week and the aeration tray was not intact anymore. It is therefore possible that the 
dissolved oxygen content after the aeration step was higher when the basin was intact. When 
the oxygen content in the water after the aeration step was measured, the result showed that 
the dissolved oxygen content was 3.38 mg/L. As discussed in chapter 6.1 levels of 3-4 mg/L 
(Hanaeus, 2002, personal comment) should be sufficient enough to oxidise the ferrous iron.  
 
As discussed in chapter 2.3, the removal of manganese requires a pH above 9 (Hartmann, 
2001). The manganese did not show the same tendency as iron to precipitate and the removal 
was not sufficient.  
 
The problems during the digestion of the samples in the laboratory could explain why the 
results for total iron sometimes were lower than the values for ferrous iron for the same 
sample. Therefore, the results for the total iron were not very trustworthy. 
 
The material in the prototype was not durable. After one week of testing the aeration basin 
was broken and covered with rust. The holes were clogged by dirt and iron precipitates.  

6.5.2 Up-flow filter 
According to the results, the concentration of iron increased when the water had passed 
through the filter. It is hardly likely that the filter would produce water with a higher content 
of ferrous iron, these results might therefore originate from errors in analyse. 
 
When testing the up-flow filter it showed that not much oxidation took place. This was 
probably due to a combination of a low pH and an insufficient oxidation. The high iron 
concentration in the raw water and the lack of retention time also made the precipitation 
insufficient. The aeration step was probably too short to generate enough aeration. Since there 
was no aeration step in the tank there was no idea in leaving the water in the tank to oxidise 
and try different retention times. 
 
The flow out from the filter was very small and the filter itself was too small to create a 
pressure big enough to raise the flow-rate. This filter could maybe use an aeration tank as a 
pre-treatment to achieve more aeration and then let the water pass through the up-flow filter.  
 
The bad results from the initial testing of the filter and the fact that no person could take care 
of the filter during the test period resulted in the decision to demolish the filter and to focus on 
the gravity flow filter instead.  
 
For this tested prototype at this specific borehole in Rakai District the up-flow filter technique 
was not a success. However, it has been seen in many other try-outs that this kind of filter can 
achieve a good removal and that up-flow filters as well as gravity flow filters are suitable for 
the conditions in developing countries. 
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7 SUGGESTION FOR AN IRON REMOVAL 
PLANT DESIGN FOR HANDPUMPS 

One objective of this study was that experiences made from the prototype testing and from 
other investigations should result in a new sustainable and user-friendly design of an iron 
removal plant. Below a suggestion for an iron removal plant designed for handpumps is 
presented. Implementation issues such as operation, maintenance and management are also 
discussed. 

7.1 DESIGN OF THE IRON REMOVAL PLANT 
The gravity flow design used for the prototype described in chapter 6 worked well in the 
present field study and it would be worth a try to evaluate it in a larger scale with some 
modifications. The main idea of this suggested iron removal plant is to achieve the retention 
time needed for sufficient oxidation in one tank. After that, filtration of the water through a 
filter unit will take place in another tank, see figure 7.1. 
 
This suggested iron removal plant should be capable of giving water to 300 people per day. 
This is based on the condition of the handpump, which is said to deliver 20 litres/min and by 
that supply 300 people with water (Settergren, 2002, personal comment).  
 
Plastic tanks are used in this design suggestion, but it is also possible to construct the plant by 
using local material such as ferrocement and bricks. The suggested design requires some 
modifications done to the handpump. A new apron has to be constructed and the pump has to 
be raised about 0.5-0.75 meter to give room for the tank and the filter unit.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 7.1 Schematic sketch of the suggested iron removal plant design. 
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How much the handpump has to be raised depends on the construction of the aeration tank. It 
is possible to make the tank low and very wide to achieve the required retention time. It is 
then the filter that limits the handpump height. The filter has to be at least 50 cm high to make 
it possible to fill a jerrycan from the tap.  

7.1.1 Aeration tank 
To achieve a sufficient retention time, that is 50-60 minutes, the tank has to be approximately 
1 m3 (see calculations in Appendix B.1). According to the prototype tests performed in this 
study, about one hour is long enough to reduce the ferrous iron content to levels of 1 mg/L (an 
acceptable ferrous iron concentration in Uganda) if the raw water has a ferrous iron content of 
about 10 mg/L. 
 
Dividing the tank into four different sections can restrain the water from shortcuts when 
passing through the tank and in addition give a good opportunity for sedimentation. The first 
section is designed to be the largest and constitutes about one third of the tank, see figure 7.2. 
This is to make room for a sufficient aeration device. A perforated plastic plate constitutes the 
aeration tray and it is placed 5 cm above the water surface. The diameter of the holes is 
approximately 2 mm and they are placed all over the plate with a high density. The outlets 
from each section are placed every second time in the lower and in the upper part of the 
section, see figure 7.2. The diameter of the outlets should be at least the same as the 
handpump spout. Finally the outlet from the forth section is placed in the upper part and the 
water will decant into the filter. The tank will be provided with outlets at the bottom of 
section 1 and 3. This is to enable the tank to be emptied and by that facilitate the cleaning of 
the tank. 

Figure 7.2 Sketch of the suggested aeration tank; to the left seen from above and to the 
right schematically. 

7.1.2 Filter unit 
It is suggested that the filter has an active filter area of 1 m2. As discussed in chapter 6.1 this 
size has been successfully used in earlier try-outs. This filter area has the capacity to accept 
the flow from the aeration tank, see calculations in Appendix B.2. The layer of filter media in 
the prototype was designed to be 20 cm thick. However, in the actual construction the layer 
was only 15 cm since the aeration basin took too much of the available space. In this new 
design, the sand layer will be 20 cm. Sand of grain size 1.2 mm was recommended in earlier 
try-outs and also seemed to work fine when testing the prototype in the present study and is 
therefore recommend here. The filter is provided with a tap in the upper part of the filter tank 
to tap the treated water, see figure 7.3. The tap is placed there to prevent the filter media from 
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getting dry. The filter unit needs to be placed on a platform to make room for a jerrycan and 
in that way facilitate the collection of water.  
 
The filter is provided with extra high edges, which are suggested to be 15 cm, to prevent an 
overflow due to head losses in the sand filter, see calculations in appendix B.3.  
 

 
Figure 7.3 Sketch of the suggested filter unit. 

 
In the upper part of the filter a distribution plate is placed. It has the same construction as the 
aeration tray in the aeration tank. The purposes of the distribution plate are to spread the water 
evenly over the filter area and to avoid channels to be formed in the sand. At the bottom of the 
filter unit, two support layers of gravel with grain size 4 mm and 12-14 mm are placed to 
avoid the sand from being flushed out with the water. The layers have different grain sizes to 
avoid the layers from being mixed. The same method as in chapter 6.1.1 was used for 
calculating the grain sizes, and the gravel suggested for this filter has the same sizes as the 
gravel used in the prototype. The two layers of gravel will be 5 cm each.  

7.1.3 Material 
Using plastic tanks in the construction has both advantages and disadvantages. Plastic tanks 
are compared to bricks rather expensive. Though, if an agreement with a company producing 
plastic tanks is made, the price could be reduced. Plastic might be the only realistic choice if it 
is desired to minimise the dimensions of the plant, for example to avoid a too high pump. All 
the modifications of the tanks can then be made before the iron removal plant is transported to 
and installed at the borehole. The walls in the aeration tank can be moulded when the tank is 
produced at the plastic company. One disadvantage is that plastic might not stay intact as long 
as bricks and after a while new investment might have to be done. Plastic is, however, easier 
to clean than a construction of bricks or ferrocement. 
 
Other components needed are lids to cover the filter and the tank. It can be made of plastic 
and be produced at the same place as the tanks. Another important aspect is that the sand and 
gravel and other equipment used for the filter is properly cleaned before it is placed in the 
treatment plant. 
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Sand for the prototype tested in the present study was received from Entebbe but when it 
comes to constructing many filter units, large amounts of sand is needed. If the sand available 
in Entebbe is not enough, perhaps sand can be found in the district were the iron removal 
plant is to be placed. The advantage of sand from Entebbe is that it can be sieved there. 
Another advantage is that the sand can also be washed in Entebbe were large quantities of 
water from Lake Victoria can be used. 
 
If the iron removal plant is made of bricks, bricks also can make the walls that divide the 
aeration tank into four sections. To make the connection between the four sections, bricks can 
be left out to make a hole when constructing the different sections. 

7.2 IMPLEMENTATION OF AN IRON REMOVAL PLANT 
In Uganda there is a decentralisation process going on. Responsibilities for rural water and 
sanitation are being decentralised to the lowest possible level (Settergren, 2002 personal 
comment). Additional staff has been recently recruited to the District Administration. This 
personnel need assistance and training in order to develop their competence to support Sub-
counties, Parishes and Communities. Hence, eight technical support units of well-qualified 
staff have been set up to support the activities at district level. The decentralisation aims at 
giving the communities the rights and responsibilities to own, run and maintain their water 
supplies and will most likely result in an increased interest and knowledge to take care of 
boreholes and iron removal plants. 
 
An example of successful implementation of Iron Removal Plants (IRPs) is found in Sri 
Lanka (Padmasari, 1997). During 1985-1989 several plants were installed. Consumer 
societies were formed consisting of about 20 families each and these were trained in operation 
and maintenance of the IRPs. It was then the responsibility of the societies to maintain and 
operate the plants. 65% of the plants worked fine even after 7-10 years. This was due to the 
participatory role played by the women. This number would have been even higher if it was 
not for the breakdown of 10% of the pumps. The strategy is to strengthen the maintenance of 
the pumps at village level to sustain the rural water treatment.  
 
In Uganda the operation and maintenance of a water source should be taken care of by a 
Water User Committee (WUC). According to DWD the WUCs should be gender balanced 
and consist of 6 people (DWD, 2001c). The WUC is responsible for the organisation, 
operation and maintenance of the water supply. In this suggestion their responsibility would 
increase to also include the iron removal plant. If there is no existing WUC in the village 
when installing the suggested IRP, a WUC has to be established. Preferably women should be 
involved in this group since they are the ones that are responsible for the water supply in the 
families and also might be less likely to leave the village. This is important for keeping the 
knowledge about the filter technique within the community.  
 
It has been tested with some good experience that a person, a so called caretaker, can be 
responsible for the operation of the pump (Settergren, 2002, personal comment). However, in 
this suggestion it is recommended that each pump including the iron removal plant has two 
caretakers, for example one man and one woman, since it is important that at least two 
persons have the knowledge of operating the iron removal plant. The caretakers should be 
appointed by the WUC and be responsible to the committee. He or she is charging a price for 
each jerrycan of water and from that money he or she would pay some to the committee for 
maintenance and the rest would be his or her remuneration.  
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The alternative to a caretaker is that everyone who wants to collect water from the treatment 
plant should be able to do so by pumping themselves. In that case it is then valuable that as 
many people as possible in the community get education about the operation of the IRP. The 
WUC should be responsible for this education.  
 
It is important that communities where the IRP is to be installed are willing to invest in their 
water source and by that also own it. The reason for this is to make the community feel 
responsible for the treatment plant and care for its operation and maintenance.  

7.2.1 Installation of the iron removal plant 
The filter and the aeration tank designs are based on plastic tanks and can therefore be 
transported to the handpump in one unit, assuming that the handpump already have been 
raised. It is desirable that the WUC and caretakers take part in the work when sand and gravel 
are put in position. 
 
It is recommended to start installing filters in villages where people have asked for treatment 
of their water. These people are probably more motivated to learn and to work with water 
treatment. Another aspect is to start with installing iron removal plants at wells located next to 
schools. This could make children interested in water issues and operation and maintenance of 
the plant could be a part of the teaching. The knowledge about water treatment will reach the 
next generation and contribute to a sustainable system. When installing an IRP at a school 
where there normally does not exist a WUC it is important to find a group of people, 
employees at the school or people living nearby the pump, who wants to form a WUC. The 
village Ddwaniro where the prototype was tested makes a good suggestion for installing the 
first IRP.  

7.2.2 Operation of the iron removal plant 
The operation of the iron removal plant should be supervised by the WUC. When caretakers 
are appointed as discussed in chapter 7.2, the WUC will have the main responsibility for the 
maintenance of the IRP and the caretakers will have the responsibility for the operational 
work. This means selling water to the villagers by pumping it into jerrycans. When there is no 
caretaker the WUC is responsible for guiding the users in how to operate the filter. 
 
The suggested iron removal plant is operated by pumping water into the aeration tank. 
According to the design it will take approximately 60 minutes to fill the tank, for example the 
first time it is used or when the plant have been cleaned. The pumping has to be continuous to 
decant water into the filter and to make it possible to take out treated water from the filter tap. 
Since the tap is placed in the upper part of the filter it is not possible to receive water without 
pumping.  

7.2.3 Maintenance of the iron removal plant 
The WUC will be responsible for maintenance of the plant such as cleaning the filter and the 
tank as well as pumping water into the aeration tank after the cleaning process. They should 
also be trained to repair the IRP in case of breakdown. WUC should administer the money 
received from the villagers through the caretaker. This money should be used when spare 
parts are needed for the handpump or IRP. Though, the District Water Office is obligated to 
help if a serious breakdown of the treatment plant would occur.  
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Cleaning instructions for aeration tank and filter  
When testing the prototype in the present study no investigation of the cleaning process of the 
filter was done. The presented instruction below is therefore just a suggestion for how the 
cleaning process can be performed and it is based on earlier experiences and on new ideas. 
 
The aeration tank is emptied by opening the two outflows at the bottom of the tank and a large 
part of the settled particles will be flushed out. The inside is then scrubbed to remove 
discolouring and precipitations. After that, the tank is filled with water and emptied once 
more to take out the last precipitations that have been removed from the walls and from the 
bottom of the tank. 
 
When cleaning the aeration tank, the aeration tray has to be cleaned as well since precipitates 
might clog it. The aeration tray must be scrubbed and rinsed so that the perforations work as 
described 
 
Cleaning a filter unit probably has to be done once a week (Tyrrel, 1997). However, since 
some sedimentation may occur in the aeration tank it is possible that the tendency to clog will 
decrease in the filter. Still, different iron contents of the raw water affect the clogging and 
maybe the interval between cleaning has to be adjusted depending on which borehole the 
filter is placed at. When the water surface above the filter media starts to rise, the filter media 
starts to clog and cleaning is needed. 
 
When starting the cleaning process the filter has to be filled with water up to a level of about 
10 cm above the sand. Cleaning the filter media can be done by stirring the filter bed with a 
stick. The stick could be marked at a level of 25 cm, which helps to avoid stirring too deep in 
the lower layers of gravel. The precipitates are removed from the sand and will float on the 
water surface. It is then possible to bail the water and remove the iron precipitates. 
 
With some intervals the sand has to be cleaned. This means emptying the sand and gravel 
from the filter and wash it with water. The alternative is to use new sand. However, new sand 
also has to be washed before placing it into a drinking water treatment unit. When the sand 
and gravel is removed it is also important to see to that the pipe that leads the water to the tap 
is in good condition. 

7.3 DISCUSSION 
Except for the filter unit, this suggestion for an iron removal plant has not been tested. It is 
therefore recommended that it is tested at a couple of locations before the filters are installed 
in a large scale. The boreholes where the plants are to be tested should represent different iron 
concentrations, demands of water, pH etc.  
 
All this suggestions are guidelines and could be modified and also be subject for further 
investigations, see chapter 8. Construction material that is available is another aspect that may 
have influence on the final outfit of the removal plant. It is possible to mix the different 
suggestions for a construction that is suitable at the specific location where the IRP should be 
placed. However, it is recommended that the plant is tested before the users start to operate it.   
Costs for this iron removal plant are hard to estimate. It depends on the number of plants that 
will be produced and the possibility to get discounts from different companies. For material 
needed for the iron removal plant, see appendix C. 
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8 FURTHER INVESTIGATIONS 
There are many aspects connected to the present study that can be further investigated. 
Several of the parameters that can influence the result of iron removal have not been tested in 
this present study. 
 
The pH level in the raw water is affecting the iron removal process. Therefore some 
additional studies can be done within that area. For example what pH level is required to 
achieve oxidation and what possibilities are there to raise the pH level without using 
chemicals.   
 
The dissolved oxygen content in the water that is to be treated is depending on which type of 
handpump that is being used. This is because different handpumps create different dissolved 
oxygen contents when pumping the water. The majority of handpumps (about 17 000) in use 
in Uganda are the U2 and U3 types which have been developed from Indian prototypes taking 
into account the local conditions in Uganda (DWD, 2001c). It is therefore a good idea to 
investigate what dissolved oxygen content the different handpumps can give.  
 
The iron content level varies a lot between different boreholes. This of course can change the 
need for different sizes of aeration tanks and filter units. Which size of iron removal that is 
most suitable for different levels of iron content also has to be investigated. 
 
Finally, since the cleaning process suggested in this report not has been tested in field, the 
process must be further investigated and tested. 
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9 CONCLUSIONS 
In the present study it was confirmed that there really is a problem with excessive iron 
concentrations in groundwater in Rakai District in Uganda. The users complained about the 
taste of the water, laundry problems and discolouring of food. It was also confirmed that these 
problems due to high iron content made the villagers use contaminated surface water instead, 
which can jeopardise their health. The need for an appropriate, user-friendly technology for 
iron removal was therefore justified.  
 
It is possible to remove iron from water by using a quite simple technology. Both the gravity 
flow filters and the up-flow filters that have been studied in this Master’s thesis seemed to 
work fine. All the iron removal plants had an aeration step followed by a filtration unit. Much 
research on iron removal in developing countries has been made during the last decades. 
Several iron removal plants have been tested at different wells and with a variety of iron 
content and many of them showed a successful iron removal result. However, in many cases, 
problems with the maintenance influenced the success of the treatment plant.  
 
The prototype tested in this study showed that raw water with a ferrous iron concentration of 
10 mg/L was possible to reduce to 1 mg/L, which is an acceptable level in Uganda. This was 
achieved when using a gravity flow filter that was preceded by an aeration step with a long 
retention time. The up-flow filter design did not work sufficient at the tested borehole in this 
study. pH was below 6, the borehole contained iron concentrations above 11 mg/l and the 
filter was only tested during one day. It was difficult to come to any conclusions due to the 
short testing period, but according to this study an up-flow filter is not recommended for these 
conditions.  
 
A final suggestion for an iron removal plant, designed for boreholes with handpumps on 
community level in rural areas, was possible to make based on earlier experiences and on the 
results from the gravity flow filter testing. To achieve a sufficient retention time in this 
suggested iron removal plant an aeration tank was added. This tank should be large enough to 
enable the retention time needed for reducing the iron concentration. The filter will be quite 
similar to the one tested in the prototype. This suggestion for an iron removal plant requires 
that the handpump is raised to make room for the aeration tank. 
 
There are many ideas around the world about how to implement an iron removal plant on a 
community level in rural areas. Implementation has been subject to many discussions in the 
studied try-outs. The difficulty is to find the best implementation method suitable for every 
specific borehole and the community using it. Looking into different try-outs it seems that 
women have an important role in the implementation process. It is also important to have an 
ownership for the water source and by that make the users feel responsible for their water 
supply. 
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Appendix A 

 

Costs for the prototypes (built in 2002) 
 

Gravity flow filter 
 
1 Hose pipe with connecting pipe 10 000 
1 PVC pipe 4 metres, ∅ 4” 27 000 
1 Gate valve 15 000 
1 Nipple  1000 
1 Plug 10 000 
1 Clip 2 500 
1 Plastic basin for aeration tray 1 000 
 

Total USh 66 500 
 ($US 40)  
 

Up-flow filter 
 
1 Hose pipe with connecting pipe 10 000 
2 Screens 10 000 
1 PVC pipe 1 metre, ∅ 5” 15 000 
1 Gate valve 15 000 
1 Big tap, ∅ ¾” 15 000 
1 Long screw 5 000 
1 Clip 2 500 
1 Nipple  1 000 
 

Total USh 73 500 
 ($US 44) 
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Calculations for designing the iron removal plant 

B.1 Calculation of the volume of the aeration tank 
How large should the volume, V, of the aeration tank be to achieve a retention time of about 
60 min, when having the flow rate of 20 L/min from the handpump?  
 

tQV ⋅=        (E B.1) 
32.112006020 mLtQV ==⋅=⋅=  

 
The required size of the aeration tank should therefore be about 1 m3 

B.2 Calculation of the filter capacity  
The flow out from the aeration tank is equal to the flow that enters the filter tank, that means: 
 

outin QQ =        (E B.2) 
 

smsmmLQin /1033.3/
60
020.0min/020.0min/20 3433 −⋅====  

 
The formula for flow rate through the filter media is dependent on the filter area, A: 
 

iAkQ ⋅⋅=           (E B.3) 
 
In this case the hydraulic gradient, i, is 1 for vertical flow rate, which gives the formula: 
 

AkQAkQ ⋅=⇒⋅⋅= 1      (E B.4) 
 
The hydraulic conductivity, k, for the sand with d10=1mm (Crites, 1998): 
 

smsmdmk /1079.5/
606024

492/500 3−⋅=
⋅⋅

==  

 
The hydraulic conductivity can be divided by a safety factor of 5 due to the clogging of the 
filter that gives: 
 

smsmk /1016.1/
5
1079.5 3

3
−

−

⋅=⋅=     (E B.5) 

 
21mA =  

 
Use E B.4 to calculate Q to see if the suggested area can receive the flow from the aeration 
tank  
 

=⋅⋅= − 11079.5 3Q 31079.5 −⋅ m3/s 
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This flow-rate is much larger than the flow-rate from the handpump. Therefore, the size of the 
filter is ok and the filter unit will deliver the same amount of clean water as the handpump. 

B.3 Calculation of the head loss in the filter 

Use Darcy’s law to calculate the head, ∆h, of the filter. 
 

L
hAkQ

∆
∆⋅−=      (E B.6) 

 

Ak
LQh

⋅
∆⋅−=∆      (E B.7) 

 
∆L is the thickness of the filter. To simplify, the calculations are based on a filter media only 
consisting of one layer, in this case sand with grain size 1.2 mm. 
 

mL 30.0=∆  
 
The area, A, the flow, Q and the hydraulic conductivity, k, is the same as used in B.2 
 
A = 1m2 

 

Q = 3.33.10-4m3/s 
 
k = 5.79.10-3m/s 
 
Calculated with E B.8 gives a head loss: 
 

cmmh 7.1017.0
11079.5
30.01033.3

3

4

−=−=
⋅⋅

⋅⋅−=∆ −

−

 

 
When using the safety factor of 5 as in E B.5 the head loss increases to 8.6 cm.  
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Expense items for an iron removal plant 
 
 
Item     Amount (USh) 

Material 

- Raising the handpump                             

 

- Aeration tank                                                          

o Aeration tray                          

o Outlet                           

o Separating walls                                                  

o Lid                          

                           

 

- Filter tank                                  

o Sand                                 

o Gravel                            

o Aeration tray                                     

o Outlet      

o Tap      

 

- Platform      

 

Material preparations 

- Fuel       

- Labour      

- Transport      

 

Monitoring of plant performance     

Man power                            

Subsistence allowances      

       

Total       USh 


