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Abstract 

In 2015, the United nations presented the 17 Global Goals that would put an end to extreme 

poverty, inequality and climate change by 2030. One of these goals was clean water and 

sanitation. In 2015 1.8 billion people did not have access to clean water. Because of the 

contaminated water, one million people die every year worldwide. Africa, and especially 

Ghana, has had a high development in the recent years. The population has grown and more 

resources are needed. Clean water in Ghana is not a given matter, three million people live 

without access to clean water. To work towards the Global Goal water can be clean locally. A 

simple and cheap way is to build slow sand filters, which also are the purpose of this project. 

These filters purify the water mechanically, chemically and biologically. The biologically 

purification takes place in the biolayer that grows on the sand inside the filter and it consumes 

contaminants in the water. It takes about a month for the biolayer to be fully developed and 

clean the water to its full potential. The positive aspects with sand filters are that people get 

healthier and can save money that can be invested in education or business. It can also reduce 

the need for water in plastic bags or bottles and would reduce littering. The companies that 

produce this water could end their business and air pollutions would be reduced as well.  

 

During this project, slow sand filters have been tested and evaluated in Sweden and Ghana 

with the purpose to develop a theoretical filter that benefits the biolayer under local 

conditions in Ghana, this was of the one aims. Experiments in Sweden showed that the flow 

decreased with increased sand height and decreased hydraulic head. In Ghana three filters 

were built with the sand heights 30, 50 and 80 cm to clean 7 litres of drinking water for a 

family of four. None of these produced drinkable water by WHO’s and EU’s standards.  

 

The next aim was to understand which chemical and physical factors that effected the 

development of the biolayer. The detected relations were absolute conductivity, total 

alkalinity, coliform bacteria and oxidantial reduction potential which were between the 

biolayer in the 30 and 50 filters.  

 

The flow rate in Ghana was too high and to lower it, a new diffuser with smaller holes would 

be built to get the recommended flow of 0,4 m3/m2/h. A too high flow broke the bound 

between the biolayer and made an uncomfortable environment. A sedimentation should be 

installed before the sand filter to reduce the variations of the incoming water such as 

turbidity, suspended solids etc., so the biolayer would flourish. It was not enough dissolved 

oxygen in the water so the pause period would be decreased to 12 hours to get more oxygen 

in the filter each day. For a sand filter to work as planned a lot of attention should be given to 

the filter. It is a system that should be used all the time for the best purification. To build a 

filter takes a lot of time and it also takes time for the biolayer to develop. If it is not going to 

be used much, another treatment method should be used.  

 

The last aim was to evaluate the cost of the materials that could be bought locally to the filter. 

One filter cost about 130 GHS.  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Sammanfattning 

2015 tog Förenta nationerna fram de 17 globala målen för att få ett slut på extrem fattigdom, 

ojämlikhet och klimatförändringen till år 2030. Ett av dessa mål handlar om rent vatten och 

sanitet. 2015 var det 1,8 miljarder människor som inte hade tillgång till rent vatten. På grund 

av det förorenade vattnet dör en miljon människor i hela världen varje år. Afrika, och 

speciellt Ghana, har haft en snabb utveckling de senaste åren. Folkmängden har ökat och mer 

naturresurser behövs. Rent vatten i Ghana är inte en självklarhet, tre miljoner människor lever 

idag utan tillgång till rent vatten i Ghana. Ett sätt för att jobba mot det globala målet är rening 

av vatten lokalt. Ett enkelt och billigt sätt är att bygga långsamsandfilter, vilket även var 

syftet med denna studien. Dessa filter renar vattnet mekaniskt, kemiskt och biologiskt. Den 

biologiska reningen sker av en biofilm som växer på sanden inuti filtret som konsumerar 

föroreningar i vattnet. Det tar ungefär en månad för biofilmen att bli färdigutvecklad och rena 

vattnet till sin fulla potential. Det positiva med sandfilter är att människorna skulle bli 

friskare och spara pengar som kan investeras på utbildning eller företag. Ur miljöpunkt skulle 

reduktionen av köpt vatten i plastpåsar och flaskor minska nedskräpningen och företagen som 

producerar dessa kan avsluta produktionen och därmed minska luftföroreningar.  

 

Under detta projekt har långsamsandfilter utvärderats både i Sverige och Ghana för att 

utveckla ett nytt teoretiskt filter som gynnar tillväxten av biofilm under lokala förhållanden i 

Ghana, vilket var ett mål. Experimenten i Sverige visade att flödet sjönk med ökad sandhöjd, 

men även med minskat hydrauliskt tryck. I Ghana byggdes tre filter med sand höjderna 30, 

50 och 80 cm för att rena 7 liter dricksvatten till en familj på fyra. Ingen av dessa lyckades 

producera drickbart vatten enligt WHO:s och EU:s standarder.  

 

Nästa mål var att förstå vilka av de kemiska och fysiska faktorer som påverkade 

biofilmstillväxten. Det förhållanden som upptäcktes var absolut konduktivitet, total 

alkalinitet, coliform bacteria och oxidential reduction potential vilket fanns i 30 och 50 filtret. 

 

Flödet i Ghana var för högt, så för att minska det skulle en diffusör med mindre hål byggas 

för att få det rekommenderade flödet 0,4 m3/m2/h. Ett för högt flöde gjorde sönder bindingen 

mellan biofilmen och skapade en otrivsam miljö. En sedimentation skulle installeras innan 

sandfiltret för att minska variationer på ingående vatten i filtret för att få biofilmen att trivas 

bättre. Det fanns för lite löst syre i vattnet och om pausperioden minskas till 12 timmar skulle 

mer syre i filtret varje dag. För att ett sandfilter ska fungera som planerat måste mycket tid 

läggas på filtret. Sandfilter är ett system som bör används ofta för bästa rening. Att bygga ett 

filter kräver mycket tid, samt att det tar tid innan biofilmen har utvecklats. Om sandfiltret inte 

kommer används mycket föreslås att en annan metod används istället. 

 

Det sista målet var att utvärdera kostnaden av materialen som kunde köpas lokalt till filtret. 

Ett filter kostade runt 130 GHS.  
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Vocabulary 

80, 50 and 30 filter - the three heights of sand that were used in the filters in Ghana. This 

were what they were called.  

Batch volume - the amount of water that was poured into the filter. 

Biolayer - the layer where the bacteria that consumes pathogens stayed. This layer was inside 

the sand layer. 

Biological zone - where the biological processes took place. This happened in the whole 

filter. 

BSF - bio sand filter, see page 8 for a detailed explanation. 

DO - dissolved oxygen. 

Hydraulic pressure/Hydraulic head - the pressure made of an amount of water, see page 10 

for a detailed explanation.  

KNUST - Kwame Nkrumah University of Science and Technology in Kumasi, Ghana. 

Pore volume - the volume of the hollow space between the sand grains. 

RSF - rapid sand filter, see page 7 and 8 for a detailed explanation. 

Schmutzdecke - the slime layer on top of the sand that consisted of algae and bacteria. 

SODIS - solar water disinfection system, see page 5 for a detailed explanation. 

SSF - slow sand filter. 

UN - United nations. 

WHO - World health organization. 

 

Units 

Foot (ft), 1 ft = 30 cm 

Ghana cedi (GHS), 1 GHS = 2,13 SEK = 0,24 US$ 

Inch, 1 inch = 2,54 cm 

NTU, turbidity unit, nephelometric turbidity unit  

ORP, oxidation reduction potential 

ppm, parts per million  

pcs, pieces  

PSI, unit for pressure, pounds per square inch 

Yard (yd), 1 yd = 91 cm 
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1 Introduction  

Water, a substance that every living creatures need. In some parts of the world, fresh water is 

taken for granted, but fresh water is not a superfluous resource. Water is used in many 

processes. Cooking, cleaning, hygiene, industries are just some areas where water are used. 

Today the availability and use of clean water is unevenly distributed in the world. North 

Americans use about 570 litres water/day, Europeans about 250 litres water/day and Africans 

use 20 litres water/day (Hound studios 2011). The unevenly use of water between countries 

are not sustainable and we have to find one, or a few, ways to make it more sustainable 

(United Nations Children’s Fund [UNICEF] & World Health Organization [WHO] 2015).  

 

Drinking water and sanitation are closely connected. If there are problems with sanitation, 

often the drinking water will be effected. Every year 842’000 people die from diarrhoea 

diseases. Over half (58 %) of these could have been prevented if the standard and quality of 

sanitation, drinking water and hygiene were improved (WHO 2017c). 

 

In 2011, around two thirds (64 %) of the world’s population had improved sanitation and the 

same year almost 89 % had access to a reliable drinking source (WHO 2013). Four years later 

91 % of the world’s population had access to a reliable drinking source (WHO 2016a). The 

rest, 1,8 billion people, used a water source for drinking that was contaminated (WHO 

2017b). This was one of the Millennium goals that was reached in 2015 (UNICEF & WHO 

2015). The same year new goals were set, the Global Goals, also by united nations (UN). 

Now there are 17 main goals that by 2030 should be reached. The Global Goal number six 

was clean water and sanitation. This goal was divided into seven sub goals. Three of these are 

written below and are closely linked to this project.  

 

➢ By 2030, achieve universal and equitable access to safe and affordable drinking water for 

all 

➢ By 2030, expand international cooperation and capacity-building support to developing 

countries in water- and sanitation-related activities and programmes, including water 

harvesting, desalination, water efficiency, waste water treatment, recycling and reuse 

technologies 

➢ Support and strengthen the participation of local communities in improving water and 

sanitation management (The Global Goals For Sustainable Development 2017).  

 

Of the remaining 16 goals, some can be related to this project, for example good health and 

well-being, industry, innovation and infrastructure, but also sustainable cities and 

communities (The Global Goals For Sustainable Development 2017). 

 

 

 



 

2 

 

1.1 Diseases caused by contaminated water 

There are four categories of illnesses caused by poor water. The different categories are 

explained bellow.  

 

➢ Waterborne diseases, can be caused by algae. It can cause many different diseases, from 

diarrhoea to death. The algae can produce different kinds of poisons (depends on the 

spices). If the water smells bad or are turbid the risk of algae is high.  

➢ Water based diseases, can be worms or nematodes. It can cause illness, but not death. 

➢ Insect transferred and water related diseases, can be malaria and dengue fever from 

mosquitoes. The mosquitoes like the moist climate close to the water source. Around 300 

million people get malaria every year. 

➢ Lack of water, can cause an eye disease called trakom (eye disease), tuberculosis and 

dehydration (Andersson 2009). 

  

Some diseases that can be caused of contaminated drinking water are; cholera, polio, hepatitis 

A, typhoid and dysentery. In moist areas mosquitoes are active and can cause the spread of 

dengue fever and malaria (WHO 2016a). Diarrhoea, pneumonia (Österdahl 2015) and 

jaundice (a liver disease) can also be caused by poor drinking water (Andersson 2009). 

 

Cholera is a waterborne diarrhoeal disease that effects up to 4 million people every year. The 

disease is spread with the bacterium Vibrio cholerae through contaminated food and water. 

Some cases of cholera emergent medicine are required to survive, but some does not get any 

symptoms (WHO 2016b). Cholera cases in Ghana were reduced with 91 cases between 2015 

and 2016 (UNICEF 2016). 

 

Dengue fever is a virus disease spread by mosquitoes. These mosquitoes can also be 

contaminated with yellow fever and the Zika infection (WHO 2017a). In the end of 2016 

Ghana was in the high-risk zone to get a dengue fever outbreak. Burkina Faso (neighbouring 

country) had that year over a thousand people infected with dengue fever, but no cases were 

detected in Ghana (Kingsley 2016). 

 

Diarrhoea is the third most common cause of death among children under five around the 

world today. It is caused by bacteria in dirty drinking water, but it can also be spread if the 

sanitation standards are low. 19’000 people die every year due to diarrhoea and the disease is 

causing 25 % of child mortality in Ghana (Water 2017). 

  

1.2 The situation in Africa  

The growth of the African population increases and the request of clean water. This force 

people to get water from sources that are economically sustainable for them. Because of the 

low sanitation standard in some parts of Africa, people can be forced to defecate directly in 

rivers or near catchments. If the water source is a river or a lake it can be contaminated from 
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both humans and animals with diseases. 115 people die every hour, or 1 million each year, 

from contaminated water (WHO 2017d).  

 

The African countries are working together to develop a sustainable use of water for the 

socioeconomic development known as Africa Water Vision 2025. Their goals are to 

strengthening governance of water resources, improve water wisdom, meet urgent water 

needs and strengthening the financial base for the desired water future by 2025. 1998, the 

biggest user of water in Africa where the agriculture who used 85 % of the water. 9 % where 

used by the community and 6 % of the industries. Three fourth of the population in Africa use 

the ground water for drinking and in the households. The groundwater reservoirs can take 

long time to fill up when emptied. Groundwater is often filtered through the ground, also 

called natural filtration (United Nations Economic Commission for Africa 2000). 

 

1.3 Information about Ghana 

Ghana, also called The Golden Coast, has got its nickname due to the large export of gold. 

They also export oil and cocoa. The country has a dark history with centuries of exporting 

slaves. Great Britain, Portugal, Sweden and Germany were some of the countries involved in 

the slave trades.  

 

In 1957 Ghana became independent from Great Britain, the first of the African colonies to 

brake free. Today Ghana is a republic state and their president is Nana Akufo-Addo and his 

president period started 2017 (Höglund 2016). 

 

In 2015, the population in Ghana were 27,4 million. 2,2 million lived in the capital, Accra, in 

south of Ghana. The country is the half size of Sweden with a surface area of 238’537 km2. 

The biggest lake, Lake Volta, is one of the world’s biggest artificial lake, see figure 1 for a 

map over Ghana. Ghana has tropical climate and monsoon winds can come from the Atlantic. 

During the rainy season, April-June, heavy rainfall is to be expected. Already in February the 

rainfalls can start. The temperature is around 30 °C the whole year (Höglund 2016).  

 

 
Figure 1. To the left it is shown where Ghana is in Africa. To the right the bigger cities are located 

(World maps 2017).  
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1.4 The situation in Ghana 

Three million people in Ghana lack access to safe drinking water. Many of these people rely 

on surface water for their needs. In surface water, there is a high risk for diseases. 70 % of 

diseases in Ghana are caused of unsafe drinking water and low sanitation standard (Water 

2017). The part of Ghana that has the biggest water crisis is Nsawam, north of Accra. During 

the dry season (November-March) the Densu River, whom is the main source of water to the 

village, drops from 17 meters to 2 meters’ head. This shortage of water drives people to find 

other sources of water. Ghana Water Company Limited (GWCL) explained that this is caused 

by illegal mining upstream. Even the capital has a shortage of water during some periods 

(Ghana Business News 2016).  

 

Sometimes it is not the purification process that is the problem, it is the infrastructure that is 

undeveloped. This lead to that the water will be contaminated during the distribution process. 

The knowledge about techniques that are economical, easy and purifies the water good 

should be spread and be used. Some of the purification techniques are spread worldwide, but 

how the knowledge is used depends on the conditions and the economic situation in the 

country. Dr Darkwah1, the head of the chemical engineering department at Kwame Nkrumah 

University of Science and Technology (KNUST), mentioned that Ghanaians buy their 

drinking water in bottles or bags. Water from the water treatment plant and ground water are 

distributed by pipelines to the houses. This water is not used for drinking, but used for 

cleaning, toilets and showers. 

  

Dr Darkwah2 says that the water situation in many regions in Ghana are bad. Often it is 

because of the mining for gold that pollutes the water. The people that are working with 

mining makes a good profit. It is not an economic problem for them to buy fresh water in 

bottles or bags, but when the mining ends it will be a big problem. Today water is transported 

by trucks to these gold mining villages. They use the contaminated water to wash, but they 

are aware of the contaminated water problem. Today there are not a solution to this problem. 

 

Around Kumasi, and in the most parts of Ghana, gold mining occurs. The gold mining 

process contaminates the water with arsenic and other heavy metals. On WHO’s list over the 

top 10th chemicals of major public health concern, arsenic is one of them. Arsenic can cause 

vomiting and diarrhoea at first, but if exposed for a long-time cancer, diabetes and skin 

lesions can be caused. It is the inorganic arsenic that is unhealthy for humans (WHO 2016c).  

 

Treatment of drinking water is important because many viruses and bacteria live in the water. 

By reducing the number of bacteria and viruses in the drinking water, less people will get 

                                                
1 Dr Lawrence Darkwah head of chemical department at Kwame Nkrumah University of Science and 

Technology [KNUST], interviewed the 1st of March 2017. 
2 Dr Lawrence Darkwah head of chemical department at KNUST, interviewed the 23th of February 

2017. 
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sick because of water-related illnesses. An important aspect is not just to get a good quality, 

but also the right amount of clean water (Huisman 1974).  

 

Sandberg3 tells that there are many different methods to purify drinking water. Depending on 

the conditions at the location the best treatment is chosen. Depending if it is ground or 

surface water different methods are used. This project focused on surface water treatment and 

the methods to purify it are separation (bars, textile filter and sand filter), disinfection 

(SODIS, ozone and chlorine gas) or chemical precipitation (aluminium and polymer).  

 

In the developing countries, there are beneficial if the water treatment method is cheap. To 

use chemicals or systems that have frequent maintenance can be expensive. Sandberg4 means 

that two of the cheapest treatments are slow sand filter (SSF) and solar water disinfection 

(SODIS). SODIS use the sun’s ultraviolet light to clean the water. It is done with a clean 

transparent PET bottle with dirty water inside that is placed in the sun for at least 6 hours. 

After 6 hours, the water will be cleaned and drinkable. SODIS is an easy method to clean a 

small amount water (SODIS 2017). Sand filters can clean a larger amount of water, but it 

takes more work before a filter is usable. The filter can be used for many years. It is also 

cheap to build a sand filter out of concrete, it cost 63 GHS (CAWST 2009a).  

 

The water in a slow sand filter is cleaned by different mechanisms, among other filtration, 

digestion and adsorption (Huisman 1974). In sand filters a biolayer is developed by bacteria 

on the sand. With biological treatment, it is possible to reduce pathogen bacteria by 99 %, 

even if they are too small to be trapped by filtration. This biolayer efficiency depends on the 

conditions inside the filter, including the oxygen level, nutrition level and velocity of the 

water. If the conditions do not suit the biolayer it will detach and be flushed out of the filter. 

There are many different biolayer formers and some will be mentioned later (Habouzit et al. 

2014).  

 

1.5 The purpose 

The purpose of the project is to evaluate the slow sand filter (SSF) under local Ghanaian 

conditions including materials. The focus will be on the biolayer and how it develops over 

time. As well understand how a sand filter in the economic, social and sustainable aspects. To 

contribute with knowledge about slow sand filtration in Ghana, a minor field study will be 

made. 

 

 

 

 

 

                                                
3 Maria Sandberg university lecturer at Karlstad University [KAU], lecture the 10th of May 2016.  
4 Maria Sandberg university lecturer at KAU, lecture the 10th of May 2016. 
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1.6 The aim 

One of the aims are to describe which physical and chemical factors that affects the 

development of the of the biolayer in a slow sand filter and to discuss potential and 

limitations for SSF as a water treatment method. A design of a slow sand filter that is 

beneficial for developing a biolayer, during local conditions in Ghana, will be suggested. 

When a suitable design is proposed for Ghanaian conditions, the materials to build a filter and 

the cost for these will also be presented. 

 

1.7 Limitations 

The project will only test how the local conditions in Ghana affects the development of the 

biolayer. Results from this project can therefore not be assumed to be the same in the rest of 

Ghana or the world. 

 

The water that are studied in this project are only drinking water, water for other use are not 

included in the amount of water that is wanted to be cleaned.  

 

The filters will be used for research only and their purpose are not to produce drinkable 

water. In the future, the knowledge may help to build functioning slow sand filters in Ghana.   
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2 Theory about slow sand filters 

2.1 History  

John Gibb built the first slow sand filter in 1804 and it took 25 years until the first big scale 

SSF was built for a community. London was the first city that got a SSF for water treatment. 

In the end of the 1900 century cholera contaminated the river. There were two cities that took 

water from the same river, the difference was that one used SSF and the other one did not. 

The city that used SSF did not get infected with cholera, while it was an epidemic in the other 

city. It was one of the first times that it was shown how well a SSF cleaned water (CAWST 

2009b). 

 

2.2 Study visit at Överby water treatment plant in Sweden 

During the study visit at Överby water treatment plant Hilding5 was guiding and all the 

information in section 2.2 are based on her statements.  

 

Överby water treatment plant is in Sweden and it delivers drinking water to 50’000 people 

every day in Trollhättan. Its maximum capacity is 30’000 m3 clean water per day, but today 

13’200 m3 clean water are produced every day. The raw water are taken from Göta Älv and 

are treated with chemical precipitation, rapid sand filter (RSF) and SSF before distributed to 

the households. 

    

The RSF is a barrier that capture what not have been captured in the chemical precipitation. It 

takes one hour for the water to filtrate through the sand in the RSF. The sand layer is one 

meter high and the hydraulic pressure of the water is 1,1 meters. The RSF is being 

backwashed once a day.  

 

Hilding says that it is the same number of bacteria that goes into the filter that comes out. The 

difference are what kind of bacteria it is. In comes bad bacteria and out goes good bacteria. 

The switch is made by bacteria in the sand. It is an ongoing research to understand and 

explain how this works.  

 

The SSF comes as the third and last treatment in the cleaning process. The previous steps 

reduce the suspended solids in the water which are the main sources of clogging in SSF. 

 

The SSF in Trollhättan consists of a brick layer and a one meter high sand layer. The sand 

layer consists of both big and smaller grains. The time of stay for the water are 12 hours, half 

of the total treatment time. The hydraulic head of water above the sand surface are two 

meters. In the sand, the bacteria in the biolayer cleans the water. According to Hilding these 

bacteria are highly important to get the water clean. Also in the SSF the switch from bad to 

good bacteria happens. The schmutzdecke (the schmutzdecke is the layer on top of the sand 

                                                
5 Johanna Hildning process engineer at Överby water treatment plant, interviewed the 3rd of 

February 2017. 
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that consists of algae and other big organisms, see page 11 for more detailed information) 

helps with the cleaning, but it can also clog the filter.    

 

Clogging is one of the biggest problems with a SSF. To prevent clogging a robot goes on the 

sand surface and consume the schmutzdecke. This process is done two times every year, once 

in the spring and once in the autumn. This method is working well the sand have been 

cleaned external once since the construction year 1962.  

 

Two times every week the water is tested for coliform bacteria. If there are coliform bacteria 

in the water, it is a high risk of parasites and viruses in the water. The cleaned water is stored 

in water towers. If there would be a problem at the water treatment plant they still can deliver 

water to Trollhättan for about seven hours before the towers are emptied. The water should 

not be stored over 20 °C to minimize the risk of bacteria growth. The bacteria can only come 

from the tower’s material since the incoming water is pure. 

 

Other external influence that effects the SSF are bird droppings that contaminate the water 

above the sand because the SSF is located outdoors. There are different solutions to the 

problem and Överby water treatment plant have solved it with scarecrows and protective 

hunting. The protective hunting is allowed since the water treatment plant is a community-

friendly facility.  

 

Sweden has a cold winter climate and ice can be formed on the water above the sand. This is 

not a problem if the bottom is not freezing. The ice becomes a protective barrier for the 

bacteria in the sand and can make the temperature in the sand rise slightly.   

 

2.3 The difference between slow sand filter, bio sand filter and rapid sand filter 
The differences between slow sand filter (SSF) and bio sand filter (BSF) are unsettled. Some 

mean that a SSF and a BSF are the same thing, only different names (Engineers without 

borders Sweden 2015 ; Thureson 1992). CAWST (2009b) means that when a filter is started 

it is a SSF because there is no biological activity. When a biolayer begins to develop, then it 

is called a BSF due to the biological activity. There are also those who says that there are two 

different things. Elliott et al. (2008) claims that the SSF has a slower flow rate (0,08-0,4 m/h) 

than the BSF (1,1 m/h), since the grain sizes and sand heights are different. The grain size in 

a BSF are bigger and sand height for a BSF is 0,4 m respective >0,8 m for a SSF. Elliott et al. 

(2008) also claims that a BSF is reducing bacteria, viruses and turbidity better than a SSF 

since there are biological activity in a BSF and only filtration in a SSF. 

 

In this thesis, the sand filter will be called a SSF, and SSF and BSF are believed to be the 

same thing.  

 

Rapid sand filter is a faster version of SSF and BSF. The grain size is bigger (0,35 mm) and 

the flow rate are 5-15 m3/m2/h. It should be back flushed 1-2 times every day. The water is in 
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contact with the sand surface some minutes. A RSF is often used with flotation and 

sedimentation to remove larger particles (Huisman 1974).  

 

2.4 Reduction potential and drinking water standard 

Pathogens can be reduced >99 % (CAWST 2009b) and coliform bacteria can be reduced up 

to 93 %. In experiments done by Gjerstad Lindgren and Olivecrona (2016) the reduction of 

coliform bacteria were 25 % and enterococci were reduced with 100 %. Also, small particles 

are removed due to the filtration (CAWST 2009b). 

 

Lenntech (2017) describes the guidelines for WHO 1993 respective European union (EU) 

1998. In table 1 some of the guidelines are presented.  

 

Table 1. The different guidelines and a compartment between WHO’s and EU’s guidelines (Lenntech 

2017).  

Substance WHO guidelines  EU guidelines 

Turbidity <5 NTU - 

pH 6,5-8,5 - 

Conductivity 250 micro S/cm  250 micro S/cm 

Dissolved oxygen <75 % of the saturation 

concentration 

- 

Hardness 150-500 ml/l - 

Chloride  250 mg/l 250 mg/l 

Coliform bacteria - 0 in 100 ml 

Escherichia coli - 0 in 250 ml 

 

Iron and manganese in water can cause a dark brown colour on clothes if the water is used for 

washing. It does not look good (ethically) and it can cause other bad substances to follow. 

One of these are aggressive carbonic acid that is corrode, which can lead to leakages. Iron 

and manganese are often found in groundwater and it can be reduced with aeration, 

sedimentation or a SSF (Andersson 2009 ; Huisman 1974).  

 

2.5 Physical and biological processes inside the SSF  

The different processes that cleans the water in a SSF are filtration/trapping, adsorption and 

biologic digestion (Thureson 1992 ; CAWST 2009a, 2009b). Huisman (1974) explains the 

digestion as both chemical and biological oxidation. The materials and organisms in the 

incoming water are going to be digested to carbon dioxide and inorganic salts (sulphate, 

nitrate and phosphate). In the SSF a laminar flow is wanted (Huisman 1974). 

 

The bigger particles in the water will stuck between the sand grains, while the smaller 

particles will be attracted (electrical adsorption) or adsorbed by the sand (Österdahl 2015). 

Adsorption can both be electrical forces or chemical bond. This happens at every surface 

where the water and the sand have contact and on this contact surface a biolayer will develop. 
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If the sand size is 0,25 mm the contact surface of 1 m3 is 15’000 m2 (Huisman 1974). Due to 

adsorption and trapping 30-70 % of the pathogens are removed from the water. When the 

biolayer is fully developed up to 99 % of the pathogens can be trapped in the filter (CAWST 

2009b).  

 

To push the water out of the filter the mechanism hydraulic pressure, also called hydraulic 

head, are used. Hydraulic pressure is the pressure that the incoming water puts on the clean 

water. Before the water is poured in the pressure difference between the in- and outlet are 

equal. On both places, there are atmospheric pressure. When water is poured in the pressure 

at the inlet point increase. It is due to the gravitation, but also the density and height of water. 

To equalize the pressures water starts pour out of the outlet, see figure 2 (Cengel & Cimbala 

2014).  

 

It is important that the sand are moist so that the biolayer does not dehydrate. Because of this 

the outlet is located 5 cm above the sand surface. This will make the water stop flowing when 

it is 5 cm left above the sand surface, due to the pressure, see figure 2 (Cengel & Cimbala 

2014).  

 

     
Figure 2. The filter to the left shows how the atmospheric pressure is before water is poured in. In the 

right filter water are poured in and a hydraulic head are present. 
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According to Huisman (1974) the transportation mechanisms inside a SSF are the following.  

 

➢ Filtration, or trapping, is when particles stuck between the sand grains. When                           

particles meet each other a sort of coagulation can happen. Then the particles get 

bigger and the chance that they will stuck are bigger. 

➢ Sedimentation is when particles get stuck in the pores. This depends on the pressure 

from the water and the settling velocity of the particle.  

➢ Centrifugal forces occur due to the flow direction and that particles have a higher 

density than the water. They can be project out of the stream when it takes a turn and 

then stuck where it lands.  

➢ Diffusion is when the concentration of substances is not even in the liquid or material. 

The substances will spread so the concentration will be equal everywhere.  

➢ There are two different kinds of adsorption. 

o Mass attraction happens with van der Waals forces, which are a weak force 

that causes particles to bond. 

o Electrical forces occur when particles have different charging. Those with 

different charging are attracted, also called Coulomb forces. Examples are iron 

and aluminium which have positive charging, while bacteria have a negative 

charge. 

 

2.6 The biological sand zone 

The top layer, 1-2 cm above the sand surface, are called zoogloea or schmutzdecke (Huisman 

1974 ; CAWST 2009b). In this layer predation happens and due to this a lot of organisms die 

and provides bacteria with nutrients for growth. The schmutzdecke contribute to a higher 

resistance (Huisman 1974).  

 

After just a few days the biolayer starts to develop inside the sand and digest organisms in the 

water. It takes about 3-4 weeks for the biolayer to get fully developed. During the ripening 

time the oxygen demand and efficiency will increase which can be seen in figure 3 (CAWST 

2009a, 2009b ; Engineers without borders Sweden 2015). Since the organisms in the biolayer 

use oxygen to digest nutrition and bad bacteria the height of the water above the biolayer is 

important. It should not be too height, since oxygen have to be able to diffuse all the way 

through the water (Thureson 1992 ; CAWST 2009a, 2009b). If the water level above the sand 

is too low the biolayer can dehydrate and it will die. The lowest water level that should be in 

the SSF are 5 cm above the sand surface (Engineers without borders Sweden 2015 ; CAWST 

2009b). According to Österdahl (2015) the lowest water level should be at least 10 cm. 

CAWST (2009a) claims that the water level should be between 5 to 8 cm to prevent 

dehydration.  
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Figure 3 shows how the biolayer develops over time (CAWST 2009b). 

  

If the water level is high during a longer period the biolayer will lack oxygen which can make 

the biolayer thinner. If there is a lack of oxygen the water can get a bad smell because of the 

anaerobic conditions that will appear (Thureson 1992). If the process in the SSF gets 

anaerobic, ammonium and hydrogen sulphide can be produced and it will cause a bad taste 

(Andersson 2009). This can make the bacteria produce odour both for taste and smell. It 

depends on the temperature how much oxygen that the process need. A low biological 

activity needs less oxygen. To calculate the oxygen demand to avoid anaerobic conditions 

equation (1) can be used (Huisman 1974). 
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T
DO                      (1) 

 

T = temperature inside the filter [°C] 

DO = oxygen demand [mg/l] 

 

If there is a lack of oxygen in the water the denitrification bacteria can convert nitrogen to 

nitrite and then to nitrate. If nitrate is found in water it can, at low concentrations, lead to 

health risks. 30 mg nitrate/l for adults can be dangerous. Inside the body mechanisms can 

transform nitrate to nitrite. Already at 0,002 mg nitrite/l health risks can occur (Andersson 

2009). 

 

The biolayer is a dark area in the sand. This due to the particles that have stuck in the biolayer 

(CAWST 2009b). CAWST (2009a, 2009b) says that the biological zone is 5-10 cm down in 

the sand while Österdahl (2015) and Huisman (1974) claims that it can be biological activity 

down to 40 cm.  

 

The pathogens in the water that are not consumed by the biolayer will die of the lack of 

oxygen and nutrition far down in the filter (Österdahl 2015 ; Huisman 1974). Pathogens will 

die faster if it is warm because their metabolism will increase, due to the lack of nutrient they 

will die faster. Under 40-60 cm there are only inorganic salts, all other nutrition has been 
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used. At this depth, the biochemical processes that occurs will convert amino acids to 

ammonia, nitrites and nitrates (Huisman 1974). 

 

At different heights in the sand, different bacteria and organisms will be established due to 

the competition and biological and physical capacity. The further down the less biological 

activity due to the lack of nutritions. It is the flow that distribute the nutritions, a high flow 

distributes it deep in the filter. It is preferred to have the same flow so there always are the 

same amount of nutritions at the same depth (Huisman 1974).   

 

The biological activity is reduced with temperature. At 6 °C the biological activity is low, but 

at 2 °C there is none (Huisman 1974 ; Andersson 2009). At low temperatures protozoa and 

nematodes are less active. In cold climates, the filter should be covered because of the freeze 

risk (Huisman 1974). 

 

2.7 Biolayer development and biolayer formers 

The biolayer is a layer with bacteria that have attached on a surface, it can both be biotic or 

abiotic surfaces. There are different bacteria that can form biolayers. The different bacteria 

have diverse capacity on attaching and the rate of developing a biolayer.  

 

Both chemical and physical conditions effect the bacteria and depending on the conditions 

the bacteria will attach or not. The chemical conditions are pH, nutrient level oxygen level, 

toxic level, temperature and ionic strength. The physical conditions that effects the bacteria 

are the velocity and direction of the medium (Habouzit et al. 2014).  

 

The five stages of biolayer development are attachment, cell aggregate, biofilm formation, 

three-dimensional growth and detachment. In the first stage the bacteria will attach the 

surface and then for stage two start developing colonies by attaching with each other. In stage 

three the biolayer will mature and many layers of cells will develop so it in stage four will 

grow three-dimensional. It will also mature even more and generate a protective barrier 

against the medium. The last stage is detachment where the top layer of the biolayer will 

detach and colonize new surfaces (Unosson 2015).  

 

There are different ways of motility both in planktonic form and attached form. In planktonic 

form bacteria can move with the aid of flagellum. In attached form chemotaxis helps moving 

the bacteria. Chemotaxis is the movement caused by the cell movement due to chemical 

action. The biolayer will move if it is under stress (Habouzit et al. 2014).  

 

Mrs. Ofori6 means that there are several bacteria that can develop a biolayer. Escherichia coli 

(E. coli), Bacillus and Staphylococcal are some of them. All these three are Coliform bacteria 

and they are explained below.  

 

                                                
6 Mrs. Linda Aurelia Ofori lecture at KNUST, interviewed the 6th of April 2017.  
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2.7.1 Escherichia coli (E. coli)  

Mrs. Ofori7 also tells that E. coli is a dominant bacterium in anaerobic conditions, but can 

also survive in aerobic conditions. They have a lot of different attachments that makes them a 

good biolayer former (Beloin et al. 2008). E. coli have a flagellum to swim with and for 

attachment (Habouzit et al. 2014). Type 1 fimbriae (or pili) have a big impact on the 

attachment between bacteria, but also on surfaces. Curli fimbriae attaches mainly on proteins, 

but it can also attach abiotic surfaces. Depending on which isotopes that are present it 

develops best in different temperatures. The last kind of attachment E. coli have is 

conjugative pili, that can in mixed E. coli colonies form a thick biolayer. Special for E. coli 

attachment mechanisms are that they all can attach on both biotic and abiotic surfaces which 

make it competitive (Beloin et al. 2008).  

 

E. coli can reverse its attachment depending on the abiotic surface and the medium. The 

environmental conditions that effects the reverse attachment are pH, ionic force, temperature 

and the roughness of the abiotic surface. The conditioning film also plays a big part of the 

attachment. Conditioning film is the absorption and desorption of nutrients on the surface 

(Beloin et al. 2008). At 37 °C E. coli has its peak of growth (Krulwich et al. 1985).  

 

2.7.2 Bacillus subtilis (B. subtilis) 

B. subtilis forms a robust biolayer. Its development reaches the detachment after 5-8 days. It 

is disassembling because of the D-amino acids that are produced during the development 

stages. It becomes a chain of peptide that forms fibres on the surface of the biolayer. When 

these fibres detach they will colonize other surfaces. This process with forming fibres does 

not affect the development of the biolayer (Habouzit et al. 2014 ; Vlamakis et al. 2013). It 

reaches its growth point at 30 °C (Krulwich et al. 1985). 

 

B. subtilis can often be found at plant roots (Vlamakis et al. 2013). Mrs. Ofori8 says that 

under anaerobic conditions it will form spores for protection. When the conditions are 

aerobic, it will leave the spore form and start developing again.  

 

2.7.3 Staphylococcal 

This bacterium is often found in hospitals since it is one of the most associated with germ 

infections. They are often found on the skin of animals and humans, but also on slimy 

surfaces. They have an ability to attach on plastic surfaces and when it attaches it lump 

together (Otto 2008).  

 

The pH is an important chemical factor for the described bacteria. In table 2 the pH is 

presented for each bacterium where it has its minimum, optimum and maximum range.  

 

                                                
7 Mrs. Linda Aurelia Ofori lecture at KNUST, interviewed the 6th of April 2017. 
8 Mrs. Linda Aurelia Ofori lecture at KNUST, interviewed the 6th of April 2017. 
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Table 2. Shows where on the pH scale where the bacteria flourish and the minimum and maximum for 

survival (Krulwich et al. 1985 ; Todar 2005).   

Bacteria Minimum pH Optimum pH Maximum pH 

E. coli 4,4 6,0-7,0 9,0 

B. subtilis 4,0 7,0 9,5 

Staphylococcal 4,2 7,0-7,5 9,3 

 

2.8 Algae’s effect on the biological zone 

In the surface water, there are often algae. Depending on the water quality there can be 

different species of algae. During the dry season (spring/summer) the algae grows. When 

they grow, oxygen is produced and carbon dioxide are reduced. When carbon dioxide are 

reduced bicarbonates dissociate can convert into carbonates and carbon dioxide. The 

carbonates will clog the filter and therefore algae should be removed (Huisman 1974).  

 

Algae will consume carbon dioxide, nitrate, phosphate, nutrition and oxygen. At the algae 

layer, nitrogen can be produced. The algae layer can also reduce colour in the water 

(Huisman 1974).  

 

In warm climates algae could be an advantage. The algae eat the nutrition and particles that 

comes in with the water. When the algae die the nutrition, they have eaten will be easier for 

bacteria to digest. The oxygen demand will be increased with 10 times if algae grows in the 

filter. Due to the algae growth, the schmutzdecke will be build up faster. The filtration rate 

will slow down because of the schmutzdecke and it will make a good environment for 

protozoa (which eats pathogens). It depends on which algae that grows in the filter, because 

all species are not good for the protozoa or the biolayer (Huisman 1974). Poison can affect 

the biolayer since it can kill both the bacteria and pathogens (Österdahl 2015). When the 

algae bloom, the filter will clog and therefore should be cleaned. If it must be cleaned often it 

can lead to more unusable than usable, since it takes some days before the biolayer will be 

effective again (Huisman 1974). 

 

In the rainy season (autumn/winter) algae dies and then oxygen is used to digest them and 

turn them into carbon dioxide. Even when the temperature drops quickly the algae can die 

and the filter should be cleaned. If the digestion of algae proceed, volatile oils can be 

produced and contribute to bad smell (Huisman 1974). 

 

During the light hours’ oxygen will be produced, but when it gets dark carbon dioxide starts 

being produced. This means that during the night it can be anaerobic conditions and this 

harms the biolayer. To prevent the growth of the algae the filter can be covered (Huisman 

1974).  

 

Even if there are positive aspects of having algae in the filter, the negative aspects weights 

heavier. It is not good to have algae in the filter.  
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2.9 Important aspects of filter construction 

According to Gjerstad Lindgren & Olivecrona (2016), the most important parameters are the 

pause period, batch volume, hydraulic head (see page 9 for detailed explanation) and the 

grain size.  

 

Elliott et al. (2008) means that the bacterial reduction depends on the ripping time and the 

batch volume. During the ripping time, the bacteria will be reduced because the biological 

activity that will increase during time. The batch volume is important since the amount of 

water and nutrition poured in the filter will affect the growth of the biolayer. If a smaller 

batch volume than the pore volume is used the whole amount will be cleaned during the 

pause period. If it is bigger than the pore volume one part will be flushed out directly. If a 

small batch volume is used the reduction of E. coli will be high (Elliott et al. 2008). 

 

To construct a filter with little maintenance and clean water Huisman (1974) means that the 

raw water quality, climate (temperature), filtration rate (depends in the grain size) and design 

of the filter (order of sand layer) that are the most important parameters. The first two (raw 

water quality and climate) are aspects that should be considered, but they are not possible to 

change. The filtration rate effects the biological activity since the rate of the flow affects how 

deep the nutrition comes. The flow affects the turbidity slightly because the adsorption is 

affected by the flow rate. The filter works best if the flow is the same the whole time. Peaks 

in the nutrition can be spread out over time with the aid of a water reservoir (Huisman 1974).  

 

The pause period is the time when no new water should be poured into the filter. This is 

because the organisms in biolayer has to have time to eat all the bacteria and other unwanted 

things in the water. The pause period should be at least one hour and maximum 48 hours. If 

the pause period is too long the organisms in the biolayer will die due to lack of nutrition 

(Engineers without borders Sweden 2015 ; CAWST 2009a, 2009b).  

 

For best result in reduction of particles and bacteria the flow rate should be between 0,1-0,4 

m3/m2/h (cubic meter water, sand surface area and time). It should not be too slow, then 

people can be restless and choose dirty water in the lack of patients. According to CAWST 

(2017b) it takes between 60-90 minutes for one batch and that are the maximum amount of 

time it should take. On the other hand, the flow rate should not flow too fast. It will lower the 

efficiency since the biolayer will be effected negatively by the high flow rate. It will also be 

effected negatively since the nutrition and bacteria will flow by fast (CAWST 2009a, 2009b). 

In table 3 the flow rate from different sources are compared. 
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Table 3. The different flow rates that are recommended from different sources. 

Source Flow rate range [m3/m2/h] 

Andersson (2009) 0,1-0,4 

CAWST (2009a) 0,1-0,3 

CAWST (2009b) 0,4 

Gjerstad Lindgren and Olivecrona (2016) 0,2-0,4 

Huisman (1974) 0,1-0,4 

 

2.10 Recommendations when building a SSF  

2.10.1 Recommended sizes and amount of filtration material 

There are different opinions on how much sand, medium gravel and large gravel that should 

be used in a SSF. The gain sizes also matter since it is effecting the flow rate through the 

filter. In table 4 the different recommendations can be seen.  

 

Table 4. The different recommendations of sand-, medium gravel and large gravel layers. Also, the 

size of the sand and gravel that are recommended from different sources. 

 

Thureson (1992) also means that the different shape number (dividing difference between 

two layers) should be 2,5 or higher.   

 

It is important to have both sand and gravel, mainly because without gravel the sand would 

clog the inlet of the outlet pipe at the bottom. 

 

The grain size is important to know to calculate the pore volume. It is the space between the 

grains inside the filter. It is where the water that will be treated are stored during the pause 

period. It should be between 40-44 % for a good treatment of the water (Huisman 1974 ; 

Elliott et al. 2008). 

 

 

Source Sand 

layer [m] 

Size of sand 

[mm] 

Medium 

gravel [m] 

Large 

gravel [m] 

Size of gravel 

[mm] 

Andersson (2009) 1,00-1,50 - - 0,30 - 

CAWST (2009a) 0,55 0-0,7 0,05 0,05 1-12 

Elliott et al. (2008) 0,40 0,19-0,22 0,05 0,05 - 

Engineers without 

borders Sweden 

(2015) 

- - - - 1-12 

Huisman (1974) 0,60-1,20 0,15-0,35 - - - 

Thureson (1992) 1,00 0,35 0,45 0,15 - 

Österdahl (2015) 0,40-1,40 - - - - 
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2.10.2 Cleaning of the sand and gravel 

It is preferred to use newly crushed stone for sand and gravel. Then the number of bacteria 

and other contaminations are low. If the sand and gravel are prepared of other material, for 

example river sand, it should be disinfected and cleaned so pathogens, suspended solids and 

salt are being removed. Even if the newly crushed stone are more expensive it can be worth it 

compared to the time it takes to clean river sand (CAWST 2009b).  

 

To wash through the sand 50-100 litres of water should be used. If the water is not cleaned 

after the flush the gravel is probably too dirty. Then the cleaning of gravel should be done 

from the beginning and the filter emptied (Engineers without borders Sweden 2015).  

 

Another way to check if the sand and gravel are cleaned too well one litre of water should be 

poured in the filter (saturated with water before). The rate of the flow should be 0,4 l/min. If 

it is lower it is to dirty and a swirl and dump (explained on page 25) could be performed. If 

that does not work the cleaning of sand and gravel should be redone. If the flow is higher 

than 0,4 l/min the material is cleaned to well. The contaminated water can be poured in so 

that the flow rate will be lowered or new sand and gravel should be cleaned, but not as well 

as before (CAWST 2009b).  

 

2.10.3 Recommendations for the diffuser 

The reason why a diffuser should be used is to not disturb the biolayer. If the water is poured 

in heavily the bound between the organisms brakes. Also, the surface will be uneven and that 

can lead to that the water is treated unevenly (CAWST 2009b). The weakest spot in the filter 

are the edges where dirty water can slip through (Huisman 1974). 

 

The diffuser can be built of plastic bucket or a metal. If it is made of plastic it may float so a 

weight should be used to hold it in place (CAWST 2009b).  

 

2.10.4 Water recommendations 

Any source of water can be used in a SSF, for instance rain water, ground water or water 

from a lake. It is though preferred to use water from the same source all the time because then 

the biolayer ripens faster. This because the biolayer will adapt to the amount of nutrition and 

the contaminations in the water. If the source of water is changed it can take some days 

before the biolayer have adapted again (CAWST 2009a, 2009b ; Thureson 1992). 

 

The filter should optimally be used between 2-4 times each day (CAWST 2009b). The water 

should be drunk the same day as it is cleaned for the best quality (Engineers without borders 

Sweden 2015).  

 

A peak of food will make the organisms in the biolayer to eat more, but they cannot eat all at 

once, so the peak will affect the performance some days ahead (CAWST 2009a). If the water 

looks dirty it is a higher risk that it can be contaminated because that pathogens attach to the 
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particles in the water (CAWST 2009b). For example, small particles and turbidity can make 

the water look dirty. If there are many small particles in the water from the source, the SSF 

can be clogged deep down in the filter. If it gets clogged deep down it is difficult to clean. 

The consequence can be that all the sand and gravel in the filter should be changed. To avoid 

this, a pre-treatment can be installed, for example sedimentation, see section 2.8 for further 

details (Thureson 1992 ; Österdahl 2015).  

 

If the turbidity in the incoming water is too high the filter can get clogged as well. Different 

literature recommends different turbidity ranges. Maximum 50 NTU should the incoming 

water have, but lower are preferred (CAWST 2009a). Huisman (1974) claims that 30 NTU 

are recommended, but that the filter can manage 600 NTU during a short period of time. If 

the turbidity is too high a pre-treatment should be used. For a turbidity between 50-300 NTU 

a sedimentation can be used. If it is higher than 300 NTU chemicals are preferred to lower the 

turbidity (CAWST 2009b).  

 

2.10.5 Maintenance recommendations 

To prevent the cleaned water to get dirty the filter and components should be cleaned 

regularly, preferred monthly. The storage for the clean water is important. The storage tank 

should have a tap and lid so that no dirty containers, hands or animals can contaminate the 

water (Engineers without borders Sweden 2015 ; CAWST 2009b).  

 

The filter should be cleaned if the filtration rate is too low, if the outcoming water quality is 

pour or every six months. This can be done with a method called swirl and dump, also called 

wet horrowing, which is the most common. The water should be lowered to 5 cm above the 

sand surface. Then using a hand or a scoop to swirl the top of the sand for some time. Then 

use the scoop or hand to get as much of the dirty water out of the filter (Thureson 1992 ; 

Engineers without borders Sweden 2015 ; Österdahl 2015 ; CAWST 2009a, 2009b ; Gjerstad 

Lindgren & Olivecrona 2016).  

 

The opinions if the efficiency will be effected by swirl and dump are divided, but most agree 

on that the efficiency are lowered for a short period of time after the maintenance. During this 

time, the out coming water should be disinfected in some way (CAWST 2009a, 2009b ; 

Andersson 2009 ; Elliott et al. 2008). Österdahl (2015) means that the efficiency is not 

effected at all by a swirl and dump. If the swirl and dump does not help against the slow flow 

rate the sand and gravel should be replaced with new material (Engineers without borders 

Sweden 2015). 

 

The sand can be cleaned with other methods. One of them are scraping. Every time the filter 

needs to be cleaned, 1-2 cm of top sand can be scraped off carefully. The sand that are 

removed from the filter should be buried or used in farming because of the bacteria in the 

sand (Österdahl 2015 ; Andersson 2009 ; Gjerstad Lindgren & Olivecrona 2016 ; Huisman 

1974). It will take some days before the filter has the same efficiency again (Österdahl 2015 ; 
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Andersson 2009). It will not be refilled with sand when the scraping is done, but if it drops 

below the minimum sand high it should be refilled or all the sand and gravel should be 

replaced with new material. It will take, depending of the start height of the sand layer, about 

4-5 years before a refilling would be performed (Andersson 2009 ; Österdahl 2015). A way to 

refill the filter with sand is to take out the remaining sand (when it has dropped to a minimum 

level) and add new sand. Then add the sand that was taken out of the filter onto the new one. 

This is called throwing over and makes the ripening time of the biolayer shorter (Huisman 

1974). 

 

2.11 Sedimentation 

Depending on the different water quality and source, the water will need different treatments. 

It could be needed to treat the water both before and after the SSF if the water quality is not 

good enough. There are many methods and some have been mentioned before, but 

sedimentation is explained more detailed in this section.   

 

Sedimentation is an easy and cheap method to lower the content of suspended solids in the 

water Sandberg9 tells. The settling is due to the gravitation and the different density of the 

particle compared to water density. If the particle’s density is higher than the water’s density 

it will sink, this is called sedimentation. When designing a sedimentation, the design of the 

reservoir depends on if the water is flowing or not and what kind of particles that are wanted 

to settle. In table 5, different settling times has been calculated for different materials 

(Andersson 2009). 

 

Table 5. Shows calculated settling times for different materials of different sizes.  

Material Particle diameter [mm] Settling time per meter 

Gravel 10 1 second 

Sand 1 10 seconds 

Finer sand 0,1 2 minutes 

Mud 0,01 2 hours 

Bacteria 0,001 8 days 

Colloidal particle 0,0001 2 years 

Colloidal particle 0,000001 20 years 

 

 

 

 

 

 

 

                                                
9 Maria Sandberg university lecturer at KAU, lecture the 9th of May 2016. 
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3 Method  

The method is divided into three parts. The first part, preformed in Sweden, was to 

understand how the sand filter works and which aspects that effected the flow, for example 

sand height and hydraulic head. To do this, experiments where done and literature about the 

method were read. Conclusions on how to design the filter for Ghana were made. 

 

The second part was to build three sand filters in Ghana with materials from the local market. 

Experiments were done to understand how the local Ghanaian conditions, as the river, sand, 

materials etc., effected the sand filters and the cleaning processes inside the filter.  

 

The final part was to understand the results from the former experiments and calculate how a 

sand filter should be built to maximize the development of the biolayer for good water 

purification.  

 

3.1 Part 1 - Experiments in Sweden 

3.1.1 Experiments on the sand height  

Two filters were used for the experiments. To understand how the sand height effected the 

flow rate tests were done on the sand heights 20, 30, 40, 50, 60, 70, 80, 90 and 100 cm. It was 

always 15 cm of gravel in the bottom of the filter on every test. To see which size the sand 

and gravel had, table 6 can be used. 

 

Table 6. The spread of the sand and gravel sizes of the material that were used in the experiments.  

 Sand  Gravel  

Size of sieve [g] [%] [g] [%] 

>4 mm  4 4.02 33.8 34.42 

2-4 mm 10.8 10.87 31 31.57 

0.5-2 mm 39 39.24 20.6 20.98 

0.25-0.5 mm 29 29.18 5.4 5.5 

<0.25mm 16.6 16.7 7.4 7.54 

Total amount 99.4 100 98.2 100 

 

Both filters were transparent and every five cm were marked. The flow rate was calculated 

with equation (2) and every five cm were clocked. Clean water from the tap was used in all 

the experiments in Sweden so no incontrollable variations would affect the experiments.  
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V  = flow rate [m3/m2/h] 

V = volume for the out coming water [ml] 

A = area of the filter [m2] 

t = time that it took to get out the water [s] 

 

To understand how the hydraulic head effected the flow rate a hose was connected to the tap 

at the bottom of the filter. The hose had the outlet five cm above the sand surface to always 

have 5 cm water above the sand for protection from dehydration, see figure 5. The sand 

heights where a hose was used were 30, 50, 80 and 100.  

 

 
Figure 5 shows one of the pipes that was used for experiments in Sweden and how the hose was 

connected.  

 

3.1.2 Building a bigger slow sand filter in Sweden 

Materials where purchased to build a SSF. The construction part is explained below.  

 

1. The pipe was cut so it was levelled. 

2. It was marked where the outlet should be (5 cm above the sand surface). 

3. A hole was drilled for the outlet. 

4. Lim & Tät was placed in the hole and a cable screw (see figure 7) was fitted inside.  

5. Marks were made where the angel irons should be (see figure 6). Two angel irons were 

needed, straight opposite each other.  
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Figure 6 (left) shows how the angel iron was placed. Figure 7 (right) shows the cable screw that was 

used (Electrokit 2017).  

 

6. Two holes were drilled all the way through in the pipe and place silicon in the holes. 

7. The threaded screw was brought through the (from the outside and in) angel iron, two 

screw nuts, the drilled hole, a thin plate and finally into a screw nut before tightening it.   

8. A thick sting of silicon where placed on the lower edge of the pipe and then putted on the 

plate.  

9. To assemble the pipe and wooden plate better two screws was drilled through the angel 

iron and into the wooden plate (see figure 6). 

10. It was checked for leaks by pouring water inside and if there was a leak, more silicon 

was used to seal it.  

11. The hose was putted through the cable screw and placed like a circle in the bottom (see 

figure 8). 

12. Then the wanted amount of gravel (5 litres for 15 cm) and sand (29,5 litres for 80 cm) 

was poured in.  

 

 
Figure 8 shows how the hose was placed like a circle in the bottom. 
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3.2 Part 2 - Experiments in Ghana 

3.2.1 Building a SSF in Ghana 

The three sand filters in Ghana were designed by the results from part 1, the experiments in 

Sweden. Results from part 1 can be seen on page 39. It is explained how one filter was build, 

but the process can be used on all three filters. 

 

At the market, all the materials that were needed were bought. The cost for every component 

bought were noted so that it could be calculated what each filter cost. The sizes of pipes that 

were easily available on the market were pipes with an inner diameter of 5, 8, 10 and 16,2 

cm. The biggest pipe was selected for the filter body.  

 

3.2.2 Preparing the sand 

The sand was collected from the same river as the water sample-taking was done, see figure 

9. The sand was dried on plastic sheets for around 20 hours in the sun because it was easier to 

sieve dry sand. When the sand had dried, it was sieved with a net fabric with the hole size 1 

mm. The sieved sand was collected in a bucket. The sand that was bigger than 1 mm was 

placed in a plastic bag and used as the finer gravel. After sieving the sand, it was cleaned by 

using the following method. 

 

1. 3 litres of sand were poured in a 25-litre bucket. 

2. 1 litre of water was poured in to get the sand wet. 

3. After this, the same amount of water as sand (3 litres) was poured in the bucket. 

4. The sand was swirled for some time with the hand all the way to the bottom.   

5. The dirty water was pour out.  

 

This process (steps 3-5) was repeated until the water was clean enough, around 5 times. To 

know it was clean enough the jar test was done, explained below. Step 1-5 was repeated with 

each new sand batch.  
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Figure 9 shows where the samples were taken. It was always taken on the left side, since washing 

water came out on the right side of the river. This was also the location where river sand was 

collected. 

 

The gravel should be totally clean, but the sand can be a bit dirty. To know when it was 

cleaned enough the jar test can be made. The jar test processed as following. It is done by 

pouring sand in a plastic transparent bottle and then the same amount of water. Put the lid on 

and shake it. Directly after the shake put it on a levelled ground. If the surface of the sand can 

be seen after 3-4 seconds then the sand was cleaned enough, see figure 10 (Engineers without 

borders Sweden 2015 ; CAWST 2009b). 

 

 
Figure 10 shows different stages in the jar test. The bottle to the left was cleaned enough.  

 

After cleaning the sand it was putted on the plastic sheet again to dry in the sun. It took about 

13 hours to get the sand dry.  
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3.2.3 Preparing the gravel 

The gravel and finer gravel were cleaned by the following steps. 

 

1. The gravel or finer gravel were putted in a bucket with water, to save water. This 

since particles would drop to the bottom and the amount of water used to clean the 

material would reduce.  

2. 2 litres of gravel were putted into a bucket. 

3. The same amount of water (2 litres) were poured in the bucket. 

4. It was swirl with the hand all the way to the bottom and then the dirty water was 

poured out. 

 

Step 3-4 were continued until the water that was poured out of the bucket was clean, around 5 

times. Light particles were left since it would be removed when the gravel was sieved later.  

 

Step 2-4 were used until all the gravel was totally clean. Then it was put on a plastic sheet to 

dry. It took around 5 hours to dry the material.  

 

3.2.4 Building the diffuser 

Below it is described how one diffuser was made. One diffuser for each filter was be needed.  

 

A clean pipe with the inner diameter of 10 cm and the length 52 cm was used to build the 

diffuser. Four squares were marked in the top of the pipe, 4 cm horizontal and 5 cm vertical. 

It was sawed in the vertical direction where it was marked (as in figure 11). After it was 

heated it was bendable. It was bend in 90° two times (as in figure 12) to fit the pipe. These 

would hold the diffuser in place and prevent in to drop inside the filter. 

 

    
Figure 11 (left) shows how it should be marked and cut when doing the diffuser. Figure 12 (right) 

shows how the diffuser was bended.  
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When doing the holes in the lid a template in paper was made. It was a chess pattern with 

squares were 25x25 mm, see figure 13. In each cross, it was marked with a pen. On these 

markers, the holes were made in the diffuser lid. A nail with a diameter of 3 mm at and   

600 °C was pressed through the plastic lid, see figure 14. The plastic lid melted where the 

nail was pushed through and the melted plastic was rasped away. 

 

   
Figure 13 (left) shows the marks for the holes on the lids. Figure 14 (right) shows when the holes were 

made with a hot nail.  

 

The lid was glued on to the pipe and then the diffuser was done. 

 

The pore volume was calculated by pouring in a known volume of sand in a measure jug and 

then pour in water until the sand was covered with water. It was calculated with equation (4). 

 

material

water

V

V
%                     (4) 

 

% = the percent for a material [%] 

Vwater = volume of water [ml] 

Vmaterial = volume of material [ml] 

 

The pore volume for each filter was calculated with equation (5).  

 

 ))1,0(%)05,0(%)((%  gfgsands hAPV            (5) 

 

PV = pore volume of the filter [m3] 

%s = pore volume percentage for sand [%] 

%fg = pore volume percentage for finer gravel [%] 

%g = pore volume percentage for gravel [%] 
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From this equation, the volume poured in every day was decided. To have one condition that 

was the same for all three filter it was chosen to pour in the pore volume calculated for the 80 

filter. 7 litres were poured in each day. 

 

To know the size of the sand and gravel that were used an electric sieve was used. The 

amount of material poured into the sieve was balanced before starting the sieve. The sieve 

had the settings of 40 amplitude for 1 minute and the sieves in following order from top to 

bottom; 4 mm, 2 mm, 1 mm, 500 μm, 250 μm and 125μm. After the sieving was done the 

material stuck in the different sieve sizes was balanced. The result of the sieving can be seen 

in table 7. 

 

Table 7. Amount and percent of how the sizes are spread in the used materials.  

 Sand Finer gravel 

Size of sieve [g] [%] [g] [%] 

4mm 0 0 18,19 17,9 

2mm 0 0 38,79 38,2 

1mm 9,71 24,9 42,07 41,4 

500μm 12,88 33,0 2,16 2,1 

250μm 13,90 35,6 0,38 0,4 

125μm 2,51 6,4 0 0 

Amount of material 39,00  100 101,59  100 

 

The gravel was measured and the smallest and the largest gravel was 1 cm respective 2,5 cm. 

 

3.2.5 Preparing the filter 

The pipe with an inner diameter of 16,2 cm was sawed to the correct length. The pipe was 

sawed five cm longer then wanted to be able to readjust if the sawing was not straight. 

 

The length of the pipes was calculated with equation (3).  

 

ntreadjustmesec hhhhhL uritywateredwatercleangravelsand         (3) 

 

L = length of the pipe [m] 

hsand = height of sand layer [m] 

hgravel = height of gravel and finer gravel layer, 0,15 m 

hwatercleaned = height of the water that is wanted to clean, 0,34 m 

hwatersecurity = height of the water level to prevent a dry out, 0,05 m  

hreadjustment = height if readjustment of non-straight cutting is made, 0,05 m  

 

The pipe was then cleaned with soap both on the in- and outside. Then it was fitted with the 

lid. This was done over a fire. When the pipe started to soften, the lid was glued and the 

pushed into the pipe. When the pipe had cooled down one part of the lid was screwed of. 
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Teflon tape was used to seal the lid before screwing it on again. Approximately 8 m of Teflon 

tape was used for one pipe.  

 

The next step was to drill a hole where the outlet would be. The height where the hole should 

be drilled was 5 cm over the sand surface. To make the silicon stick better a rasp was used on 

the outside of the pipe around the hole. When the hole was drilled a layer of silicon was 

putted around the cable screw and the screw nut. It was screwed until it was as tight as 

possible. A layer of silicon was putted and spread on both the in- and outside of the cable 

screw to prevent leaks.  

 

The hose that was used as the outlet pipe was cut. For the 80, 50 respectively 30 filters the 

length of the hose was 1,58, 1,27 respectively 1,05 m. It was later adjusted to get the right 

water level in each filter.    

 

To make the filter stand steady a hole that was 25 cm deep was dug (it could be deeper if 

possible). When the filters were in the hole, soil was refilled and made compact by tramp on 

it. Big stones were putted around the filter to make it even more steady. 

 

3.2.6 Preparing the filter for use 

The filter was filled to half with water before filing it with gravel, finer gravel and sand. This 

to prevent air bubbles that would affect the flow rate, since it is easier for the water to flow 

through air than sand.   

 

To know if the right amount of materials needed were inside the filters, a measuring tape was 

used. The total height of the filter was measured from the bottom to the top. For example, the 

80 filter had the total height of 1,55 m. After adding 2 litres of gravel the height from the 

gravel layer to the top was 1,45 m. 1 litre of finer gravel was added and the height reduced to 

1,40 m. The sand was then poured and the height was 60 cm from the sand layer to the top. In 

table 8 it is showed amounts of materials and heights of all materials.   

 

Table 8. The height and amount of the gravel, finer gravel and sand needed for each filter. 

Filter Height of 

the gravel 

[cm] 

Amount 

of gravel 

[l] 

Height of the 

finer gravel 

[cm] 

Amount of 

finer gravel 

[l] 

Height of 

the sand 

[cm] 

Amount 

of sand 

[l] 

80 filter 10 2 5 1 80 18,3 

50 filter 10 2 5 1 50 11 

30 filter 10 2 5 1 30 7,9 

 

Each filter was flushed with 45 litres of tap water to get rid of the finer particles.  

 

The water level was measured and if it was below 5 cm some sand was taken out. If the water 

level was too high, sand was poured in. Approximately 200 ml of sand were 1 cm in the sand 

in the filter. If new sand was added the filter was flushed with 15 litres of tap water.  
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To get the water to flow in a downward direction, a clean 90° bend was purchased. The hose 

was put through the bend and then the bend was taped onto the cable screw to stay in place. 

 

When water was collected, bottles were used to fill a bigger bucket. The inlet of the bottles 

was held 80 % under water. This because no bubbles were wanted that could increase the 

oxygen level in the collected water just to get a realistic value. It was the surface water that 

was collected.  

 

The first time that dirty water was poured in the filter, it were 15 litres. This was done just to 

know that the tap water was flushed out and only river water was inside the filter.  

 

3.2.7 The experiments 

To know in what order to take samples a schedule was made.  

 

Sample-taking schedule  

1. The water levels were measured and the height from the sand layer to the top of the 

filter, this to know that it was still the right amount of sand inside.  

2. Sand samples were taken with a pipette and put in a small container for further tests. 

3. Measurement with the multiparameter in the river water was made. 

4. Approximately 7 litres of water were collected for each filter. 

5. The 7 litres of water were poured between two buckets 10 times to increase the 

dissolved oxygen level.  

6. The river water was poured in the filter directly the 12th March to 3rd April. 4th to 5th 

April three litres were poured in and when one litre poured out, one litre was added 

until all seven litres had poured through the filter. Measurements on the flow rate 

were made every day. 

7. Tests on the cleaned water and the river water were made. 

8. The filters were covered with a plastic bag to prevent contaminations and rain to fall 

in. 

 

The following tests were used to measure physical and chemical conditions in the water. 

These and the sand samples are explained more detailed later.  

 

● 5 in 1 Water Quality Test Strips 

● Turbidity 

● Paddle Tester, Total Aerobic Bacteria/Total Coliforms 

● Suspended solids 

● Dissolved oxygen 

● Multiparameter  
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5 in 1 Water Quality Test Strips 

A 600 ml measure cup was filled with water and one of the stripes where taken and dipped 

into the water. After one second in the water it was taken out. After 30 seconds while holding 

the stripe levelled it was compared with pH, total alkalinity and total hardness on the jar. 

Then the two bottom pads were swirled in the water for 30 seconds before comparing them 

with free chlorine and total chlorine on the jar (HACH 2017a). 

 

Alkalinity is an indication of how well the water source can manage acid- or basic solution 

effecting the pH. If the alkalinity was high, it indicated that many dissolved substances in the 

water. If the alkalinity is above 180 mg/l the water source’s buffer is good and can maintain 

the pH if an acid or basic solution is poured in (Kleander 2017). 

 

The hardness of the water indicated how much minerals there are. 

 

Turbidity  

The water in a measure cup was swirled before doing the tests for best results. The water 

level was above the line on the holder when doing the tests. The arrows were pointed towards 

each other (one on the machine and one on the holder). When the sample was in the machine 

it was read and the result appeared on the display. Between different water sample the holder 

was cleaned with distilled water. At least three tests were done of each water sample to be 

sure that the result was correct. A mean value was calculated for each water sample. 

 

Paddle Tester, Total Aerobic Bacteria/Total Coliforms 

Water was poured in a 600 ml measuring jug. Quickly the holder for the paddle test was 

opened. It was swirled in the shape of an eight for 8-10 seconds and then putted back in the 

holder and the lid was screwed on. The sample was putted in an oven at 37 °C for 24 hours. 

After the 24 hours, it was compared with the examples in the safety sheet. When the test was 

done, chlorine was poured in the sample to kill all bacteria. All the bacteria were in contact 

with chlorine so they were killed (HACH 2017b). 

 

Suspended solids 

A micro filter was used when filtering the water. Before the filtration, the filters were 

marked. Then the micro filters were dried in an oven at 105 °C for 2 hours and cooled down. 

They were then balanced (with a four decimals balance).  

 

All the pieces were put together for the vacuum suck. It was needed a jug, a hose that can be 

connected both to the jug and a water tap, rubber stopper to make it tight between the jug and 

the horn and a horn preferred with a filter in the bottom so the micro filter does not get 

sucked into the hole of the horn, see figure 15. 
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Figure 15 shows how the vacuum suck looked putted together.  

 

The micro filter was putted in the horn with the harder side facing upwards. Then a few drops 

of distilled water were poured on so the filter got wet. This to prevent dirty water slipping 

underneath the micro filter. The tap water was put on and a part of the dirty water was poured 

on. The water sample was always going through the micro filter and never between the micro 

filter and the horn. The amount of water that was be filtered was noted. 

 

When all the water was filtered through the micro filter it was placed in an oven at 105 °C for 

4 hours. Then the filter was balanced and noted again. To calculate the number of suspended 

solids in the sample equation (6) was used. 

 

V

massmass
SS 21                  (6) 

 

SS = the number of suspended solids [mg/l] 

mass1 = the mass of the micro filter after it was dried the first time [mg] 

mass2 = the mass of the micro filter after it was dried the second time [mg] 

V = volume of the water being filtered [l] 

 

Dissolved oxygen 

To measure the amount of dissolved oxygen in the water, a sample of at least 100 ml were 

used. The stick of the dissolve oxygen machine was cleaned with distilled water between use. 

Then it was dipped in the measure jug with water and waited until the dissolved oxygen had 

established.  
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Multiparameter 

The multiparameter measured many different parameters and it was used in situ on the river 

water, but also on every other water sample. The safety holder was putted on before every use 

to protect the measure sticks. It was dipped in the water and hold there for 5-10 minutes until 

the values had established. The values were logged and noted.  

 

The multiparameter measured oxidential potential (mVpH), pH, oxidential reduction 

potential (mVORP), dissolved oxygen (%), dissolve oxygen (ppm), conductivity (μs/cm), 

absolute conductivity (μs/cm), resistivity (Mohmcm), total dissolved solids (TDS) (ppm), 

partical salinity unit, salinity, temperature (°C) and pressure (PSI). 

 

Oxidential potential and oxidential reduction potential (ORP) shows both how well the 

potential to use oxygen to oxidate. The ORP can be negative and that means that it was 

anaerobic conditions in the water tells Sandberg10. 

 

The dissolve oxygen (DO) shows the level of dissolved oxygen in the water. Even if there 

was oxygen in the water it can be anaerobic conditions since the oxygen was not enough.  

 

If there was a lot of solved substances in the water the conductivity rises since these 

substances can conduct a current. Some example of substances that can increase the 

conductivity are calcium, nitrogen, magnesium, sodium, potassium, chloride, sulphate, 

phosphorus and hydrogen carbonate (Trolle 2017). The difference between conductivity and 

absolute conductivity is that absolute conductivity includes the temperature, while the 

conductivity does not (Levlin et al. 2008). 

 

Resistivity is the opposite to conductivity. The resistivity measures how difficult it is for the 

electric current to conduct through a material (Farvardini 2010).  

 

Salinity is the amount of salt substances in the water.  

 

Sand samples 

A sand sample was collected from every filter before water was poured in every other day to 

minimize the damage on the biolayer. A vacuum pressure was made so sand could be sucked 

up. Approximately 1 ml of sand was collected with a pipette, see figure 16. A cup was 

balanced that could be in 500 °C and the sample was putted inside after it was marked. The 

sand and water including the cup was balanced before and then after being dried in an oven at 

105 °C for one hour. It was cooled down before balancing for safety reasons. After it was 

balanced it was putted in a furnace at 500 °C for 2 hours to make the organic matter ash. The 

cup with the sample was cooled down and then balanced. The cup was carefully handed so 

that the cup did not break when it was cooled down or heated up. The balance used had an 

error on 0,0010 g, so the third and fourth decimals were not trusted.  

                                                
10 Maria Sandberg lecture at KAU, interviewed 6th of March. 
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If the drying and burning process could not be done at once, the sample was kept in a freezer 

until it was possible. The sand sample was warmed up in the sun for about 30 minutes before 

the process could start.  

 

To calculate the amount of organic matter in the sand sample equation (7) was used.  

 

12
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                      (7) 

 

Om = organic matter [%] 

S1 = weight of the cup only [g] 

S2 = weight of the sand and cup after drying [g] 

S3 = weight of the sand and cup after burning [g] 

 

 
Figure 16 shows how the sand was taken with a pipette. 

 

3.2.8 Bacteria tests at biotechnological laboratory 

Bacteria testes where done in the biotechnological laboratory. Samples of the first 600 ml, 

last 600 ml and the mixture in between from the three filters were collected one day, the 4th of 

April. Also, a sample of the river water was also collected. 

 

The laboratory technician took some of the water and placed it on an agar plates for growth. 

After the bacteria had grown subcultures were picked out and grown again on new agar 

plates. After this the gram staining was made to see what bacteria were found in the water 

samples, see figure 17 for the gram staining process (Atlas 1995). 
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Figure 17 show how the gram staining process was done according to Atlas (1995). 

 

When looking in the microscope the different types of bacteria were seen. In figure 18 the 

different types of bacteria are shown.  
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Figure 18 shows the different types of bacteria on a board at KNUST.  

 

3.2.8 During operation  

During operation of the filter the height of the water level was measured every day and 

depending on the height, different actions were made. If it was under 4 cm, sand was 

removed. If it was between 4-6 cm nothing was done. If it was over 6 cm, sand was added 

into the filter to increase the sand height and lower the water level. If it was too high/low two 

days in a row, actions were taken. This to know that outer conditions had not effected the 

water level, for example rain.  

 

If leakage was seen this was fixed as soon as possible to prevent water loss.   

 

The outlet pipe was cleaned with boiled water. It was dipped into the warm water and then it 

was cleaned with a plastic glove. The plastic bend was taken off to make the cleaning easier. 

In figure 19 a dirty hose is seen, if it looked like this it was cleaned.  
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Figure 19 shows how an outlet pipe that needs cleaning.  

 

The diffuser was cleaned with boiled water and soap. It was flushed trough until all soap was 

gone.   

 

3.2.9 Demolishing the filter  

The filters were demolished the last day. The sand was poured out and everything were 

recycled as KNUST recommended. It was demolished partly to see how the inside of the 

filter looked like. This was also done to understand if the biolayer only existed on the top of 

the sand or all way through the filter.   

 

3.2.10 Pressure loss 

The pressure loss was calculated with equation (8). This to know at which pressure loss the 

wanted flow and water level was made. The flow rate was taken from each filter.  
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Pf = pressure loss [Pa] 

ρw = density of water [kg/m3] 

g = gravitation [m/s2] 

h = height of the water above the outlet [m] 
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3.2.11 Reynolds number 

The Reynolds number was calculated with equation (10) to show if it was laminar or 

turbulent flow inside the filter. The equation was for a bed of sand and the characteristic 

diameter had to be calculated with equitation (9). If the velocity of the water was equal to the 

diameter of the sand grain raised to two (v = d2), the flow was laminar. If the diameter of the 

sand grain raised to two, was higher than the velocity it was turbulent (v < d2) (Lindquist 

1940).   
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D = characteristic diameter [m] 

ρs = density of sand, 1506 kg/m3 

d = the diameter of the sand grain [m] 
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Re = Reynolds number 

υ = kinematic viscosity for water, 0,805*10-6 m2/s 

 

3.3 Part 3 - Review of results and optimise a filter 

By reviewing the results from the two previous parts in Sweden and Ghana factors that 

effected the biolayers development were detected. This was done to understand more of what 

was effecting the biolayers development. Also, different aspects were reviewed on how to 

dimension the filters to be more beneficial for the development of the biolayer.   
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4 Results  

After each part in the method results were calculated and used or reviewed in the following 

part. The results will follow the same order as the method.  

 

4.1 Part 1 - The dimensioning after experiments in Sweden 

4.1.1 Flow rate 

In Sweden experiments were made to understand the flow and how the height of the sand 

effected the flow rate. It was seen that the when the outlet was in the bottom sand height from 

40 to 80 cm had a quite equal flow rate, see figure 20. This means that it does not make a big 

difference in the flow rate if the sand height is between 40 and 80 cm. 

 

 

 
Figure 20 shows how the flow rate changes with lower water level when the outlet was in the bottom 

of the filter.  

 

To understand how the flow rate with the outlet five cm above the sand surface effected the 

flow rate tests were done. From these experiments, all the flow rates were lowered comparing 

with the flow rate when the outlet was at the bottom. The flow rates when the outlet was 

placed five cm above the sand surface can be seen in table 9.  

 

Table 9. Flow rate for filters with sand height of 30, 50, 80 and 100 cm when the outlet pipe was 

placed 5 cm above the sand surface.  

 Sand height of 

30 cm 

Sand height of 

50 cm 

Sand height of 

80 cm 

Sand height of 

100 cm 

Water level [cm] Flow rate [m3/m2/h] 

15 0,26 0,11 0,09 0,10 

10  0,16 - 0,06 - 
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The bigger sand filter that was built in Sweden, 80 cm of sand height, had the highest flow 

rate of 0,7 m3/m2/h and the lowest 0,09 m3/m2/h. At a water level of 26 cm the wanted flow 

was reached.  

 

4.1.2 Pause period and pore volume 

The pause period was important because it decides how much time the biolayer and its 

organisms have to eat the contaminations in the water. It was decided to have the same pause 

period of 24 hours during the experiments. Also, the pore volume had a big influence on how 

clean the water got. The pore volume of the sand was 37 %. The pore volume of the finer 

gravel was 43 % and for the gravel 44 %. The pore volume in litres for 80, 50 respective 30 

cm filter was 7,3, 5,1 and 3,6. It was decided that 7 litres (pore volume of the 80 filter) would 

be held on all three filters. 7 litres would be drinking water for approximately a family of 

four.  

 

4.1.3 Design conclusions from the experiments in Sweden 

From the experiments in Sweden the dimension of the filters in Ghana were decided. The 

important aspects were the flow rate (indirect the height of sand), pause period and pore 

volume.  

 

The wanted flow rate was 0,4 m3/m2/h and from the experiments it were seen that a 

difference was between the different heights in flow rate the three different heights that were 

tested were, 80, 50 and 30 cm of sand and the equal height of gravel and finer gravel.  

 

The pause period was always the same, 24 hours. This so the bacteria in the biolayer would 

have the same time and chance to reduce the contaminations.  

 

The pore volume was different for the three filters. To see how the pore volume (=batch 

volume) effected the biolayer’s development the pour volume for the largest filter, 80 cm, 

was used in all three filters.  
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4.2 Part 2 - Experiments in Ghana 

The finished filters are shown in figure 21. 

 

 
Figure 21 shows the filters during use. It is the 80, 30 and 50 cm filter in that order from the left to 

right. 

 

4.2.1 Flow rate and total time 

The recommended maximum flow was 0,4 m3/m2/h. The flows in the filters were higher than 

the recommended flow most of the time. When the hydraulic head was 5 cm and below, the 

flow was always under 0,4 m3/m2/h for all three filters.  

 

The flow rate in the different filters are shown in the following three figures, figure 22-24. In 

all three figures, it was seen that the flow rate dropped over time. The different lines in all 

three figures represents the first, second, third etc. litres that came out of the filter and the 

time it took. Every dot in the figure shows on measurements occasion. For the fourth and fifth 

of April the water was poured in as described on page 30.  
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Figure 22 shows the different flow rates for the 80 filter. The 1st, 2nd, 3rd etc represents the litre that 

had come out when the time was clocked.  

 

 
Figure 23 shows the different flow rates for the 50 filter. The 1st, 2nd, 3rd etc represents the litre that 

had come out when the time was clocked.  
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Figure 24 shows the different flow rates for the 30 filter. The 1st, 2nd, 3rd etc represents the litre that 

had come out when the time was clocked.  

 

A part of the new dimensioning was to investigate the total time. The recommended time and 

experimental times were compared in the table 10. These times were taken from the last day 

of trail, 3rd of April, since it was believed that the biolayer was most developed at this time, 

both for the experimental flow and gradually inflow of water.  

 

The theoretical time was calculated with the help of figure 33 that shows the relation between 

water level and flow rate. For each filter, a specific level of water is required to get the right 

flow. For the 30 filter the flow was too high all the time, so no theoretical time could be 

calculated. 

 

Table 10. Comparing the recommended maximum time, the time it took for the experimental flows in 

Ghana, gradually inflow of water and theoretical time. 

Filter 80 50 30 

Recommended time [h] 1,5 1,5 1,5 

Experimental time Ghana [h] 1,5 2,1 0,6 

Gradually inflow time [h] 0,6 1,1 0,4 

Theoretical time [h] 0,7 1,3 - 

 

CAWST (2017b) wanted it to take maximum 90 minutes to clean the water. Compared with 

the experimental time in Ghana it was in the range. When the theoretical time was calculated 

by figure 36 only the 80 and 50 filters were under the recommended time.  

 

4.2.2 Materials needed and the total cost of the filters 

The materials presented in table 11 were needed to build a SSF depending on the height of 

the sand layer, also the prices are presented.  
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Table 11. A summary of the amount of materials and the cost of these. 

 

 

 

 

 

Material 

The amount of materials The cost for the materials 

[GHS] 

Height of the sand layer Height of the sand layer 

80 cm  50 cm  30 cm  80 cm  50 cm  30 cm  

Pipe length with 

diameter 16,2 cm  

1,55 m 

5,2 ft 

1,25 m 

4,2 ft  

1,05 m 

3,5 ft 

37,5* 31,25* 25* 

Lid to 16,2 cm pipe 1 pcs 1 pcs 1 pcs 30 30 30 

Cable screw M20, see 

figure 7 

1 pcs 1 pcs 1 pcs 1 1 1 

Plastic hose with 

diameter 2,5 cm 

1,58 m 

1,7 yd 

1,27 m 

1,4 yd 

1,05 m 

1,1 yd 

3** 3** 3** 

Pipe length with 

diameter 10 cm  

0,5 m 

1,6 ft 

0,5 m 

1,6 ft 

0,5 m 

1,6 ft 

20*** 20*** 20*** 

Lid to 10 cm pipe 1 pcs 1 pcs 1 pcs 9 9 9 

90° bend with diameter 

1,3 cm  

1 pcs 1 pcs 1 pcs 1 1 1 

Net length with hole 

diameter 1 mm 

0,8 m 

0,9 yd 

0,8 m 

0,9 yd 

0,8 m 

0,9 yd 

1,5**  1,5** 1,5** 

Bucket (15 l) and lid 1 pcs 1 pcs 1 pcs 8 8 8 

Glue, S100 1 pcs 1 pcs 1 pcs 5 5 5 

Silicon  1 pcs 1 pcs 1 pcs 10 10 10 

Teflon tape (10 m) 1 pcs 1 pcs 1 pcs 1  1 1 

Sand, <1 mm 18,3 l 11 l 7,9 l free (0) free (0) free (0) 

Finer gravel, <4 mm 1 l 1 l 1 l free (0) free (0) free (0) 

Gravel, 10-25 mm 2 l 2 l 2 l free (0) free (0) free (0) 

Sum of cost - - - 127,00 120,75 114,50 

* Since the pipe needed had to be bought in whole feet the length was rounded off upwards. For 

example, if 4,1 ft were needed then 5 ft were bought. The cost for the pipe was 6,25 GHS/ft.  

** Since the hose/net needed had to be bought in whole yard the length was rounded off upwards. 

The cost for the material was 1,5 GHS/yd. 

*** Since the pipe needed had to be bought in whole 10 feet the length was rounded off upwards. The 

cost for the pipe was 20 GHS/10 ft. 
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If a plumber would do all the construction work (materials are not included), the work of one 

filter would cost 50 GHS. 

 

4.2.3 The relation between the biomass and effecting factors 

When the relation between the biomass and other parameters were measured, the following 

parameters were detected to have some relation to the biomass. All relations are not presented 

by a figure, but all the data from the three filters can be found in the appendix I-III.  

 

The factors that were believed to have an affection on the biolayer are presented, even if no 

relation was detected. For two occasions, the 13th and 18th March, the biomass were over 2 %. 

The biomass for the 30 filter the 13th March was 3,36 % and the biomass for the 50 filter the 

18th March was 5,01 %, this applies to figure 25.  

 

The relation between the biomass and the absolute conductivity showed when the absolute 

conductivity increased, the biomass also increased. This relation was found in the 50 and 30 

filter. In the 80 filter no relation was detected. 

 

The relation between the biomass and the ORP showed when the absolute conductivity 

increased, the biomass also increased. The relation was seen in the 50 and 30 cm filter. These 

relations can be seen in figure 25. When the ORP was positive it indicated on aerobic 

conditions, but if was is negative anaerobic conditions occurred.  

 

 
Figure 25 shows the relation between biomass for the 30 and 50 filters and ORP in the mixed water 

out of the filters.  

 

In the tests for coliform bacteria a hint of relation was detected in the river water and the 

biomass from the 50 and 30 cm filter. It was detected when the coliform bacteria increased, 

the biomass did the same.  
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Total alkalinity showed some relations in the 50, 30 cm filter and river water. The relation 

was dragged with two days, but when total alkalinity increased the biomass increased.  

 

It was believed that the TDS, suspended solids, turbidity and temperature would have a 

relation with the biomass. This was not the case when the parameters were compared.  

 

4.2.4 Dissolved oxygen trend 

It was seen the last six days of the project, 31st of March to 5th of April, that the dissolved 

oxygen was lowest in the first water that came out of all three filters. In figures 26-28 this 

trend can be seen. It was also seen that the highest concentration of dissolved oxygen was in 

the last 600 ml from each filter.  

 

 
Figure 26 shows the concentration of dissolved oxygen for the first, mixed and last water from the 80 

filter the six last days.  

 

 
Figure 27 shows the concentration of dissolved oxygen for the first, mixed and last water from the 50 

filter the six last days.  
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Figure 28 shows the concentration of dissolved oxygen for the first, mixed and last water from the 30 

filter the six last days.  

 

4.2.5 Bacteria tests 

The bacteria that were detected in the gram staining at the biotechnological laboratory were 

the following; Staphylococcus (gram positive), Escherichia coli (gram negative) and Bacillus 

(gram positive). In table 12 it is shown in what water the bacteria were found. 

 

Table 12. Shows which bacteria that were found in the different water samples.  

Water sample Type of bacteria 

Which filter 

the sample was 

collected 

When the water 

was taken 

 

 

Staphylococcus 

 

 

Escherichia coli 

 

 

Bacillus  

 

80 

First 600 ml   X 

Mixture X X  

Last 600 ml   X 

 

50 

First 600 ml  X X 

Mixture  X X 

Last 600 ml  X  

 

30 

First 600 ml  X X 

Mixture X X  

Last 600 ml X X  

River water    X 

 

4.2.6 Demolishing the filters  

When the filters were demolished the components of the filter were checked to see 

differences. The colour of the sand had changed in some parts in all three filters, see figure 

29-31. It had changed from light brown to grey. This grey colour indicates on a biolayer. 
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Since the grey parts were seen all the way through the filter it shows that the biolayer was 

growing in the whole filter. 

 

 
Figure 29 (left) shows a part of the sand in the 30 filter. Figure 30 (right) shows a part of the sand in 

the 50 filter. 

 

 
Figure 31 shows a part of the sand in the 80 filter. 

 

The part of the hose that was inside the filter had a white and black colour (it was transparent 

from the beginning) for the 80 and 50 cm filters. The 30 cm filter only had the white colour. 

The white colour indicates the presence of calcium and the black colour shows that hydrogen 

sulphite had been present, see figure 32. The hydrogen sulphite can emit the smell of rotten 

egg. This smell had been present for most of the time while operating the filters.  

 



 

49 

 

 
Figure 32 shows how the bottom of hose in the three filters (30, 50 and 80, left to right) looks when 

the filters were demolished.  

 

4.2.5 Pressure loss, flow rate and water level 

Figure 33 shows the relation between the pressure loss, water level and flow rate inside the 

filters. It is a comparison between the experiments in Ghana from the 12th of March to 3rd of 

April (first and last day). The pressure loss and water level were closely connected. To get the 

flow rate 0,4 m3/m2/h the water level should be six cm for the 50 filter which gives a pressure 

loss of 400 Pa. For the 80 filter a water level of 10 cm would give the wanted flow and a 

pressure loss of 750 Pa. The 30 filter never got to the recommended flow of 0,4 m3/m2/h. 

 

In the figure 33 the flow rate has been lowered, as explained earlier due to the biolayer, 

between the dates. The pressure loss is almost equal even when the flow rate has dropped. 

This is because the domination part in equation (8) is the water level. Since the water level is 

the same the first and last day, the results are not that different.  
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Figure 33 shows the relations between pressure loss, water level and flow rate in the filters in Ghana. 

It is a comparison between the 12th of March and 3rd of April.  

 

4.2.6 Reynolds number 

The flow inside the filter was always turbulent as figure 34 shows. For the sand bed the line 

between turbulent and laminar flow was at a Reynolds number of 262. Since the pressure loss 

was greater at a low flow rate in the 80 filter, its Reynolds numbers are lowest. 

 

On the x-axle the first, second, third etc. are the litres that came out of the filters.   

 

 
Figure 34 shows how the Reynolds number changes with the flow rate. The 1st, 2nd, 3rd etc represents 

the litre that had come out when the time was clocked.  
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4.3 Part 3 - Suggested design for a sand filter with an active biolayer  

After reviewing the results from the experiments in Sweden and Ghana factors that effected 

the biolayer were detected.  

 

The conclusion how to reconstruct the process to benefit the development of the biolayer 

would be to install a pre-treatment before the SSF. A simple method to reduce turbidity is to 

use sedimentation. The sedimentation reservoir should be left to settle for at least two hours. 

That are the time needed for mud to settle in a bucket with the height of 30 cm. To use 

sedimentation would decrease the turbidity load on the filter after heavy rain fall.  

 

The diffuser would be reconstructed with smaller holes to reduce the flow rate through the 

SSF. How small holes should be, must be tested with flow rate tests through different 

diffusers. This to make the biolayer stay and not be flushed out because the high velocity 

which is a stress factor.  

 

The pause period would also be shorter to increase the amount of oxygen flowing through the 

filter each day. This would help the biolayer to stay aerobic. The amount of oxygen needed to 

keep the system aerobic can be calculated by equation (1). This is the minimum amount that 

should be present at all time. The biolayer will increase in amount after time, so the oxygen 

level would also need to increase to meet the demand. To know if the amount of oxygen in 

the incoming water is enough the dissolved oxygen should be measured on the outgoing 

water.  
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5 Discussion 

5.1 Differences between Sweden and Ghana 

The differences between the experiments in Sweden and Ghana are that clean water was used 

for the experiments in Sweden. In Sweden, the focus was on understanding how different 

factors effected the flow rate and not to develop a biolayer. The materials used on both places 

assumed not to affect the flow since they were similar. Both were washed with soap so they 

were cleaned for the start. 

 

5.2 Part 2 - The relations between biomass and other factors 

The relations between the biomass and factors are discussed below. First the factors that had 

a relation with the biomass and then factors that was thought to have a relation are discussed. 

During the experiments in Ghana the batch volume was adjusted after the 80 filter and this 

can be the cause that the 80 filter does not follow the trends as the other two do. This since 

the 80 filter did not get as much oxygen and nutrition as the other two filters.  

 

5.2.1 Total alkalinity 

Since the alkalinity and pH are connected the biomass in the filter is effected. pH is one of 

the stress factors for bacteria so if the alkalinity is low the pH can change freely which effect 

the biomass negative. Since the alkalinity effect showed two days after, the bacteria maybe 

could protect itself for about two days before it was effected.  

 

5.2.2 Oxidential reduction potential 

When the ORP was below zero there were a risk for anaerobic conditions. Inside the filter, 

aerobic bacteria are wanted. So, if the ORP was negative the bacteria did not flourish. This 

explains the relation between the biomass and ORP.  

 

5.2.3 Total conductivity 

The total conductivity can explain why the hose inside the filter changed colour. This since a 

high conductivity indicates a large amount of solved substances in the water. The substances 

can be for example calcium and sulphate, which contributed to the change of colour on the 

hose. A high conductivity indicates that there could have been a spill of substances upstream.  

 

5.2.4 Coliform bacteria 

The relation between the biomass and coliform bacteria depends on the bacteria that are both 

the food and the foundation of the biolayer. When the coliform bacteria increase, the biomass 

does the same.  

 

5.2.5 Factors that were believed to have a relation  

Some factors that were believed to have a relation with the biolayer were suspended solids, 

TDS, turbidity, temperature and DO. This since both the suspended solids, TDS and turbidity 

measures the number of solids in the water and if it was high it was believed that the nutrition 
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level would rise and the amount of biomass would increase. This was not the case, so the 

suspended solids, TDS and turbidity does not have the nutrition effect that they were believed 

to have.  

 

The temperature was thought to have a bigger impact since bacteria grows when it gets 

warmer, depending on which bacteria. This was not the case, so it is believed that most of the 

bacteria inside the filter did not enjoy the occurring temperature since the growth of the 

biomass was low.  

 

DO indicates how much oxygen that was dissolve in the water. The DO was often lower than 

needed, minimum 4,5 mg/l for local conditions, and that can be the reason why it did not 

have the effect on the biomass that was believed. It would be needed to have the minimum 

level of oxygen or higher to see how it affected the biolayer. In figure 26-28 it can be seen 

that the first water from the filters always are the lowest in dissolved oxygen. The last water 

from the filter the day before had always a higher concentration. This shows that a biolayer 

was developing inside the filters since oxygen was used during the pause period.   

 

5.2.6 Pressure loss’s impact 

In Ghana, the pressure loss was compared to understand its impact on the flow rate, see figure 

33. It was shown that the pressure loss was almost equal the two days that was compared, 

even though the flow rate was reduced. By studying equation (8) it can be understood that it 

is the water level that effects the pressure loss the most. The flow rate has a small impact on 

the pressure loss. The curves from the same day in the figure follow each other since both the 

flow rate and water level are represented in the pressure loss equation.  

 

5.2.7 Reynolds number 

Figure 34 shows that the flow inside the filter always was turbulent. This confirms that the 

flow rate in the filters were too high and the biolayer probably was flushed out.  

 

5.3 Part 3 - Redesign the filter 

The amount of oxygen in the incoming water was not enough to last for the pause period of 

24 hours. When the oxygen level dropped anaerobic conditions were detected. The switch 

between aerobic and anaerobic conditions harm the biolayer inside the filter. It is a stress 

related factor that can make the biolayer detach. To reduce the risk of anaerobic conditions 

there should be a way to increase the oxygen level in the filter. Either the oxygen in the 

incoming water should be increased by aeration or the pause period should be shorter. If the 

pause period would be shorter more oxygen would go through the filter each day.  

 

The new design of the filter would have a shorter pause period, maximum 12 hours. 12 hours 

were chosen to test if it gets better or if the pause period should be revaluated again. The 

attempt to aerated the water in Ghana before filtration, increased the oxygen level in the 
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water, but it was not enough. In the new design, the water should still be aerated to lower the 

risk of anaerobic conditions.  

 

The recommendation for turbidity were between 30-50 NTU before entering the filter. After 

heavy rain fall the turbidity increased to over 300 NTU one day and the following days it was 

higher than normal. It was seen that the reduction potential was lowered these days. This 

because the filter could not handle the number of particles in the incoming water. To get an 

equal particle level every day a pre-treatment should be installed. Depending on the materials 

available at the location a treatment should be developed. From the observation done during 

the experiments at KNUST a sedimentation should be the best. Sedimentation is suggested 

because it is a simple and cheap method.  

 

The maximum wanted flow rate in the filter was 0,4 m3/m2/h. If it would be higher the water 

would have a high velocity that would break the biolayer. To reduce the stress on the biolayer 

a constant flow or a flow rate in the range could help. If a constant flow is wanted the filter 

should be used all day around. This means that it should be automatized with the incoming 

water or the run of the filter would increase in the amount of time needed to support it. It is 

not an option during this project, because a big part was that it should be easy to support and 

not time consuming. This means that the flow of the incoming water that should be regulated 

when it is poured in. This can be done manually or with a different design on the diffuser. 

Smaller holes would slow the flow rate down. It is the hydraulic head that is the driving force 

of the flow rate. To lower the hydraulic head on the sand bed, the flow rate would be reduced. 

The easiest and less time-consuming method would be as explained above, to redesign the 

diffuser with smaller holes.  

 

The flow rate could also be lowered by increase the surface area of the filter and diffuser. By 

increasing the surface area, the materials needed (sand and gravel) would also increase. Since 

the 16,2 cm pipe was the biggest pipe available on the market there is not a possibility at 

KNUST to do this. A barrel could be bought, but then the material cost would increase. If the 

surface area could be increased the same amount of water would not create the same 

hydraulic head. This would lead to a lower pressure and a lower flow rate.  

 

The pH was always in the optimum range for all three bacteria that were detected in the gram 

staining.  

 

B. subtilis was the only bacteria found in the river water, so E. coli and Staphylococcus had 

to be in the filter before the sampling for the gram staining. How they got there is unsure, it is 

either from the river water, the sand or materials. B. subtilis and E. coli were found more 

frequently in the outgoing water. This could be because they did not like the environment 

inside the filter. If this would be the case it also explains why Staphylococcus was not 

detected as often, this because it flourished inside the filter. It could also mean the opposite, 
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that E. coli and Staphylococcus flourished inside the filter and had started to detach colonies. 

These are just speculations since there is not enough data to establish a well-found theory.  

 

5.4 The sand filters contribution to a sustainable future  

If sand filters would be built to work well it could contribute to a more sustainable future in 

many aspects. The economic aspect would be that people would not need to buy clean water 

in bottles or bags. This would save them money that they could invest in their business or 

education. This would help the country to develop more and help people out of poverty.  

 

The social aspects interact with the economic aspects. If people did not need to pay as much 

for clean water and still be healthy the money could be used if they get sick and had to go to 

the hospital. Then they would have the money to pay the bills and be healthier. The sand 

filter work as a subject to connect people with each other. They could help each other with 

maintenance, but also help others build a sand filter.  

 

The environmental aspects of building a sand filter would be the reduction of plastic that are 

produced every year for the bottles and bags that water is purchased in today. By reducing the 

plastic, the littering in nature would reduce and both people and animals would be less 

disturbed by it.  

 

By reducing the purchases of clean water from factories, their production would be reduced. 

This could lead to reduction of air and water pollutions, if they do not choose to produce 

other products.  

 

5.5 Limitations and potentials of a sand filter 

Potentials that a SSF have is that it is cheap compared to use chemicals such as aluminium. It 

can be built with materials that are easy to access in the local market in Ghana. For the 

construction, it is not necessary to use machines, even if it helps. The maintenance is easy to 

do and special tools are not needed to preform it. This make the filter available for many 

people to use. The people would then not be depending on the communal pipes from the 

water treatment plant. Under right operation conditions it would prevent people to drink and 

use contaminated water.  

 

The limitations of a SSF are in this case that it did not reduce the contaminations to the level 

that were needed for use as drinking water. Other limitations are that it should be under 

regular use so the oxygen level is not too low. If the oxygen level is too low the biolayer will 

die and the whole process must be started from the beginning to build up the biolayer again. 

If it is not possible to have the maintenance and use that is needed another water treatment is 

recommended.  

 

Other limitations are that it is not moveable because of the weight and that it is preferred if 

the same water source is used all the time. This could lead to problems if the source dries out 
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and other sources should be used. If they use another source it will take some days for it to 

work well again and then their patience might be low. It takes about one month to establish a 

filter and there may be a patience problem. 

 

5.6 Comparing the Ghanaian filters with others filters 

The biggest differences between the three built filters in Ghana and other filters in litterateur 

are that theirs have a bigger surface area and lower flow rate. The bigger surface area can be 

the cause of the low flow rate due to a smaller hydraulic head.  

 

Comparing the price between CAWST’s concrete filter and the once build in Ghana, the 

filters in Ghana are twice as expensive. This can be because more components are required 

for the Ghanaian filters or it was purchased on another location where the materials were less 

expensive. 

 

5.7 Evaluate used method  

The three step method that was used was a good method to understand the result from the 

different experiments and to evaluate them. Factors such as DO should be changed and not 

the design of the filters. They should be identical. The different heights did not show a 

difference in the biolayer development, but since the factors with the incoming water did, this 

should be evaluated. It would be preferred if the factors were changed and not the filters. This 

could be done by having for example three filter that were identical, one of them should be a 

control filter. For the other two filters, parameters such as DO and turbidity could be affected 

by aeration or sedimentation. Then the change between the control filter and the other filters 

could be checked and the relation between the biomass and the parameter could be studied.  

 

To get even more reliable results more tests should be done, especially gram staining tests. If 

the gram staining tests would be done from the beginning it could be explained how the 

bacteria got there (if it was from the water or if the sand or materials used were washed 

poorly).  

 

The sand samples did not give a fair indication of how much biomass there was inside the 

filter. This since there was a biolayer deeper inside the filter and not just on the surface. It 

should be needed to do further tests to understand the relation between the biomass and other 

factors. In this project, it gave an indication and since there was no other suitable tool to take 

sand samples without disturbing the biolayer too much the method used were chosen.  

 

 

 

 



 

57 

 

5.8 The next step in this project 

This project could take further steps in many directions. As explained earlier what should be 

done to help developing the biolayer faster is one direction. This would help to optimize the 

filter to its full potential.  

 

Another direction would be to evaluate how well the system reduces arsenic, because of the 

big problem with mining in Ghana. During the mining arsenic is released and contaminates 

the water in the rivers and lakes.   

 

It would be interesting to collaborate with other units at the university to get a deeper 

understanding of what is happening inside the filter during use. Biologists would be able to 

understand and explain certain mechanisms inside the filters. With a deeper understanding, 

the construction and use of SSF would be optimized.  
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6 Conclusions 

For a sand filter to work as planned a lot of attention should be given to the filter. It is a 

system that should be used all the time for the best purification. To build a filter takes a lot of 

time and it also takes time for the biolayer to develop so the purification can be as good as 

possible. If it is not going to be used much, another treatment method should be used.  

 

The flow rate has a big impact on the biolayer and its development. A slow, laminar flow rate 

is preferred to sustain the biolayer. The oxygen level inside the filter should always provide 

an aerobic condition, otherwise the water can smell and taste bad because of the anaerobic 

conditions.  

 

The design of a slow sand filter that is beneficial for developing a biolayer would be a filter 

with the sand height between 50-80 cm. Since these sand heights were closest to the wanted 

flow. A sedimentation for two hours should be done before the filter to get the larger particles 

to settle. A diffuser with smaller holes would contribute to a slower flow rate. If a pause 

period of 12 hours are used it could increase the oxygen level inside the filter each day. The 

cost of this filter would be around 130 GHS, depending on local prices.   
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