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Abstract  

In Karagwe district in northwest Tanzania, the non-governmental organisation Mavuno is 

working with water scarcity and drinking-water quality issues within the local community. 

Mavuno started a boarding school for girls in Chonyonyo village in the district in January 

2016. The school is self-sufficient of water and relies on rainwater as a raw water source. The 

main objective of this study was to investigate water purification with a biosand filter, built of 

local materials at the Chonyonyo school. The filter performance was analysed by studying the 

reduction of indicator organisms in the filtered water. The knowledge obtained should be 

transferred to employees at Mavuno, allowing them to independently operate the biosand 

filter and analyse the water quality. The study was done as a Minor field study with support 

from SIDA, in collaboration with Swedish Engineers without borders and Mavuno. 

The study includes a literature review and a field study where a biosand filter was built and 

tested. After construction, the biosand filter was operated for 6 weeks during which water 

samples were collected and analysed. Water samples were collected from the influent raw 

rainwater and effluent filtered water. The microbial properties of the water samples were 

investigated by analysis of the indicator organisms total coliform bacteria, e.coli and 

enterococci. The analysis was performed with the QuantiTray-2000® and most probable 

number (MPN) method from IDEXX Laboratories. Additionally, temperature and pH was 

measured on all water samples. The water quality of the samples was compared to Swedish, 

Tanzanian and WHO guideline values. 

The water quality analysis showed that the raw water in the rainwater tank at Chonyonyo 

school did not have safe drinking-water quality with regards to the levels of total coliform 

bacteria and enterococci. The pH in the rainwater tank was high (mean value 10.1) and did 

not meet the Tanzanian standards for drinking-water, while it was satisfactory according to 

Swedish standards.  

The quality of the filtered water improved over time, which is believed to be linked to the 

ripening of the biolayer. During week 5-6 the levels of indicator organisms declined to a 

satisfactory level for drinking water according to Swedish guideline values for household 

scale water supply, but did not meet Tanzanian standards. This indicates that the ripening time 

for the biolayer was approximately 5 weeks. Power cuts interrupted three incubations of 

samples during week 5-6. If the concerned samples were excluded, the mean values of 

indicator organisms in the samples remain satisfactory. The pH in the filtered water decreased 

to an acceptable level (pH 9.5) according to Swedish, but not Tanzanian, standards for 

drinking-water. 

This study concluded that the biosand filter can reduce levels of indicator organisms in the 

filtered water. Employees at Mavuno were able to operate the biosand filter and laboratory 

equipment independently at the end of the field study. The biosand filter can be part of a 

drinking-water treatment chain but should be coupled with additional disinfection, safe 

storage and regular microbial analysis to ensure a continued safe drinking-water quality.  
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1 INTRODUCTION 

Water is perhaps the most important chemical compound on earth as it is a source of life and 

development. Only approximately 2.6 % of the total volume of the earth’s water is fresh water 

(Szewzyk et al., 2000). A sustainable and efficient usage of our fresh water sources, as well as 

new technical approaches to water deficiency, is of great importance. An example of forward 

thinking is found in rural Karagwe District, Tanzania, where a growing number of households 

have rainwater harvesting systems. However, the water quality in the rainwater storage tanks 

is not in level with the WHO’s, Tanzanian or Swedish guideline values for drinking-water.  

1.1 BACKGROUND 

Following the United Nation’s Millennium Summit in the year of 2000, the UN member 

states agreed on the Million Development Goals (MDG). One of the eight goals was to ensure 

environmental sustainability and included the target “Halve, by 2015, the proportion of the 

population without sustainable access to safe drinking-water and basic sanitation” compared 

to the proportion in 1990 (UN, n.d.). WHO defines drinking-water as all water used for 

domestic purposes such as drinking, cooking and personal hygiene. Access to drinking-water 

means the source is less than 1 km away and sufficient for 20 litres per household member per 

day. The drinking-water is categorised as safe if the WHO guidelines or the particular 

national standards for drinking-water quality are met. Improved drinking-water sources are 

defined as household connection, public standpipe, borehole, protected dug well, protected 

spring or rainwater (WHO | Health through safe drinking water and basic sanitation, n.d.). 

The MDG target to halve the proportion of the global population without sustainable access to 

safe drinking-water was met in many parts of the world. The percentages of the global 

population who now use an improved drinking-water source is estimated to have changed 

from 76 % in 1990 to 91 % in 2015 (WHO/UNICEF, 2015). This number is encouraging, but 

still a large part of the developing regions of our world has not yet met the target of providing 

safe drinking-water sources to the inhabitants. The WHO/UNICEF Joint Monitoring Program 

(JMP) for Water Supply and Sanitation estimates that 663 million people in the world still 

lack access to improved drinking-water sources (WHO/UNICEF, 2015). These 663 million 

people are relying on unimproved drinking-water sources, e.g. surface water and unprotected 

wells and springs. The disparities between urban and rural dwellers’ access to improved 

drinking-water has decreased, but the gap is still large. The JMP estimates that 79 % of those 

using unimproved sources and 93 % of those using surface water live are rural dwellers. Two-

thirds of the 159 million people who use rivers, lakes and other surface water as their 

drinking-water source lives in sub-Saharan Africa and are mainly rural dwellers 

(WHO/UNICEF, 2015). These people are forced to take great health risks every day as they 

do so. Unsafe drinking-water and inadequate sanitation and hygiene can  cause diarrhoea, 

which killed 842 000 people globally in 2012 (Prüss-Ustün et al., 2014).  

The MDG target was not met in sub-Saharan and Northern Africa, the Caucasus, Central Asia 

and Oceania. The sub-Saharan country Tanzania is one of the nations where the target failed 

to be accomplished. There has been limited or no progress on the subject of access to 
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improved drinking-water since 1990 and only approximately half of the population have 

access today (WHO/UNICEF, 2015). Life expectancy is 61.5 years for the population of 

Tanzania and 69 % of the people are rural dwellers according to the World Bank (2013).  

The local non-governmental organization (NGO) Mavuno, a farmers’ cooperation in rural 

Karagwe District in northwest Tanzania, strive to increase the numbers of inhabitants with 

access to safe drinking-water. They have built about 500 rainwater tanks in family homes and 

on school grounds in collaboration with German and Swedish Engineers without borders over 

the last few years (Bahati, 2015). These rainwater tanks ensure that the community has water 

that lasts throughout the dry seasons. Collected rainwater counts as an improved water source 

according to the WHO/UNICEF (2015).   

Mavuno recently started a boarding school with a large number of rainwater tanks on the 

premises in Karagwe District. Engineers without borders have concluded from previous 

assessments that a treatment step is necessary before consuming the stored water. The stored 

water might get contaminated by pathogens –microorganisms causing illnesses in humans – 

from the surrounding environment (WHO, 2011). Groups of pathogens can be identified by 

the presence of certain microorganisms called indicator organisms. The Canadian 

organisation CAWST has developed a biosand filter model which is used globally and 

regarded as a suitable treatment on household scale.  

Swedish Engineers without borders developed a version of CAWST’s filter from materials 

available in Karagwe District. This study’s participants built the biosand filter in June 2015 at 

Mavuno Girls Model Secondary School, and studied its performance and suitability on site. 

The study was a Minor Field Study, partly founded by SIDA, and collaboration between 

Engineers without borders, Mavuno and the participants of this study. 

1.1.1 Context 

The United Republic of Tanzania classifies as one of the world’s least developed countries 

according to the WHO/UNICEF Joint Monitoring Programme (WHO/UNICEF, 2015). The 

World Bank (2012) reports that 43.5 % of the population lives on less than the international 

poverty line at US$1.25 per day, in purchasing power parity terms. 28.2 % of the population 

lives below the national poverty line (World Bank, 2012), which  is the poverty line deemed 

appropriate by Tanzanian authorities (Malik, 2013). Tanzania is located in the eastern Sub-

Saharan Africa, measures 945 090 km
2
 and is inhabited by 50.76 million people 

(Utrikespolitiska Institutet, 2014). According to the Tanzanian National Bureau of Statistics’ 

census from 2012, 2.5 million people live in the north western Kagera Region, one of 

Tanzania’s thirty administrative regions. The region had an average annual growth rate of 3.2 

percent, one of the highest in the country (NBS, 2013).  

The regions are divided into multiple smaller districts and this study took place in the 

Karagwe District. Karagwe is located in the northwest part of Tanzania, bordering Rwanda in 

the west. This rural area is mountainous, green and covered to a large extent of farmlands 

cultivated with banana, pineapple and coffee, among other crops. The population is mainly in 

the business of farming or small enterprises.  
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This study was performed in collaboration with the local NGO Mavuno based in Ihanda 

village, Karagwe, and information presented here about the organisation, school and 

surroundings were gathered during the field study in 2015. The organization was founded in 

1993 by local farmers and is owned by its now 218 member families. The organization has 

multiple projects concerning children in need, biogas from waste, agriculture and reliable 

water sources, and affects around 10 000 beneficiaries according to the project manager 

Charles Bahati (2015). Mavuno’s efforts are appreciated and needed in the community due to 

the decrease in farm fertility and unsustainable farming methods (EWB, n.d). Rain seasons 

have changed in recent years and become more unpredictable, which is troublesome for the 

farmers, none of whom use irrigation (Bahati, 2015).       

The Mavuno Girls’ Secondary School is located on the outskirts of Chonyonyo, a small 

village located 10 kilometres from Ihanda and the Mavuno office. The school will host 200-

300 persons, including the students and teachers, and the first enrolments occured in January 

2016. The students are 14-20 years old females and mainly originate from Karagwe and 

nearby Kyerwa District, both located in Kagera Region. A large focus of the school 

curriculum will be directed towards renewable energy technologies and sustainable usage of 

natural resources. An important part of this effort is the dozens of rainwater harvest tanks, 

able to hold 70-90 m
3 

water each, that are built beside the school buildings. Rainwater will be 

collected in these and ensure a sufficient water source yearly on the premises. A system of 

pipes that will transport water from the tanks to the kitchen and sanitary services is currently 

projected by German Engineers without borders.  A laboratory is being constructed on the 

premises where microbial analysis of the water quality will be performed regularly in the 

future and students will learn the practical part of science subjects (Bahati, 2015). When 

including students in the process of producing safe drinking-water, they will not only 

understand the importance and get into the habit themselves, but will often transfer this 

knowledge and practise to their families (WHO, 2009). 

1.1.2 Climate  

The Kagera Region is located at an elevation of approximately 1500 meters above sea level 

(Floodmap, 2014). The climate in Tanzania varies from the tropical islands and coastal area, 

to the hot and dry inlands. 

There are two rain seasons in a year in Kagera Region, around Lake Victoria and onwards to 

the Indian Ocean coast. One rain season occurs in March-May and the second rain season 

occurs in October-December (Zorita & Tilya, 2002). These are called the long rains and the 

short rains, respectively. In the south and central part of the country, the rain season is one-

modal and occurs in October-April.  

Annual mean temperature in the area around the Mavuno Girls’ Secondary School in 

Chonyonyo was 21.5°C during the period 1990-2009. The precipitation reached its maxima of 

185 mm in April and 150 mm in November according to monthly mean values. During dry 

seasons precipitation varied between 40-80 mm a month (The World Bank Group, 2015). 
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1.2 AIM 

The aim of this MFS was to perform a pilot study of water purification with a biosand filter 

built with local material at Mavuno Girl’s Model Secondary School. This was accomplished 

by measuring the reduction of indicator organisms; total coliforms, e.coli and enterococci. 

The resulting levels of indicator organisms were to be compared to Swedish, Tanzanian and 

WHO:s guideline values for safe drinking-water. The theory and practical application of the 

biosand filter and microbial analysing were to be taught to one or more employees at Mavuno 

by the participants of this study. The results from the field study would serve as a decision 

basis for Mavuno in the process of choosing a treatment system for drinking-water at the 

boarding school. 

1.3 PROJECT SETUP  

The participants of this study built the biosand filter on site and conducted a field study in the 

succeeding seven weeks, during June and July in 2015. Rainwater, collected prior to this 

study, was filtered in the biosand filter and the obtained water quality was determined. The 

water quality was investigated by analyses of physical parameters and the presence of the 

chosen indicator organisms in samples of raw water and filtered water. A literature review 

was performed to determine what water quality should be achieved according to Tanzanian, 

Swedish and international standards, and if alternative treatment methods should be 

considered. These methods were used to assess the potential and performance of the biosand 

filter and its disinfecting effect on collected rainwater. The aim of the study was reached by 

the results from the field study and the literature review.  

On Mavuno’s request, water quality analyses were performed on water samples from a 

number of families’ rainwater tanks and a pump station that sold water to members of the 

community. This provided an idea of the general need for household water treatment methods 

in the area. Furthermore, solar disinfection treatment was performed on a few samples of the 

filtered water and the resulting water quality was analysed. The goal was to investigate if the 

treated water could reach a safe drinking-water quality. 

1.4 LIMITATIONS OF THE STUDY 

This study could be conducted thanks to a scholarship from The Swedish International 

Development Cooperation Agency (SIDA) and project management as well as technical 

support from the Swedish Engineers without borders. There were a number of limitations to 

the study because of lack of laboratory equipment and a necessity to be time- and cost-

effective. Physical parameters were limited to pH and temperature. Viruses, parasites or 

turbidity and other water quality aspects were not investigated. Engineers without borders 

choose to limit the microbial water quality monitoring to include a number of indicator 

organisms. The chosen indicator organisms were total coliform bacteria, e.coli and 

enterococci. The fieldwork was done over a period of 7 weeks. 
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2 LITERATURE REVIEW  

A review of previously published studies and data was performed. The theory of rainwater 

harvesting and safe drinking-water was studied. Information was collected regarding what 

national and international regulations define as safe water quality, what parameters should be 

analysed and what they represent. The review summarised some available treatments used to 

achieve safe drinking-water in rural settings. Information regarding the region, Mavuno and 

the water sources in Karagwe District was partly collected during the field study.  

2.1 WATER SOURCES 

Previous research Mavuno have taken part of, has shown that the groundwater table is very 

far down in the ground in the mountainous Karagwe District (Bahati, 2015). For this reason, it 

is not economically justified for Mavuno or the local people to encourage or invest in drilling 

new wells. The people of Karagwe have to turn to other options. According to Bahati (2015) 

these are to harvest rainwater or retrieve water from surface sources, as these sources are 

accessible and have a simple infrastructure which is relatively cheap to establish.     

2.1.1 Rainwater harvesting in Karagwe District 

Rainwater is initially free from contaminants, except for those that might have been adsorbed 

from the surrounding atmosphere. Contamination of rainwater is an issue of concern mainly 

in industrialized, urban areas where e.g. sulphur compounds or heavy metals can stem from 

heavy traffic or industries. However, contaminant levels in rainwater are normally low in 

rural areas (Zhu et al., 2015). Normal pH of rainwater is about 5.0-5.8 (Marshak, 2008), 

which is in the satisfactory interval of pH-values for drinking-water. These characteristics 

make rainwater a water source with very low health risks. The hazards are avoided by keeping 

catchments clean, storage tanks covered, using a treatment method if necessary and proper 

hygiene at point of use (WHO, 2011).  

During a rainfall, rooftops act as catchments of the water in a rainwater harvesting system. 

The rainwater is carried through the gutters and pipes from the roof to a first flush cistern 

(figure 1). The first volume of rainwater is most often carrying impurities from the roof and 

pipes and thus collected in a first flush system. When a certain amount of water fills the first 

flush cistern, a connecting pipe is hitched on and leads the subsequent rainwater to the main 

rainwater storage tank. The storage tank should be fitted with an outlet pipe or tap to offer 

hygienic extraction of water for the user. To ensure safe drinking-water quality, a disinfecting 

treatment method can be used before consumption.  
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According to the WHO (2011), the material in rooftops, gutters and pipes should be suitable 

for contact with drinking-water. As rainwater is slightly acidic, users should keep in mind that 

it can dissolve metals and lead-based paints should not be used. Thatched roofs are not 

recommended as they might release particles or discolour the water. It is of great importance 

that roofs and gutters are cleaned regularly to ensure that debris, bird droppings, leafs and 

particles do not enter the rainwater storage tank. Branches from trees in close proximity of the 

house should be cut off. Closed pipes are preferred over open gutters between the roof and the 

tank and should be cleaned regularly. The storage tank should be covered and have an 

observation hatch that should be kept closed and the tank should be emptied, cleaned and 

dried out once a year. The tank should preferably have a tap or piped system leading to the 

point of use.  

Mavuno has built approximately 500 rainwater tanks for households. Families can apply for a 

tank and the Mavuno committee chooses a number of applicants who then take part in their 

water programme. The funding of materials and the construction of the tanks are done in 

collaboration between the family and Mavuno. The benefiting family pays for 15-20 % of the 

initial cost and Mavuno funds the remaining costs (Bahati, 2015).  

The rainwater tanks built by Mavuno have not been equipped with outlet pipe or taps. Instead, 

users are retrieving water from the tanks with buckets through the observation hatch (figure 

2). This increases the risk to contaminate the water and the users are recommended by 

Mavuno to boil water intended for drinking (Bahati, 2015). In order to minimize the risks, the 

bucket should be cleaned before each retrieval, or one bucket should be designated for the 

task and stored in a clean place in between retrievals. 

Figure 1. A close-up of the first flush 

cistern. When the cistern is full, the pipes 

will connect so that rainwater will go into 

the large storing tank. 
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Microbial hazards are an existing health threat with rainwater harvesting but relatively low in 

compared to the use of other water sources. Further treatment should be performed before 

consuming the water, especially by users who are immunocompromised, elderly or young 

children (WHO, 2011). 

Rainwater harvesting constitutes a good water source in areas where the occurrence of rain is 

regular and abundant. According to Bahati (2015), it is a suitable method in the Karagwe 

District as the bimodal rain seasons have been reliable in the past. Families with rainwater 

tanks on their premises reported that the rain water volume was sufficient enough to last 

during dry seasons, when asked during the field study.  

2.1.2 Natural surface and ground water sources 

There are a number of streams, rivers and ponds in the area where locals collect water in 

buckets and carry to their homes. Observations were made at numerous times of people who 

retrieved water this way. However, no quantitative inquiries were performed in this study on 

how common this is in the area. According to a survey performed in 2006 by a Bukoba based 

company commissioned by the Tanzanian Prime Minister’s Office – Regional Administration 

and Local Governance, 45 % of households in Karagwe District use a river, lake or pond as 

their main source of drinking-water. Of the remaining households 21 % use an unprotected 

well, 19 % use a borehole or hand pipe, 3 % use treated and pipe-borne water, 1 % use a 

protected well and 1 % use rainwater (EDI Group, 2006). 

Another source of water in the area is a pump station located on a hill near Mavuno office in 

Ihanda village. The pump station, fuelled by solar power, was built in 2008 by Mavuno with 

funds from the Rotary Club of Ulricehamn, Sweden. Locals can pay a monthly rate and 

collect a contracted volume of water daily, often 60-80 litres per family, from the pump 

station (Bahati, 2015). The water is pumped from a natural spring on a mountainside and a 

borehole, both located in a nearby valley. Water from the two sources is mixed and stored in a 

large water tank and no treatment is performed on the pumped water. Microbial analyses were 

performed on the water during the field study. 

Figure 2. A home owner and his first flush cistern on the 

left and the rainwater tank to the right. The system was 

built with Mavuno’s assistance in 2012. 
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2.2 INDICATOR ORGANISMS 

According to the WHO, the main threat to human health from drinking-water is infectious 

diseases caused by microbiological contamination (WHO, 2011). The contaminations can 

stem from human or animal faeces, industries or agriculture, among other sources.  

All microorganisms in a water sample cannot be analysed due to the significant number of 

still unidentified microorganisms and the large variation in microbial composition between 

water sources (Svenskt Vatten, 2008). A number of microorganisms can cause illnesses in 

humans, these are called pathogens. To map the presence of microorganisms, and pathogens 

in particular, a few suitable indicator organisms are chosen and analysed in water samples. 

Presence of indicator organisms is an important tool in judging water quality and providing 

safe drinking-water. The indicator organisms should preferably be indigenous  in the water 

source and live under similar conditions as the pathogens of interest, easily be grown and 

identified in a laboratory, live longer and survive more that the pathogens and not cause 

illness themselves (Svenskt Vatten, 2007). Suitable indicators for faecal pollution should be 

present in large numbers in human and animal faeces, respond to treatment processes 

similarly to pathogens and be detected by simple culture methods (Svenskt Vatten, 2008).  

The WHO recommends that verification and surveillance of microbial water quality is based 

on the analysis of faecal indicator organisms such as E.coli or other thermotolerant coliforms. 

These are potentially waterborne bacterial pathogens with known human dose-response 

models for quantitative microbial risk assessment (QMRA). A positive relationship between 

the presence of E.coli and total pathogen concentration has been indicated through 

comparison of concentration data in surface waters (WHO, 2011). No faecal indicators should 

be present in the end-product drinking-water (see section 2.3 for guideline values). 

Traditional indicators have recently come to be negotiated due to their failures in functioning 

as indicators for certain waterborne pathogens such as enteric viruses and protozoa. Studies of 

disease outbreaks have shown that even an absence of faecal indicators does not ensure safety 

from all waterborne pathogens. There are pathogens more persistent in the environment and 

more difficult to elute or inactivate in drinking-water treatment, than faecal indicators 

(Swedish National Food Agency, 2014). If the water source is known or suspected to be 

contaminated with these organisms, more resistant indicators should be included in the water 

quality evaluation. These can be bacteriophages and bacterial spores (WHO, 2011). E-coli 

and enterococci are more sensitive to disinfection by chlorine than Cryptosporidium cysts. 

Due to their stronger chlorine resistance, Clostridium perfringens could be used as an 

indicator for Cryptosporidium and Giardia spp (Szewzyk et al., 2000).  

2.2.1 Coliform bacteria and Escherichia coli 

Coliform bacteria and E.coli are members of the Enterobacteriaceae family, also referred to 

as enteric bacteria, and express the enzyme b-D-galactosidase. E.coli also express the b-D-

glucuronidase enzyme and is a thermotolerant coliform organism (WHO, 2011). E.coli is 

found in large numbers in the bowel and faeces of humans and animals (Svenskt Vatten, 

2007). It also occurs in sewage or water recently polluted with faeces and its presence in a 

water sample provides evidence of such pollution. E.coli is very unlikely to grow in drinking-
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water distribution systems due to unfavourable temperatures and nutrient supply (WHO, 

2011). E.coli is a suitable indicator of faecal contamination and for the pathogen Salmonella 

spp (Vinnerås, 2015).   

Coliform bacteria, can survive and grow in surface water, soil and faeces (Svenskt Vatten, 

2007). These organisms can grow in water distribution systems as in the presence of biofilms 

(WHO, 2011). For these reasons, they are not suitable as an indicator of faecal pollution, but 

of more persistent bacteria and of the integrity and cleanliness of the distribution system. 

Their presence in a ground water source indicates a contamination, possibly by pathogens, 

from surface water and the surroundings (Swedish National Food Agency, 2014). Hence, 

presence of total coliforms in a water sample indicates inadequate treatment management.   

2.2.2 Enterococci 

Intestinal enterococci are a group of organisms of the family Enterococcaceae. Enterococci 

occur in human, other warm-blooded animal and bird faeces, generally in slightly lower 

amounts than E.coli (Svenskt Vatten, 2008). Some subgroups can survive in soil due to their 

resistance toward drying and enterococci tend to persist longer in water than E.coli. 

Enterococci are found in significant amounts in sewage, water polluted by sewage or faeces. 

The presence of enterococci in a water sample indicates faecal pollution and their presence is 

an indicator of more persistent pathogens than those represented by E.coli (Swedish National 

Food Agency, 2014).  

2.3 GUIDELINES FOR DRINKING-WATER 

Guidelines for drinking-water are used to determine the quality of water and the risk 

associated with consuming it. Guideline values are set for a wide range of physical, chemical 

and biological properties. This study focused on the guideline values for coliform bacteria, 

e.coli, enterococci and pH. These parameters give an understanding of the water quality and 

were feasible to measure at Mavuno office during the field study. No equipment for analysis 

of chemical compounds was available and it was not possible to transport water samples to 

Sweden for a further analysis. 

Since this project involved participants in both Sweden and Tanzania, guideline values from 

Sweden, Tanzania and the World Health Organisation (WHO) have been compiled in this 

report. The results of the water analysis were compared to all of the three standards. The 

guideline values for safe drinking-water were similar in all three standards but guideline 

values for enterococci were only found in Swedish documentation and WHO solely provides 

guideline values for e.coli.  

2.3.1 Swedish guideline values 

In Sweden, the threshold values for constituents in drinking-water are compiled by the 

Swedish National Food Agency (SFA) in the publication SLVFS 2001:30. The limits are set 

so that the consumers should be able to drink 2 litres of drinking-water daily through their 

entire life without being exposed to any unacceptable risks (Swedish National Food Agency, 

2014). The drinking-water is classified as excellent, satisfactory and unsatisfactory.  
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The classification satisfactory is based on consumers’ health as well as esthetical and 

technical aspects. The water classified as satisfactory is drinkable but sensitive to 

environmental changes and might become unsatisfactory if the circumstances deteriorate 

(Swedish National Food Agency, 2014). The esthetical aspects concerns smell, taste and 

turbidity. This is important if a disinfection method should be trusted and accepted by users. 

The technical aspects are related to wear and tear in a water treatment system and include 

factors as corrosion, sludging and precipitation. The health aspects are based on the amount of 

pathogens and hazardous substances in the water.  

The classification unsatisfactory concerns health risks.  According to the Swedish National 

Food Agency, exceeded guideline values indicates that the properties of the water are harmful 

for humans and consuming it can give both acute and long term health effects. A pH value 

outside of the safe interval can cause damage to the eyes and mucous membranes (Swedish 

National Food Agency, 2014). Water classified as unsatisfactory should not be consumed as 

drinking-water without further treatment.  

The Swedish guideline values that this study focuses on are presented in table 1. These values 

are the minimum standard that the water should have when it reaches the consumer. 

Table 1. Swedish guideline values for the parameters that this study focuses on (Swedish National Food Agency, 2015) 

Indicator / 

parameter 

Excellent  

(CFU/100 ml) 

Satisfactory 

(CFU/100 ml) 

Unsatisfactory 

(CFU/100 ml) 

Coliform bacteria 0 0-9 ≥ 10 

Escherichia coli 0 - > 0 

Intestinal 

Enterococci 

0 - > 0 

pH 7.5 - 9.0 4.5 - 10.4 <4.5; ≥ 10.5 

 

2.3.1.1 Swedish recommendations for household scale water supply 

The Swedish Food Agency (SFA) provides recommendations for water sources and facilities 

that are producing drinking-water on household scale. The recommendations concerns 

household scale water supply and do not apply to publicly or commercially distributed water. 

The recommendations applies to sources in Sweden that produce less than 1000 m
3
 drinking-

water per day and are used by less than 50 persons (Swedish National Food Agency, 2013). 

Similar recommendations from institutions in Tanzania have not been found. 

The limits for coliforms and e.coli are higher than the Swedish guideline values (section 

2.3.1). Additionally, the recommendations for household scale water supply include no limit 

values for pH and enterococci. The recommended limits are however set so that there should 

be no inconvenience to human health (Swedish National Food Agency, 2013).   

  



 
11 

Table 2. Recommendations for household scale water supply  (Swedish National Food Agency, 2013)  

Indicator  Excellent 

(CFU/100 ml) 

Satisfactory 

(CFU/100 ml) 

Unsatisfactory 

(CFU/100 ml) 

Coliform bacteria 0 50 ≥ 500 

Escherichia coli 0 <10 ≥ 10 

 

2.3.2 Tanzanian standards for drinking-water  

The Tanzanian guideline values are found in the publication TZS 789:2008 (EWURA, 2009) 

and in the Environmental Management Act 2007 (cap 191). A standard for acceptable levels 

of enterococci is however not provided in these publications. The water is classified as 

excellent, satisfactory, suspicious and unsatisfactory.  

Table 3. Microbiological requirements from the Tanzanian Water Quality Standards TZS 789:2008 

Indicator / 

parameter 

Excellent 

(CFU/100 ml) 

Satisfactory 

(CFU/100 ml) 

Suspicious 

(CFU/100 ml) 

Unsatisfactory 

(CFU/100 ml) 

Coliform bacteria 0 1-3 4-10 >10 

Escherichia coli 0 - - > 0 

pH 6.5-9.2 - - <6.5; >9.2 

 

2.3.3 WHO guideline values 

Information from WHO about drinking-water monitoring and guideline values are found in 

the report Guidelines for Drinking-water Quality (2011). The threshold values are based on 

chemical, microbiological and social parameters like acceptance.  

According to the WHO, the levels of e.coli in water should be 0 CFU/100 ml water sample to 

be acceptable as drinking-water. If e.coli is discovered in drinking-water WHO recommends 

that immediate actions are taken (WHO, 2011).  WHO do not provide guideline values for 

total coliform bacteria, enterococci or pH. WHO states that total coliform bacteria is a poor 

indicator of the water quality of untreated water sources, especially in tropical areas where the 

presence of many kinds of harmless coliform bacteria is high. A guideline value for pH is not 

provided, they do however high-light its importance for monitoring the operation of water 

treatment systems (WHO, 2011). 

2.4 BIOSAND FILTERS 

Many governments of developing countries are challenged by the task to produce and 

distribute safe drinking-water. The biosand filter (BSF) is one example of a feasible technique 

to produce drinkable water in rural areas. The BSF is a smaller version of the conventional 

slow sand filter and is adapted for household scale usage (CAWST, 2009). The construction 

is simple and consists of materials that are available locally in developing countries. The filter 

consists of a concrete or plastic container filled with sand underlain by two thin layers of 
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gravel (figure 3). The filter is charged from the top. The water flow is gravity driven and the 

flow rate depends on the water level above the sand. The standing water level is prevented to 

decrease below the sand surface by an elevated discharge tube that is located above the sand. 

Hereby the sand is always saturated when the filter is operated.  

A biolayer with microorganisms, which reduces pathogens, will form in the top layer of the 

sand and it will improve the performance of the filter over time. The biolayer need fresh water 

regularly in order to receive oxygen and nutrients. For this reason, the whole pore volume 

inside the biosand filter should be renewed regularly. This is carried out by pouring a fresh 

volume of water onto the filter and allowing the existing, disinfected water to be flushed out. 

Unlike a regular slow sand filter where water is added continuously to the filter, the BSF is 

operated intermittently and is sometimes referred to as intermittently operated slow sand 

filter. 

In 2007, approximately 858 500 people all over the world were benefiting of water 

purification with household scale BSFs, according to estimations done by CAWST (WHO, 

2009). This conclusion is drawn under the assumption that one filter provides six people with 

drinking-water. In 2009 CAWST estimated that more than 200 000 BSFs had been 

established in over 70 countries (CAWST, 2009). If the same assumption is made as in 2007 

(that six people are using one household scale filter) it means that more than 1 200 000 people 

around the world were benefiting from BSFs in 2009. 

2.4.1 Previous studies and expected reduction 

The BSF has been widely used and its efficiency has been documented around the world 

(WHO, 2009; Hijnen et al., 2004). Studies made in laboratories and on field scale show that a 

significant reduction of faecal bacteria can be obtained. In 2001, the Samaritan Purse 

conducted an evaluation of a 100 BSFs in six different countries where the mean reduction of 

faecal coliforms was 93 % (Kaiser et al., 2002). 

Another successful example is the installation of 2000 BSFs on Haiti between the years 1994-

2004 where most of the filters reduced the amount of e.coli enough to meet the WHO's 

standards for drinking-water and the mean reduction of e.coli was 98.5 % (Duke et al., 2006). 

This can be compared to field tests on 37 BSFs in Ethiopia where the mean reduction was 

87.9 % after the filters had been in use for five years (Earwaker, 2006). 

CAWST (2009) provides numbers for the expected reduction of pathogens in the BSF based 

on earlier studies. The expected decrease of e.coli in field is based on the two studies 

described above and hence given as 87.9 - 98.5 %. Reductions of e.coli in laboratory tests are 

based on Buzunis (1995) and Baumgartner (2006) and given as 96.5 %. The expected 

reduction of viruses is based on laboratory tests by Stauber et al. (2006) and is given as 70 to 

99 %. A study of the reduction of pathogens by Elliot et al. (2007) however concluded that 

the reduction varied for different viral agents; echovirus 12 were reduced to the same extent 

as e.coli while the reductions of the bacteriophages MS2 and PRD-1 were lower. The 

difference of the reductions suggests that e.coli might be a poor indicator for reduction of 

certain viral agents (Elliot et al., 2007).  
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A study performed by Palmateer et al. (1997) investigated the reduction of parasitic, protozoa 

cysts of  Cryptosporidium and  Giardia lamblia. The study concluded that the BSF was able to 

retain 99.98 - 100 % of the cysts for more than 22 days after inoculations. The expected 

reduction of helminths is 100 % due to their large size which unables them to pass through the 

sand (CAWST, 2009) To retain the removal efficiency of protozoa and helminths, the top 1 - 

2 cm of the sand needs to be changed regularly if the raw water contains large amounts of 

these pathogens (Palmateer et al., 1997).  

Since the BSF is not expected to consistently remove all pathogens, CAWST (2009) 

recommends that the water is disinfected with a secondary purification method to achieve the 

best possible water quality. The treatment methods that are recommended as a secondary 

treatment step are chlorine disinfection, solar disinfection (SODIS), solar pasteurization, UV 

disinfection and boiling. Water treatment with the BSF can however greatly improve the 

water quality with respect to turbidity and removal of a large part of the pathogens, and it 

might be a good option in itself if the other methods are not possible (CAWST, 2009). 

Filtration with the BSF also improves the second purification step by reducing the amount of 

pathogens prior (WHO, 2009).  

2.4.2 Disinfecting steps in the filter  

The BSF disinfects the water by a combination of physical and biological removal of matter 

and pathogens. The pathogens are removed by predation, adsorption, surface screening, 

natural death (CAWST, 2009) and inactivation (WHO, 2009). These processes occur in 

different parts of the filter. Most of the pathogens are removed in the top 1-2 cm of the sand 

by surface screening and predation by the microorganisms in the biolayer (CAWST, 2009). 

Further down in the filter bed the oxygen and nutrient levels drops, which cause pathogens to 

die naturally or inactivate because of starvation and suffocation. Contamination, soluble 

particles and pathogens are additionally removed from the water by mechanical trapping and 

absorption to the sand particles. The BSF removes about 30-70 % of the pathogens through 

mechanical mechanisms and adsorption, but with a well-functioning biolayer the filter can 

remove 99 % of the pathogens (CAWST, 2009).  

Water treatment with BSFs also efficiently reduces turbidity in the water (Elliot et al., 2007) 

(CAWST, 2009), which improves the water quality in both health and esthetical aspects. 

Some pathogens are able to attach to the surface of particles, which is why the risk for 

infection generally is larger for consumption of water with high turbidity (CAWST, 2009). 

Improved esthetical quality of the water also increases the users acceptance and trust for the 

purification method, which is an important factor when the aim is that the users should 

continue to use the method once it is implemented (WHO, 2009). The gain of a low turbidity 

is also essential if the water should be successfully treated with a secondary purification 

method like solar disinfection, UV disinfection or chlorination (WHO, 2009).  
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2.4.3 Important parameters regulating the BSF’s efficiency  

The most important factors controlling the performance of the BSF is the residence 

time/pause period, batch volume, hydraulic head, and sand size (Jenkins et al., 2011). 

Additionally the efficiency of the filter is highly dependent on the development and ripening 

of the biolayer (Palmateer et al., 1997; Elliot et al., 2007).  

The microorganisms in the biolayer need fresh water regularly in order to receive oxygen and 

nutrients. The BSF is most effective when new raw water is added intermittently and 

regularly. New water should be poured onto the BSF with time intervals of minimum 1 hour 

to maximum 48 hours (CAWST, 2009). The time period when no new water is added is 

called the pause period or residence time. If the pause period is too long the nutrient and 

oxygen levels decreases and the microorganisms in the biolayer starts to die off, which 

reduces the disinfection capacity (CAWST, 2009). If the pause period is too short the 

microorganisms will not have time enough to consume the pathogens and the water will not 

become properly disinfected. The microbial community in the biolayer is able to adapt to 

different residence times within the interval 1 - 48 h, but if the time period is changed 

suddenly, the microorganims will need time to acclimate to the new conditions. A 

modification of the residence time might therefore cause a reduced removal of pathogens for 

several days after the alteration.    

The disinfection in the BSF is most efficient when the volume of new raw water is equal to 

the pore volume of the filter material (the sand and gravel). If more water than the pore 

volume is poured into the filter, the effluent disinfected water will mix with some of the water 

that was just charged onto the filter. The water that has been treated in the filter during the 

pause period will hence be diluted with the new water that passed through the filter quickly. 

According to Elliot et al. (2007), the best water quality is achieved when the influent volume 

of raw water is less than one pore volume. 

The water flow through the filter is much like plug flow (Elliot et al., 2007). When a batch of 

water is added to the BSF, the water level (hydraulic head) above the sand is elevated (figure 

3). The newly added water will push out the old disinfected water when the water level is 

raised above the outlet. A more elevated hydraulic head gives a faster flow rate through the 

filter, but as the new water flows into the filter bed the hydraulic head slowly decreases and 

the flow rate will gradually slow down again.  

The slower the water flow is through the filter, the more efficient is the removal of  pathogens 

(CAWST, 2009). The flow rate could be regulated by controlling the rise of the hydraulic 

head by for example charging the filter slowly, manually or by building a charging gadget 

(Elliot et al., 2007). A simple charging device can be created by placing a charging bucket on 

top of the filter with small holes in it. Better water quality could also be obtained by 

increasing the water residence time in the filter bed by charging it less often (Elliot et al., 

2007), up to maximum 48 h.  
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Figure 3. BSF during run (left picture) and during pause period (right picture).  

The water level should be 4 - 6 cm above the sand during the pause period so that oxygen can 

diffuse from the air to the biolayer (CAWST, 2009). This can be accomplished by placing the 

outlet at a height of about 5 cm above the sand surface. The growth of the biolayer can be 

limited by low oxygen levels if the water level is greater than 6 cm. If the water level on the 

other hand is too low, there is a risk that the biolayer dries out due to evaporation during the 

pause period (CAWST, 2009).  

The filter bed is composed of one layer of sand underlain by two thinner layers of gravel. The 

size of the sand should be 0.1 - 0.7 mm in diameter (CAWST, 2009). According to Jenkins et 

al., (2011) a sand size in the smaller range gives a better removal of faecal coliform bacteria 

than a coarser sand. Jenkins et al., (2011) also conclude that sand size is one of the most 

important factors affecting the performance of the BSF. The top gravel layer is called the 

separating gravel and protects the underlying gravel and outlet tube from the sand. The 

particles should optimally have a diameter of 1 - 6 mm. The bottom layer is the called the 

drainage gravel and it facilitates the water going into the outlet tube at the bottom of the filter. 

The particles should have a diameter of 6 - 12 mm (CAWST, 2009). The size of the sand 

particles can be evaluated with a flow rate test. If the flow rate is too fast the particle size 

might be too big and is not suitable for usage in a biosand filter. If the flow rate on the other 

hand is too slow, the sand size is too small or needs further washing to remove adsorbed or 

trapped material. According to Elliot et al.,( 2007) the initial flow rate of the outgoing water 

should be 0.6 - 1 l/min. CAWST (2009) concludes that the optimal flow rate varies for 

different versions of BSFs and recommends a flow rate of 0.4 - 0.6 l/min for BSFs that are 

built based on instructions provided by CAWST. They do not however say when this flow 

rate should be measured, for example if it is the initial flow rate or the average one.  
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Roughly 30 days is required to allow a bacterial community to form in the biolayer when the 

BSF is operated (CAWST, 2009; Elliot et al., 2007). After this the biolayer will continue to 

ripen and grow as the filter is in use. The ripening of the biolayer improves the pathogen 

reduction in the filter in two ways. As the bacterial community growths, the capacity to 

consume a larger amount of pathogens increases. The growing biolayer also plugs pores in the 

sand which slows down the water flow through the filter, making the residence time slightly 

longer (Elliot et al., 2007). When the bacterial community in the biolayer ripens, it adapts to 

the nutrients, pathogens and oxygen levels in the water that the filter is charged with. The 

biolayer is sensitive to changes in the quality of the water that it is receiving. If the filter is 

charged with water from a new water source the bacteria might need several days to adapt to 

the new water quality before it can disinfect the water with desired efficiency again (CAWST, 

2009). The biolayer is also sensitive to mechanical disturbance in the top layer of the sand. A 

diffuser plate which spreads the water evenly onto the sand and prevents any intense flows 

should therefore be used when pouring water into the filter.  

2.4.4 Maintenance 

Over time the spaces between the sand grains in the upper layer of the filter will be clogged 

due to development of the biolayer and trapped suspended matter (Elliot et al., 2007; 

CAWST, 2009). This will hinder the water and decrease the flow rate but it will not affect the 

water quality negatively; in fact a slower flow rate usually improves the water quality 

(CAWST, 2009). After some time it might however become so slow that the filter becomes 

inconvenient to use. When the flow rate drops to less than 0.1 litre per minute, maintenance is 

recommended. The time period a BSF can be expected to operate optimally without 

inconvenient clogging depends on the sand size in the filter bed and the characteristics of the 

raw water. A BSF with very fine sand and raw water with high amounts of suspended matter 

and pathogens will require more frequent maintenance.  

The slow flow rate can easily be attended by doing a basic maintenance called "swirl and 

dump" (CAWST, 2009). This method is carried out by manually swirling the top layer of the 

sand so that trapped solids and particles are removed from the top the filter bed and suspended 

into the water. The intention is however not to mix the top of the sand deeper into the filter, 

but just to disturb the top layer a bit. After swirling, the dirty water above the sand should be 

removed in order to get rid of the suspended matter. The sand surface should be restored so 

that it is smooth and level after which new water can be poured into the filter. 

The "swirl and dump" sometimes needs to be repeated several times for the flow rate to 

become completely restored. The swirling of the sand disturbs the bacterial community in the 

biolayer and the disinfection efficiency of the filter will therefore be reduced a time after the 

maintenance. It is recommended that an additional treatment method is used until the biolayer 

is fully restored, e.g. boiling the effluent water (CAWST, 2009). If the filter's performance 

decreases over a long time and the "swirl and dump" method does not restore it to its normal 

efficiency, the sand is either too fine or needs to be replaced or washed. From time to time it 

is recommended that the top 1 - 2 cm of the sand is changed completely. If the raw water 

contains very high amounts of pathogens or other hazardous compounds Palmateer et al. 

(1997) recommends that this is done every 3 - 4 months.  
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When the filter is operated it is important to clean the outlet tube, safe storage container, 

diffuser lid and the outside surfaces of the filter at least once a month or when they look dirty. 

The outlet pipe and safe storage container and tap can be cleaned with soap and water and/or 

a chlorine solution. It is important not to pour chlorine into the filter or use it on the diffuser 

lid since it will kill the biolayer (CAWST, 2009).  

2.5 ALTERNATIVE HOUSEHOLD WATER TREATMENT METHODS 

There are a number of available techniques to produce drinkable water on a household or 

small community level besides the biosand filter analysed in this study. The method of choice 

might vary with level of cleanliness of the raw water and economic strength of the household. 

The methods should be coupled with safe storage of the treated water until consumption. 

Possible alternatives to building a biosand filter - or methods to use as a secondary treatment 

step after filtration in a biosand filter - are chlorination, boiling, ceramic water filters or solar 

disinfection. 

2.5.1 Boiling  

Heating water until it boils is one of the most effective means of disinfection. It inactivates all 

categories of waterborne pathogens such as bacterial spores, protozoan cysts and viruses 

(Block, 2001). Boiling is reported as being the most commonly used treatment method at 

household level (WHO, 2009). Simply bringing the water to a boil is reported to be 

satisfactory evidence that a disinfection temperature has been reached, according to the WHO 

Guidelines for Drinking-water Quality (2011).  

The method of boiling has a number of disadvantages which might hamper its expansion in 

use as a household drinking-water treatment. One important factor is the unavailability or 

high cost of fuel for stoves or fireplaces. The costs for fuel can amount to around a fifth of the 

yearly income for a household (WHO, 2009). A more cost-effective treatment would be 

positive. Spending fuel on heating drinking-water might be dismissed if money is scarce, 

creating a big health risk among the poorest population groups.   

The second most important factor is that the energy sources used by more than half the 

world’s population are mainly charcoal, wood and other biomass. 77 % of the population in 

the Sub-Saharan African countries rely on these energy sources. These products require a lot 

of energy and time spent on collecting and procurement, predominantly done by women and 

girls (Biran et al., 2004). Freeing the time spent on preparing fuel might allow time for other 

health benefitting activities or education.  

Another aspect is the amount of emissions released during the heating of the water by wood, 

charcoal or biomass. The water is often boiled on low-efficiency stoves and indoors, 

producing an air quality that is hazardous to health (Rehfuess et al., 2006).  

Boiling is a widely used method in large parts of the world despite its weaknesses, with 

regular users amounting to more than 350 million people. Its scale might be a result of the 

tradition to cook hot beverage and the prevailing existence of the necessary hardware in 

households. Project manager Charles Bahati (2015) at MAVUNO reports that people in the 

Karagwe District does not always succeed in following the recommendations to boil their 
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drinking-water, to his knowledge. Persons were observed to drink straight from rain water 

tanks on several occasions during the duration of this study. The necessity to boil water 

before consuming is evidently still needed to be communicated and the treatment should 

continue to be encouraged among populations that lack access to improved water sources 

(WHO, 2009).      

2.5.2 Ceramic water filter 

According to the WHO, a simple water filter made out of pottery clay was first developed in 

the mid-1800s. During the 1900s it was improved with candle-shaped, hollow ceramic filters 

with antibacterial silver and active carbon embedded in the filter candles. Silver is a heavy 

metal which in its ionic form has antibacterial effects (Swedish Chemicals Agency, 2014). 

The use of silver in ceramic filters prohibits the growth of bacteria inside the filter body and 

has a disinfecting effect on the water being treated (CDC, 2011). The candle-shaped filters are 

placed in a water container. The ceramic blocks anything bigger than its pores and hereby 

stops bacteria, protozoa and fungi, while viruses are small enough to pass through (WHO, 

2009).  The filters needs to be cleaned regularly, especially after filtering turbid water, and 

has a limited lifespan due to the declination of the active carbon. Their design makes them 

portable and easy to use in a household or in field and they can produce drinking-water of 

excellent quality. However, the filter’s ability to disinfect water has been found to vary 

between brands depending on the cost and quality of the filter (WHO, 2009).   

There are mainly two kinds of designs on the global market. One of these is two plastic or 

stainless steel containers placed on top of each other with one or more candle-shaped ceramic 

filter inside the top bucket. The unclean water is poured into the upper bucket and trickles by 

force of gravity through the candle filters and into the lower bucket and is treated in the 

process. The candle-styled elements are the most widespread filter design and sold by 

commercial companies. The filter elements can be purchased as complete systems or separate 

candles. However, the price is high and they are mainly purchased by middle- or upper-

income households (WHO, 2009). The global market is growing and cheaper styles of candle-

styled filters have been developed and are now promoted by a few NGOs.  

The second most common design is a plastic or ceramic bucket in which a smaller ceramic 

pot is placed. Untreated water is poured into the inserted ceramic pot and the water is filtered 

through the pores of the ceramic pot and collected in the lower bucket. The ceramic pot can 

be made at local potteries and then impregnated with e.g. colloidal silver. The filter element 

can be equipped with a lid to cover the ceramic pot and a water faucet placed on the lower 

bucket. This and other alternative styles are to a greater extent promoted by local 

governments and NGOs in low-income countries. It has shown to have a sufficient bacterial 

and protozoa removal and reducing diarrheal outbreaks in areas that these filters has been 

implemented but lack removal effectiveness against viruses (CDC, 2011).  

The ceramic filters require a one-time cost from the household, education on usage and 

maintenance. There is sometimes also a need for community motivation seminars (CDC, 

2011). Maintenance is performed by lightly scrubbing the surface of the ceramic candle filters 

or boiling the filters for approximately five minutes in clean water in order to reactivate the 

carbon (British Berkefeld, n.d.). 
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2.5.3 Chlorination 

Disinfection of drinking-water at the point-of-use with reactive chemical agents, like chlorine-

based technology, is a common treatment method for pathogenic microorganism (WHO, 

2011). The WHO states that chlorine-based technology has limitations against some viruses 

and protozoan pathogens like Cryptosporidium oocysts. When using a chemical agent, the 

disinfection might be obstructed when pathogens are inside particles and flocks because these 

acts as a barrier against the agent. There is a risk for this to occur in waters with high 

turbidity. Disinfecting chemical agents cause the formation of by-products, but the health 

risks due to by-products are extremely small compared to consuming untreated water. The 

residuals can be an insurance against recontamination during distribution and are accounted 

for in the primary dosage (WHO, 2011).  

Disinfection with chlorine is commonly done with free chlorine, combined chlorine 

(chloramines) or chlorine dioxide in water treatment plants (Crittenden, 2012). Free chlorine 

is used to a large scale in e.g. North American water treatment plants (Crittenden, 2012) and 

in household water treatment in developing countries (WHO, 2009). The so-called free 

chlorine comes in the forms of liquid sodium hypochlorite, chlorine gas or in dry form as 

calcium hypochlorite or sodium dichloroisocyanurate (NaDCC) tablets. NaDCC is a 

colorless, water-soluble solid and the tablets produce hypochlorous acid. The solid form, long 

shelf-life and convenient and visual action are some advantages to NaDCC tablets (WHO, 

2009). The product has been used at catastrophe sites for decades, according to the WHO.  

The dose should amount in free chlorine of 2 mg/l to clear water with <10 NTU, or 4 mg/l to 

turbid water with >10 NTU. The chlorine residuals should be 0.2-0.5 mg/l (WHO, 2011).  

2.5.4 Solar water disinfection  

Solar water disinfection (SODIS) is an established and simple to use treatment method 

(WHO, 2009). The disinfecting effect is a combination of the ultraviolet (UV-A) radiation, 

oxidative activity associated with dissolved oxygen and elevated temperature (WHO, 2011). 

Clear plastic or glass containers are filled with up to 2 litres of raw water and the sun’s 

radiation inactivates microbes in the exposed water. The containers used are often recycled 

commercially bought bottles made of polyethylene terephthalate (PET) plastic  (Schmid et al., 

2008). It is important that the container is clean and not covered in dirt or scratches. The 

containers are placed in full sunlight for six hours, or up to two days in case of cloudy 

conditions. The bottles can advantageously be placed on corrugated iron sheets as this can 

contribute to elevating the temperature of the water in treatment (Spuhler & Meierhofer, n.d.).  

The treatment inactivates and kills pathogenic bacteria, viruses and parasites to a degree of 3-

4 log reduction (Meierhofer et al., 2002). A study performed in Kenya on children under the 

age of 6 years in a Maasai tribe showed that only 2 % of children in households using SODIS 

were afflicted with cholera and 14 % of children in households without SODIS became sick 

during an outbreak in the community (Conroy et al., 2001). In the city Vellore in southern 

India, a study performed on children in an urban slum showed that the risk of getting 

diarrhoea of any severity decreased by 40 % when drinking water treated by SODIS (Rose, 

2005). 
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There are a few limitations to the applicability of SODIS. The turbidity of the raw water 

should be lower than 30 NTU for the UV-A radiation to penetrate the water and reduce 

pathogen to a sufficient degree (Spuhler & Meierhofer, n.d.). The raw water should undergo 

filtration, e.g. with a biosand filter, prior to the SODIS treatment if the turbidity is higher than 

the recommended limit. SODIS treatment does not remove chemical pollution such as e.g. 

heavy metals or organic industrial contaminants from the treated water (Spuhler & 

Meierhofer, n.d.). If the raw water is thought to contain pollutants of these sorts, other 

treatment methods are necessary to produce safe drinking-water.  
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3 FIELD STUDY 

The main focus of this project was the field study during which the biosand filter was built 

and operated for approximately seven weeks. Water samples were taken at the inlet and the 

outlet of the filter and the water quality was analysed. The daily routines, operational 

technique and theory were shared with employees from Mavuno.  

The biosand filter was built by local material which meant a relatively low cost and a 

possibility to make repairs if needed. The laboratory methods were chosen by the Swedish 

Engineers without borders. Water samples were collected from the filter at the boarding 

school in Chonyonyo and transported to, and analysed at, a small laboratory at Mavuno office 

in Ihanda. Microbial and physical tests were conducted regularly on the raw and the filtered 

water in order to assess the achieved water quality. A minor test with SODIS treatment was 

performed on a few water samples that had been treated in the biosand filter. 

3.1 THE BIOSAND FILTER  

The BSF was built at the boarding school in the beginning of the field study in collaboration 

with Nicolas South from Swedish Engineers without borders, who made the original drawing 

of the filter module. The sand and gravel were found locally, washed with water from a 

rainwater tank and dried outside in the sun. 

3.1.1 Physical properties  

The BSF consisted of a pre-manufactured plastic tank with a volume of 100 litres and a 

discharge pipe made of PVC plastic. The horizontal part of the pipe, at the bottom of the tank, 

was perforated with holes so that water could infiltrate. This part of the pipe was also covered 

with a thin piece of fabric to stop suspended fine sand particles from entering. The treated 

water was collected in a storage container with a lid and tap. The container had a capacity of 

20 litres. A diffuser plate, onto which water was poured when the filter was charged, was 

placed on the top of the filter. The filter was also equipped with a lid so that it could be 

properly sealed. A 20 litres charging bucket with holes in the bottom could be placed onto the 

diffuser lid. This worked as a simple flow rate control device and also made the operating 

procedure easier for the user. A sketch of the filter can be seen in figure 4. 
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Figure 4. Sketch of the biosand filter with measurements. 

The outlet pipe was placed 18 cm above the sand surface, allowing the water level to be 18 

cm above the sand surface during the pause period. The water level was hence more than the 

recommended 5 cm above the sand. 

The filter bed consisted of approximately 5 cm of separating gravel underlain by 5 cm of finer 

gravel, taking up a total of 16.6 litres. The sand bed was 31 cm thick and had a volume of 

51.5 litres, the total volume of sand and gravel was hence approximately 68.1 litres. All of the 

materials were found locally; the sand was taken from the construction site at the school and 

the gravel from a gravel pit in the area. The particles sizes were approximately the same as 

recommended by CAWST (section 2.4.3). The sizes differ a bit from the recommended 

because of a lack of equipment such as proper sieving tools. The correct sizes of the gravel 

were collected at the gravel pit while the sand was sieved with a net. The gravel and sand 

were washed with water from a rainwater tank outside Mavuno office, placed on a plastic 

tarpaulin and dried in the sun.  

The discharge pipe was installed in the tank and the coarse gravel was then placed in a thick 

enough layer on the bottom of the tank in order to cover the horizontal section of the pipe. 

The finer gravel, making out the separating layer, was then added on top of the coarser gravel. 

To prevent air from being trapped in the finer pore spaces of the sand and to make sure that 

the sand would be fully saturated, water was added to the filter as the next step. The last step 

consisted of adding sand to the filter tank (figure 5). The BSF was then charged with water a 

few times which further rinsed the sand and gravel.  
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The BSF was placed outdoors, on a cemented foundation at the Chonyonyo school site. It was 

located between two rainwater tanks and close to the school kitchen. The filter tank was black 

when purchased and became very hot from the sunshine during daytime, which increased the 

temperature of the residing water. In order to reflect more sunlight and prevent high water 

temperatures, the BFS tank was painted white when it had been operated for five weeks.  

  

   

Figure 5. Building and placement of the filter at the Chonyonyo school site. 

3.1.2 Pore volume analysis 

The pore volume of the sand was evaluated with a 1 litre graduated cylinder, a small container 

and water. A volume of 100 ml of sand was measured with the cylinder and poured into the 

small container. Water was added to the sand with the cylinder until a water table, or water 

mirror, was visible. The pore volume was evaluated by dividing the volume water added with 

the volume sand. The pore volume of the gravel in the filter was estimated to be the same as 

in the sand, since similar measurements made on the gravel would not give reliable results 

with the equipment available.  

The test concluded that the pore volume was 30 % of the sand filter volume. The total pore 

volume amounted to 20.4 litres since the total volume of gravel and sand in the filter tank was 

68 litres.  

3.1.3 Operation of the biosand filter 

The filter was charged with water from a rainwater tank next to the filter at Chonyonyo school 

site. The same water source was used during the whole investigation period. Water was 

collected from the rainwater tank with buckets that were lowered into the tank from the top 

and then pulled up by hand. Different buckets, that were shared with others at the school site, 
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were used during the pilot study. Water was collected from the rainwater tank by the local 

community and workers at the school site several times per day. It was used to mix concrete 

on the building site and also as drinking-water. It is possible that the chemical and 

microbiological composition of the raw water changed over time due to contamination and 

influence from e.g. the buckets and ropes, which might have had an impact on the results of 

this study.  

The capacity of the biosand filter was analysed for six weeks after it was constructed and put 

into place. The pore volume of the filter bed was approximately 20 litres and therefore a 

corresponding volume of water was added to the filter intermittently with a time interval of 19 

- 72 hours. The biosand filter was charged manually by pouring water directly onto the 

diffuser plate or by pouring the water into the charging bucket.   

Water was added once a day, four days a week, during the first three weeks that the filter was 

operated. Week one and two, water was added Monday to Friday. Week three, water was 

added on Monday to Thursday as well as Sunday. During these weeks, the pause periods were 

around 24 hours during the weekdays and up to 72 hours during the weekends. The purpose 

was to investigate if a longer pause period would affect the removal rate. During week four to 

six, water was added to the filter six days a week. The pause periods differed slightly from 

day to day due to difficulties with transportation from Mavuno office to the school site. 

3.1.4 Flow rate test 

A flow rate test was performed to investigate the sand size of the biosand filter. The test was 

done in the beginning of week four. The filter was charged with water until the tank was full; 

the hydraulic head was then 6 cm above the outlet pipe and 24 cm above the sand surface. As 

the water level sank, the flow rate was measured at the outlet with a timer and a graduated 1 

litre container. Measurements were taken when the hydraulic head was 6 cm, 4 cm, 3 cm, 2 

cm and 1 cm above the outlet.  

3.2 SOLAR WATER DISINFECTION IN FIELD 

Four SODIS tests were conducted during week five and six. Filtered water from the biosand 

filter was tapped directly from the storage container of the filter into a 1.5 litres PET bottle. 

The bottles were placed on a wooden chair in the sun for at least 24 hours. The time intervals 

were adjusted to the weather conditions and varied from 11 to 40 hours, depending on how 

cloudy it was. The bottles were left outside during the night. Measurements of pH and 

microbial analysis were performed on the filtered water before and after the SODIS treatment.  

3.3 LOCAL WATER SOURCES IN KARAGWE REGION 

Mavuno requested that the water quality of a few local water sources were investigated during 

the field study. Water samples from the pump station in Ihanda and a groundwater source in a 

valley in the area were analysed. Water from five rainwater tanks owned by families in the 

area was also investigated. The rainwater tanks were built between the years 2003-2012 and 

were in different conditions. However, all of the tanks were built in concrete and similar to 

the ones at Chonyonyo school site. Measurements of pH, temperature and indicator organisms 
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were performed on the water samples from the families’ rainwater tanks and the water 

qualities were analysed. 

3.4 WATER ANALYSIS 

Microbial and physical analyses were performed on the influent and effluent water from the 

filter. The investigated indicator organisms were total coliform bacteria, e.coli and 

enterococci. The physical properties analysed were pH and temperature. The same analyses 

were performed on the water samples from the SODIS experiment and from the local water 

sources. 

3.4.1 Water sampling 

Water samples from the BSF were taken on the influent and effluent water at the same 

occasion as water was added to the filter. Week one to three, when the biolayer was ripening, 

samples were collected Monday to Thursday. Week four and five samples were taken six 

times a week to closer follow the improvement of the BSF. Week six only four tests were 

taken, due to a shortage of time.   

For the microbial analysis, 100 ml water was poured into a 120 ml antifoam treated vessel 

from IDEXX Laboratories. The influent water from the rainwater tank was collected with 

buckets and then poured into the sample containers. The samples from the effluent filter water 

were taken from the storage container. To get representative samples of the filtered water, 

mean samples were taken when about the same volume of water as the pore volume had 

entered the storage container. Temperature was measured on the influent and effluent water in 

field, using a separate container. Water samples for pH measurements were collected in 0.5 

litres PET bottles and analysed at the laboratory at Mavuno office. 

The water samples for the microbial and pH analysis were kept away from the sun and 

transported to the laboratory. The water samples were prepared and analysed as soon as 

possible after they had been collected. Due to problems with the transportation and lack of 

equipment it was not always possible to prepare and incubate the water samples right after 

collection. 

3.4.2 Microbial and pH analysis 

The pH was measured in all water samples with a pH meter provided by Mavuno. The 

microbial analysis was performed with equipment and substrate from the IDEXX 

Laboratories. The amount of indicator bacteria was estimated with the QuantiTray-2000® and 

most probable number (MPN) method (IDEXX Laboratories, 2015). 

The amounts of total coliform bacteria and e.coli were analysed by mixing the 100 ml water 

samples with the substrate Coliert-18®. The method is ISO standard SS EN ISO 9308-2:2014 

and is also approved by the US EPA (Swedish standards institute, 2014; IDEXX Laboratories, 

2015). The enterococci content was analysed by mixing the 100 ml water samples with the 

substrate Enterolert-E®, which is standard ISO 7899-1. The uncertainties depends on the 

concentration of indicator organisms in the water sample; the 95 % confidence interval can be 

found in the publication Svensk Standard EN ISO 9308-2:2014 (Swedish standards institute, 

2014). 
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The mixed solutions was poured into QuantiTray-2000® trays and carefully distributed into 

the wells of the trays.  The backside and opening of the trays were then sealed with the heat 

from an iron. The samples of total coliform and e.coli were then incubated for 18 ± 1 hours in 

35 C°, while the trays with the enterococci samples were incubated for 24 ± 1 hours in 41 C°. 

When incubating, several trays could be stacked in the incubator at the same time. The 

samples from the rainwater tank and the filtered water could therefore be incubated at the 

same time. However, the test for total coliform/e.coli and enterococci could not be done 

simultaneously as they required different temperatures and time periods. Every second sample 

was run for coliform/e.coli or enterococci respectively, of this reason.  

The bacterial content was analysed right after the samples were taken out of the incubator. 

Positive small and large wells containing bacteria were identified under natural light for total 

coliform and with UV light for e.coli and enterococci. The number of positive small and large 

wells was recorded and the MPN table from IDEXX Laboratories was used to obtain the 

bacteria content in CFU/100 ml water sample, which is the same unit as the guideline values 

are given in. Positive wells for total coliform bacteria turned yellow after incubation. The 

yellow wells that became fluorescent under UV light were positive for e.coli. When analysing 

the samples of enterococci, only fluorescent wells were counted. See appendix B for a 

detailed description of the method.  

3.5 TRANSFER OF KNOWLEDGE 

One of the aims with this study was to transfer knowledge of water treatment with BSFs and 

water quality analysis to Mavuno. At the end of the field study the goal was that employees at 

Mavuno should be able to run the BSF and perform the water analysis on their own. The 

laboratory equipment was brought to Mavuno by Engineers without borders and the theory 

and practical application were new to the staff prior to this project.  

The personnel responsible for water and technical issues at Mavuno were invited to join 

during the water analysis in the water laboratory. They also visited the BSF at the school site 

a number of times to learn the theory and maintenance of the filter, as well as how the water 

sampling was performed. The manager for projects concerning water issues at Mavuno was 

taught to run the filter and perform the microbial analysis in detail.  

To support Mavuno in their future work with the BSF and water quality analysis several new 

documents were compiled and submitted to them. The documents consisted of BSF 

instructions, a BSF maintenance check-list, water laboratory instructions, instructions about 

interpreting the laboratory results and water laboratory forms to fill in during the water 

analysis. These are appended in appendix B. Mavuno also received all of the results from this 

study. 
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4 RESULTS 

In this section, the results from the microbial analysis of the different water sources will be 

presented. The biosand filter was able to transform water from the rainwater tank from 

unsuitable to suitable as drinking-water at the end of the field study. The results from the field 

study were analysed according to findings from the literature review.  

4.1 WATER IN RAINWATER TANK 

The untreated water from the rainwater tank classified as unsatisfactory as drinking-water 

according to Tanzanian, Swedish and WHO guideline values. This classification was due to 

its microbial and physical properties, which did not meet the guideline values for safe 

drinking-water (table 1-3).  

4.1.1 Microbial analysis 

The amount of total coliform bacteria and enterococci in the rainwater tank varied throughout 

the measurement period (figure 6). E.coli was not detected in any water sample from the 

rainwater tank, but the presence of enterococci indicates that the water was contaminated by 

faecal matter.  

There was a peak in levels of coliform bacteria in the beginning of the measurement period 

and a peak of enterococci in the middle of the period. Because of the variation in the bacterial 

content and that the concentrations sometimes were very high, consuming the water without 

prior treatment would have constituted a health risk.  
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Figure 6. Measured levels of indicator organisms in water samples from the rainwater tank. The 95 % confidence 

interval for each sample can be found in the report Svensk Standard EN ISO 9308-2:2014 (Swedish standards 

institute, 2014). 

Three power cuts occurred during the incubation of water samples that were to be analysed 

for coliform bacteria and e.coli. These values are marked with red circles in figure 6. The 

classification of the water in the rainwater tank remains as unsatisfactory according to the 

guideline values if these specific measurements are excluded (table 4).  

4.1.2 Physical analysis 

The temperature in the rainwater tank had a mean value of 22.4 C° and was stable throughout 

the measurement period. The pH level in the rainwater tank was fairly stable during the 

measurement period. The mean value was pH 10.1, which is higher than natural rainwater 

(section 2.1.1). The water quality with respect to pH classified as unsatisfactory according to 

Tanzanian standards and satisfactory according to Swedish standards. 

4.2 FILTERED WATER 

The quality of the filtered water improved over time, e.g. due to the ripening of the biolayer in 

the filter bed. With regards to the microbiological aspects, the water classified as satisfactory 

after five weeks according to all investigated guideline values for drinking-water quality 

(table 1-3). The pH level was high and did not meet the Tanzanian standards for drinking-

water, but was acceptable according to Swedish standards. 
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4.2.1 Microbial analysis 

The concentration of the indicator organisms - total coliforms, e.coli and enterococci - in the 

filtered water decreased as the biolayer ripened throughout the measurement period. The 

amount was at its highest in the two first water samples (figure 7). These levels were higher 

than the concentrations occurring in the water samples from the rainwater tank at the same 

sampling time.  

The concentration of coliform bacteria decreased slowly and was less than 10 CFU/100 ml at 

the end of week five of the field study. Enterococci was present in the filtered water until the 

end of week five, after which the concentrations decreased to 0 CFU/100 ml. E.coli was 

detected in the filtered water in the first water sample of the study and in one sample during 

week three. Besides the results from those samples, the concentration of e.coli was 0 

CFU/100 ml during the measuring period. Thus, the water classifies as satisfactory according 

to Swedish standards and suspicious according to Tanzanian standards following the end of 

week five. No indicator organisms were detected in the water samples during week six. In 

conclusion, the water classifies as excellent from week six according to the Swedish, 

Tanzanian and WHO guideline values.  

Three power cuts affected the microbial analysis during week 5 and 6, which might have had 

an impact on the results. The power cuts occurred during three nights and interrupted the 

incubation of water samples analysed for coliform bacteria and e.coli. The days when power 

cuts occurred are marked in figure 7 with red circles.  
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Figure 7. Indicator organisms in water samples from the biosand filter. The samples affected by power cuts are 

marked with red circles. The 95 % confidence interval for each sample can be found in the report Svensk Standard 

EN ISO 9308-2:2014 (Swedish standards institute, 2014). 

4.2.2 Physical analysis 

The pH of the filtered water increased linearly from 8.4 to 9.5 during the study. However, the 

pH is lower than the pH level in the rainwater tank. With account to the pH 9.5, the water 

classifies as satisfactory according to Swedish standards and unsatisfactory according to 

Tanzanian standards.  

The mean temperature of the filtered water was 24.1 °C. This was 1.7 °C higher than the 

temperature of the water in the rainwater tank. The temperature in the filter tank was sensitive 

to weather variations and was noted to vary depending on the time of day that the sampling 

was performed. The water temperature was generally lower in the morning than in the 

afternoon.  

4.3 REDUCTION OF INDICATOR ORGANISM  

The field data was divided into three periods and mean values of the bacteria concentrations 

in the water samples were calculated for each period (table 4). The mean bacteria 

concentrations in water from the rainwater tank and water from the filter were compared in 

order to determine the reduction in filter. E.coli was not analysed due to insufficient data. 

The filter performed a 0.125 log-reduction (25 % reduction) of coliform bacteria during week 

five and six. The filter caused an increase in bacteria concentrations in the water during weeks 

one through four. 
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During week three and four, the filter decreased the level of enterococci by  

1.609 log-reduction (97.54 % reduction). The filtered removed all of the enterococci from the 

water during week five and six.  

Table 4. Mean concentrations of coliform bacteria and enterococci in the water samples during three time periods in 

the field study; the bacterial reduction in the filter improved with time. Values in parenthesis represent the results if 

concentrations in samples whose incubation was interrupted by power cuts are excluded. 

Week 1-2 3-4 5-6 

Coliform bacteria    

Rain water (CFU/100 ml) 194.92  95.85 40.32 (99.30) 

Filtered water (CFU/100 ml) 726.44 333.55 30.16 (50.90) 

Reduction (%) no reduction no reduction 25  

Log-reduction no reduction no reduction 0.125 

    

Enterococci    

Rain water (CFU/100 ml) 168.44 374.03 137.38 

Filtered water (CFU/100 ml) 935.32 9.20 0 

Reduction (%) no reduction 97.54 100 

Log-reduction no reduction 1.609 all reduced 

4.4 FLOW RATE TEST 

The ideal flow rate differs depending on the design of the filter. Elliot et al.( 2007) 

recommends an initial flow rate of 0.6-1 l/min, while CAWST (2009) recommends a flow 

rate of 0.4-0.6 l/min depending on the BSF model.  

When the volume above the sand in the filter was completely filled with raw water, the flow 

rate was higher than the recommended values, but decreased as the water level (hydraulic 

head) declined. The flow rate reached 0.6 l/min when the hydraulic head had nearly declined 

to the outlet height. Hence, the flow rate through the filter bed was slightly higher than the 

recommended, which indicate that the sand particle and pore size might be bigger than the 

ideal. The flow rate will decrease gradually as the biolayer ripens further and suspended 

matter accumulates in the sand. These processes will continue until maintenance is performed.  

Table 5. Flow rate through the biosand filter 

Water level 

 (cm above the outlet) 

Flow rate  

(l/min) 

6 1.5 

4 1.1 

3 0.8 

2 0.6 

1 0.5 

4.5 SOLAR WATER DISINFECTION  

The four water samples that had been treated with solar disinfection contained no detectable 

indicator organisms (total coliforms, e.coli and enterococci), see results in Appendix A. The 

ingoing water was also analysed for the indicator organism and did not contain e.coli and 

enterococci prior to the treatment. This was not known at the time of the beginning of the 
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treatment, as the microbial analysis took 24 hours. Of this reason, the result does not prove 

that e.coli and enterococci can be reduced with SODIS. It however demonstrates that these 

bacteria did not re-grow in the plastic bottles during treatment. The raw water from the 

rainwater tanks were not treated with SODIS. 

The pH level was not significantly affected by the treatment. The water quality classifies as 

excellent in all analysed aspects according to Swedish and WHO guidelines, but it has a too 

high pH according to Tanzanian guideline values. 

4.6 LOCAL WATER SOURCES  

Samples from local water sources were analysed and the results were compiled, see table 6.  

In some cases, not all indicator organisms were analysed due to problems with transportation. 

The pH in all samples was in the range of satisfactory or excellent water quality. However, 

sources A-G proved to have an unsatisfactory water quality due to high concentrations of one 

or more indicator organism. Further disinfection of the drinking-water was recommended to 

the concerned parties. The bacteria level in the rainwater tank at Chonyonyo boarding school 

is in the same range as the bacteria levels of the families’ rainwater tanks.  

Samples was taken in a family home (G) were the drinking-water was stored in a rainwater 

tank and then treated with a small ceramic filter (unknown brand).  One water sample showed 

a high level of enterococci and the family was recommended to perform maintenance. After 

the filter was scrubbed and washed, the enterococci levels decreased to 0 CFU/100 ml. 

Table 6. Indicator organism concentrations, pH and temperature were measured in samples from water sources in the 

area. Six families (fam.) water sources were tested and two other sources (n.m.=not measured) 

Source Storage and 

handling 

pH Temp 

(°C) 

Coliform 

bacteria 

(CFU/100 ml) 

E.coli 

(CFU/  

100 ml) 

Enterococci 

(CFU/     

100 ml) 

Conclusion 

A: 

Groundwater 

from natural 

spring 

Continuous 

flow via 

cemented 

conduit 

5.2 21,4 1413.6 102.9 185 Not suitable 

for drinking 

B: Pump 

station 

Rainwater tank, 

pipe and tap 

6.0 22.1 38.1 0 13.5 Not suitable 

for drinking 

C: Fam. 

Majura  

Rainwater tank, 

bucket 

7.7 21.2 >2419.6 0 43.3 Not suitable 

for drinking 

D: Fam. Peter Rainwater tank, 

bucket 

8.7 22.0 325.5 0 579.4 Not suitable 

for drinking 

E: Fam. 

Philipo 

Rainwater tank, 

bucket 

9.5 21.5 n.m. n.m. 5.2 Not suitable 

for drinking 

F: Fam. 

Nzaro 

Rainwater tank, 

bucket 

9.3 23.0 n.m. n.m. 85.2 Not suitable 

for drinking 

G: Fam. 

Kamugisha 

Rainwater tank 9.1 24.8 n.m. n.m. 1553.1 Not suitable 

for drinking 

H: Fam. 

Baracka 

Rainwater tank 

and ceramic 

filter 

n.m. n.m. 0 0 0 (260.3) Excellent 

quality 
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4.7 TRANSFER OF KNOWLEDGE  

The Mavuno employee who was trained to operate the biosand filter and perform the water 

quality analysis was able to perform the tasks independently at the end of the field study. 

Mavuno continued to run the filter and analyse water samples after the field study finished 

and Engineers without borders are now conducting further collaboration with Mavuno.  

5 DISCUSSION 

5.1 SAMPLING AND LABORATORY METHODS  

5.1.1 Sampling 

Samples were taken of the influent and effluent water from the biosand filter 4 - 6 days a 

week. The sample of the effluent water from the filter was taken from the tap of the storage 

container when the majority of the treated volume had excited the filter. The water was not 

stirred prior to the sampling and only one sample was taken. Neither the rainwater tank was 

stirred before the single sample was taken from the rainwater tank via a bucket. For these 

reasons, one single sample was not fully representative of the whole volume of water.  

The treated water should not contain any indicator organisms in order to receive the 

classification excellent water quality. However, there is a risk of contamination during 

sampling and handling of samples in field. Contamination during the field work might have 

occurred. Clean containers and safe storage is important in the process of providing safe 

drinking-water.   

The samples were usually stored 1-3 hours between sampling and incubation. On a few 

occasions the storage time was protracted up to 5 hours due to transportation issues between 

the school site and the laboratory. This might have affected the results. The samples were kept 

out of the sun and extreme temperatures; efforts that expectantly held the bacteria levels 

preserved in between sampling and analysis. 

5.1.2 Bacteria cultivation  

The indicator organisms were cultivated from the water samples with substrate in the 

QuantiTray-2000® (IDEXX Laboratories, inc). The samples were poured into the wells of the 

tray and sealed with an iron. It was occasionally difficult to seal the tray completely and at 

these times liquid possibly leaked from one well to another well. This meant that the number 

of wells that showed a change in colour might have been overrated.  

The water samples were transparent and had no colour before cultivation and turned yellow or 

fluorescent after incubation if contaminated with bacteria. The colour shift resulted in 

different shades of yellow, from barely detectable to strongly yellow, which made it difficult 

to say if a well should be counted. As a rule, even very weakly coloured wells were counted 

to be on the safe side. This issue created an element of subjectivity in the results.  

On a few occasions the transportation issues made it difficult to take the trays out of the 

incubator on time and the cultivation went on overtime. This might have had negative effects 

on the resulting bacteria count, as uncertainties arise when the procedure provided by the 
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IDEXX Laboratories is not followed thoroughly. The bacteria of interest could possibly be 

outrivalled or decrease in numbers due to lack of nutrition and the MPN-table no longer 

applicable.  

The two bacterial culture methods for total coliform bacteria/e.coli and enterococci, 

respectively, were performed every other day for the purpose of having even sets of results. 

This meant that the water batches were not analysed for the same bacteria before treatment in 

the filter as after treatment. If the levels of e.g. enterococci would have been measured both 

before and after treatment, an exact measurement of the reduction capacity would have been 

attained. 

The electricity in the area was supplied by the Tanzanian company Tanesco and on multiple 

occasions there were power interruptions. The laboratory was in a building which could have 

power supply from solar power, but this was not always turned on when the power cuts 

happened during the night. This unfortunate scenario happened three times during the last 

period of sampling and affected the incubation. The time of incubation could not be verified 

for these samples. When discovered, the temperature in the incubator had decreased to 

ambient temperature of approximately 25 °C and the cultivation had been interrupted. 

Subsequently, the incubation was resumed and prolonged as thought to be necessary before 

the results were read. The inaccurate lengths of incubation are likely to have impaired the test 

results of the concerned samples.  

5.2 WATER QUALITY RESULTS 

Water quality parameters such as viruses, parasites and heavy metals were not analysed as it 

would not have been time- and cost-efficient in this study. It cannot be concluded from this 

study whether these parameters constitutes a health threat. 

5.2.1 Water from the rainwater tank 

The water quality of the rainwater tank was classified as unsatisfactory. This was mainly due 

to the levels of enterococci, which never declined to 0 CFU/100 ml. The concentration of 

coliform bacteria varied and was at a satisfactory level in a few samples, but no conclusion 

can be drawn from this alone. Since the rainwater tank had a big volume and no stirring cold 

be performed prior to the water sampling, one single water sample of 100 ml is not 

representative for the whole water source. The variation of the bacteria levels can be caused 

by contamination from buckets, rope, animal faeces, litter and dust that entered the rain water 

tank. The hatch of the rainwater tank was often left open by the users and litter and dust were 

identified on the surface. The buckets that were used to collect the water were also used for 

other purposes. A better quality could possibly be maintained if more care were taken to 

protect the water in the rainwater tank. As a result of better quality of the raw water, a lower 

bacteria concentration might be achieved in the biosand-filtered water than was seen during 

this study.  
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5.2.2 Water from the biosand filter 

The water quality of the filtered water could be classified as satisfactory during week 5-6 

according to the Swedish recommendations for household scale water supply. During this 

period, the mean level of coliform bacteria was lower than 50 CFU/100 ml and e.coli was 0 

CFU/100 ml. With regards to the upper level of the 95 % confidence interval, the level of 

total coliform still classifies as satisfactory according to the Swedish recommendations. This 

level does not meet the guideline values for drinking-water according to the Tanzanian and 

Swedish regulations for public or commercial water distribution systems.  

The result indicates that it took five weeks for the biolayer in the filter to ripen and produce 

safe drinking-water, which is longer than what was expected. According to CAWST (2009), a 

biolayer needs about 30 days to ripen and the biosand filter should produce safe drinking-

water subsequently. The long ripening period that occurred in this study might be explained 

by periods of a shortage of nutrient and oxygen in the biolayer. 

During the first two weeks, the filter was only run four times a week which resulted in a 

varying residence time of water in the filter of 24 - 70 hours. The long residence times might 

have contributed to the slow development of the biolayer, as bacteria starve when they run out 

of nutrients and oxygen. To improve the situation, the number of batches per week was 

increased and the residence times were shortened to 19 - 48 hours, median 24 hours, during 

week three to six. The levels of indicator organisms in the filtered water decreased during this 

time period (figure 7 and table 4). 

The oxygen concentration in the filter water might also have been insufficient for the biolayer 

due to the water level above the sand surface, which was 13 cm higher than recommended by 

CAWST (2009). The high standing water table might have prevented diffusion of oxygen 

through the water column to the top sand layer and the oxygen consumption by 

microorganisms during respiration depletes the dissolved oxygen levels, leading to a slightly 

anoxic environment. An aerobe environment is favourable for the development of the biolayer 

(CAWST, 2009). Engineers without borders had originally planned for a filter module made 

of cement with a smaller diameter, but it did not work and was replaced by the larger plastic 

tank. The collected sand was not enough to fill the desired portion of the large filter tank, 

which led to the high water level above the sand surface. The hole for the outlet was drilled 

prior to this insight. The function of the filter was not thought to be affected by the high water 

level, partly due to the fact that the water level acted as a safety measure against evaporation. 

The filters described by CAWST were placed inside protected from the sun while the filter in 

this study was outdoors and exposed to hot temperatures. The ripening of the biolayer might 

however have occurred earlier if the sand volume would have been increased as this would 

have allowed more oxygen to diffuse into the biolayer due to a smaller water elevation above 

the sand. Additionally, more sand would have enabled more mechanical trapping of matter 

and adsorption of particles and pathogens, which might have improved the disinfection 

capacity of the filter. 

The level of indicator organisms was much higher in the filtered water than in the rainwater 

tank during the first week of sampling. This could be explained by a number of reasons; the 

filtered water might have been contaminated by bacteria in the sand or on the equipment, e.g. 
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the storage container. The level of indicator organisms might also have been an effect of 

bacteria growth as the biofilm was starting to develop. Coliform bacteria consists of a wide 

range of bacteria of which some are harmless and are likely to be part of the flora making up 

the biolayer. The high levels of coliform bacteria during the first week might be a side-effect 

caused by the forming of the biolayer. 

The bacteria levels might have been underestimated in the samples that were disturbed by 

power cuts during incubation. If the affected samples were excluded, the number of samples 

with filtered water that qualifies as satisfactory would decrease. However, the levels of both 

enterococci and e.coli were 0 CFO/100 ml during week 5-6 and the mean value of coliform 

bacteria would rise from 30.16 CFU/100 ml to 55.90 CFU/100 ml (table 4). This is 

approximately at the level (50 CFU/100 ml) for satisfactory water quality according to the 

Swedish recommendations for household scale water supply. To further strengthen the 

conclusion that the water is drinkable, more samples would be necessary.  

5.2.3 pH  

The pH of the water from the rainwater tank was approximately 10.1 during the field study. It 

was notably higher than pH of fresh rainwater which was likely to be caused by chemical 

equilibrium reactions occurring in the rainwater tank and harvesting system. In 2011, an 

investigation conducted by the German Engineers without borders concluded that the water in 

Mavuno’s rainwater tanks contained more cations, such as calcium and potassium ions, than 

rainwater in general. The cations derived from several different sources; calcium ions (Ca
2+

) 

were released from the from the cemented walls of the tanks and potassium ions (K
+
) derived 

from the roofs, piping system and dust (Bethke et al., 2011). The rise in cation levels may be 

caused by equilibrium reactions which are likely to have increased the pH of the water in the 

tanks. The pH level could also have been elevated by the powder that the workers used to 

make cement for the school buildings, as the same buckets was used to retrieve water as was 

used for mixing the cement. 

The pH of the rainwater decreased in the biosand filter. The filter material had an acidifying 

effect on the water which was probably due to cation exchange between the water and the 

sand. Acidic cations (H
+
) were released from the sand particles in exchange for other cations 

in the water, causing a decline of pH. The filter material’s acidifying effect deteriorated over 

the measurement period. The pH of the filtered water increased steadily, from approximately 

8.4 to 9.5, while the pH of the rainwater remained at approximately 10.1. The deterioration of 

the acidic effect over time may be explained by the steady decline of H
+
 in the filter sand. 

The final pH level was too high according to Tanzanian guidelines but acceptable according 

to Swedish guideline values. A reasonable high pH does not pose as a health threat in itself; it 

could even be positive due to the fact that a pH over 9.5 can kill or inactivate pathogens that 

are adapted to neutral environments such as in the human body. It is possible that this 

contributed to the decrease in bacteria concentrations in the filtered water. If the pH rises 

above 10.5 it can however be harmful for humans, e.g. damage mucous membranes.  
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5.2.4 Local water sources and SODIS  

None of the local water sources that were analysed had safe drinking-water quality, except for 

the family who had a ceramic filter. The families who had rainwater tanks and no further 

treatment were recommended to boil the drinking-water before consumption.  

Four biosand filtered water samples were treated with SODIS. The samples designated for 

SODIS treatment were placed in the sun soon after the water had been emptied from the filter. 

At the same occasion, additional samples were collected and the level of indicator organisms 

in the filtered water was analysed through incubation. These results were read one day later. 

In three out of four samples, the filtered water proved to be of excellent quality even before 

SODIS treatment. The results from the samples treated with SODIS were ready one additional 

day after the filtered sample results. As the ingoing water to the SODIS treatment did not 

contain bacteria, the results did not show that SODIS reduce bacteria. The experiment show 

that bacteria do not re-grow in the plastic bottles during treatment.  

5.3 TRANSFER OF KNOWLEDGE 

The method and theory of the biosand filter and microbial analysis was shared with 

employees at Mavuno. The employee responsible for water issues was able to independently 

perform the microbial water analysis at the end of the field study. Additional employees were 

interested in the biosand filter and learnt how to run and maintain it. 

The materials and equipment used for the microbial analysis was brought to Mavuno by 

Engineers without borders in connection to this study. The equipment will remain in Mavunos 

water lab which enables them to proceed with water quality analysis. This enables Mavuno to 

investigate not only the water quality of the biosand filter, but also water qualities of local 

water sources or the disinfection capacities of other treatment methods. The transfer of 

knowledge was important to facilitate Mavuno in their work for improved water sources in 

the region. However, Mavuno are still dependent upon Engineers without borders to support 

them with consumable supplies like the QuantiTray-2000® and the substrates Coliert-18® 

and Enterolert-E® for the water analysis. It is currently not possible to buy these materials in 

Tanzania. 

5.4 APPLICABILITY AND FURTHER RESEARCH  

The biolayer is sensitive and needs stable conditions and proper caretaking to disinfect the 

water with desired efficiency. If parameters are changed, such as the pause period or the raw 

water source, the reduction capacity in the filter might decrease for some time while the 

biolayer adapts to the new conditions. It is of great importance to have a back-up system for 

water disinfection when the use of the filter is changed or if the removal efficiency of the 

filter for some reason deteriorates. Boiling drinking-water prior to consumption can be an 

eligible alternative treatment system. 

The biosand filter requires maintenance and the users need to fully learn how to run the filter 

to be able to provide safe drinking-water at Mavuno Girl’s Secondary School. The 

establishment of procedures and routines on how to operate and maintain the filter would be 

beneficial for the filter’s safety and longevity. This also includes a system to store and 
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distribute the disinfected water safely to the students, so that the water does not get re-

contaminated. This is a future challenge regardless of the water treatment method that will be 

used on the school. It is essential to inform the students about how the water treatment works, 

including how and where they have access to clean water.  

The filter is placed outdoors at the school site and is currently unprotected from 

contamination and disturbance, e.g. by people, animals and dust, as the lid can be removed. It 

also lacks protection from sunlight and the temperature in the filter tank rises during the day, 

which might provide a favourable environment for some pathogens in the filter water. 

CAWST (2009) recommends placing biosand filters indoors. It would be preferable to build a 

small house around the biosand filter or move it inside the school kitchen where it 

conveniently could be operated by the school staff. Moving it would be difficult due to its 

weight and it might also harm the sensitive biofilm, but the benefits might outweigh the 

difficulties. The biofilm will most likely recover a period after the transportation.  

Further research could investigate whether a satisfactory water quality could be achieved 

while producing more water than 20 l drinking-water per day. A larger drinking-water 

production could be accomplished either by having more than one biosand filter or by 

charging the biosand filter with several batches of water per day. Theoretically it would be 

possible to produce more than 100 l drinking-water per day as the pause period needs to be no 

longer than one hour (CAWST, 2009). However, since the filter of this study is slightly 

different than the textbook ones, the impact of a shorter pause period needs to be investigated 

before implementation. If shorter pause periods would be used, an investigation period with 

regular microbial analysis is recommended. The water intended for drinking should be 

disinfected with a second treatment method during this time period and until the disinfection 

capacity of the biosand filter has been assured.  

The operation of the biosand filter is very important for the reduction of pathogens, but 

limiting the ways that the rainwater can be contaminated before it is treated should also be 

regarded as of great importance to obtain a good drinking-water quality. Measures should 

preferably be taken to reduce the amount of bacteria in the raw water by maintaining clean 

roofs, pipes and rainwater tanks. The hatches of the rainwater tanks should be kept closed and 

special buckets used only for water collection be introduced. A pump system with pipes from 

the rainwater tanks could entirely eliminate the use of buckets and hence that contamination 

route. 

6 CONCLUSION 

A large portion of the people of Karagwe district lacks access to safe drinking-water. Many 

use rainwater harvesting as their main water source and rely on boiling as treatment method, 

which is efficient but time and resource demanding. As Mavuno welcome students and 

teachers to live and work at the boarding school in Chonyonyo village, it is fundamental that 

they provide safe drinking-water. Microbial analyses performed during the field study showed 

that a treatment method is necessary in order to disinfect the collected rainwater and achieve a 

satisfactory or excellent drinking-water quality according to Swedish, Tanzanian and WHO 

guideline values.  
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During the field study, the disinfecting capacity of the biosand filter was investigated. The 

ripening of the biolayer and, subsequently, the development of an optimal filter function was 

slower than expected. The bacteria content of the filtered water slowly decreased and reached 

a satisfactory water quality with respect to the investigated indicator organisms and pH, when 

the filter had been operated for five weeks, in accordance with the Swedish recommendations 

for household scale water supply. The results from the field study indicate that the biosand 

filter improved the water quality compared to the quality of the raw water from the rainwater 

tank. Additional sampling would be necessary to confirm that the performance of the filter is 

reliable. 

The theory and practical aspects of the operation of the biosand filter, sampling and 

laboratory methods were taught to employees at Mavuno and they performed the procedure 

independently following the field study. Mavuno took part of the results and continued to run 

the biosand filter and analyse the water quality after the field study finished.  

The biosand filter appears to have a limited disinfecting ability and is sensitive to changes in 

raw water quality and maintenance. If the filter is operated correctly, e.g. with new raw water 

added onto the filter within appropriate intervals, the filter function observed during the field 

study can be upheld and the filter can be used as part of a drinking-water treatment. However, 

it could be coupled with additional treatment steps, such as e.g. boiling, ceramic filtration or 

SODIS, to ensure that a safe drinking-water quality is achieved.   
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APPENDIX A 

The results from the tests with solar disinfection (SODIS) can be seen in table 1. 

Table 1. Results from biosand filtering and the corresponding SODIS experiments (red indicates power cut) 

 Filtered water  Filtered water + SODIS  

Sampling Coliform 

bacteria 

E.coli Enterococci pH Coliform 

bacteria 

E.coli Enterococci pH 

2015-07-15 104.3 0 - 9.4 - - 0 9.4 

2015-07-16 - - 0 9.4 0 0 - 9.1 

2015-07-18 - - 0 9.5 - - 0 9.4 

2015-07-20 0 0  9.5 0 0 - 9.3 
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APPENDIX B 

Documents that were compiled and given to Mavuno to support them in their future work 

with the biosand filter and water quality analysis 

 

Instructions for water sampling and 
analysing  
Sand Filter Project 2015 

A Minor Field Study by Zarah Olivecrona and Johanna Gjerstad Lindgren 

Uppsala University, Sweden 

Taking the water sample 

Fill a 100 ml IDEXX container with a sample 

from the water source of interest. Make sure that 

the water sample is not contaminated by fingers 

or other containers, flasks or similar that has 

been used for other purposes than retrieving 

water from the source. Fill the container to the 

100 ml line and cap it. Mark the containers 

properly to make sure that the samples are not 

confused. 

 

 

Store the samples in a cool place, preferably in a 

refrigerator, and keep them away from direct 

sunlight. The samples should be incubated as 

soon as possible in order to get reliable results. 

The samples might be ruined if stored for a long 

time.  Do not store them in room temperature for 

more than approximately 6 hours.  

 

 

 

 

The IDEXX containers are treated with an antifoam layer to avoid foam to form in the water 

sample. The containers should only be used one time and then be thrown away. 

  

 



3 

 

Preparing the sample in the laboratory  

Decide which indicator organism that shall be analysed and use the designated nutrition 

substrate for the chosen indicator. See Table 1 for instructions on what substrate, incubation 

time and temperature to be used to cultivate each indicator organism.   

Table 7. Substrate, temperature and incubation time for the indicator bacteria 

 

 

Add the content from one Colilert-18 or 

Enterolert-E substrate pack to the 100 ml sample 

in the IDEXX container. Cap the container and 

make sure it is completely sealed. Shake it gently 

until all of the substrate has dissolved. Avoid skin 

contact with the water sample during handling 

and wipe up any spilled sample.  

 

 

Heat up the iron. Use the setting with three black 

dots.  

 

 

Open a Quanti tray by holding it in a vertical 

position and bending it carefully.  Pour the 

content of the IDEXX container into the tray. 

There should be no foam.  

 

 

Indicator bacteria Substrate Temperature [°C] Incubation time [h] 

Coliform bacteria and E. Coli Coliert-18 35 ± 0.5 18 ± 1  

Enterococci Enterolert-E 41 ± 0.5 24 ± 1 
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Continue to hold the tray vertically and carefully 

tap the small and the large wells to get rid of air 

bubbles. 

 

 

When the air bubbles are gone the tray can be laid 

down on a flat surface with the wells facing 

down. Distribute the sample evenly into every 

well by stroking from the end with small wells 

towards the opening. Control that there is sample 

in all of the wells and avoid pushing water out of 

the opening.   

 

 

The tray shall now be sealed with the heated iron. 

Place a thin underlay beneath the end with the 

small wells to support the tray during the ironing.  

 

 

Use a thin cotton towel between the iron and the 

tray. Iron from the end with the small wells and 

carefully stroke against the opening. Avoid 

pushing water out of the opening.  Iron until the 

tray is properly sealed and the opening is 

completely closed as well as the spaces between 

the wells. This usually takes around three 

minutes.  
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Start the incubator and set the desired temperature according to Table 1. This can be done 

earlier if the electricity source is sufficient for using the iron and the incubator at the same 

time. When the temperature in the incubator has stabilised at the desired temperature, the 

trays with samples can be placed inside. Make sure that the incubator door is fully closed and 

leave the sample in the incubator for as long time as is given in table 1. 

 

Reading the results 

Amount of Coliform bacteria and E. Coli 

Remove the Quanti tray from the incubator after 18 hours. If this is not possible, the tray can 

be removed one hour earlier or one hour later. Place the tray on a flat surface with the wells 

facing upwards and count the small and large wells that have turned yellow. Even very small 

yellow colour changes should be counted. The biggest well closest to the opening should be 

analysed as one of the large wells. Note the number of small and large yellow wells and use 

the MPN table in order to get the total number of living coliform bacteria per 100 ml water 

sample. Write the results in the provided form.  

Bring out the UV lamp and turn it on. Darken the room by turning off the lamps and closing 

the curtains. Shine the UV light on the tray and count all the small and large florescent wells. 

The florescent wells are shining with a bluish colour. Also include wells that are shining 

weakly. Remember to analyse the big well closest to the opening of the tray. Only the wells 

that have turned yellow can become florescent. Record the number of small and large 

fluorescent wells and use the MPN table to get the total number of living Escherichia coli (E. 

coli) bacteria per 100 ml water sample.  Write the results in the provided form (Table 5). 

The Quanti tray can only be used one time and shall be thrown away after usage. Let the tray 

stay sealed, do not open it, and dispose it in a designated dust bin. Keep the waste in a safe 

place where it cannot harm human beings. 

 

Amount of Enterococci 

Remove the Quanti tray from the incubator after 24 hours. If this is not possible, the tray can 

be removed one hour earlier or one hour later. Place the tray on a flat surface with the wells 

facing upwards. 

Bring out the UV lamp and turn it on. Darken the room by turning off the lamps and closing 

the curtains. Shine the UV light on the tray and count all the small and large florescent wells. 

The florescent wells are shining with a bluish colour. Also include wells that are shining 

weakly. Remember to analyse the big well closest to the opening of the tray. Only the wells 

that have turned yellow can become florescent. Record the number of small and large 

fluorescent wells and use the MPN table to get the total number of living Enterococci bacteria 

per 100 ml water sample. Write the results in the provided form (Table 6).  

The Quanti tray can only be used one time and shall be thrown away after usage. Let the tray 

stay sealed, do not open it, and dispose it in a designated dust bin. Keep the waste in a safe 

place where it cannot harm human beings. 
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Analysing the result 

According to the Environmental Management (Water Quality Standards) Regulations 2007 

and Tanzanian Standard TZS 789:2008, the water can be classified as excellent, satisfactory, 

suspicious and unsatisfactory. The allowed bacteria levels per 100 ml water sample are 

provided in Table 2. 

Table 8. Microbiological guideline values 

Indicator  Excellent Satisfactory Suspicious Unsatisfactory Guideline 

values from 

Coliform 

bacteria 

0/100 ml  1-3/100 ml 4-10/100 ml  More than 

10/100 ml 

TZS 789:2008 

E. coli 0/100 ml  -   -  More than 

0/100 ml  

TZS 789:2008 

Enterococci 0/100 ml  -  - More than 

0/100 ml  

SFA 

 

Water classified as excellent can be used as drinking water. The classification satisfactory and 

suspicious means that the water is drinkable but the water source is very sensitive to 

environmental changes and might become unsatisfactory if the circumstances deteriorate. 

Water classified as unsatisfactory can cause negative health effects if used as drinking water 

without further treatment. The Environmental Management (Water Quality Standards) 

Regulations 2007 provides no guideline value for enterococci, therefore the guideline value 

from the Swedish Food Agency (SFA) has been given in Table 2.  

Table 9. Tanzanian and Swedish guideline values for pH 

Parameter Excellent Satisfactory Suspicious Unsatisfactory Guideline 

values from 

pH 

[Tanzanian] 

 

6.5-9.2 - - Less than 6.5 

or more than 

9.2 

TZS 789:2008 

pH [Swedish] 7.5-9.0 4.5-7.5 or  

9.0-10.4 

- More than or 

equal to 10.5 

SFA 

 

When analysing water quality, a pH test should preferably be included and allowed levels are 

given in Table 3. In concrete rainwater tanks pH tends to rise and might become 

unsatisfactory according to Tanzanian standards. The Environmental Management (Water 

Quality Standards) Regulations 2007 gives no explanation to why the allowed interval is so 

tight.  The guideline values from the Swedish National Food Agency (SFA) have a larger 

span. SFA do however mention that a pH of 10.5 or higher is harmful for human health. 
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Swedish recommendations for household scale water supply 

The Swedish Food Agency (SFA) provides recommendations for water sources and treatment 

plants that are producing drinking water for a few individual households that will be  used 

non-commercially and not by the state/for public service. This guide applies to sources in 

Sweden that produce less than 1000 m
3
 drinking water per day and are used by less than 50 

persons.  Similar recommendations from Tanzania have not been found. The recommended 

levels are given in Table 4. 

Table 10. Recommendations for water supply on household scale 

Indicator  Excellent Satisfactory Suspicious Unsatisfactory Guideline 

values from 

Coliform 

bacteria 

0/100 ml  50/100 ml -  More than, or 

equal to 

500/100 ml 

SFA 

E. coli 0/100 ml  1-9/100 ml   -  More than, or 

equal to 10/100 

ml  

SFA 

 

The Swedish recommendations for household scale water supply can be used when 

investigating whether a water source is harmful for humans. The limits are higher than the 

limits in Table 2, hence the risk for disease is also slightly increased. However the risk for 

negative health issues can be regarded as very low when the recommended values are applied 

at a household scale. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



8 

 

Table 11. Result form for total coliform organisms and E.coli 

Date pH Big 

Yellow 

Small 

Yellow 

Big 

Fluorescent 

Small 

Fluorescent 

Total 

Coliform 

Total 

E.coli 

Classification Notes 
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Table 12. Result form for Enterococci 

Date pH Big 

Fluorescent 

Small 

Fluorescent 

Total 

Enterococci 

Classification Notes 
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Project Sand Filter Check List 
Sand filter Project 2015 

A Minor Field Study by Zarah Olivecrona and Johanna Gjerstad Lindgren 

Uppsala University, Sweden 

The sand filter can provide clean water at the Chonyonyo school. The filter's capacity and 

efficiency is however very dependent on how it is handled and maintained. This checklist 

contains the essential tasks that needs to be performed to maintain the function of the sand 

filter.  

Once a day Monday to Saturday 

 Check the water level in the filter. If the level is below the outlet, add water until the 

water level reaches the outlet. 

 Charge the filter with 20 litres of water. 

 Check that the filter is clean and doesn't leak. 

 Check that the recharge bucket and storage container are in place and clean. 

Once a week 

  Take a water sample from the filtered water and analyse Coliform and E. coli. 

  Take a water sample from the filtered water and analyse Enterocci. 

 Take a water sample from the filtered water and analyse pH. 

 Analyse the result and classify the water as Excellent, Satisfactory, Suspicious or 

Unsatisfactory. 

Once a month  

 Clean the safe storage container with soap and water and/or a chlorine solution. 

 Clean the outlet tap with soap and water and/or a chlorine solution. 

 Clean the diffuser plate with soap and water- do not use chlorine since it will kill the 

biolayer. 

 Clean the outside of the filter. 

The following part is not mandatory but is recommended once a month since it gives a good 
idea of the water quality in the rainwater tanks 

 Take a water sample from the rainwater tank and analyse Coliform and E. coli. 

 Take a water sample from the rainwater tank and analyse Enterococci. 

 Take a water sample from the rainwater tank and analyse pH. 

 Analyse the result. 

Less often than once a month 

 Perform "swirl and dump" maintenance when the water flow rate out of the filter 

becomes too slow. 

 If the filters performance decreases over a long time and the "swirl and dump" method 

doesn't restore it to its normal efficiency, clean the sand, gravel, pipes and inside of 

the filter. This usually has to be done when the filter has been in use for a few years.  
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Using the Sand Filter 
Sand filter Project 2015 

A Minor Field Study by Zarah Olivecrona and Johanna Gjerstad Lindgren 

Uppsala University, Sweden 

Theory 

The sand filter disinfects the water through a combination of mechanical and biological 

removal mechanisms. These include predation, adsorption, surface screening, natural death 

and inactivation. There are beneficial bacteria in the top layer of sand (biofilm) in the filter, 

which are performing the biological removal of pathogens from the water. The sand itself 

removes contamination from the water through adsorption to the particles. Further down in 

the sand filter the oxygen level drops, causing pathogens to be inactivated or die.  

The bacteria in the biofilm are very sensitive and a few criteria need to be fulfilled for it to 

survive and continue to disinfect the water. The most important factor is that the sand filter 

needs to be covered with water. The water level should always be at least 5 cm above the sand 

surface.  

The biofilm need fresh water regularly in order to receive oxygen and nutrition. For this 

reason, the whole pore volume inside the sand filter should be renewed regularly. This is 

carried out by pouring a fresh volume of water onto the filter and allowing the existing water 

to be flushed out.  The sand filter should be feed with a new volume of water preferably with 

24 hour intervals. If a new batch of water is not added within 48 hours since the last renewal, 

the biofilm will be harmed and will be less efficient.  

The sensitive biofilm in the top layer of the sand filter will be harmed if disturbed by an 

intense water flow. A diffuser plate should for this reason always be used when pouring water 

into the filter. The diffuser plate spreads the water evenly onto the sand and gives a slower 

flow.  

The temperature in the sand filter should preferably be kept low, otherwise bacteria might be 

more difficult to inactivate. The sand filter tank is painted white which reflects the sun light. It 

would also be beneficial to build a roof over the sand filter as a sun screen.   

Management  

To produce 20 L of drinking water on one day, proceed as follows.  

Firstly, remove the lid and the diffuser plate and control the water level inside the filter tank. 

The water level should be at least 5 cm above the sand, preferably at the level of the outlet 

(the pipe’s elbow). If this is not the case, put the diffuser plate back and pour the necessary 

volume of water into the filter until the water surface reaches this level.  

When the water level is at the outlet, pour 20 L of water onto the filter (using the diffuser 

plate) and let the existing water flow out. Let the newly added batch reside inside the filter for 

24 h. To prevent water from evaporating, close the filter with the lid during the treatment 

period. After the treatment period of 24 h, pour an additional volume of 20 L water onto the 

sand filter, this water will become the next batch of drinking water. When the additional 20 L 

has been poured onto the filter, the residing water will flow out into a safe storage container. 

Store this container in a way that protects the clean drinking water from contamination and 
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direct sunlight. To avoid recontamination, drink the treated water as soon as possible, 

preferably the same day.   

Water quality 

When the sand filter is in use, the quality of the drinking water should be investigated 

regularly.  The performance of the sand filter is dependent on the sensitive biofilm and its 

condition will change over time. The efficiency of the filter can be investigated by analysing 

the amounts of indicator organisms (E.coli, total coliforms and enterococci) in the filtered 

water. This is done by taking water samples and analysing these according to the provided 

instructions.  

Sampling and analysing should be performed once a week. If the results are unsatisfying, it is 

of great importance to examine the cause and take necessary measures into action. Do not 

continue to use the water for drinking (without further treatment) until it has been shown that 

the water quality is restored. Consider to take additional water sampling analyses as a part of 

investigating the cause of the high bacteria levels. The Environmental Management (Water 

quality standards) Regulations 2007 recommends that new samples should be analysed within 

a fortnight.   

Continue to feed the filter with fresh water at the same intervals as before to maintain the 

biofilm during the investigation period. The causes of the unsatisfying results could be 

contamination by fingers or dirt in the water sample, that the biofilm has become week due to 

bad management and that the filter is in need of maintenance. The water can also be 

contaminated inside the storage container after it has been filtered. It is of great importance 

that the storage container is securely closed, placed in a cool place during storing and is not 

used for any other purpose that to store filtered water. The storage container, as well as the tap 

on the container, should be cleaned with a disinfectant on a regular basis.  

Producing an increased volume of water 

The water residence time in the sand filter is one of the most important factors that affects the 

disinfection of the water. Theoretically the filter should function properly with a minimum 

residence time of 1 hour and a maximum time of 48 hours. This means that the filter should 

be able to produce clean drinking water when reloaded with 20 L of new water every second 

hour. This way a large amount of drinking water can be produced every day. When 

decreasing the residence time the filtered water needs to be tested and investigated with 

microbial analysis before used as drinking water. Water samples should preferably be 

collected from at least one batch a day for one week or until the water quality is classified as 

drinkable. If the desired quality is not reached the residence time needs to be increased.   

To produce 40 L of drinking water on one day, proceed as follows. The water will be 

produced in two batches. To produce the first batch, add 20 L of water to the sand filter and 

let it reside in the filter for 12 h. After this period of time, pour the next 20 L onto the filter 

(using the diffuser plate) and let the residing water flow into a safe storage container. Store 

this container in a way that protects the clean drinking water from contamination and direct 

sunlight. Let the next batch of water reside in the filter for 12 h. Add a new volume of water 

onto the filter and add let the second batch flow into another safe storage container. Follow 

this procedure for one week and take water samples from each batch and perform microbial 

analyses on these (at least coliform and E.coli). If the results show that the indicator bacteria 

are killed or removed sufficiently to classify the water as excellent, satisfactory or suspicious, 

it can safely be used as drinking water.  

 



13 

 

Maintenance  

It is important to clean the outlet tube, safe storage container, diffuser lid and the outside 

surfaces of the filter at least once a month or when they look dirty. The outlet pipe and safe 

storage container and tap can be cleaned with soap and water and/or a chlorine solution. It is 

important not to pour chlorine into the filter or use it on the diffuser lid since it will kill the 

biofilm.  

Over time the spaces between the sand grains in the upper layer of the filter will be plugged 

due to development of the biofilm and trapped suspended matter. This will cause the water to 

flow slower through the filter, hence the flow rate will decrease. This is actually not affecting 

the water quality negatively, a slower flow rate usually improves the water quality. After 

some time it might however become so slow that the filter is inconvenient to use. When the 

flow rate drops to less than 0.1 litre/minute maintenance is required.  

The slow flow rate can easily be treated by doing a simple basic maintenance called "swirl 

and dump". Firstly check that the water level in the filter is at the height of the outlet pipe, if 

not, add water (use the diffuser lid) until the water level reaches the outlet. Remove the 

diffuser lid and with the palm of one hand, lightly touch the very top of the sand and move the 

hand in a circular motion. Be careful not to mix the top of the sand deeper into the filter. 

Thereafter make sure that the sand surface is smooth and remove the dirty water above the 

sand with a small container. Reinsert the diffuser lid and refill the filter with new water from 

the rainwater tank. The "swirl and dump" sometimes needs to be repeated several times for 

the flow rate to become completely restored. This method disturbs the biofilm and the 

disinfection efficiency of the filter will be reduced for some time after the maintenance is 

performed. It is recommended that an additional treatment method (such as boiling) is used 

during this time. The biofilm is usually restored after 1-2 weeks, the water quality should 

however be tested with microbial analysis before the water is distributed as drinking water.   

If the filter's performance decreases over a long time and the "swirl and dump" method does 

not restore it to its normal efficiency, it is time to clean the sand, gravel, pipes and inside of 

the filter. This usually has to be done when the filter has been in use for a few years. Remove 

all of the water, sand and gravel from the filter tank and clean/rinse it with water. Let it dry in 

the sun and then separate the sand and the gravel by sieving it. The gravel consists of two 

different sizes which also should be separated by sieving. More detailed information about the 

steps of the cleaning method can be found in the provided CAWST manual. Clean the inside 

of the filter and the outlet pipes with soap and water. Clean or, if needed, change the cloth 

material covering the bottom pipe in the filter. Follow the instructions in the CAWST manual 

when restoring the filter to its normal condition after the cleaning.  
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APPENDIX C 

The results from Mavuno's ongoing water quality analysis after the completion of the field 

study of this project are presented in table 7. 

Table 7. Results from Mavuno's sampling  

 Date Temperatu
re [°C] 

pH Coliform 
organisms 
[CFU/100 mL] 

E.coli 
[CFU/100 
mL] 

Enterococci 
[CFU/100 mL]  

Conclusion 

 

 

Chonyonyo 

       

Sand Filter 13/8/2015 

 

22.9 9.4 - 0 -  suitable for drinking 

Sand Filter 27/8/2015 22.5 8.3 - - 0  suitable for drinking 

Sand filter 15/9/2015 23.4 8.2 - 0 - Drinkable  

Sand filter 22/9/2015 22.6 8.1 -  0 Drinkable 

 Sand filter 

 

30/9/2015 22.5 7.9 - 0 -  suitable for drinking 

Sand filter 16/10/2015 21.8 7.7 - - 0 Suitable for drinking 

Sand filter 29/10/2015 21.5 7.6 - 0 - Drinkable   

Sand Filter 4/11/2015 20.8 7.5 -  1.0 Not suitable for 

drinking   

Sand filter 7/11/2015 21.7 6.7 - 2.0 - Not suitable 

forDrinkable  

 


