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Abstract  

The purpose of this study was to develop ceramic water filters at laboratory scale and evaluate their 

performance with respect to flow rate, turbidity reduction and bacterial removal efficiency from 

contaminated water sources. Ceramic pot filters for household drinking water treatment were 

developed at laboratory scale from locally available materials. The filters were developed by mixing 

clay, grog and wood sawdust by varying the proportion of clay to sawdust. The volume ratios of clay 

to sawdust used were 50:50, 53C:47, 55:45, 60:40 and 65:35. These ratios were mixed dry 

thoroughly and then mixed with water to prepare wet mix. The prepared wet mix of clay and sawdust 

was pressed in a pot shaped container to the final shape, dried and fired at 600 oC for six hours in a 

furnace. The capacity of each of the filters was approximately 300 ml. The developed ceramic water 

filters were tested for their performance with respect to flow rate, turbidity reduction and bacterial 

removal efficiencies. The flow rates of the 50:50, 53:47, 55:45, 60:40 and 65:35 filters were 12 ml/hr, 

8 ml/hr, 6 ml/hr, 3 ml/hr and 2 ml/hr respectively, when the water level was maintained at its 

maximum height. All the filters reduced turbidity to less than 5 NTU. Indicator bacteria (total 

coliform and fecal coliform) were used to quantify bacterial removal efficiencies of the developed 

ceramic water filters. The filters removed more than 98% of the total coliform and 100% of the fecal 

coliform indicator bacteria from contaminated water sources. Ceramic water filter development is a 

candidate technology and system for Ethiopia. Hence, the information compiled in this thesis 

provides a basis for future work. Therefore, further investigation and scaling up of the ceramic water 

filter is of greatest importance for providing microbiologically improved household drinking water to 

prevent and control waterborne bacterial diseases. 
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1. Introduction  
1.1. Background and Justification 

Water is one of the basic needs of life on earth. It touches every part of our lives, from drinking to food 

preparation to bathing to cleaning. Water quality is a critical factor affecting human health and welfare. 

In Ethiopia, safe water through centralized water treatment plants and piped distribution networks has 

been provided to urban centers for many years. However, such systems cannot be applied to the rural 

communities due to high cost and lack of technical capabilities required for operation and maintenance. 

Thus, alternative strategies to address such problems are crucial to improve the health status of the rural 

community. Several methods have been developed to treat water contaminants at the household level. 

Household water treatment and safe storage (HWTS) technologies are among the alternatives that could 

provide moderate level of safe water supply to the rural populations (WHO, 2002). 

The most commonly used household water treatment options include biosand filtration, ceramic water 

filters, boiling, aquatabs, solar disinfection (SODIS), P-u R purifier of water and flocculants. Each of the 

technologies has different benefits and drawbacks; no one technology is best for everyone, rather the 

most appropriate technology for the user depends on a number of factors such as existing water and 

sanitation conditions, water quality, cultural acceptability, cost, availability of the technologies and local 

conditions. 

The main problem in treatment of drinking water is to reduce potentially pathogenic microorganisms 

and undesirable chemicals without introducing new hazards that might pose new and different threats to 

human health. Since the quality of the water supply is often variable and cannot be adequately controlled 

for millions of people in developing countries, one viable approach could be the implementation of 

simple household water treatment methods to ensure the provision of safe water for consumption (Low, 

2002).  

Various household water treatment methods for reducing microbes in water have been widely known 

and practiced for decades and new ones continue to be developed (Sobsey, 2004). One such technology 

is ceramic water filter. Ceramic water filters transmit water by adding a fine combustible material such 

as sawdust or coffee husk to the standard ceramic components of clay (Clopeck, 2006).  

Household water treatment has been receiving increasing recognition as important interventions to 

address the safe drinking water problems, to substantially decrease the global burden of diarrhea and to 

contribute to the Millennium Development Goals. Despite recognition that safe water supplied by piped 
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infrastructure is a noble goal (Harris, 2005) and despite considerable efforts to provide such facilities, 

the reality is that water supplies delivering safe water to all will not be available in the near-term 

(Sobsey, 2002). With an estimated 1.1 billion people reliant on unsafe yet abundant water supplies, 

household water treatment provides a means to make safe water available much more quickly than it 

will take to design, install and deliver piped community supplies (Sobsey, 2002). Hence, simple, 

acceptable, low cost household water treatment options are capable of dramatically improving the 

microbial quality of household drinking water and reducing the risks of diarrhea (Clasen et al., 2004). 

By preventing disease, household water treatment practices can contribute to poverty alleviation and 

development. In conclusion, ceramic filter development is a candidate technology and system for 

Ethiopia. Hence, the information compiled in this thesis provides basis for future work. Therefore, 

further investigation and scaling up of the ceramic water filter is of greatest importance for providing 

microbiologically improved household drinking water to prevent and control waterborne bacterial 

diseases. 

1.2 . Statement of the Problem  

Ethiopia is one of the developing countries where only 52% and 28% of its population have access to 

safe drinking water and sanitation coverage, respectively (MoWR, 2007). The limited safe drinking 

water supply and low sanitation coverage attributed to the death of 250,000 children under five years of 

age per year in the country which is more than  the number of people deaths recorded by HIV/AIDS 

(MoH, 2007). Among the pathogenic microbes, bacteria are responsible for the majority of the deaths 

associated with drinking unpurified water (WHO, 2004).  

Access to safe drinking water is essential to a person’s health, a basic human right and a component of 

effective policy for health protection (WHO, 2006). Problems associated with the contamination of 

drinking water have led to the development of various technologies for drinking water treatment. 

However, the treatment technologies used in high-income nations are neither economically nor 

technically feasible in low-income countries (Clopeck, 2006). In rural areas of Ethiopia, safe water 

supply and sanitation coverage is very limited (MoWR, 2007). The majorities of the population usually 

collects and use untreated water for their domestic consumption from unprotected sources. The use of 

this untreated water for drinking is one of the causes that expose people to diarrhea and other waterborne 

disease (MoH, 2007).  
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According to the study currently conducted in Cambodia, in many developing countries, the most 

commonly available household water treatment system is the use of ceramic water filters. These filters 

have been shown to be effective systems for household water treatment in low-income communities 

(Hwang et al., 2002).  The technology of using ceramic water filter is simple, affordable, and utilizes 

local materials and traditions.  

Household ceramic water filters are simple enough to produce as well as to use for household drinking 

water treatment, but have not yet been developed in Ethiopia. The development of ceramic water filter is 

important especially for rural areas where the settlements are scattered and people relay on surface water 

and shallow ground water as a source of drinking water which are easily subjected to contamination by 

pathogenic microbes. Hence, the attempt of this study was to develop ceramic pot water filter at 

laboratory scale and evaluate its performance with respect to flow rate, turbidity reduction and bacterial 

removal efficiencies using total coliform and fecal coliform indicator bacteria. 

 1.3. Objective of the Study 

 1.3.1. General Objective 

        The main objective of this study was to develop a laboratory scale ceramic filter for household drinking 

water treatment from locally available materials.  

    1.3.2. Specific Objectives 

    The specific objectives were: 

• To develop household ceramic pot water filter at laboratory scale 

• To evaluate the performance of the filter for flow rate, reduction of turbidity and reduction 

pathogens of using total coliform and fecal coliform indicator bacteria from contaminated water 

sources. 

• To compare the performance of ceramic pot water filter with candle and disk ceramic water 

filters. 
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2. Literature Review 

2.1. Waterborne Diseases 
Cholera, typhoid fever and hepatitis A are caused by bacteria, and are among the most common 

diarrheal diseases. Other illnesses, such as dysentery, are caused by parasites that live in water 

contaminated by the feces of infected individuals. Lakes and streams which people use for drinking 

water, bathing and open defecating are sources of diseases.Over four billion cases of diarrhea occur 

worldwide each year, which result in about 2.2 million deaths (WHO, 2008a). Approximately 1.9 

million of those deaths occur among children under the age of five years (Boschi-Pinto et al., 2008). 

Diarrhea not only leads to mortality but also contributes to a host of other health problems. Malnutrition, 

caused by repeated episodes of diarrhea, leaves children more susceptible to other harmful infections 

such as malaria or enteric diseases, and can impair cognitive development and lead to stunted growth 

(WHO, 2005).  

2.2. Access to Safe Drinking Water 

Approximately 88% of diarrheal disease is related to unsafe water and lack of sanitation facilities 

(WHO, 2007). As of 2006, an estimated 884 million people worldwide did not have access to an 

improved water source. The World Health Organization has defined water sources such as public or 

private stand pipes, tube wells, protected dug wells, protected springs, and rainwater harvesting as 

improved sources. An improved water source does not necessarily provide water that is safe to drink, 

which means even more than 884 million people do not have safe drinking water (WHO, 2008b). 

Increasing the number of people who have a reliable source of safe drinking water is a key component in 

reducing diarrheal disease prevalence. The need for improvements in safe drinking water coverage 

worldwide has recently been receiving more attention as one of the global health topics of highest 

priority.  

2.3. Sources of Bacteria in Drinking Water 

Human and animal wastes are a primary source of bacteria in water. These sources of bacterial 

contamination include runoff from feedlots, pastures, and other land areas where animal wastes are 

deposited. Additional sources include seepage or discharge from septic tanks, sewage treatment 

facilities, and natural soil/plant bacteria. Bacteria from these sources can enter water sources. 

Another way bacteria can enter a water supply is through infiltration by flood waters or by surface 

runoff. Flood waters commonly contain high levels of bacteria. Small depressions filled with flood water 
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provide an excellent reproduction ground for bacteria. Whenever a well is inundated by flood waters or 

surface runoff, bacterial contamination is likely.  Shallow wells and wells that do not have water-tight 

casings can be contaminated by bacteria infiltrating with the water through the soil near the well, 

especially in coarse-textured soils. 

2.4. Water Quality, “Safe” Drinking Water and Water Treatment  

Water quality can be defined by three broad categories: microbiological, chemical and physical 

attributes. Physical attributes relate to the quality of water for domestic use and are usually associated 

with the appearance of water, its color, turbidity, temperature, taste and odor. The chemical quality of 

drinking water includes organic and inorganic constituents. Microbiological agents are important to 

public health and may also be significant in modifying the physical and chemical characteristics of 

water.  

 Safe drinking water, as defined by the World Health Organization Guidelines for Drinking Water 

Quality, does not represent “any significant risk to health over the lifetime of consumption, including 

different sensitivities that may occur between life stages.”Waterborne contaminants are those potentially 

most likely to affect human health. Microbiological contaminants can have immediate effects on human 

health by causing infectious diseases, such as diarrhea. As stated in the WHO Guidelines:“Infectious 

diseases caused by pathogenic bacteria, viruses, protozoa and helminthes are the most common and 

widespread health risk associated with drinking contaminated water”(WHO, 2004). Chemical 

contaminants, in contrast, tend to have human health impacts that manifest over longer time periods, 

perhaps years or decades. The physical characteristics of water are very important from a consumer’s 

point of view as they determine patterns of behavior, but they are secondary from a human health point 

of view. Point of use (POU) water treatment systems are designed to address water contaminants in one 

or some of these three broad categories.  
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2.5.The Need for Household Drinking Water Treatment and Safe Storage Options 

Water can be contaminated at its source, as it is transported, and at the point of its consumption. 

Household water treatment and safe storage involve treating water prior to use at the point of use. Point 

of use drinking water treatment systems refer to the treatment of water at the household level as opposed 

to centralized, larger capacity municipal systems that carry out treatment of water for a larger 

population.  Household water treatment allows individuals and communities to treat their own water. 

These methods encompass a variety of low-cost approaches, including filtration, boiling, and chemical 

disinfection, such as using chlorine, disinfection by the sun, UV lamps, absorption, and flocculants.  

Safe storage following water treatment is necessary in order to prevent subsequent water contamination. 

When implemented correctly, household water treatment can be more effective than treating water at its 

source (Clasen et al., 2006). 

 2.6. The Growing Importance of Household Water Treatment and Safe Storage Systems 

Contamination of drinking water by microorganisms represents a major human health hazard in many 

parts of the world. The World Health Organization (WHO) has recognized household water treatment as 

an effective means of reducing illness in developing country household. Whether consumers receive 

their water from household well or a community water system they may wish to treat it at its point of use 

(POU) system. POU technologies corrected unusual taste, color and odor and some POU devices also 

reduce harmful contaminants. Each technology is designed to solve one of several different water 

quality problems. In order to choose the right equipment, it is important to confirm the nature and extent 

of the problem. 

Instead of relying on community participation, POU systems can be specifically targeted to individual 

users making the most of their greater motivation to look after their own interests rather than that of the 

community (Mol, 2001). In addition, many observations support the role that POU water treatment plays 

in preventing illness by reducing the opportunities for recontamination after the treatment process 

through storage and handling (Mintz et al., 1995). In recent years the growth in the use of low cost 

interventions for water treatment and safe storage has led to dramatic improvements in water quality and 

reductions in diarrhea disease in rural populations reliant on unsafe surface water and inadequate water 

infrastructure (Sobsey, 2002). 

Currently, point of use water treatment and safe storage technologies are being developed all over the 

world to provide effective removal of waterborne pathogens at low cost using locally appropriate 
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techniques and materials. Whilst the technical details of individual systems vary considerably, the range 

of treatment methods used include: filtration, boiling, chlorination, heat and ultra violet radiation, 

chemical treatment methods using flocculation and coagulation and disinfection (Sobsey, 2002). 

Although many of these methods are very effective there are several limitations to each. To address 

some of these deficiencies there has been growing interest in filtration methods, which can reduce 

turbidity and color and remove parasites such as Cryptosporidium, Guardia and Entamoeba (Sobsey, 

2004). 

2.7. The Effectiveness of Household Water Treatment Systems 

Treatment of water at the point of use is a widespread practice even when the house may be plumbed 

into a supply or a water tap is available nearby. The reasons for treatment primarily relate to the poor 

microbiological quality of the supply and removal of particulates. The necessity to further treat “treated” 

municipal water frequently results from poor infrastructure maintenance in the water supply system. 

This leads to contamination during distribution or the need for the householder to store water often in 

bulk in tanks, which themselves become contaminated. Storage of water within the home is often a 

problem .Water that has to be collected from some distance either directly by the householder or 

delivered via tankers is at particular risk of contamination in relation to the hygienic quality of the 

transport and storage system. On the household scale, storage vessel design has been a major interest of 

center for disease control and they have clearly shown the hygiene benefits of clean spigotted vessels 

with narrow necks. When combined with chlorination, this provides an effective and low cost solution to 

fecal contamination problems (Quick et al., 1999). 

Both the time spent treating water and the cost can be a significant proportion of the household budget. 

Recommended technologies need to be: simple, appropriate, affordable, effective and socially 

acceptable. The following sections consider some selected point of use water treatment technologies. 
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2.8. Some Selected Household Water Treatment Technologies 

 2.8.1. Solar Treatment by UV and Thermal Effects 

Treatment to control waterborne microbial contaminants by exposure to sunlight in clear vessels that 

allows the combined germicidal effects of both ultra violet (UV) radiation and heat has been developed, 

evaluated and put into field practice (Wegelin and Sommer, 1998).  A number of different solar 

treatment systems have been described, but one of the technically simplest and most economical is the 

solar disinfection (SODIS) system. Solar disinfection (SODIS) was initially developed to inexpensively 

disinfect water used for oral rehydration solutions (Acra et al., 1984). In 1991, the Swiss Federal 

Institute for Environmental Science and Technology began to investigate and implement solar 

disinfection as a POU water treatment option. Users of SODIS fill 0.3-2.0 liter plastic soda bottles with 

low-turbidity water, shake them to oxygenate the water, and place the bottles on a roof or rack for six 

hours (if sunny) or two days (if cloudy). SODIS has been proven to inactivate bacteria and viruses 

(Wegelin et al., 1994); the protozoa cryptosporidium and guardia are also sensitive to solar irradiation 

(Méndez-Hermida et al., 2005). Randomized controlled studies have shown SODIS to reduce diarrheal 

disease incidence by 9–86 percent (Hobbins, 2003). 

The SODIS system consists of four basic steps; removing solids from highly turbid (>30 NTU) water by 

settling or filtration, placing low turbidity (<30 NTU) water in clear plastic bottles, aerating the water by 

vigorous shaking in contact with air and exposing the filled, aerated bottles to full sunlight for about five 

hours or longer if only part sunlight. There was a measurable reduction in diarrheal disease and cholera 

in Kenyan children drinking solar disinfected water (Conroy et al., 1998). 
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Inactivation of microorganisms by UV radiation and thermal treatments 

 Source: www.kwaho.org 

 Figure 1: Solar disinfection 

2.8.2. Point of Use Chlorination 

Chlorination was first used to disinfect public water supplies in the early 1900s, and helped drastically 

reduce waterborne disease in cities in Europe and the United States (Gordon et al., 1987). Although 

there had been small trials of POU chlorination, larger-scale trials began in the 1990s as part of the Pan 

American Health Organization (PAHO) and the U.S. Centers for Disease Control and Prevention (CDC) 

in response to epidemic cholera in Latin America (Mintz et al., 1995). The Safe Water System (SWS) 

strategy devised by CDC and PAHO includes three elements:  

 Treating water with dilute sodium hypochlorite at the point of use; 

 Storing water in a safe container; and 

 Educating users to improve hygiene, as well as water- and food-handling practices. 

The sodium hypochlorite solution is packaged in a bottle with directions instructing users to add one full 

bottle cap of the solution to clear water (or two caps to turbid water) in a standard-sized storage 

container, agitate, and wait for 30 minutes before drinking. At concentrations used in POU water 

treatment and safe storage options programs, chlorine effectively inactivates bacteria and some viruses 

(American Water Works Association, 1999); however, it is not effective at inactivating some protozoa, 

such as cryptosporidium. Because the concentration of the chlorine solution used in SWS programs is 

low, the environmental impacts of the solution are minimal. 
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2.8.3. Aquatabs 

Aquatabs are chlorine tablets that meet internationally recognized specifications for water treatment. 

The primary chemical constituent of Aquatabs is sodium dichloroisocyanurate (C3HCl2N3O3Na), also 

known as sodium troclosene, triclosene sodium, or sodium dichloro-sy-triazine (Medentech, 2006). The 

two other primary constituents are adipic acid and sodium carbonate, which are added to maintain a 

constant pH in the water of 6.2 (Bakhir, 2003). This pH value ensures optimal conditions for the NaDCC 

to release a measured dose of hypochlorous acid (HOCl). HOCl is electrically neutral, which allows for 

ease of diffusion through cell walls. After passing through the cell wall, the HOCl reacts with the 

proteins, fatty acid groups, cholesterol, or enzyme systems of the cell, which inactivates the bacteria. 

The tablets come in a variety of sizes and readily dissolve in water without leaving any deposits. They 

are used as a POU water treatment, meaning they are applied directly to the water source, for emergency 

relief and routine household water disinfection (DaVinci, 2006). In terms of routine household water 

disinfection, Aquatabs are currently being used in Haiti, Venezuela, Tanzania, Kenya, and other 

countries (Medentech, 2006). Another use of Aquatabs is for the disinfection of water tanks, water 

transporters, wells, boreholes and water pipelines. According to the manufacturer, Aquatabs are 

preferred over hypochlorite in terms of taste and odor (Medentech, 2006). 

 

 Source: Andrew, 2007 

 Figure 2: Strips of 10 Aquatabs   

The primary function of Aquatabs is to kill pathogenic microorganisms in drinking water, which can 

cause waterborne diseases like cholera, typhoid, dysentery, diarrhea, etc. They are effective at treating 
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natural waters with various pH values and fecal contamination values (Medentech, 2007). Aquatabs are 

non-hazardous and easy for transportation. Additionally, due to the relatively small size of the tablets, 

they are easily shipped and handled. Aquatabs have a shelf-life of five years in strip-packs, typically 

strips of 10 tablets as shown in figure 2 and three years in unopened tubs. Aquatabs are also distributed 

in granular form. 

2.8.4. Boiling 

Boiling of water is effective in destroying all classes of waterborne pathogens and can be effectively 

applied to all water sources, including those with high turbidity. Although boiling is the preferred 

thermal treatment for contaminated water, heating to pasteurization temperatures (600C) for ten minutes 

will destroy most waterborne pathogens. Even heating to as little as 550C for several hours has been 

shown to dramatically reduce non-spore forming bacterial pathogens as well as many viruses and 

parasites, including the waterborne Cryptosporidium parvum, Giardia lamblia and Entamoeba histolytica 

(Sobsey and Leland, 2001). 

 2.8.5. Flocculants/Disinfection Powder 

The first step in flocculent/disinfectant treatment is to combine one packet of the flocculent -disinfectant 

(Figure 3 bellow) with 10-20 liters of water in a container (CDC, 2008b). Next; it is stirred for five 

minutes. The solids will coagulate and settle to the bottom of the container and then must be strained 

through a cloth by pouring the contents into another container. After 20 more minutes the water is fully 

treated and the hypochlorite component of the product will provide residual protection to stored water. 

Flocculent/disinfection treatment is capable of removing bacteria, viruses, protozoa, and some heavy 

metals and pesticides. Reductions in diarrhea range from 16% to 90%. This intervention costs about 1 

US cent per liter and requires two buckets, a cloth, and a stirrer. It also requires the user to correctly 

perform a number of steps and produces a flocculent waste. Disinfection powder is a popular option for 

responding to emergency and disaster situations. 
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  Source: Molly, 2009 

  Figure 3: Flocculent/ disinfection packet          

2.8.6.Filtration  
Filtration is a process by which water flows slowly through a bed of a media. As the water passes 

through the medium, particles become trapped due to several mechanisms: interception, flocculation, 

straining and sedimentation. The largest  particles are “strained’’. These particles are simply too large to 

pass through the pore spaces of the medium and become trapped in the upper depths of the filter. 

Particles flowing at sufficiently low velocity are ‘’intercepted’’ and attached by weak electrostatic forces 

to the filter medium. If the water is chemically treated prior to filtration, additional flocculation can 

occur, allowing the particle size to grow so that these larger particles can be removed by “interception’’. 

2.8.6.1 Biosand Filtration 

Biosand water filter uses a thin microbiological film in the top layer sand to remove harmful 

microorganisms from the water (Lukacs, 2002). The biosand filter is a slow-sand filter adapted for use in 

the home. The most widely used version of the biosand is a concrete container approximately 0.9 meters 

tall and 0.3 meters square, filled with sand (Fig. 4).  
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Source: Kaiser et al., 2002 

Figure 4: Diagram of the BSF outlining the rules for design  

The water level is maintained at 5-6 centimeters above the sand layer by setting the height of the outlet 

pipe. This shallow water layer allows a bioactive layer to grow on top of the sand, which helps reduce 

disease-causing organisms. A plate with holes in it is placed on the top of the sand to prevent disruption 

of the bioactive layer when water is added to the system. To use the system, users simply pour water 

into the biosand filter, and collect finished water from the outlet pipe in a bucket. In laboratory and field 

testing, the BSF consistently reduces bacteria, on average, by 81 to 100 percent (Kaiser et al., 2002) and 

protozoa by 99.98 to 100 % (Palmateer et al., 1999). Initial research has shown that the biosand filter 

removes less than 90% of indicator viruses (Sobsey et al., 2008). 
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2.8.6.2. Ceramic Filtration 
2.8.6.2.1. Ceramic Water Filter History 
Potters for Peace (PFP) is a United States based non-governmental organization (NGO) that began 

manufacturing and distributing ceramic water filters in 1999. The original ceramic filter with a silver-

impregnated pot-shaped design was developed by the Central American Research Institute of Industrial 

Technology (ICAITI) in 1986. ICAITI tested ten ceramic filter designs to identify one that could 

domestically produce a suitable capacity of water, be self sustaining, and would foster economic and 

local artisan activity (1994). Traditionally, filters were thrown by hand on a potter’s wheel. Then in 

1999, PFP constructed and began operating a large scale filter manufacturing factory in Nicaragua that 

was established in response to the devastation caused by hurricane Mitch. After many years of filter 

manufacturing, PFP no longer runs this Nicaraguan factory, but has instead focused on achieving their 

goal of helping people to have access to safe drinking water by assisting in the establishment of other 

local filter production facilities worldwide. In trying to achieve their goal “to assist with appropriate 

technologies sustained using local skills and materials”, PFP also offers technical and design assistance 

as well as resources to develop marketing and educational materials. 

PFP has formed partnerships with NGOs, governments, and private enterprises to distribute over 

hundreds of thousands of filters in more than 20 countries (PFP, 2009). Although PFP may be the most 

well known ceramic pot filter organization, not all filter projects are affiliated with PFP, and each 

project has slight variations in their filter design, and manufacturing process. Ceramic water filters have 

been used in various places around the world as a means of treating drinking water at the point of use. 

Some examples include the Potters for Peace Filtron (Nicaragua), the terafil terracotta filter (India), and 

the candle filter (India, Nepal, Bangladesh, Brazil, etc)(Dies, 2003). 

Currently, the most widely distributed ceramic filter is the Potters for Peace (PFP) filter. Most modern 

ceramic filters are in the form of vessels or hollow cylindrical candles” (Figure 5) through which water 

generally passes from the exterior of the candle to the inside, although some porous clay filters are 

designed to filter water from the inside to the outside. Many commercially produced ceramic filters are 

impregnated with silver to act as a bacteriostatic agent and prevent biofilm formation on the filter 

surface. However, all porous ceramic media filters require regular cleaning to remove accumulated 

material and restore normal flow rate. Porous ceramic filters can be made in various pore sizes and most 

modern ceramic filters produced in the developed countries of the world are rated to have micron or 

submicron pore sizes that efficiently remove bacteria as well as parasites (Molly, 2009).  
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2.8.6.2.2. Ceramic Water Filter Types 

Ceramic water filters can be categorized according to various key parameters: 

1. Shape (candle element, disk, pot) (Figure 6); 

2. Type of clay (white clay, red clay, black clay); 

3. Combustible material (sawdust, flour, rice husk, coffee husk). 

  

Figure 5: Types of Ceramic Water Filter Elements (Source: Dies, 2003) 

Ceramic water filters can also be described by their function(s): 

1. Microbial removal (Potters for Peace Filtron); 

2. Chemical contaminant removal such as arsenic and iron  

3. Secondary contaminant removal like taste and odor (candle filter with activated carbon). 

 

Other key variables that influence the properties of ceramic water filters include: 

1. Use of additional materials in production (sand, combustible materials); 

2. Firing temperature; 

3. Mode of production (hand mold, wheel, mechanical press). 

Disk filter 

Pot filter 

Candle filter 
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2.8.6.2.3. Ceramic Water Filtration Systems 

Ceramic water filtration systems generally consist of a porous ceramic membrane, a plastic or ceramic 

receptacle, and a plastic tap (CDC, 2008a). Water is poured into the upper portion of the receptacle, or 

directly into the membrane, where gravity pulls it through the pores in the ceramic and into the lower 

portion of the receptacle. Water is safely stored in the receptacle until it is accessed through the tap. The 

three types of ceramic filters: candle filter, pot filter and the disk filter differ in their shape and 

assemblage of the ceramic membrane. Candle filter systems consist of an upper receptacle that sits 

above, and is separated from the storage receptacle. Candle elements, which are cylindrical, hollow 

ceramic membranes, are attached to the barrier that divides the two receptacles. The only way in which 

water can flow into the lower receptacle is if it enters the candle elements, which is where filtration 

takes place. The pot filter system is simpler, and consists of a single concave membrane, which sits 

inside the rim of the receptacle. 

 

          Sources: www.srvba.com.au ;www.helid.desastres.net  

            Figure 6: Ceramic filter styles  
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          Source: PFP, 2007 

          Figure 7: The Ceramic Pot Filter and its components  

2.8.6.2.4. Advantages and Limitations (Dies, 2003)  

Advantages of the ceramic filters include: 
 Socially acceptable, since clay pots are often used as storage containers for water  

 Operate under a variety of conditions (temperature, pH, turbidity) 

 Introduce no chemicals into the water that may affect its use 

 Relatively low cost due to local production of the filter 

 Materials (clay, grog, sawdust) are often readily available 

 Ease of use; 

 Simple to maintain; 

 Long life, if the filter remains unbroken 

Limitations of ceramic filters include: 

 Unknown effectiveness against viruses, heavy metals and pesticides; 

 Slow filtration rates; 

 Breakage during distribution or use can be a problem since ceramic filters are often  fragile; 

 Requires regular cleaning; 
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3. MATERIALS AND METHODS 
3.1. Materials  
Materials used include clay, grog / gely, wood sawdust. Grog/gely is clay that has previously been fired 
and can be obtained by grinding clay bricks that were damaged and/or discarded after primary 
manufacturing. Clay was bought from local potters. Wood sawdust was purchased from furniture 
centers.  
3.2. Fabrication Process  

The ceramic water filters production process follows some common steps regardless of the type of filter 
being manufactured. The process typically begins with material selection and processing; followed by 
shaping and pressing the filter element into a mold; firing; drying. The primary materials used in the 
production of ceramic water filters are clay, water, combustible material, and grog (a non-plastic 
material used to reduce shrinkage and possibly to control porosity). Usually these materials require 
processing such as grinding and sieving before they can be mixed together into a uniform mixture that is 
pressed into a filter shape (Molly, 2009). 
The following are the basic steps for making a ceramic pot filter (Hagan et al. 2009). 

1) The raw materials are prepared 

        a) Dry pulverized clay 

         b) A combustible material that has been sifted through a screen so that particles 

             are uniform in size  

        c) Clean water that is free of heavy metals and chemicals 

2) The materials are thoroughly mixed using a clay mixer  

         a) First the dry ingredients are added to the mixer and mixed dry 

         b) Water is then uniformly added to get a smooth clay mixture 

         c) The clay is mixed for at least ten more minutes 

3) The clay is divided into blocks of approximately 8 kilograms 

4) Each clay block is molded into a pot shape using a hydraulic press  

          a) The outer surface of the pressed filter is smoothed over with a plastic scraper   to ensure it is 
even and the rim is sturdy 

          b) Each filter is labeled with a unique stamp/number 

5) Filters are dried in the shade for at least three to four hours as they begin to harden. 

6) Filters continue to dry on a drying rack for 7-18 days (depending on the climate) to 
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     remove excess moisture, which could cause the filter to crack during the firing   process 

7) Filters are arranged in the kiln so that they are not touching each other and heat 

     distribution will be uniform 

8) Filters are fired in the kiln where the combustible material burns away forming pores and the clay 
becomes hard  

   a) The temperature of the kiln chamber is initially raised to 100 °C for two hours 

       to remove any remaining moisture 

   b) The temperature is then gradually raised to around 900°C to allow for vitrification (silica and 
alumina molecules within the clay melt and bond and the chemical    structure of the clay is 
altered) 

9) Filters are allowed to gradually cool 

      a) They are first cooled in the kiln for about 24 hours 

      b) They are then moved to drying racks where they continue to cool 

10) Silver is applied to the filter as a chemical barrier to bacteria 

       a) The silver solution can be made with silver nitrate or colloidal silver and solution concentrations 
vary depending on the purity of the silver 

       b) The silver solution is either painted on to both the inside and outside of the 

            filter or it is submerged in the silver solution 

3.3. Ceramic Pot Water Filter Development Process 
The filter development process includes grinding clay and wood sawdust to create a fine powder. 
Consistency in the powder was obtained by sieving using a 30 mesh sieve size. The powders were dry 
mixed until uniform mixture was formed and then mixed with water. The wet mixture was kneaded for 
shaping to obtain the desired shape of the filter. After shaping, it was dried and fired to burn out the 
combustible material.  

3.3.1. Process Description 

Sieving the clay and combustible material was the first step and important to ensure that the pores in the 
final product were the appropriate size. The sieved material was then placed into a container for mixing. 
The same process was used for the combustible material to ensure particle size consistency in the mix. 

 Once the dry materials have been sieved, the powders were ready for the preparation of the dry mix. 

The proportions of the clay to the combustible material were crucial in determining the right ‘plasticity” 
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and final flow rate of the filter. The dry mix was mixed thoroughly in a container and rolled back and 

forth as shown in Figure 8.  

 

 Figure 8: Preparing dry mix 

Water was added to the dry ingredients that had been thoroughly mixed. The amount of water typically 

added to the mix was approximated so that the mix was not too wet or not too dry for shaping. When 

the wet mix was prepared, it became a moist lump of clay. After this step, the clay was wedged to get 

further work in the moisture and get all of the air out of the mixture. Wedging consists of folding the 

clay over upon itself repeatedly and applying pressure. After wedging, the mix became a consistent, air-

free, and lump of moist clay. The wet mix was pressed into its final shape in a pot shaped plastic 

container as shown in Figure 9 bellow.  
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Figure 9: Pressing the wet mix to the desired shape 

After shaping, the filters were ready to air dry. The purpose of drying was to remove as much moisture 

as possible before the filters placed into the furnace. If the filters have excessive moisture, the water 

evaporates inside the clay when we fire it and cause the filters to explode. 
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 The filters were placed in a dry area for four to five consecutive days (Figure 10). Clay to sawdust 

volume ratios of 50C:50SD, 53C:47SD, 55C:45SD, 60C:40SD and 65C:35SD were used to develop the 

filters.  

 

Figure 10: Air drying the filters 

The dried out, prepared filters were placed in the furnace to be vitrified (chemical process which hardens 

and glassifies the clay). This is a crucial step in the development of the filters (Figure 11). After the filter 

was cooked, the furnace was allowed to cool slowly until the filter can be handled by hand.  
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 Figure 11: Firing the filters in a furnace 

Five ceramic water filters with different clay to sawdust volume ratios were developed, tested for flow 

rate, turbidity reduction and indicator bacteria removal efficiency from contaminated water sources. 
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 3.4. Filter Performance Testing 

Before and after treatment, water samples were analyzed to determine the filtration performance of the 

developed filters. The filters performance testing was based on the flow rate, turbidity reduction and 

pathogen removal efficiency.  

 

Figure 12: Laboratory scale experimental setup 

3.4.1. Flow Rate  

The flow rate test was conducted using low turbidity tap water in order to eliminate the effects of the 

particulate clogging the filter pores and approximately measured by measuring volume of water filtered 

while recording the time required flowing out. The ceramic water filters should be wetted or soaked in 

water for 24 hours prior to flow rate test to saturate the filters and also to remove any remaining ashes of 

the combustible material. 

Ceramic water filter performance in terms of flow rate can be described by Darcy’s Law for flow across 

a porous material. This mathematical model helps to conceptualize and anticipate how changes in 

parameters such as surface area or filter thickness affect the flow rate. The flow rate in turn can be used 
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as a simple proxy to evaluate filter performance in terms of microbial removal. If the flow rate is very 

high then it is likely that the filter is too porous to provide proper removal of bacteria and if it is too low 

then it is simply impractical in terms of supplying enough water to a typical household. It is important to 

realize that flow rate is not necessarily a measure of pathogens removal, but rather an indicator of water 

flow-through and possible ease with which bacteria-size particles could flow through the filter.  

The movement of water through the filter can be defined by using Darcy’s equation: 

             Q = KA ΔH/ΔL 

Where; 

       Q - Volume flow per unit time 

       A - Unit cross-sectional area 

       K - Permeability (hydraulic conduction) 

       H–Total head 

       L- Hydraulic flow path 

       ΔH/ΔL - Hydraulic gradient 

The total head is assumed to be the sum pressure due to water (i.e. pressure head and pressure due to 

gravity). The flow rate, Q, can be related to the surface area of the filter, A, the hydraulic conductivity of 

the media, k, and the hydraulic gradient across the thickness of the filter, H/L, using Darcy’s Law. The 

surface area is a function of the diameter of the filter, and increases with the square of the diameter. 

The hydraulic conduction is a measure of the “flowability” of the filter and is a function of the properties 

of both the filter and the water. The hydraulic gradient, ΔH/ΔL, is a measure of the force that is pushing 

the water through the ceramic media. The gradient can be large if H (the water column height) is high or 

L (the thickness of the filter) is small, or both. For a given filter with thickness L, the higher the water 

column height, the higher the flow rate. The thinner the filter, the higher the flow rate for a given water 

column height, H. Considering Darcy’s equation, it is useful to see factors that affect filter performance.  
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3.4.2. Turbidity 

Water samples used for the experiments were from a river where the communities use the water sources 

for domestic purposes. Influent and effluent water samples were tested for turbidity. Initially, the water 

was tested for turbidity before being filtered. Water was then passed through the filters. The filtered 

water was then tested for turbidity reduction by the developed filters.                    

3.4.3. Detection of Pathogens  

The filters were tested for the removal efficiencies of microbiological parameters (total coliform and 

fecal coliform). Microbial indicators (total coliform and fecal coliform) in influent and effluent water 

samples were analyzed by 100 mL membrane filtration technique using 0.47mm diameter and 0.45µm 

pore size membrane filters following standard methods (APHA, 2005). Total coliform was quantified 

using membrane filtration (MF) techniques followed by incubation at 37 OC for a minimum of 14 hours 

following four hour resuscitation on Membrane Lauryl Sulphate Broth (MLSB). For the fecal coliform 

the same procedure and materials were used except the incubation temperature, which was at 44OC. In 

both cases the colony forming unit was counted by the use of low power magnification lenses and 

reported as colon forming unit (CFU) per 100 ml.  

3.4.4. Filter Bacterial Removal Efficiency 

Microbial removal efficiency was calculated in terms of percent removal efficiency.  

                

Where,  

Cinfluent: microbial concentration in the raw water sample (cfu/100 mL) 

Ceffluent:  microbial concentration in the filtered water sample (cfu/100 mL). 
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4.  RESULTS AND DISCUSSION 

4.1. Ceramic Pot Filter Development 

Ceramic pot water filters were developed by combining different volume ratios of clay soil, grog/gely and 

wood sawdust (Table 1). The combinations of raw materials were selected after testing several ceramic 

filters which were prepared with different ratios of clay/grog/sawdust. 

       Table 1: Volume ratios of raw materials used for the developed filters  

  Design ratio (Percent by volume) of clay to sawdust 

Clay soil Grog/gely Sawdust Clay to Sawdust 

  40   10   50 
  50C:50SD* 

  43   10   47   53C:47SD 

  45   10   45   55C:45SD 

  50   10   40   60C:40SD 

  55   10   35    65C:35SD 

                *50C:50SD means fifty percent clay and fifty percent sawdust by volume 

Filters with higher proportions of sawdust were weak and fragile, while those with higher clay content 

have very low flow rate. Due to these five filters with the above combination ratios (Table 1) were 

selected and developed.  
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4.2. Quantity of Water Filtered   

The quantity of water filtered was measured for the developed ceramic pot water filters as shown in 

Table 2.  

Table 2: Quantity of water filtered in ml from each of the filters for each time interval 

 

Design 

Ratio 

                         Quantity of water filtered in ml after 

1 hr 2 

hrs 

3 

hrs 

4 

hrs 

5 

hrs 

6 

hrs 

7 

hrs 

8 

hrs 

9 

hrs 

10 

hrs 

11 

hrs 

12 

hrs 

50C:50SD 12 22 32 40 47 54 61 69 76 82 88 94 

53C:47SD 8 14 18 22 28 32 38 42 46 50 55 61 

55C:45SD 6 10 12 16 19 21 24 29 33 36 39 43 

60C:45SD 3 5 7 8 9.5 10 11 12 13 15 16 18 

65C:35SD 2 4 5 6 7.5 9 10 12 13 14 15 16 

By filling the filters with water to the top (maximum height) the quantity of water filtered from each of 

the 50C:50SD, 53C:47SD, 55C:45SD, 60C:40SD and 65C:35SD filter was 12 ml, 8 ml, 6 ml, 3 ml and 2 

ml, respectively for the first one hour and increased with time. Among the developed five ceramic pot 

water filters, the quantity of water filtered was maximal for the filter developed from 50C:50SD while it 

is minimal for the filter developed from 65C:35SD. This reveals that as the ratio of clay to sawdust 

increases less water drips from the filter. 

Table 2 shows the increase in quantity of water filtered from each of the developed filters over time. 

However, the flow rate decreases when the time increases as water pressure and gravity are the deriving 

forces. Not only the need to improve access to safe drinking water is recognized, but also the problem of 

a lack of sufficient quantities of safe drinking water needs attention. If a family or community decides to 

invest their resources into a water treatment system, it is important that they not only get water that is 

free of harmful bacteria and disease causing pathogens but also available in sufficient quantities to meet 

their needs. A water treatment system that provides safe drinking water is virtually useless if there is not 

enough quantity of it. It is difficult to make accurate estimates regarding daily fluid intakes because the 
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requirement is highly dependent on body physiology, activity level, and local climate. An average 

estimate based on a review of the literature for adult males is 2.9 L/person/day, adult females is 2.2 

L/person/day and children is 1.0 L/person/day (Howard and Bartram, 2003). If properly scaled up and 

manufactured, the developed ceramic pot water filters are capable of producing sufficient safe drinking 

water for an average five-member household. This is assuming the situation where the filter is 

consistently refilled throughout the day (to maintain the maximum level of hydraulic head). Taking the 

above issues into consideration, it will be important to scale up and evaluate whether ceramic pot filters 

are actually providing safe and sufficient water quantity in the field. 

4.3. Flow Rate  
Flow rate is an important factor to be considered in determining the performance of ceramic water filter. 

Higher flow rate means that the porosity of the filter is high with larger pore size, letting more impurities 

pass through the filter. Thus, the flow rate of a filter is often inversely related to the contaminant 

removal efficiency. 

The flow rates were measured by taking the volume ratio of water measured in the plastic container to 

the time taken for which the volumetric measurement is taken.  

Flow Rate = Volume of water measured at time t in mL 

                      Elapsed time, t, from start of test in hour 

 

 Figure13: Flow rate versus time  
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The results of the study showed that the developed ceramic water filters have maximum flow rates of 12 

ml/hr,8 ml/hr,6 ml/hr,3 ml/hr and 2 ml/hr for clay to sawdust combination ratios of 50C:50SD, 

53C:47SD,  55C:45SD, 60C:40SD and 65C:35SD respectively when the filters were filled with water. 

One approach to increase the flow rate was to increase the number of pores in the filter by raising the 

proportion of sawdust to clay. If there are more pores in the filter, then water should flow through the 

filter faster. The study results revealed that as the percentage of sawdust increased the flow rate also 

increased. Difference in flow rate between the filters made with 50% and 35% sawdust was observed. 

This shows as the proportion of clay to sawdust increased, the flow rate decreased. Another observable 

trend from the flow rate tests performed was that the flow rate decreased with time for all the filters 

tested. This trend is expected as pressure due to water is the driving force in the filtration mechanism. 

Because the filters are shaped like a pot and water is primarily filtered through the sides of the filters, it 

is expected that a more full pot (more water contact area) would filter water quicker than a less full pot 

(Van Halem, 2006). Furthermore, when the pot is full, there is greater pressure head in the filter, which 

facilitates the filtration. This finding is consistent with the results of the majority of previous researches 

conducted in many countries. ICAITI has conducted studies to develop ceramic filter, it was shown that 

filtration rate decreased with time (ICAITI, 1984). 
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Table 3 Total coliform and Fecal coliform in source and filtered water samples 

 

Design 

Ratio 

       Raw water        Filtered Water Removal Efficiency 

      TC 

(cfu/100mL) 

   FC 

(cfu/100mL) 

   TC 

(cfu/100mL) 

    FC 

(cfu/100mL) 

  TC 

(Percent) 

  FC 

(Percent) 

50C:50SD 760 72 12 0 98 100 

53C:47SD 760 72 12 0 98 100 

55C:45SD 760 72 6 0 99.2 100 

60C;40SD 760 72 2 0 99.7 100 

65C:35SD 760 72 0 0 100 100 

As it can be seen from table 3, laboratory test results indicated that the developed ceramic water filters 

are capable of removing more than 98% of the total coliform bacteria and 100% of the fecal coliform 

from influent water samples. Many studies assessing the performance of ceramic water filters have 

found them to be highly effective in removing total and fecal coliforms from bacterially contaminated 

water sources (Clasen et al., 2007). The ceramic water filter technology should remove 99.98% of total 

coliform and E.coli under laboratory conditions (PFP, 2008). Some other studies revealed that the 

effectiveness of ceramic water filters at removing bacteria, viruses, and protozoa depends on the 

production quality of the ceramic filter. Most ceramic water filters are effective at removing most of the 

larger protozoan and bacterial organisms, but not at removing the smaller viral organisms (CDC, 2008). 

Studies have also shown that pathogenic bacteria are removed from contaminated water sources by 

filtering the water through high quality locally produced ceramic water filters in developing countries 

(Clasen et al., 2007). 

The coliform group of organisms is the most widely used indicator organisms for water quality testing. 

Fecal coliform, a subset of the total coliform group are associated with the intestinal tract, whose 

presence in water indicates that the water has received contamination of an intestinal origin. In testing 

the microbial quality of water, indicator organisms were used to test the microbial removal efficiency of 

the filters. Total coliform and fecal coliform indicator organisms are typically microbes that do not cause 

disease by themselves, but are found in harmony with waterborne pathogens in higher concentrations. 



32 
 

These common indicator organisms are so numerous in feacal matter and testing them is carried out 

more easily with less expensive equipment (American Society for Microbiology, 2000). The presence of 

coliform organisms has health significance for consumers. Due to this both World Health Organization 

and Ethiopia Guidelines set a guideline value of zero CFU/100mL. 

4.4. Turbidity Reduction Test 

 Table 4: Some physical parameters in source and filtered water samples 

Parameter Source 

water 

 sample 

                    Filtered  water from 

50C:50SD 53C:47S

D 

55C:45SD 60C:40SD 65C:35SD 

Turbidity(NTU)  9  <5  <5 <5  <5  <5 

 pH  7.8  7.4  7.2  7.1  6.9  6.8 

Temperature(0C)  22.8  22.6  22.5  21.8  21.6  21.5 

Conductivity(µs)  308  164.8  138  134  108  103 

Following filtration, turbidity of the treated water was reduced to less than 5 NTU for all the developed 

filters tested. This level is within the acceptable drinking water quality standards of 5NTU as set by 

World Health Organization. The inflow water from the river water source was found to have turbidity 

levels varying between 7 and 12 NTU with an average of 9NTU. Even when raw water with higher 

turbidity levels was used, the turbidity of the treated water was found to be below 5 NTU. The 

developed ceramic water filters have the capability of reducing turbidity to less than 5 NTU. Turbidity is 

a water quality parameter which quantifies the degree to which light traveling through a water column is 

scattered by the suspended organic and inorganic particles. The scattering of light increase as the 

suspended load increases. Turbidity is commonly measured in Nephelometric Turbidity Units (NTU). 

Organic constituents in water may harbor microorganisms, and thus water with high turbidity generally 

has a higher concentration of pathogens and a higher possibility of transmitting waterborne diseases.  

Studies have shown that there is a strong relationship between reduction of turbidity and removal of 

pathogens in water filtration process (U.S. EPA, 1999). Additional parameters tested to characterize 

source water included conductivity, temperature and pH. Results of the analysis of pre- and post-

filtration water samples collected showed some interesting indication. Both pH and conductivity of the 
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filtered water are decreased. These may be due to the entrapment of some ions within the filter element 

by clay.  

4.5. Filtration Mechanisms 

The density and size of a filter’s pores are two of the factors that affect filter performance (Hagan et al., 

2009). The pores are created when the combustible material, which is mixed with the clay, burns out 

during the firing process. Within the filter, multiple pores throughout the membrane may be 

interconnected, forming channels that allow for the passage of water. One method of pathogens removal 

is to block particles and organisms that are larger in size than the pores from flowing through the 

outermost membrane layer (Doulton, 2009). Particles that are smaller than the average pore size may not 

necessarily flow through the entire membrane. They may adsorb to the ceramic (Figure 14b) or become 

blocked when larger particles plug up the pores (Figure 14c).  

                                                                                 

a) Blockage by size        b) Adsorption                   c) Plugged pore 

                  Source: Molly, 2009   

 Figure 16: Mechanisms of Filtration          

4.6. Parameters That Affect Filter Performance 

One of the major factors that affect the filter performance is the ratio of sawdust to clay. If the volume 

ratio of sawdust is increased, more pores are created in the filter, and it is likely that water flow through 

the filter at a faster rate. This could compromise the filter’s ability to remove pathogens from 

contaminated water and also two or more pores become connected allowing for the passage of larger 

particles. But the filter becomes more fragile and less solid if it is composed of a higher proportion of 

pores. It is important to avoid compromising the durability of the filter because breakage is a main factor 

of filter disuse (Brown et al., 2007). 
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The size of the pores is important in controlling the flow rate and the level of contamination removal of 

the filter. Filters with a small pore size are efficient at removing turbidity and bacteria from 

contaminated water. However, flow rate increases as filter pore size increases.  

Filter thickness affects the ceramic water filter flow rate. With a thin ceramic device, flow rate increases 

but the level of water microbiological and turbidity removal decrease. By increasing the thickness the 

filter removes more pathogens and other particles.  

Surface area has a major impact on the filter performance. A larger surface area of the ceramic element 

allows more water to flow through the filter. The surface area can be increased by increasing the radius 

of the filter.  

Height of the water above the filter affects the flow rate. Greater fluid pressure or hydraulic head is a 

function of height water in the filter. The more pressure on the filter element, and thus the more flow 

through the pores in a given period of time. While the water height decreases with time in the filter, the 

water pressure becomes smaller and therefore less water flows through the filter. It is therefore 

important to maintain a certain level of water head in the filter by filling the filter to its top with water. 

In general, increasing all of the above parameters except for the filter thickness increases the flow rate. 

Increasing the filter thickness decrease the flow rate. The flow rate increases faster for an increase in 

surface area since flow rate is proportional to the diameter squared.  

Water turbidity affects the ceramic water filter flow rate. Water containing high organic content and/or 

many suspended particles slow down the flow rates of water by progressively clogging the ceramic 

pores. This affects the quantity of filtered water collected.  

4.7. Comparisons of Ceramic Water Filters 

Ceramic filters have micro-scale pores that are effective for removing bacteria from water. The filters 

are made from clay that is often mixed with materials such as sawdust or wheat flour to improve 

porosity. There are three main types of ceramic filters: disk, candle, and pot filters with multiple 

variations of each. 

A disk filter consists of a removable ceramic filter sandwiched between two containers. Candle filters 

consist of one or more candle-shaped ceramic filters and two chambers while pot filter consists of only 

one plastic or ceramic receptacle. The three filters are compared with respect to contaminant removal, 

quantity of water filtered, ease of use and cost. 
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Disk and candle filters are generally effective for removing turbidity, iron, coliforms, fecal contaminants, 

and E. coli from contaminated water. In studies, disk filters with colloidal silver have exhibited a 93 to 100 

percent bacterial removal rate, and those without silver have shown an 80 percent removal rate. Candle 

filters with colloidal silver generally exhibit 100 percent bacterial removal, and those without silver 

average at 85 percent removal. Disk filters range from 83 to 99 percent turbidity removal. Pot filters 

remove 98% of total coliform and 100% of fecal coliform and reduced turbidity to less than 5 NTU. 

Hence, pot filters are better than disk and candle filters with respect to bacterial removal efficiency. In 

general, ceramic water filters are not effective for removing organic contaminants. 

Disk filters typically have a flow rate of 1 to 11 liters per hour and candle filters have a flow rate of 0.3 

to 0.8 liters/hour while pot filters have a flow rate of 1 to 2 liters/hour. Under conditions where the 

filters are continuously refilled, a filter with a flow rate of 1.5 liters per hour would provide about 7 

liters per day per person for a family of five. 

Ceramic water filters are easily assembled, and no component construction is required of the user other 

than placing the filter into the container. The ceramic pot filter is assembled as one complete unit, unlike 

that disk and candle filters. Scrubbing the filter with a toothbrush is required as maintenance. The 

production of ceramic filters is an easy process that doesn’t require an advanced technology. Ceramic 

pot water filter production is the easiest of all because it can be produced locally using local knowledge 

and local materials. This contributes to their relatively low price of 12-25 USD, which varies depending 

on the region and the resources available (CDC, 2008a). Quality of the filters can be affected by 

variations in clay composition across geographic regions.  

Disk filter units cost about US$3.50, and replacement filters range from US$0.49 to $1.02. Disk filters 

need to be replaced every 5 years. Candle filter units cost about US$2.29, with replacement filters 

averaging about US$0.46. Candle filters need to be replaced every 6 to 12 months. For ceramic pot 

water filters additional labor and maintenance costs are minimal. 
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5. CONCLUSION AND RECOMENDATIONS 

5.1. Conclusion 

Centralized water supply systems may be a solution in the long-term, but the immediate need for safe 

drinking water necessitates new approaches that can provide immediate solutions and solve the 

problems at the moment. Household water treatment technologies offer a potentially viable solution to 

providing safe drinking water by treating water at the point-of-use. 

The results of experiment revealed that the developed ceramic water filters can effectively reduce the 

concentration of indicator bacteria from contaminated water sources. The developed ceramic water 

filters were able to remove more than 98% of the total coliform and 100% of fecal coliform indicator 

bacteria from the contaminated water sources. Household water treatment and safe storage, as an option, 

should be an integral part of any water treatment and sanitation strategy. This research as it is of the first 

attempt to develop ceramic water filter in Ethiopia provides clues with the ceramic water filter 

production process and procedures (i.e. material preparation, mixing materials, shaping, drying and 

firing) and filter performance testing. Preliminary development and laboratory test results of the ceramic 

water filters showed promising results, but more research is required to make the filters applicable at 

large scale.   
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5.2 Recommendations 

Based on the research findings, the following are recommended: 

 Investigating the potential for the production of ceramic filters at large scale, fabricate and test its 

field effectiveness for microbial removal and turbidity reduction. 

 Disseminating and transferring the technology to users. 

 More research is needed to understand how the ceramic water filter element works on a 

microscopic level. In particular, mechanisms that leads to an effective filter element that reduces 

microbial contamination from water sources. 

 Further study is required to understand to what extent the ceramic material vitrifies during the 

firing process and how does this level of vitrification affects filter performance in terms of 

microbial removal efficiency and flow rate. 
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Appendix 

I.Volume Proportion of Clay, Grog, and Sawdust Mixed 

No. Raw Clay Grog Total Clay Sawdust Clay to Sawdust Volume 

Ratio 

1 4 1 5 5    50C:50SD 

2 4.5 1 5.5 5    53C:47SD 

3 4.5 1 5.5 4.5    55C:45SD 

4 5 1 6 4    50C:50SD 

5 5.5 1 6.5 3.5    60C:40SD 

 

II. Flow Rate of Each Filter 

 

Design Ratio 

                                       Flow Rate After 

1hr 2hrs 3hrs 4hrs 5hrs 6hrs 7hrs 8hrs 9hrs 10hrs 11hrs 12hrs

50C:50SD 12 11 10.7 10 9.4 9 8.7 8.6 8.4 8.2 8 7.8 

53C:47SD 8 7 6 6 5.6 5.3 5.2 5.2 5.1 5 5 5 

55C:45SD 6 5 4 4 3.8 3.7 3.7 3.6 3.6 3.6 3.5 3.5 

60C:40SD 3 2.5 2.3 2 1.9 1.7 1.6 1.5 1.4 1.5 1.4 1.4 

65C:35SD 2 2 1.7 1.5 1.5 1.5 1.5 1.4 1.5 1.4 1.4 1.3 

 

 

 

 



45 
 

 

 

 

 

 

 

 

 

 

 

 


