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Abstract
Ceramic materials are easy to make using most African soils. They have been used for a long time mainly for 

cooking and water storage. However, in other low income economies these clay ceramic filters have been shown to 
have the potential of being improved by being embedded with carbonaceous materials for water purification. In this 
research we have produced efficient physiological and biological gravity operated smoked pots for water purification. 
We used well calculated volume ratios of black clay, red and sand soils (B:R:S) and soil balls; All these were baked at 
different smoke infusing kiln temperatures for efficient water purification. We analyzed water purification efficiencies 
of the pot ceramics and the trickling rates at different conditions. We isolated the best B:R:S to be the 40:40:20. We 
found significant reductions in turbidity (99.95%), salinity (21.42%), microbial populations, total dissolved solutes 
(TDS) (17.19%), pH (1.39%) and electrical conductivity (EC) (16.92%). These ceramics can be crucial for common 
or nomadic communities in sub-Saharan rural areas and in times of disaster to guarantee a cheap continued supply 
of clean potable water for better health amongst the low income earning societies.
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Introduction 
Recent data show that about 884 million people in the world are 

still without potable water [1]. This is even more pronounced in the 
Sub-Saharan Africa where about 34% of this water-deprived people 
are currently living. Furthermore, the World Bank predictions of 
2003, show that 25% of Sub-Saharan Africa will not be having access 
to potable water resources in 2015 [2], hence measures should be taken 
to provide water in these areas. 

The production of ceramic filters has a long history since the days 
when Henry Doulton who invented the modern form of ceramic candle 
sanitary water filter in 1827. In 1835, Queen Victoria commissioned 
him to produce such a device for her personal use. By 1846, Doulton 
ceramics was widely recognized as a premier manufacturer of an 
effective device for treating infective water. Recently, many universities 
in Asia and Africa alongside some NGOs are supporting the expansion 
of the use of ceramic filters in drinking water development initiatives; 
most commonly, in the form of clay pot filters. Millions of these porous 
clay ceramic water filters are in use at numerous locations in Africa, Asia, 
and South America [3]. The frustrum shaped pot is very common in 
Africa. Ron Rivera was a key proponent and innovator who recognized 
the use of the ceramic frustum shaped (pot) filter and helped developing 
nations to provide cheap high quality potable water and developing it 
as an income generating activity. However, studies show that several 
water filtration technologies have been started to resolve potable 
water scarcity in the world [4]. These include: Chlorination, chemical 
coagulants, sunlight exposure techniques, filtration techniques such as 
nano-membrane filtration, reverse osmosis technique, organic additive 
based ceramic filters [2,5-11]. UNICEF has in Myanmar initiated water 
purification technology at the household level [12] and has distributed 
more than 3,000 ceramic water filters to villages and schools. This has 
made more than 80% of the households to have about 90% customer 
satisfaction in water hygiene [13]. Other studies have shown that the 
performance of clay ceramic filters show a decrease in the cases of 
diarrhea by around 45% in Bolivia [14,5].

In this study we envisioned to make and evaluate the physical 
and biological efficacy of clay ceramic water filters on purifying water 
for drinking using porosity differences, carbon impregnation, and 
possible Iron III electron transfers in red soil and differences in kilns 
temperatures. We also planned to suggest a funding to distribute the 
low cost ceramic water filters to local communities and evaluate socio- 
economic parameters and people health on using ceramic filters for 
more than one year. The results we obtained on electrical conductivity, 
turbidity, salinity, pH, and total dissolved solutes are very encouraging 
according to WHO standards and the innovation can be used to provide 
clean water security to low–income communities and consequently 
cause a reduction of medical bills in developing countries. 

Methodology
The ceramics were made and baked using locally available materials 

found at the South Eastern Kenya University in the Kitui County and 
its environs in Kenya. The analysis of the data was done using the SPSS, 
16.0 for Windows, IBM®, 2007 [15]. 

The pot molding technology and kiln constructions

After, several trials, the final porous clay ceramic pot filters were 
molded from moistened suspensions containing black clay, red and 
sand soils in the ratio: 40:40:20, 35:35:30, 30:50:20 ratios by volume 
to have the most suitable plasticity and porosity for molding into a 
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frustum. This similar kind of mixing of soils has been done by other 
researchers like by Donachy, 2004). They were then sintered to around 
900°C so as to introduce numerous pores into the mold serving 
its filtration capabilities [16-18]. In the experiment we used four 
different temperatures in different rooms named R1, R2, R3, R4. The 
temperatures in each room were: R1, 950°C , R2, 900°C , R3, 850°C 
and R4, 800°C as shown in Figure 1. The experimental pots filters had 
a lower circumference of 54-60 cm and a height of 20-25 cm. The filter 
wall had a thickness of 0.5 cm. We included soil balls of baked ceramics 
to half the containers. We made the flow characteristics of the filter 
to be modified so as to be of more efficiency than that from the other 
C-S ratios [16]. The structural feasibility studies for ceramic water filter 
were performed using some the ideas from the works of [3] and [19]. 

The impregnation of the carbon into the pots

The kiln design was made so as to use little wood and provide a 
production of smoke at high temperatures (800-850°C) at confined 
spaces so as to infuse carbon into the porous spaces of the soil mixtures 
of the pots. The higher temperatures (900-950°C) where the smoke was 
not present the pots of different soil mixtures were also fired and used 
in the water purification analysis experiments. 

Biological filtration evaluation of the ceramic filters

Microbial filtration experiments were performed using 10–20 ml 
cultures of the non-pathogenic Escherichia coli. The number of viable 
cells in the pre-filtrate and filtrate suspensions were determined by using 
the appropriate dilution into sterilized purified water and plating onto 
agar-agar [20]. The colonies were counted after overnight incubation 
at 37°C and used to calculate viable cells/ml. The presumptive test to 
determine the most probable number of coliform bacteria (indicators 
of fecal contamination), the gram negative, non-spore-forming bacilli 
that ferment lactose with the production of acid and gas is detectable 
following a 24 hour incubation period at 37°C. Aliquots of the water 
to be tested are measured and added to a lactose fermentation broth 
containing an inverted gas vial. Because these bacteria are capable of 
using lactose as a carbon source (the other enteric organisms are not), 
their detection is facilitated by use of this medium. In this experiment 
the lactose medium was inoculated with 10ml, 1ml and 0.1ml aliquots 
of each pot water sample filtrate. The development of gas in any of the 
tubes is presumptive evidence of the presence of coliform bacteria in 
the sample. This test also enabled us to obtain an idea of the number 
of coliform organisms present by means of the most probable number 
(MPN) test with a 95% probability that there are between 22 and 170 
microorganisms present.

Physical analysis of water through the pots 

The following were evaluated to determine the physical water 
properties of the incoming water when compared with the outgoing 
water from the pots: pH values, which were estimated by the 
electrometric method; the conductivity of the samples, which was read 
by conductivity meter. The electrical conductivity (EC) is an indicator 
of how salt- free, ion-free, or impurity-free the sample is. This means 
the purer the water the lower the conductivity. Lastly, we measured the 
turbidity, which was determined by Nephelometric Turbidity Meter 
expressed in terms of NTU: Salinity and Total Dissolved Solutes (TDS) 
were determined using a conductivity meter. 

Results
Determining the pots with the most economical trickling rate 

The various combinations of black, red and sand soils (B:R:S) 

and different kiln temperatures and turbidity were analyzed and the 
amount of water which trickled analyzed as shown in Table 1. After 
several evaluations, the smoked pots with the 40:40:20 soil mixture 
combinations baked at 800-850°C were found to be relatively more 
economical and efficient water purification properties for use in rural 
settings. 

The pots which were sintered at a kiln temperature above 900°C 
were found to have the lowest trickling rate but had surprisingly more 
efficient purification properties. They also had red colour and were 
lighter. The pots sintered at 800°C where placed near the mouth of 
the Kiln and were black (Figure 2). It seems they had carbon from the 
wood of the Kiln which was embedded in them. This enabled them to 
be better absorbers of some of the water contaminants. 

The analysis of the physical and biological properties of the 
pot ceramics 

The analysis of the physical and biological purification properties 
of the filtrate from the various pots were done and analyzed. However, 
the 40:40:20 combination was found to be the most economical and its 
results for electrical conductivity, the total dissolved solutes, salinity, 
turbidity, pH, trickling rate and temperature are shown in the Figure 
3. The reduction of the total dissolved solutes (TDS) by 17.19% from a 
range of an average of 349mg/l of pond water to an average of 289mg/l 
of the filtrate; A reduction of electrical conductivity by 16.92% from an 
average of 697 to 579μs; a reduction of water acidity by 1.39% from an 
average of 7.1 to 7.2; a reduction of salinity by 21.42% from an average 
of 1.4% to an average of 1.1% and a reduction of bacterial microbes by 
86% from an average of 150 counts per ml to an average of 21 counts 
per ml.

Effects of high kiln temperatures on the pots 

Two ceramics sintered at different temperatures (that is 800°C and 
900°C) but of the same mixture of black soil, red soil and sand soil 
(that is 35:35:30) were tested on various parameters. The average results 
are as shown in the Figure 4 below. The results confirm that the lower 
kiln temperatures have an impact in enhancing higher purification 
without reducing the trickling rates of the water. However, for critical 

Wood Chamber

R1

R2

R3

R4

Breather

950 °C

900 °C

800 °C

850 °C

Figure 1: The design of the modified Korean kiln showing the different 
temperatures rooms (R1, R2, R3 and R4). The arrow on the right shows the 
direction of the increase in temperature and consequently a gradual decrease 
in the smoke in the kiln.
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Ingredient Room Number Amount purified <1L/ 30M>
Transparency < Good → Bad >

MOST MORE BEST BETTER BAD WORST

A
Black : 40
Red : 40
Soil : 20

R2
900˚C

R2 - 1 100 ㎖     ●
R2 - 2 100 ㎖ ●

R3
850˚C

R3 - 1 545 ㎖    ●
R3 - 2 590 ㎖     ●

R4
800˚C R4 90 ㎖   ●

B
Black : 35
Red : 35
Soil : 30

R2
900˚C

R2 - 1 10 ㎖     ●
R2 - 2 20 ㎖       ●

R3
850˚C

R3 - 1 250 ㎖       ●
R3 - 2 300 ㎖       ●

R4
800˚C

R4 - 1 350 ㎖     ●
R4 - 2 45 ㎖    ●

C
Black : 30
Red : 50
Soil : 20

R1
950˚C

R1 - 1 1 ㎖      ●
R1 - 2 1 ㎖      ●

R2
900˚C

R2 - 1 2 ㎖     ●
R2 - 2 90 ㎖     ●

R4
800˚C

R4 - 1 300 ㎖     ●
R4 - 2 300 ㎖       ●

Table 1: The trickling rate and the turbidity estimates of the specific ceramic.

(i)         (ii) (a)        (b)       (c)         (d)        (e)

Figure 2: A: Example of two ceramics (i) and (ii) which were sintered at a temperature of 8000C and 9000C, respectively. B: Comparisons of pond water (e) with its 
various filtrates (a), (b), (c) and (d) from the pots of the soil compositions of 30:30:20 (red), 35:35:30 (red), 35:35:30 (black), 40:20:20 (black) respectively. 
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Figure 3: Analysis of the physical parameters of the black clay, red soil and sand (40:40:20) combination, showing reductions in all the parameters. Note: The turbidity 
of the ceramic filtrate has been multiplied by 100 in the graph for proportionality sake. 
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purification of small amounts of water, the higher sintering was isolated 
as the most preferable.

Analysis of excess salinity in water 

Excess sodium chloride (NaCl) was added to the pond water and 
was allowed to pass through the various pots. The results were as shown 
in Figure 5 below. The results showed that the pots sintered at lower 
kiln temperatures had a lower reduction compared to those which were 
sintered at higher temperatures. However, the rate of trickling was 
higher in the black pots. This confirmed the results in the pond water 
without excess NaCl above. 

Discussions
There is need to supply constant clean water for the majority of 

people in developing countries especially in Africa [21-23]. In this 
research an analysis of physical and biological purification properties 
of ceramics of different temperatures and composition were evaluated. 
One of the parameter was the total dissolved solutes (TDS); which 
provides a rough indication of the overall suitability of water for various 
purposes. For this parameter, the WHO standard for TDS in drinking 
water is 250 mg/L hence the ceramics can be efficient in reducing 
any common drinking water to the WHO acceptable standards [23]. 
Turbidity, which is the amount of cloudiness in the water, can reduce 

the aesthetic value of water. In many parts of the sub Saharan region 
the water turbidity can be caused by organic waste, silt, bacteria and 
other germs, and chemical precipitates [24]. The ceramics showed a 
surprising high turbidity reduction of almost 100%. 

Modifying and transferring traditional technology for quick 
adoption 

The design of the kilns was a modified version of the traditional 
kilns from South Korea which have been used for thousands of years. 
The kiln used a maximum of 5mx1mx1m volume of wood to provide 
enough heat for the sintering of pots and balls ceramics of approximately 
$2000 worth. We recommend scientifically that a funding of this 
venture can be a profitable source of employment for locals which 
is furthermore environmentally friendly and sustainable. However, 
funding of the project so as to promote mechanized production of the 
pots ceramics, can increase the quality and efficiency of productivity of 
the ceramics. It can also increase the supply of pots to a greater number 
of the rural sub Saharan people who need clean water [25,26]. The pots 
can also be inserted industrially into plastic containers and taps fitted 
so as to increase its aesthetic value and adoption even among urban 
populations. 

Recommendations
The above results show that there are other areas of soil chemistry 

and analysis which we need to do more research on. The use of sintered 
beads needs further research as there is a possibility that the Fe3+ which 
involved a transfer of electrons can be instrumental in the generation 
of infra red photos light beans that could have been the cause of the 
reductions of microorganisms in the pond water after filtration. The 
lower temperatures produced smoke (small particles of carbon) which 
has been known to absorb impurities. 

The expansion of the invention can lead to a reduction of water-
borne disease burden in Africa; attainment of Millennium Development 
Goals; provide potable water and improve sanitation to greater number 
of people in Africa [27]. This can lead to an increase in productivity and 
in the process, open resources for other socio-economic development 
and consequently increase income of local rural communities.
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