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Abstract 
 
 We have attempted an experimental study on the effects of 
introducing grog in different proportions to the composition of 
ceramic water filters (CWF). The different compositions of clay, 
sawdust mixed with grogs were compacted to cylindrical discs at 
high pressures and then fired to 850 oC. The effectiveness of the 
filters was measured based on the rate of water percolation 
through the filters, turbidity of the filtrate and e-coli removal 
efficiency of filters. The introduction of grogs was found to improve 
the filtration rates of filters, although if so much proportion of it is 
added the quality of filtrate is lowered. 

 
 Keywords: Grogs; hard wood sawdust; water percolation; water 
turbidity; e-coli removal efficiency. 

 
1. Introduction 
 
Most Ugandans living in rural and semi-urban areas obtain 
water for domestic use from open water sources 
(WHO/UNICEF, 2010), which are often contaminated with 
dissolved minerals and pathogenic organisms. These 
pathogenic organisms are highly infectious and disease-
causing (Kosek et al., 2003). Once ingested through 
consumption of the contaminated water, the pathogenic 
organisms cause diseases like cholera, typhoid, amoebic and 
bacillary dysentery and other diarrheal diseases. 
 
Although there are other methods for treatment of 
contaminated water in developing countries such as boiling, 
pasteurization, chlorination, flocculation disinfection, solar 
disinfection, biosand filter  etc. [Clasenet al.2007; Fewtrell et 
al. 2005; Sobsey et al. 2008], point-of-use filtration is one of 
the most promising solutions available (Sobsey et al.2008). 
Ceramic water filters (CWFs) are especially appealing 
because of their low cost, ease of fabrication and use, and 
their ability to filter out bacteria from water very effectively. 
A study by Brown and Sobsey (2006) shows that ceramic 
water filters are effective in reducing the exposure of users 

to contaminated water, and hence lowering the occurrence 
of diarrheal related diseases over an extended period of 
time. 
 
The basic material for making CWFs is clay, which is quite 
abundant in Uganda. The pores through which filtration 
takes place are formed when organic materials such as 
sawdust or rice husks mixed with clay in predetermined 
ratios burns out during firing leaving behind cavities in the 
filter. The ratio of clay to burn-out material in the clay is 
important in establishing the flow rate and effectiveness of 
the filters. Although porous CWFs have been used 
successfully in the field (Albert et al. 2010; Brown et al. 
2009; Dies 2003; Hwang 2003; Lantagne 2002; Lee 2009; 
Oyanedel-Craver and Smith 2008; Swanton 2008; Van 
Halem 2006) for over a decade, scientific understanding of 
the effects of porosity on water flow rate and microbial 
filtration efficiency is still very limited. Therefore, there is a 
need for scientific studies of the effects of porosity on the 
water filtration properties of CWFs. 
 
This paper presents the study of effect of introducing 
different proportions of grogs to mixtures of clay and 
sawdust on the rate of water percolation and quality of 
water filtered by ceramic filters.  
 
2. Material and Methods 
 
2.1. Materials 
      
The major raw materials used in making the CWFs include 
sawdust and clay minerals. The clay mineral preferred had 
high silicon content, exhibit high plasticity and greater dry 
mechanical strength when fired (Prajapati and May, 2002). 
Thus, the clay mineral used was collected from Ntawo, 
Mukono District with chemical compositions determined by 
Obwoya, 2006, as shown in Table 1: 
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Table 1:Chemical composition of Ntawo ball clay minerals (dry wt %) 

 
Mineral Dry weight % 

SiO2 65.73 
Al2O3 26.35 
Fe2O3 3.94 
TiO2 1.65 
K2O 0.87 
MgO 0.39 
CaO 0.30 

Na2O 0.20 
ZrO2 0.06 
P2O5 0.08 
Cr2O3 0.04 
MnO 0.05 
ZnO 0.02 
Au2O 0.01 
CuO 0.02 
NiO 0.01 

 
Mahogany hard wood sawdust, obtained from a nearby 
timbre workshop, was preferred because it does not cause 
the filter to bloat and it also leads to formation of uniformly 
distributed pores with fewer defects in the filter (Katherine 
et al. 2000).  
 
2.2. Processing of ceramic filters 
 
Powdered clay particles and hardwood sawdust of sizes 
1mm were prepared through standard procedures. The two 
powders were mixed in the ratios of 4:3, 3:2 and 5:3 by 
volume of clay to sawdust and then thoroughly shaken by 
hand. Water was added to the mixture up to 20% by weight 
to improve on the workability of the mixture.  
 
Group A ceramic water filter discs were made by compacting 
90g of each of these mixtures to a pressure of 200kN into 
cylindrical discs of diameter 8cm and thickness 5mm using a 
hydraulic laboratory press-PW40. The green bodies were air 
dried after which they were fired gradually to 850oC. This 
temperature was maintained for six hours to allow the body 
to mature into a finished ceramic product.  
 
After cooling, some of the group A filter discs were crashed 
and sieved through a 1mm sieve to produce the powder of 
porous grogs.  
 
Thereafter, powders of clay, grog and sawdust were mixed 
in different proportions to generate group B and group C 
filters.  

The proportion of clay to grog to sawdust in the formulation 
of group B filters taken is 4:1:2, 5:1:2, 3:1:1, 4:2:1 and 5:2:1 
by volume, respectively. These ratios were derived from 
group A filters by maintaining the proportion of clay as in 
group A while the amount of sawdust was varied to allow for 
the introduction of grog.  
 
Group C filters were made using a mixture of clay to grog to 
sawdust in the ratios of 3:1:3, 2:2:3, 2:1:2, 4:1:3 and 3:2:3 by 
volume, respectively. Similarly, group C filters were derived 
from group A filters by maintaining the proportion of 
sawdust while varying the amount of clay to enable the 
introduction of grog.  
 
Each of the mixtures of group B and group C filters were 
thoroughly shaken and water was added to the mixtures up 
to 20% by weight to improve on their workability. 90g of 
each of the mixtures were then compacted to 200kN into 
discs of diameter 8cm and thickness 5mm in a hydraulic 
laboratory press-PW40.  
 
The green bodies were air dried and then fired gradually to 
850oC. This temperature was maintained for six hours to 
allow the body to mature into finished ceramic filter discs. 
 
2.3. Experimental design  
 
Each of the filters was fixed in a polyvinyl chloride (PVC) 
pipe of diameter 8cm using an adhesive as shown in Fig. 1. 
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Figure 1: Experimental set up 

 
Contaminated water in the reservoir is let into the space 
above the ceramic water filter by the use of tap K. The 
overflow tube ensures a constant overhead water pressure 
above the filter. The filtered water was collected in the space 
blow the filter and could be drained out of the container 
through tap L. 
 
2.4. Mechanisms of water flow through CWF 
 
Water flows through the filter by the action of gravity using 
any one of the following processes: permeability, diffusion 
and capillarity (Skyer 2005). The tiny pores through which 
water passes in the ceramic filters can be idealized as a 
network of conduits and then modeling the conduits as 

cylindrical tubes, the rate of flow of water, Q , through the 
porous filters was assumed to follow Darcy’s Law, which is 
given by equation (1) 
 

,P
L

kA
Q 

                                                                                   (1) 
 

where; k = permeability of the material, A = surface area, L = 
thickness of the material, μ = dynamic viscosity of water, and 
Δp = pressure difference from the top to the bottom of the 

surface. The pressure change P , between the surfaces is 
equal to the hydrostatic pressure of the water (as the flow is 
very slow, a quasi-steady approximation is appropriate). For 
the flow through the bottom, the change in pressure from  

the inside bottom surface to the outside bottom surface (the 
distance of porous media through which the water flows) is 
equal to the hydrostatic pressure of the fluid at that time 
given by 
 

),(tghP                                                                                   (2) 
 
where h(t) is height of water above the base of the filter at 
any given time, ρ is density of water, and g is acceleration 
due to gravity. Permeability of disk is related to the rate of 
flow by equation  
 

)( 21 hhtA

gVd
K w
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                                                                          (3) 
 

where wK  is permeability, A is cross section area, d is 

thickness, (h1 – h2) is pressure difference, w is the density 

of water and t

V

is the flow rate. According to Dies (2003), 
the theoretical flow rate is related to the properties of the 
ceramic disk filter by 
 

L

gHKd
Q ww





4

2



                                                                    (4) 
 
where H is the water head and L is the disk thickness.
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Figure 2: Mechanism of water flow through a ceramic filter disc 

 

  
2.5. Water turbidity and e-coli removal efficiency 
 
Turbidity is an optical characteristic which gives a measure 
of relative clarity of a liquid by expressing amount of light 
that is scattered by suspended material in a liquid when 
light is passed through the liquid sample. Higher turbidity 
manifests in higher intensity of scattered light. Excessive 
turbidity, or cloudiness, in drinking water is aesthetically 
unappealing and represents a health concern. Turbidity 
provides food and shelter for pathogens including E-coli. 
This promotes re-growth of pathogens in the distribution 
system, leading to waterborne disease outbreaks, which 
have caused significant cases of gastroenteritis throughout 
the world according to United States Environment 
Protection Agency (USEPA).  
 
Although turbidity is not a direct indicator of health risk, 
numerous studies show a strong relationship between 
removal of turbidity and removal of protozoa. The particles 
of turbidity provide "shelter" for microbes by reducing their 
exposure to attack by disinfectants. Microbial attachment to 
particulate material has been considered to aid in microbe 
survival. Thus, due to their undesired health effects both the 
E-coli and other suspended particles need to be removed  
from domestic water before use. The Filtration efficiency of 
the filters is therefore a measure of the ratio of the upstream 
suspended solids concentration compared to the 
downstream suspended solid concentration which has 
passed through the filter. The percentage e-coli removal 
efficiency was calculated from the raw data equation  
 

Percentage Removal Efficiency 
%100x

Untreated

TreatedUntreated


      (5) 
 
 
Where Untreated refers to microbial (e-coli) concentration 
in the raw water sample (Neat) in cfu/ml and Treated refers 
to microbial (e-coli) concentration in the filtered water 
sample in cfu/ml. These were obtained by counting the 
number of e-coli forming units. 
 
3. Results and discussion 
 
3.1. Test Results for Rate of Water Percolation 
 
The results for the rate of water percolation through the 
study filters are presented in Fig.3, Fig 4 and Fig 5 for set A, 
set B and set C filters, respectively. 
 
3.2. Test Results for Water Turbidity 
 
The test results for water turbidity for the filtrate through 
the study filters are presented in Table 2, Table 3 and Table 
4 for set A, set B and set C filters, respectively. 
 
3.3. Test Results for E-coli Removal Efficiency 
 
The percentage e-coli removal efficiencies for the filtrate 
through the study filters are presented in Table 5, Table 6 
and Table 7 for set A, set B and set C filters, respectively.
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Figure 3: Rate of water percolation through set A filters 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4: Rate water percolation through set B filters 
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Figure 5: Rate of water percolation through set C filters 
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Table 2: Test Results for water turbidity for filtrate through set A filters; 

Composition ratio 
(clay:sawdust) 

Water turbidity in FNU per 10ml of water 
filtered through set A filters 

4:3 10.50 

3:2 09.30 

5:3 08.73 

 
Table 3: Test Results for water turbidity for filtrate through set B filters; 

Composition ratio 
(clay:grog:sawdust) 

Water turbidity in FNU per 10ml of water 
filtered through set B filters 

4:1:2 2.14 

5:1:2 2.09 

3:1:1 2.12 

4:2:1 1.47 

5:2:1 1.19 

 
Table 4: Test Results for water turbidity for filtrate through set C filters; 

Composition ratio 
(clay:grog:sawdust) 

Water turbidity in FNU per 10ml of 
water filtered through set C filters 

2:1:2 10.10 

3:1:3 08.40 

4:1:3 08.44 

3:2:3 13.40 

 
Table 5: Results for e-coli removal efficiency for filtrate through set A filters; 

Composition ratio (clay:sawdust) Percentage e-coli removal efficiency for 
set A filters (%) 

4:3 76.3 

3:2 93.7 

5:3 96.7 

 
Table 6: Results for e-coli removal efficiency for water filtered through set B filters; 

Composition ratio 
(clay:grog:sawdust) 

Percentage e-coli removal efficiency 
for set B filters (%) 

4:1:2 100.0 

5:1:2 099.6 
3:1:1 100.0 
4:2:1 100.0 
5:2:1 098.7 

 
Table 7: Results for e-coli removal efficiency for water filtered through set C filters; 
Composition ratio 
(clay:grog:sawdust) 

Percentage e-coli removal efficiency 
for set C filters (%) 

2:1:2 94.0 

3:1:3 99.3 

4:1:3 86.5 

3:2:3 30.0 
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3.4. Rate of water percolation through the study filters 
 
 Fig. 3 shows that among set A filters, the average rate of 
water percolation decreased with increased clay to sawdust 
ratio. For example, set A filter with composition ratio of clay 
to sawdust of 4:3 had the highest percentage by volume of 
sawdust (42.9%) in the mixture and it exhibited the highest 
rate of water percolation of 467.19ml h-1, whereas, the filter 
with composition ratio of 5:3 had the least percentage by 
volume of sawdust (37.5%) and it exhibited a lower rate of 
water percolation of 298.51ml h-1. According to Clair, 2006 
and Dies, 2003, when green filters are fired, the sawdust in 
their composition burns out leaving behind pores or voids 
through which water is filtered. Hence, filters with a higher 
percentage of sawdust leave behind more pores after firing 
and hence greater porosity which is evidenced by a higher 
water percolation rate. 
 
Among set B filters, the filter with clay to grog to sawdust 
composition ratio of 4:1:2 had the highest percentage of 
sawdust (29%) in its composition and they exhibited the 
highest rate of water percolation of 161.29ml h-1. On the 
other hand set B filters with clay to grog to sawdust 
composition ratio of 5:2:1 had the lowest percentage of 
sawdust (12%), and hence, they exhibited lowest rate of 
water percolation of 90.91ml h-1. Note that in set B filters the 
percentage of burn-off material was reduced implying that 
fewer voids were created after firing the filters (Clair, 2006 
and Dies, 2003). Similar observations were made for set C 
filters. To the composition of set B and set C filters grog was 
added. In set B filters, grog was added by reducing the 
amount of sawdust while in set C filters, grog was 
introduced by reducing the amount of clay mineral, all are in 
comparison to set A filter composition. These resulted in the 
following observations: 
 
Set A filter (3:2) and set B filters (3:1:1) both had 60% 
composition by volume of clay in  their textures, but set A 
filters had 40% composition by volume of sawdust, while set 
B filter had 20% composition by volume of sawdust and 
20% composition by volume of grog. Set A filters had a 
water percolation rate of 476ml h-1 while the corresponding 
set B filters had a percolation rate 53.19ml h-1 which is 
about eight (8) times less than the previous. In this case, the 
introduced grog is seen to reduce the rate of water 
percolation. This is because grog has fewer and smaller 
pores than those which would otherwise be created by the 
reduced burn-off material. In addition, grog is a clay material 
itself which does not burn-off during firing. Set C filter 
(2:1:2) had a 40% composition by volume of sawdust in its 
texture similar to set A filter (3:2). However this set C filter 
exhibited a percolation rate of 1,280ml h-1 while the 
corresponding set A filter exhibited a percolation rate of 
476ml h-1.The increase in percolation rate is quite significant 
and can be attributed to the creation of more voids as a 
result of introducing the grog. In addition to the voids 
created by the 40% sawdust during the firing, as the clay 
shrinks away from the grog which does not shrink, it forms 

bridges with the grog thus leaving behind a slightly more 
porous ceramic media. These bridges have voids which 
increase on the final porosity of the filters (Sagara, 2000). 
 
It should be noted that set C filters were formed by reducing 
the percentage of clay in their texture and grog was 
introduced to complete their composition. In this case, the 
set C filter with composition ratio of 2:1:2 was derived from 
the set A filter with a composition ratio of 3:2, which also 
had a 40% composition by volume of sawdust in its texture. 
This set A filter exhibited a percolation rate 166.67ml h-1. 
These results showed that although the two filters had the 
same percentage composition by volume of sawdust (40%) 
in their texture, the set C filter (composition ratio 2:1:2) had 
a higher rate of water percolation compared to the set A 
filter (composition ratio 3:2). Therefore, the introduction of 
grog is seen to increase the rate of water percolation 
through set C filters by a factor of eight (8) compared to the 
corresponding set A filters with the same percentage 
composition by volume of sawdust. The highest rate of 
water percolation through set A, set B and set C filters were 
500.00ml h-1, 277.78ml h-1 and     11,100.00 ml h-1, 
respectively. These results show that set C filters were the 
most porous due to the presence of grog and a high 
percentage of sawdust (Clair 2006, Dies 2003, Sagara 2000). 
Set B presented the lowest rate of water percolation due to 
the high content of clay both from the ball clay and the grog. 
Hence fewer voids were created explaining the low 
percolation rates obtained. This correlation between the 
percentage composition of sawdust and rate of water 
percolation through the filters is seen to be consistent with 
all the sets of filters (A, B and C).  
 
The low percentage of clay minerals in the texture of set C 
filters coupled with the high percentage of sawdust and the 
presence of grog in their texture, made set C filters to exhibit 
the least cohesion of particles, least mechanical strength and 
highest porosity. In fact, the clay to grog to sawdust 
composition ratio of 2:2:3 was very weak with very low 
cohesion of particles that when immersed in water, it just 
disintegrated into suspensions of smaller particles. Set C 
filter with composition ratio of 3:2:3 had 63% composition 
by volume of grog and sawdust altogether. This was the 
highest possible composition ratio for manufacturing the 
water filters that could withstand the water pressure. Since 
this composition ratio had a low percentage composition by 
volume of clay that provides the plasticity necessary to bind 
the filter particles together. This filter was mechanically 
weak and very porous with the highest rate of water 
percolation of 5,670ml h-1. 
 
3.5. Water turbidity test results and e-coli removal 
efficiencies 
 
The water turbidity for the filtrate through set A filter with 
composition ratio of 4:3 is 10.50FNU while that for the set A 
filter with composition ratio of 5:3 is 8.73FNU. Although 
both belong to set A filters, the composition ratio 4:3 had 
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more sawdust in its composition (43%) compared to the 
composition ratio 5:3 (37%). Therefore after firing, the 
combustion of the sawdust left behind more pores in the 
composition ratio 4:3 than in the composition ratio 5:3 
(Kabagambe, 2010). This explains why more suspended 
particles were able to filter through the filter with 
composition ratio 4:3 compared to that with composition 
ratio 5:3. It was for the same reason that the e-coli removal 
efficiency for filter composition ratio 4:3 was 76.3% much 
lower than that for filter composition 5:3 of 96.7%. 
 

 The processes of ceramic filtration mechanisms include 
direct interception or sieving, bridging and inertial 
impaction. During the direct interception or sieving process, 
when a particle of size 0.5µm and larger “runs into” a pore at 
the topmost layer of the ceramic filter that is smaller than 
the particle, it is captured as with absolute pore rated 
synthetic dead-end membranes as illustrated in Fig. 6 
(Farahbakhsh and Smith, 2004). This filtration mechanism 
retains particulate matter not only on the surface of the 
filter but also at the inside of the filter. 

 

 
Figure 6:  Direct interception or sieving 

 
Particles of sizes smaller than 0.5µm may be too small to be 
intercepted. However, during the bridging process, when 
two smaller particles hit the obstruction at the same time, 
they will form a bridge across the pore by adhering to each 
other. Bridged particles may not block the pore but create an 
even smaller pore gradually forming a "filter cake". This 
"cake" creates a finer filtration for subsequent interception 
at the cost of decreased flow rate and eventually no flow 
rate. When a particle flowing through the filter hits a non-
porous surface barrier, it becomes captured (Kenneth, 2008) 
while the water flows around the barrier. This phenomenon 
is called inertial impaction and is more prevalent with 
smaller particles in range of 0.1µm to 0.4µm size as these 
particles are easily affected by molecular bombardment. 
 
Due to the above filtration mechanisms, the range of water 
turbidity for the filtrate through set A, set B and set C filters 
were 8.73FNU to 10.50FNU, 1.19FNU to 2.14FNU and 
8.40FNU to 13.40FNU, respectively. These results showed 
that set B filters registered the lowest water turbidity values 
which were within the standards of 5.00FNU for drinking 
water turbidity recommended by USEPA and WHO 
guidelines. Note that set B filters had the least percentage 
composition by volume of sawdust compared to set A and 
set C filters. Set B filters, therefore, had the least number of 
voids after firing due to the low percentage of burn-off in 
their composition (Clair 2006 and Dies 2003).  
 
In addition, the high percentage of grog in the composition 
of set B filters increased the intricate maze of labyrinths 
through which the particle laden water had to navigate 
(Crittenden J. C et al. 2005).  

 
This led to the suspended particles, including e-coli, to be 
intercepted within the ceramic depth by the depth filtration 
mechanism. During this mechanism, the particles that may 
have penetrated the topmost layer become trapped within 
the structure as they pass through the filter pores that twist  
and turn through sharp angles due to the complicated 
ceramic structure. Small particles, like e-coli, can combine 
with other particles to form a cluster of particles large 
enough to become trapped as a group or individual in dead 
end cavities. Weak Van der Waals forces also attract the 
small suspended particles to the ceramic structure, causing 
them to be adsorbed onto the wall of the ceramic material. It 
is a result of this intricate maze of labyrinths through which 
the particle laden water had to navigate and the depth 
filtration mechanism that the percentage e-coli removal 
efficiency of set B filters with composition ratios of 3:1:1 and 
4:2:1 was 100%. This result was excellent according to 
USEPA and WHO guidelines which recommend that drinking 
water should have zero e-coli colony forming.  
 
Results from table 4 and Table 7 show that set C filters, 
which had the highest percentage composition by volume of 
sawdust and grog, had the highest water turbidity values 
and the least e-coli removal efficiency ranging between 
8.4FNU to 13.4FNU and 30.0% to 94.0%, respectively. These 
values suggest that bigger pores were created in set C filters 
due to the high sawdust content in their composition. Hence 
many of the suspended particles were able to filter through 
them since the filtration mechanisms of direct interception 
or sieving were rendered ineffective.  
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There results were also observed to be above the standards 
of drinking water turbidity recommended by USEPA and 
WHO guidelines. Results obtained also showed that the 
percentage e-coli removal efficiency for the set A, set B and 
set C filters ranged from 50.3% to 96.7%, 91.6% to 100.0% 
and 27.3% to 99.3%. These results are in line with the 
finding of Kabagambe (2010). They also showed a direct 
relationship between the e-coli removal efficiency of the 
filters with the composition of the filters, the higher the 
percentage by volume of sawdust in the composition of the 
filters the less the effectiveness of the filter in removal of 
pathogens. 
 
4. Conclusion 
 
This paper presents the results of experimental study on the 
effect of introducing grog to the composition of ceramic 
water filters and shows how the filters are made by 
sintering of well controlled mixtures of clay, sawdust and 
grogs. The best quality water was obtained for set B filters 
when the filter composition ratio for clay: grog: sawdust was 
4:1:2, 3:1:1 and 4:2:1. At these filter composition ratios, the 
water turbidity in FNU per 10ml of water filtered were 
measured to be 2.14, 2.12 and 1.47 respectively. The same 
composition ratios exhibited excellent e-coli removal 
efficiencies of 100% (Table 9).  
 
These results were within the standards of drinking water 
turbidity recommended by USEPA and WHO guidelines. Set 
C filters indicates an increase in the rate of water 
percolation however, such mixtures compromised on the 
quality of the water obtained. Therefore it is important that 
colloidal silver would be essential to kill the pathogens in 
the filtered water. Thus, we conclude that presence of grogs 
greatly affects the performance of the ceramic water filters. 
Much more proportion of sawdust improves on the filtration 
rate, but at the expense of the quality of water filtered and 
high proportion of grog and clay improves on the quality of 
water filtered at the expense of the rate of filtration. 
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