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ABSTRACT 
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Advisor(s): 
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Humans need water to survive, but there are 1 billion people around the world 

who do not have access to safe drinking water. There are many risks associated with 

drinking unsafe water, most prevalently the risk of waterborne disease. The most 

applicable technology for remote communities is ceramic water filters (CWFs). CWFs 

most predominantly use size exclusion in order to remove bacteria from source water. 

This thesis investigated the performance of a new ceramic water filter. The filter is an 8-

inch diameter ceramic disc placed inside a plastic apparatus. It offers a large surface 

area with strong resilience to breaking. Two different sacrificial materials were 

investigated at two different recipes. It was determined a ceramic disc made of 20% rice 

husk to 80% clay offers the most reliable and effective results. This design delivers 

water at a rate of 1.8-3.2 liters per hour while offering log removal values for E.coli of 

2.4-6.1.  
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1 Introduction 

1.1 Problem Statement 

The global population is currently 7.6 billion people. The earth consists of 29% land 
surface cover and 71% overall water.  Only 2.8% of all water on earth is fresh water. In 
addition 2.1% of that fresh water is frozen in glaciers, this leaves less than 1% of all 
fresh water on earth available for human consumption (USGS). Of the 7.6 billion of 
people living on earth 13% or 1 billion of them live without daily access to safe drinking 
water (WHO, 2002), with the majority living in developing countries (du Preez, et al., 
2008). These areas do not have access to the water infrastructure needed to supply 
safe water, water which is of a quality that will not cause harm, to their community, 
whether through desalination (coastal cities) or water purification of surface water. The 
world of technology has progressed quickly in the last 50 years helping to mitigate these 
issues, but further progress is still required. The largest driver for access to safe 
drinking water is mitigating risk to waterborne diseases. There are viruses, bacteria and 
protozoa found in unsafe drinking water, this thesis will mainly focus on bacteria-driven 
waterborne disease. A common bacteria that can cause illness through unsafe drinking 
water is Escherichia coli (E.coli) (WHO, 2011). E.coli is a naturally occurring bacteria 
found in the intestines of humans and animals. E.coli is harmless when in a host 
intestine but if ingested it can result in serious injury. Some strains of E.coli can cause 
urinary tract infections, meningitis, and mild to highly bloody diarrhea, as well as 
haemolytic uraemic syndrome and death (WHO, 2011). The infective dose of E.coli can 
be as low as less than 100 organisms to cause illness (WHO, 2011).The most common 
method of exposure to E.coli is through contact with feces of infected individuals, food 
and water. The leading cause of morbidity and mortality in developing countries is 
diarrheal disease. It accounts for 2.5 million deaths per year and 21% of all deaths of 
children under the age of five (du Preez, et al., 2008). 

Although there are many options available for water filtration in the world today, the 
number of affordable, applicable, effective, and long lasting solutions are minimal. Of 
the most common solutions in the developed/urban world, there are limited options 
applicable in rural and remote communities that lack the infrastructure for water 
distribution systems. Of the solutions available to rural communities, there are issues of 
durability, and access to materials, as well as the knowledge to replace broken parts. 
There have been numerous studies conducted to quantify the effectiveness of each 
solution during the design process and then again, to quantify the success of the new 
technology in the field, many of these studies are referred to throughout this thesis. 

David Damberger, an employee at Engineers without Boarders, prepared a Ted Talk on 
the subject of faulty water systems in 2011. He describes an example of a major fault 
found in one of the available technologies implemented in Malawi (Damberger, 2011). 
The Canadian government commissioned the installation of a gravity fed water point in 
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Malawi, 1.5 years after the implementation an employee of EWB went to report the 
progress of the project. This employee was questioning the members in the community 
about why the water point was no longer in working order. The response from the 
community was that the pipes distributing the water had broken. As he inquired, further 
he came to realize the community members did not have the tools or materials to repair 
the pipes. He noticed a similarly designed water point 10 feet away that was not in 
working order, but was not connected to the one in front of him. When he inquired with 
the community as to this secondary water point, they explained that the American 
government commissioned this gravity fed water system 10 years previously, and the 
pipes had broken. Without the tools and materials to fix it, the community lost access to 
this water. Ten years later, the Canadian government came in and repeated the exact 
same mistakes a few feet away (Damberger, 2011). After becoming aware to this issue, 
EWB has since started publishing a yearly failure report. This report describes all failed 
initiatives with descriptions of the shortcomings and suggested improvements.  

The filtration system investigated within this thesis used a similar technique of 
investigating downfalls within the currently available technology and addressing them, 
with the hope of finding a sustainable solution to the lack of access to safe drinking 
water around the world.  

1.2 Background – Point-of-Use (POU) water systems 

The main technology this thesis focuses on is point-of-use water filtration technology. A 
point-of-use technology consists of a filtration system that is used at the point of intake, 
meaning within the household or small neighborhood/community. These filtration 
systems are meant to be small scale and require little to no existing water infrastructure. 
Studies of different POU technologies show household diarrheal disease reductions 
ranging from 6% to 90% (Sobsey, 2002).  

There are two types of POU water treatment methods, chemical and physical. Chemical 
water systems use coagulation, adsorption, inactivation or chlorine disinfection to 
remove harmful properties from drinking water. Physical water treatment options include 
boiling, UV disinfection, sedimentation and filtration (Franz, 2005). The most commonly-
used POU water system in poor rural areas is filtration (Franz, 2005). It is an 
inexpensive simple method of water treatment.  

1.3 Background – Ceramic Water Filters (CWF)  

Ceramic water filters are created out of a mixture of clay and an organic, sacrificial 
material. The most common practice for designing ceramic water filters is to mix a pre-
determined amount of prepared organic material into the clay before pressing into the 
desired shape. In order to prepare organic material as sacrificial material, it must first be 
dried, milled and sieved. The clay mixture is heated to 1060oC in a kiln, at such high 
temperatures the organic material combusts leaving tiny pore spaces throughout the 



 

 

3 

 

filter. Ceramic water filters remove bacteria and protozoa to sufficient levels to make the 
water safe. According to the WHO guidelines, in order to verify the microbial quality as 
safe, in all water directly intended for drinking, there must not be detectable levels of 
E.coli in any 100ml sample. The WHO also reported the porous ceramic water 
treatment technologies have a baseline log removal value (LRV) of two and a maximum 
removal of six. This means dependent on influent water concentrations of E.coli ceramic 
water filters are capable of delivering water to the WHO safe drinking water standards 
(WHO, 2011).  

These filters use size exclusion also referred to as microfiltration (Brown, 2007). 
Through reading various scientific studies quantifying different ceramic water filter 
designs it is apparent the most widely used organic material in CWFs are rice husks, 
though some are made with sawdust or coffee grounds. Since pore space is directly 
linked to the magnitude of sacrificial material, it may be tailored to target different 
bacteria. Most bacteria ranges in size from 1-50µm, more specifically rod-shaped 
bacteria are 1-10µm in length and 0.3-1.5µm in diameter. This thesis focuses mainly on 
E.coli bacteria, which is a rod-shaped bacteria and will be used later in the testing 
protocol to characterize removal levels. The efficiency of some CWFs for removal of 
viruses can be improved with the addition of colloidal silver that is either painted on the 
final surface or mixed in the clay matrix before firing (Ren & Smith, 2013). For the 
purpose of this thesis, only CWF’s without colloidal silver present are discussed and 
investigated.  

1.3.1 Factors effecting filter performance 

Several factors affect the performance of a ceramic water filter. These influencing 
factors can be properties of the filter, characteristics of the source water, or additional 
additives to the filter after firing. Examples of such factors include: porosity, filter 
thickness, surface area, pore size, head height of water above filter, water quality, 
presence of activated carbon or silver.  

1.3.1.1 Filter Properties 

There are various properties of a filter that may influence its performance. The thickness 
of the ceramic filter will affect the filter performance; with a thinner filter wall, it will allow 
water to travel through the filter more quickly allowing for a faster flow rate. However, 
with a thinner wall there are fewer pore spaces to trap bacteria and remove it from the 
water. Additionally, the thickness of the filter contributes to the robustness of the design. 
The thickness of a ceramic filter must be thin enough to allow for sufficient flow and 
removal without breaking. The filter surface area is also a very important factor affecting 
filter performance. Surface area and flow rate are directly related to one another. If the 
ceramic filter has more surface area available for water to flow through at one time it will 
allow for a faster flow rate. However, a larger surface area also requires a larger filter. A 
larger surface area can create issues for users who are unable to carry and safely 
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handle the filter. In order to add surface area, without adding more material, it is 
possible to place more than one smaller filter into a large vessel, which will allow twice 
the amount of safe water being delivered. One of the most critical filter properties that 
affect the filters performance is pore size and porosity. Porosity is a measure of the 
volume of void space in the clay medium. Porosity within a ceramic filter is created in 
spaces where sacrificial material has burned away. These pores are what allows water 
to pass through the ceramic fluently. With a greater porosity, a ceramic filter generally 
delivers water at a faster flow rate.  

1.3.1.2 Characteristics of source water  

The characteristics of source water being filtered will directly affect the performance of a 
ceramic water filter. The quality of the water will affect the flow of water through the 
ceramic filter. If the source water contains suspended solids, and hence turbidity, it will 
result in clogging in the filter pores. With more pores becoming clogged, the volume of 
water filtered over a given day will decrease, causing the filter to become less 
hydraulically productive. A cleaning regime, of light brushing to the filter surface, can be 
employed to mitigate this issue (CMWG, 2011). With more pores becoming clogged, 
more frequent cleaning will also be necessary. The water elevation above the surface of 
the filter, or head height, will also directly affect the flow through of water. A greater 
height of water above the water creates more pressure on the surface of the filter, which 
assists the water filtration rate. For this reason, in order to increase output rate of water 
per day the level of source water in the housing receptacle should be full as often as 
possible.  

1.3.1.3 Filter additives  

In some cases, an additional additive can be combined with ceramic water filters in 
order to increase performance of bacteria removal and other water characteristics such 
as, odor, taste, colour. Activated carbon can be added to a filter’s interior in order to 
address taste, odor and colour. However, the macro and micro pores within activated 
carbon also offer an appealing breeding ground for bacteria. More commonly, ceramic 
water filters are being painted in colloidal silver or silver nitrate to assist in bacteria 
removal. Silver is known to have bactericidal properties that acts by disrupting the cell 
membrane causing it to disintegrate (Franz, 2005).  

1.3.2 Designs 

There are two main CWF designs currently in use; a pot shape and a candle or hollow 
column shape. For a ceramic pot filter design the clay and organic material mixture is 
pressed into a pot shaped mold prior to firing. When in use, the ceramic pot filter is 
placed into an associated plastic receptacle that allows the lip of the pot to sit 
comfortably within the inner diameter of the receptacle, as can be seen in Figure 1. 
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Filtration occurs from the inside of the pot to the exterior, collecting and dripping into the 
receptacle below. The receptacle includes a faucet for access to effluent filtered water.  

 

Figure 1: Ceramic pot filter design 

A candle/column filter is another CWF design available. It is referred to as a column, or 
candle filter because of its unique shape that models a hollow cylinder. When in use a 
candle filter is placed in a current receptacle with a small tube inserted to an outer wall 
for effluent collection. Water is filtered from the exterior of the candle to the interior 
where it is collected until the water reaches a height allowing it to pour from the effluent 
tubing. An example of a candle filter can be seen in Figure 2. 

 

Figure 2: Ceramic candle filter design 

1.3.2.1 Disadvantages 

As mentioned above, both the pot and candle ceramic filter designs are effective in 
removal of bacteria and may have acceptable flow rates; however, there are some 
issues associated with these designs. Some deficiencies found in the pot design are 
described below. Murphy et al., 2009 performed ceramic pot filter testing in Cambodia, 
and reported a large variance in E.coli removal of filters investigated. Murphy 2009, 
attributed this to improper household practices, including storage site and cleaning 
practices. A study, (Murphy, Sampson, McBean, & Farahbakhsh, 2009), was conducted 
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to see the effects household practices have on the performance of clay pot water filters 
in rural Cambodia. The results demonstrated that misunderstanding proper cleaning 
practices and mishandling the filter unit resulted in poor removal of bacteria, or in some 
cases, increased bacteria in the effluent water (Murphy, Sampson, McBean, & 
Farahbakhsh, 2009). Often, users were touching the exterior surface of the pot filter with 
unwashed hands, and placing the filter on an unsanitary surface while performing 
weekly cleaning. These practices caused contamination on the surface of the clay pot 
that comes in contact with treated water (Murphy, Sampson, McBean, & Farahbakhsh, 
2009).  

A cleaning guide was given to each user upon receiving the filter, although this did not 
ensure (Murphy, Sampson, McBean, & Farahbakhsh, 2009) every user employed 
proper cleaning techniques. Different users employed varying methods of cleaning 
including: using filtered water, unfiltered water, detergent and water, water and soap 
with a sponge or cloth, and only water with a sponge or cloth (Murphy, McBean, & 
Farahbakhsh, 2009). A more comprehensive cleaning guide should be given to each 
user. One of the human dimensions not addressed in the design of the clay pot was 
who in the household would be handling the filter most often. In many of the 
households, it was most frequently, the women and children who cleaned the filter 
(Murphy, Sampson, McBean, & Farahbakhsh, 2009). Given the weight and size of the 
pot, it is too large and heavy for the children to handle, increasing the likelihood of it 
being dropped and broken (Salsali, McBean, & Brunsting, 2011). In addition to cleaning 
practices, it was found that the plastic receptacle used for storage of treated water was 
causing contamination because of the partial transparency of the plastic receptacle in 
conjunction with the majority of the filters being stored outdoors in direct sunlight 
created opportunity for algae and bacteria to grow (Murphy, Sampson, McBean, & 
Farahbakhsh, 2009). This contributed to the decreasing effluent water quality later in the 
study.  

The candle filter contains design deficiencies as well. Although lighter and easier to 
manipulate than pot filter, having all rounded edges, creates difficulty in brushing the 
exterior surfaces. Additionally the candle filter has limited surface area resulting in lower 
output of clean water per day (Franz, 2005). In order to increase surface area of the 
candle filter, the entire candle length must be increased. Additionally, the casting 
method used to create a ceramic candle filter requires more attention to detail. In order 
to achieve the hollow design of a candle filter one must create a solid cylinder and 
depress a hole through the middle to create the empty space. The candle filter 
technology is also quite fragile as the entire surface is created out of clay, making it 
susceptible to cracks deeming it unusable (Franz, 2005) 
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1.3.2.2 Advantages  

In every culture, different things are valued and accepted. In some cultures, 
technological progress is not always seen as a positive action. For example, some 
cultures do not agree with adding chemicals such as chlorine to their water. Because of 
this, an alternative drinking water filtration system is required in order to create safe 
drinking water in these communities. A ceramic water filter uses all naturally occurring 
materials to filter out bacteria. This is a great advantage for communities who would like 
to keep the properties of their drinking water as natural as possible. Another advantage 
to using all natural ingredients for the filtration system is these materials may be easier 
to obtain than a manufactured material. This creates a much lower manufacturing cost 
as well as a more abundantly accessible inventory.  

Some advantages of the ceramic pot filter design are the amount of surface area 
available to produce clean effluent water is larger than other designs. This allows the 
pot design created a larger flow output making it more desirable to the user. On the 
other hand, the ceramic candle filter can be placed within any existing water receptacle, 
keeping costs lower than that of a pot design.  

 

1.3.3 Effectiveness  

The following table is a summary of studies investigating ceramic water filters and their 
effectiveness in bacteria removal. The majority of the studies have been reported on a 
ceramic pot filter design, as it is most widely used. Differences in source water turbidity, 
cleaning regime and influent bacteria concentrations are hypothesized to offer 
explanation for discrepancies in results. Each study reported in Table 5 used similar 
testing methods, though different cleaning regimes were employed in each study. 
(Salsai, McBean, & Brunsting, 2011) used a very regimented cleaning regime, cleaning 
the filters before each test where (Brown J. M., 2007) employed a cleaning regime once 
a week. (van Halem D. , 2006) not employ a cleaning regime on the filters while testing 
the ceramic pot filters. While comparing the results given in Table 1 it can be seen a 
more frequent cleaning regime gives lower log removal values, and the most effective 
cleaning regime was offered by Brown, brushing the filters once a week. It is common in 
studies of ceramic water filters to not find a maximum log removal value (Latagne D. , 
2001; Duke, Nordin, & Mazumder, 2006) (Campbell, 2005) (Fahlin, 2003). This is 
because the E. coli counts were zero in the filtered water, disallowing a log removal 
value from being calculated. In some studies the researcher has spiked extremely high 
levels of E.coli in the influent water, in order to achieve some level of countable E.coli 
on the effluent samples. A similar method was used in this study, when a previous test 
resulted in zero effluent E.coli colonies.  
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Table 1: Summary table of findings from studies done on ceramic water filters 

Reference Design Bacterial Type 
Flow 
L/hr 

Influent 
concentration 
CFU/100ml 

Log 
removal 
value 

(Simonis & 
Basson, 2011) 

Pot 

E.coli 

1-2 

6.0X106 5.5 

S. Feacalis 1.5X104 4.2 

B. Cerues 1.1X106 3.6 

(Chaudhuri, 
Verma, & Gupta, 
1994) 

Candle 
E.coli 

-- 
2.92X103 2.4 

Poliovirus 7.25X104 1.9 

(Bielefeldt, 
Kowalski, & 
Summers, 2009) 

Pot 
E.coli 1.7 1.0X104 3.7 

E.coli 1.9 1.0X104 4.0 

(Bielefeldt, et 
al., 2010) 

Pot 

E.coli 2.0 1.0X104 2.7 

0.5um 
microsphere 

2.0 1.0X108 2.0 

0.02um 
microsphere 

2.0 1.0X108 1.5 

10um 
microsphere 

2.0 1.0X108 3.3 

(Brown & 
Sobsey, 2010) 

Pot 
E.coli 2.0 

1.0X102-
1.0X105 2.1-2.9 

Bacteriophages 
MS2 

2.0 
1.0X102-
1.0X105 

1.2-4.1 

(Salsali, 
McBean, & 
Brunsting, 
2011) 

Pot E.coli 1.3-3.9 
5.7X106-
9.5X106 

0.21-0.46 

(van Halem D. , 
2006) 

Pot E.coli 2.0-5.0 5X101 0.5-3 

(Franz, 2005) Candle E.coli 
0.035-
0.454 

 2.1-5 

(Brown J. M., 
2007) 

Pot E.coli -- 1X103 2-6 

 

 



 

 

9 

 

1.4 Main research question 

The main purpose of this thesis is to answer the following question: Is a ceramic disc, 
and apparatus design, a more effective and sustainable solution to clean drinking 
water? 

1.5 Thesis structure 

This thesis follows a manuscript style format. Chapters 3, 4, and 5 are meant to 
describe discrete articles, which can be read as standalone documents. Raw data 
associated with all investigations is included in Appendix A. 
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2 Methods 

2.1 Agar Layer Escherichia coli detection Procedure 

The method outlined in the following has been adapted from the US EPA Method 1603: 
Escherichia coli (E.coli) in Water by Membrane Filtration Using Modified membrane-
Thermotolerant Escherichia coli Agar (Modified mTEC) (USEPA, 2006). 

2.1.1 M-TEC Agar solution  

1. 9.12 g of m-TEC agar was suspended in 200 ml of distilled water. 

2. The beaker was placed on a magnetic stir/heating plate and mixed thoroughly using 

a magnetic stir bar.  

3. Heated with frequent agitation, the agar was brought to a boil for approximately 1 

minute to completely dissolve the powder. 

4. The solution was then autoclaved for 20 minutes at 121oC and removed immediately 

to ensure it remained liquid. 

5. Approximately 6 mL (thickness of 4 mm) of prepared agar was poured into 47mm 

Petri dishes under aseptic conditions, ensuring the entire surface of the plate was 

covered and no bubbles were present.   

6. The petri dish lid was replaced over the dish so that only a portion of the dish was 

covered.  This allowed heat to escape from the agar without creating condensation on 

the underside of the lid.  When the agar was completely cooled, the lid was placed 

entirely over the Petri dish and flipped upside down.     

7. The prepared plates were stored in the refrigerator (4 ± 2°C) for up to two weeks. 

The date and in-house lot number were recorded on the storage container.   

2.1.2 Preparation of  Escherichia coli Bacterial Stock (Famp ATCC: 700891) 

1. 10 plates of 1.5% Tryptic Soy Agar  was prepared. 

2. Five test tubes of Trypticase Soy Broth were prepared. 

3. A flamed loop was used to inoculate the Five tubes of TSB from the E. Coli pellet. 

4. The tubes were placed in an incubator at 37°C and allowed to grow for 24 hours. 
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5. Streak plates were produced from each tube in duplicate and allowed to grow for 24 

hours at 37°C. 

6. An isolated colony was chosen and selected by micro-pipetting the colony into 30 

mL of TSB in a sterile shaker flask. 

7. The flask was incubated for 18-20 hours at 37°C and 100-150 rpm. 

8. 1.0mL of the overnight culture (culture grown for 18-20 hours) was pipetted into 

30mL TSB to produce a log phase culture. 

9. The log phase culture was incubated at 37°C and 100-150 rpm for 4 hours (solution 

will be visibly turbid after 4 hours).   

10. The log phase host bacterial culture was mixed with sterile glycerol in a ratio of 4:1. 

11. The log phase culture/glycerol mixture was dispensed into 1mL freezer vials and 

stored at -80°C.  The stock will stay viable for up to 1 year (USEPA, Method 1602: 

Malespecific (F+) and Somatic coliphages in Water by Single Agar Layer (SAL) 

Procedure, 2001). 

2.1.3 Preparation of samples and filtration method 

1. All plates were labeled with the date, sample name and dilution factor.   

2. Influent and effluent sample dilutions were prepared. A sterile pipette tip was used to 

aseptically take 0.9ml of the sample and added to a test tube containing 8.1ml of 

autoclaved deionized water this method is called log-phase dilution or serial dilution. 

These steps were repeated until the desired concentration was reached. The test tube 

was then sealed and inverted three times.   

3. Once the dilutions were prepared, the lab-bench was sterilized using 70% alcohol. 

Flat-head tweezers were placed in a beaker containing 1.5 cm of reagent alcohol to 

ensure the tweezers remained sterile. A flame was used to disinfect tweezers between 

samples. 

4. The graduated funnel and glass filter were rinsed with autoclaved deionized water, 

and sterilized using the flame before and between each sample. The flat tip tweezers 

were also sterilized between each use, by carefully running them through the flame until 

the alcohol was completely burnt off.  



 

 

12 

 

5. The membrane filter was placed with sterile tweezers onto the glass filter base and 

the graduated funnel was secured on top with a clamp.  

6. The most diluted sample was processed first. The 9ml diluted sample was poured 

directly from the test tube onto the membrane making sure it was evenly distributed 

over the filter membrane surface.  

7. Once the sample was dispensed into the filtration apparatus, the vacuum pump was 

turned on. The sample was left to drain through the filter. The graduated funnel was 

rinsed with sterile deionized water. The vacuum pump was then turned off.  

8. The graduated funnel was removed and using sterile tweezers the membrane was 

removed from the glass base, making sure to only touch the edge of the filter. The filter 

was gently placed onto the agar surface of the Petri plate with the grid side facing up. 

Careful attention was paid not to create an air pocket between the underside of the filter 

and the agar surface.  

9. The samples were placed into an incubator for 2 hours at 35 °C then moved to a 

separate incubator for 24 ± 2 hours at 44.5 ± 0.2°C. As per the procedure set out in 

USEPA Method 1603. (USEPA, 2006) 

10. All influent and effluent dilutions were plated in triplicate.  

2.2 Forming clay discs 

Clay discs used for filtration were created within the Biohazard Laboratory at The 
University of Guelph. Images from laboratory testing can be seen in Appendix C.  

2.2.1 Preparation of coffee grounds 

1.  Discarded coffee or espresso grounds were acquired from local coffee shops.  

2. Coffee grounds were placed in an oven at 120 °C for 24 hours in ensure complete 

drying.  

3. Dry coffee grounds were rolled and broken down to separate clumps of particles.  

4. Coffee grounds were passed through a No. 20 (850 micron) sieve. 

5. Coffee grounds were placed in containers and labeled with date and size distribution 

of sample.  
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2.2.2 Preparation of rice husks 

1. Rice husks/hulls were shipped from a supplier in Saskatchewan 

2. The rice husks were processed through a micro fine grinder.  

3. Milled rice husk was passed through desired sieve in order to separate all pieces 

larger than the desired size.   

4. Rice husks were placed in containers and labeled with the date and size distribution 

of sample.  

2.2.3 Forming clay discs 

1. The amount of clay and sacrificial material were measured on a balance to the 

desired recipe and placed in plastic container. 

2. Contents were folded and mixed by hand until homogenous clay and burn out 

material mixture was achieved.  

3. The combination was then placed into a wood mold covered by plastic saran wrap 

for simple extraction.  

4. Clay was pressed into wood mold then a flat surface was clamped on top to ensure 

a smooth, flat, top surface. 

5. Clay disc was then extracted from mold and moved onto a flat surface in a fume 

hood to dry.  

6. Discs were left to dry in fume hood for 48 hours.   

7. Once completely dry the discs were carefully transferred into kiln. Kiln was placed on 

low fire for two hours leaving outlets open to allow for gas expulsion. After two hours the 

kiln was put on high fire at 1060ºC and left for approximately 14 hours, or until firing 

cone automatically shut the kiln off.  

8. Discs were wet sanded in order to snugly fit into apparatus. Top and bottom 

surfaces were lightly sanded in order to allow pores to be exposed on the outside 

surfaces.  

9. Wet discs were left in fume hood for 24 hours in order to allow for complete drying.  



 

 

14 

 

10. Once discs were completely dry they were placed in plastic apparatus’ and mounted 

with aquarium silicone. An excess of silicone was used to ensure no leaks were 

possible.  

11. Disc and apparatus was left in fume hood for 48hrs to allow for complete drying of 

silicone.  

12. The plastic elbow and hose were screwed into the solid bottom using thread seal 

tape to ensure a tight seal.  

2.2.4 Plastic Apparatus 

1. Large 8 inch ID PVC pipe was cut into 4 inch pieces using pipe saw.   

2. The same PVC pipe was used to cut an equal number of 1inch pieces of pipe. A 

notch was then cut out in order for them to fit inside the 4inch pieced of PVC pipe.  

3. Solid plastic sheet was cut into 8 inch circles. The circles were then precisely 

shaped using a mill, and a 1/2” threaded hole was punched into the center.  

4. A semi-circle was cut out of the 4 inch pieces of pipe. 

5. All pieces’ edges were then deburred to allow for smooth edges.  

6. The one-inch pipe pieces were PVC cemented into place approximately 10mm from 

the top edge. The solid plastic bottom was then cemented in directly below the lip and 

silicone was used to seal all the connections.  
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3 Evaluation of a Ceramic Disc Filter with a Plastic 

Apparatus Design as an Alternative to Existing Ceramic 

Water Filters 

3.1 Abstract  

Lack of access to ‘safe’ water is most prevalent in remote rural communities of 
developing countries. Ceramic water filters have recently become widely used in these 
areas as an effective point-of-use (POU) method for drinking water filtration. There are 
two ceramic filter designs most commonly available, a pot or candle type filter. Use of a 
disc filter, as identified as a strategy by McBean, has not been identified as being used 
or considered by others. Flow and bacteria removal efficiency of a novel ceramic disc 
and plastic apparatus design are investigated under various conditions. An 8-inch 
ceramic disc filter, with a plastic apparatus to improve durability, was able to achieve 
1.8-3.2 liters per hour on average, meeting the goal of 1-3 L/hr set by Salvinelli and 
Elmore, 2015. Trials employing a simple light-brushing regime, at two intervals, resulted 
in 20% permanent flow loss. The same ceramic disc filters were tested for ability to 
remove E.coli (Escherichia coli) bacteria. The filters achieved an average of 2.4-6.1 log 
removal values.   

3.2 Introduction 

Treatment of microbial contaminants in drinking water is becoming increasingly 
essential. Over 1 billion people worldwide are without access to safe drinking water, 
with 90% living in rural areas and most relying on untreated surface water. Without 
access to safe drinking water these populations are exposed to higher risk of water 
borne disease. Microbial contaminants, such as some strains of Escherichia coli (E. 
coli), are responsible for causing serious illness, most commonly diarrhea. Diarrhea is 
one of the leading causes of death in developing countries, resulting in 21% of the 
deaths in children under the age of 5 (du Preez, et al., 2008). 88% of people burdened 
with this disease are associated with no access to safe water, sanitation and hygiene 
(WHO, 2002). With this issue, many water filtration solutions have emerged. The 
concern with many of these water treatment approaches is they require high capital 
investment, ongoing maintenance, fee-paying user, etc. Many rural communities do not 
have the economic capacity for these types of treatment approaches.  

One of the water filtration approaches used in rural areas are POU (point-of-use) 
technology. This approach is well suited for the many areas that do not have access or 
the infrastructure for piped water systems. POU technologies work at the household or 
small community level. An example of a POU is a Ceramic Water Filter (CWF). Ceramic 
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water filters are created using an organic burnout material (normally rice husk or saw 
dust) that is ground and sieved then mixed in with clay. The organic burnout material is 
mixed into the clay and molded into the desired shape. When the clay is fired in a kiln, 
the burnout material incinerates, creating tiny pores all throughout the filter (Murphy, 
McBean, & Farahbakhsh, 2010). CWFs are more effective in removing bacteria than 
viruses because of the sizes of each microbe. Particle size of viruses are commonly 
between 100 to 1,000 times smaller than bacteria (Tchobanoglous, 2003). During the 
filtration process, water is gravity fed through the filter where bacteria particles larger 
than the pore spaces are filtered out through size exclusion.  

There are three main filter designs currently being used in developing countries today, 
these include a pot, disk, and candle shapes. Each design shape has both positive and 
negative aspects associated with it.   

Table 2: Comparison of different ceramic water filter designs 

Design Positive Aspect Negative Aspect  

Pot 

 

➢ Holds both treated and untreated 
water 

➢ Large surface area allows for 
excess of water to be filtered 

➢ Minimal materials required for 
manufacturing 

➢ Heavy, difficult to handle  
➢ Fragile, easily broken 
➢ Easily exposed to potential 

contaminants 
➢ Crevice near bottom is 

difficult to clean 

Column/ 
Candle 

 

➢ Minimal materials required for 
manufacturing 

➢ Small and easy to handle 
➢ Adaptable to different water 

receptacles 
➢ Effluent surface not easily 

exposed to potential 
contaminants through contact. 

➢ Round surfaces are difficult 
to brush 

➢ Fragile, easily broken 
➢ Difficult shape to 

manufacture 

Disc 

 

➢ Small and easy to handle  
➢ Effluent surface not easily 

exposed to potential 
contaminants 

➢ Adaptable to different water 
receptacles 

➢ Flat top surface easily brushed 
➢ Plastic support structure creates 

durability, not easily broken 

➢ Requires more materials to 
manufacture, although PVC 
piping for the holding 
apparatus is relatively 
available. 
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Table 2 shows some of the positive and negative aspects of each ceramic water filter 
design. The most noteworthy positive aspect associated to the ceramic pot design is the 
large available surface area. This allows for a larger volume of water to pass through 
the filter in a given amount of time. This surface area also causes the filter to be large 
and heavy making it difficult for user to clean the unit. In order to brush the inner surface 
of a pot design the user must lift and maneuver the unit. The difficulty associated with 
cleaning the filter may result in less frequent brushing causing the flow rate to decrease 
(Murphy, Sampson, McBean, & Farahbakhsh, 2009). The column or candle filter design 
addresses some of the issues stated above with the ceramic pot design. The smaller 
size of the candle filter allows the user to more easily move and handle the filter. 
However, it also creates less surface area available to water through the filter causing a 
slower flow rate.  

3.3 Methods  

3.3.1 Apparatus 

In designing the apparatus for the ceramic disk filter design different options were 
created and tested. The apparatus frame is created out of 8-inch inner diameter PVC 
pipe. Then a 1-inch thick piece of the same PVC pipe is cut to be used as an internal 
ledge for the ceramic filter to sit on. A 2-inch notch is cut out of the lower edge of the 
pipe to allow for it to fit tightly inside the apparatus body. Then an 8-inch diameter solid 
plastic circle is roughly cut using a band saw and later precisely cut with a lathe. This 
circle is used as the filters solid bottom that directs the treated water to a ½” threaded 
hole punched in the center for the outflow spigot. A plastic elbow is used as the outflow 
spigot with a ½” threaded end and a ½” tube connection on the other. The solid bottom 
and inner ledge are PVC cemented in place and then silicone was used to ensure a 
watertight seal. A ½” diameter rubber tube, approximately 8 inches in length, was 
secured to the effluent spigot with a hose clamp. The plastic elbow was then screwed 
into the solid bottom using thread seal tape.  
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3.3.2 Testing 

Once all portions of the apparatus were sealed and dried they were placed in deionized 
water for 24 hours to allow for complete saturation. DI water, flow trials were completed 
at a head of 40 cm above the top of the filter, and a 5 min sample was taken. The data 
were then converted into L/hr and recorded daily. In order to maintain constant head, a 
float valve and pump were utilized. A minimum head height of 39.5 cm and maximum 
height of 40 cm were used. Three external tanks were used as storage for water to be 
pumped in to maintain the desired head in the testing. 

Influent and effluent E. coli concentrations were determined utilizing an adapted method 
from US EPA Method 1603 (USEPA, 2006). Influent samples were collected after 
mixing, using a pole to stir the water, was completed. Serial dilutions (10-1-10-7) were 
plated to obtain a countable number of colonies. Escherichia coli (E.coli Famp 
ATCC:700891) was used as bacterial stock for enumeration, and was plated on m-TEC 
ChromoSelect Agar. Between successive experiments, the tank was emptied and wiped 
down, and then rinsed with deionized water. All experiments were completed at an 
ambient temperature of 22 oC.  

Influent water parameters have a large impact on bacteria removal and hydraulic 
conductivity efficiencies (CMWG, 2011). Deionized water containing E.coli Famp 
ATCC:700891 was used as influent. Additionally, the method and frequency of cleaning 
or brushing of ceramic water filters has been seen to have a large impact on hydraulic 
efficiency (CMWG, 2011). Within this experiment, the cleaning regime consisted of 
using a soft bristled brush to lightly sweep across the surface of the filter approximately 
eight times in an effort to ensure similarity to what a user of the technology could be 
expected to employ. The cleaning regime was employed at two different timing 
intervals. The first was to begin directly after peak flow was attained, and continue to 
brush every 2-3 days. The second was to begin the regime after 500L of water passed 
through, and then brushed every 2-3 days. The reason for employing the brushing at 
two different points in time was to calculate the difference in permanent loss in flow rate 

Figure 3: Top view of ceramic 
disc filter Figure 4: Top view of plastic 

apparatus Figure 5: Bottom view of 
plastic apparatus 
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if brushing was not employed immediately. The adoption of the two approaches to 
brushing/cleaning the disk, is described below, as utilized in the experiments carried 
out. 

 

3.3.3 Microscope 

In order to determine post-firing pore size and distributions, a Keyence Digital 
Microscope VHX-5000 was used. Discs made in the lab using 20% coffee grounds to 
80% clay and 25% coffee grounds to 75% clay randomly selected. Additionally, pore 
size characterization for both a clay pot bottom and a candle filter were available to 
compare.  

The microscope was able to identify the presence of a pore by taking a 3-D image of the 
top surface. A depth composition image was used to visually depict the presence of pores. 
The photos were then taken and each pore within the area was identified and outlined. 
This process allowed the total number of pores per square cm to be characterized. Figure 
6 shows a visual depiction of the filter surface using the above described microscope. 
The image shows approximately 0.01cm2 of the total filter surface area.  

Figure 6: Microscope photo of filter surface. Image shows 
1000µm of filter surface area. 
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The area shown in this figure was chosen at random because the surface 
characteristics of the filter were seen to be uniform. A depth composition format was 
applied to Figure 6 in order to determine the presence and location of pores. A user-
defined colour range was set in order to produce Figure 7. Figure 6 shows areas on the 
surface of the filter with considerable depth, defined as a pore, in red while blacking out 
the rest of the image. This image has value by providing a visual representation of the 
pore size and distribution of certain pore depths. Once this image was captured, an 
auto-generated excel sheet was produced, the program counts the number of pores 
present and auto-measures the area of each individual pore. 

A summary of this file is presented in Table 3. The table indicates total area of the photo 
taken, as well as the number of pores or pieces found and the total area encompassed 
by pores. The microscope program automatically calculates the percentage of area 
covered by pores in a specific photo, and displays it as area ratio. This table was useful 
to compare different filter pore distributions. A random sample area for each filter design 
was evaluated at under the microscope. It was seen that the area ratio value was 
directly correlated to flow rate as filters with faster flow rates all had larger area ratios 
characterized by the microscope. The comparative photos taken of a pot and candle 
filter showed similar results.  

 

 

 

 

Figure 7: Highlighted pores using microscope on 
filter surface. 1000µm of filter surface area. 
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Table 3: Microscope depth composition summary table as given by microscope (see figure 7). 
Total area represents the total area of pores. Count is number of pores present. Area ratio is 
percent of area covered by pores. Total region area represents the total surface area measured. 

 

 

 

 

3.4 Results and discussion  

3.4.1 Apparatus design 

Figure 8 is a computer-rendered visual, using SolidWorks modeling software, of the 
ceramic disc and apparatus design used in this study. The positive and negative 
aspects of both the pot and candle design were taken into consideration. The 8-inch 
diameter of the disc was intended to represent a similar surface area as the pot, with 
trying to keep a similar size of the candle filter design. The solid plastic bottom used in 
the apparatus addresses issues of exposure to potential contaminants associated with 
the pot design, as can be seen in Table 2. The plastic apparatus was added to provide 
improved protection for the disc apparatus, in comparison with the issues of the pot and 
candle design. The height of the total apparatus design is 4-inches and the diameter is 
8.5inches. Figure 9 shows a computer-rendered visual of the ceramic disc filter. The 
initial disc design of thickness 20 mm was modified to 14 mm to improve flow rate.  

Total area 69587.5 µm² 

Count 423 pores 

Area ratio 4.4 % 

Total region 
area 

1566202 µm² 
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3.4.2 Comparative results 

The three results listed in Table 4 were all attained while testing gravity fed ceramic 
water filters. The most prominent differences between these studies exist in how the 
filters were acquired. The tests completed on the pot and candle filters were completed 
on market available filters in circulation, where the researcher manufactured the filters 
tested in the laboratory throughout this study. It is important to note this variation, as the 
ceramic pot and candle filters studied were pre-tested and characterized as effective at 
the manufacturing plant. The log removal value from all three studies are for E. coli 
bacteria removal.  

 

Figure 8: SolidWorks graphic depiction of clay disc and apparatus design 

Figure 9: SolidWorks graphic depiction of ceramic disc design 
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Table 4: Comparative efficiencies of different ceramic filter designs created with rice husk. 

Reference Design Average Flow 
(L/hr) 

Average Log Removal 
Value (LRV) 

(Murphy, McBean, & 
Farahbakhsh, 2010) 

Pot 1.0-3.0 0.5-2.5  

(Franz, 2005) Candle 0.035-0.454 (1.1-3.3 laboratory)  
(2.1-5 in situ) 

Laboratory Disk 1.8-3.2  2.4-6.1 

Table 4 shows the results found in the laboratory of this study on ceramic disc filters 
achieved the highest average log removal value of E.coli, in comparison to the other two 
tests shown.  

 

Figure 10: Laboratory results of bacteria removal from disc filter. The box represents the 25th and 
75th percentile and the inner bar represents the mean of the data set. Error bars indicate the 
maximum and minimum. 

Figure 10 shows the variation in log removal values for the ceramic disc filter and 
apparatus design created in this study. This figure shows data collected from 38-
recorded results taken from 5 ceramic disc filters prepared in the laboratory. The raw 
laboratory results can be seen in Appendix A. The log removal data distribution was 
determined to be not log-normal using the Shapiro Wilks test. A p-value <0.05 was 
determined using R-statistic computing, meaning there is significant evidence of non-
normality at alpha=0.05 
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Figure 11: Flow trials on disc filter. Brushing began directly after peak flow was achieved. X 
indicates the rise in flow caused by brushing.  

 
 

Figure 12: Flow trials on disc filter. Brushing began after 500L cumulative volume through. X 
indicates a rise in flow caused by brushing. 

Figure 11 and Figure 12 are graphical depictions of flow trials completed on two 
separate disc and apparatus filters. Both filters were composed using 20% rice husk to 
80% clay. Figure 11 shows the trends of flow rate through a filter that was not brushed 
until approximately 500L of water had passed through, whereas Figure 12 shows a filter 
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that was brushed directly after peak flow was attained. It can be seen in the figures that 
both filters reached similar peak flows of 2.8 and 2.9 liters per hour. It can also be seen 
once brushing began the flow rates achieved in Figure 11 are lower on average than 
those in Figure 12, meaning brushing essentially as started at the time of use, was more 
effective. Multiple other trials completed on filters composed of the same recipes found 
similar results.  

When comparing average flow rate results given in Table 4 it can be seen both a 
ceramic pot and disc design achieve similar flow rates, where a candle filter delivers 
water at a much slower rate. This may be a result of differences in available surface 
area or ability to perform regular cleaning on the filter surface. Tests completed in this 
study used deionized water in laboratory setting. In comparison the tests completed by 
both Murphy et al., 2010 and Franz, 2011 were completed using surface water with 
NTU levels of 10-31. The presence of turbidity in source water used for flow testing will 
slow the flow rate recorded. With these results it can be concluded, ceramic disc filters 
work most efficiently if a brushing regime is employed directly after it is put in use.   

3.5 Conclusion  

Ceramic filters are able to provide safe water. With the previously discussed aspects, 
the final ceramic disc design was able to address issues currently associated with 
ceramic water filters in rural communities. An 8-inch ceramic disc and plastic apparatus 
design is a more effective and resilient solution to current issues found with ceramic 
water filters. This is because the plastic apparatus helps avoid potential contamination 
as well as address breakability issues of current available ceramic water filters. Using 
rice husk as an organic burnout material with a recipe of 20% organic material to 80% 
clay, an 8-inch ceramic disc filter can deliver non-turbid water at a flow rate of 1.8-3.2 
liters per hour. If a simple and light brushing regime is applied from the start of filter 
utilization, flow rates will continue at this rate with only 30% permanent loss in flow after 
peak flow is achieved. This disc filter is capable of achieving 2.4-6.1 log removal of 
E.coli in laboratory testing. Dependent on influent concentrations this will allow most 
drinking water to lower below WHO drinking water standards.  
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4 Assessment of Utilizing Rice Husk vs. Coffee Grounds as 

a Burn Out Material in Ceramic Disc Water Filters 

4.1 Abstract 

Ceramic water filters (CWFs) have recently been studied as a simple and effective 
method of filtering un-safe drinking water. Ceramic water filters are a type of point-of-
use (POU) water filtration at the household or small community level. There are three 
main types of organic material used to create CWF’s, rice husk, sawdust and coffee 
grounds. Efficiency and effectiveness of an 8-inch ceramic disc design composed of 
alternative sacrificial burnout material (rice husk or coffee grounds) are investigated. 
Ceramic discs made with either 20% organic material to 80% clay and 25% organic 
material to 75% clay were both tested. A statistical regression analysis, with 95% 
confidence, determined that amount and type of sacrificial material have significant 
effect on flow rate of a ceramic disc filter. Trials using Escherichia coli were completed 
to determine bacteria removal values, while simultaneously collecting flow rate data. 
Throughout these trials, a ceramic disc filter composed of 20% rice husk to 80% clay 
was concluded to deliver water at an average flow of 2.3 liters per hour with a log 
removal value for bacteria of 3.7. In comparison, a ceramic disc filter composed of 20% 
coffee grounds to 80% clay delivered an average flow of water at 0.3L/hr with a 
corresponding log removal value of 3. Ceramic disc filters containing rice husk 
consistently provided results more effective than those made of coffee, such as those 
previously presented. The variation in results between the two sacrificial materials can 
be explained by the physical difference in particle shape, as well as the excess oil more 
predominantly found in coffee grounds likely blocking conveyance pathways through the 
filter.  

4.2 Introduction 

Access to safe drinking water is vital to human survival. Although efforts to improve 
quality of life for millions of people have been made in recent years, there are still 
approximately 1 billion people without access to safe drinking water. Without access to 
safe drinking water many people are at risk of contracting water borne diseases such as 
cholera, typhoid, amebic dysentery, and diarrhea (WHO 2002).  There are 
approximately 2.4 million recorded deaths due to diarrhea every year (du Preez, et al., 
2008). Many different engineering solutions have been created in order to address 
bacteria concentrations in drinking water. In rural communities in developing countries 
around the globe point-of-use (POU) technologies have been proven effective 
(Malapane & Hackett, 2012). Water filters are an example of a POU, a technology that 
is used directly at the point of intake allowing it to be used within the household. Many 
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different POU filters are currently in use including; reverse osmosis, slow sand, and 
ceramic water filters. The focus of this paper is on ceramic water filters (CWF’s).  

Various CWF designs exist, although all are created in similar manners. Firstly, an 
organic material must be chosen to be used in the filter this could be, but is not limited 
to, sawdust, rice husk, and coffee grounds. A specific recipe, differing between filters 
and organizations, is used by mixing a sacrificial organic material with clay. The clay 
and organic material are mixed to create a homogenous mixture. The mixture is fired in 
a kiln in order to burnout of the sacrificial, organic material. A ceramic water filter cleans 
water primarily by size exclusion of different particles. Micro and macro pores are left in 
the clay where the organic material was before the firing process. The size of these 
pores are influenced by the size of organic material used in the mixing process. When 
water is passed through the filter, the pores filter any particles larger than the pore itself. 
The two most commonly used shapes are pot and candle CWFs. Both have positive 
and negative aspects associated, most noticeably the pot is large and difficult to handle, 
and the candle is small with round edged making is difficult to brush. This paper uses a 
ceramic disc design which is neither of the above, encased in a plastic apparatus. The 
tests described in the following pages involve evaluating the effectiveness, and the 
design of which has been provided by McBean, allows for comparable surface areas to 
other designs but is smaller and more portable as well as more robust. The flat surface 
allows for quick and easy maintenance and cleaning of the filter surface. The portability 
of this design allows for the filter to be placed into a holding device. For the purposes of 
this paper ceramic disc filters made using two different organic materials with two 
recipes were compared to determine if different organic material sieved to the same 
particle size would perform comparably.  The two organic materials selected were rice 
husk and coffee grounds. Both types of ceramic discs were made with recipes of 20% 
organic material, 80% clay, and secondly, 25% organic material, 75% clay.  

The following table is a summary of studies investigating ceramic water filters and their 
effectiveness in bacteria removal as reported by various researchers. The majority of 
the studies were completed on a ceramic pot filter design, as it is most widely used, with 
some studies on a candle filter design. Differences in source water turbidity, cleaning 
regime and influent bacteria concentrations are hypothesized to offer explanation for 
discrepancies in results. Each study reported in Table 5 used similar testing methods, 
though different cleaning regimes were employed in each study. Salsai, McBean, & 
Brunsting, (2011) used a very regimented cleaning regime, cleaning the filters before 
each test whereas  (Brown J. M., 2007) employed a cleaning regime once a week. (van 
Halem D. , 2006) did not report on a cleaning regime on the filters while testing the 
ceramic pot filters. While comparing the results given in Table 5, it can be seen a more 
frequent cleaning regime increases flow rates, provides lower log removal values, as 
expected. The most effective cleaning regime was offered by Brown, brushing the filters 
once a week. In addition to cleaning regimes there are differences in studies between 
experiments completed in situ, and in a laboratory setting. (Franz, 2005) and (Murphy, 
McBean, & Farahbakhsh, 2010) completed tests using filters in situ whereas (Simonis & 
Basson, 2011) and (Brown J. M., 2007) completed tests in a laboratory setting. When 
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comparing these results it can be seen that the log removal value found in a laboratory 
setting are higher, on average. This may be attributed to a laboratory setting allowing for 
control of each variable. The results found in this study were completed in laboratory 
settings meaning they are more comparable to those reported by (Simonis & Basson, 
2011) and (Brown J. M., 2007).  

Table 5: Summary of previous studies completed on ceramic water filters 

Reference 
CWF 
Design 

Bacterial Type 
Flow 
L/hr 

Influent 
concentration 
CFU/100ml 

Log 
removal 
value 

(Simonis & 
Basson, 2011) 

Pot 

E.coli 

1-2 

6.0X106 5.5 

S. Feacalis 1.5X104 4.2 

B. Cerues 1.1X106 3.6 

Poliovirus 7.25X104 1.9 

(Bielefeldt, 
Kowalski, & 
Summers, 2009) 

Pot 

E.coli 1.7 1.0X104 3.7 

E.coli 1.9 1.0X104 4.0 

0.5um 
microsphere 

2.0 1.0X108 2.0 

0.02um 
microsphere 

2.0 1.0X108 1.5 

10um 
microsphere 

2.0 1.0X108 3.3 

Bacteriophages 
MS2 

2.0 
1.0X102-
1.0X105 

1.2-4.1 

(Salsali, 
McBean, & 
Brunsting, 2011) 

Pot E.coli 1.3-3.9 
5.7X106-
9.5X106 

0.21-0.46 

(van Halem D. , 
2006) 

Pot E.coli 2.0-5.0 5X101 0.5-3 

(Franz, 2005) Candle E.coli 
0.035-
0.454 

 2.1-5 

(Brown J. M., 
2007) 

Pot E.coli -- 1X103 2-6 

(Murphy, 
McBean, & 
Farahbakhsh, 
2010) 

Pot E.coli 1-3  0.5-2.5 
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4.3 Methods 

4.3.1 Preparation of organic material 

To compare the difference between using coffee grounds and rice husks as organic 
material they needed to have the same sized particles. Since rice is not locally grown 
where the tests were conducted, rice husks were outsourced and harvested wild in The 
Pas, Manitoba (Wild Man Ricing Ltd). The rice husks were put through a micro fine 
grinder, with a size exclusion grate covering the outlet thereby allowing only particles 
equal to or less than the desired size to exit. Once milled the smaller particles were 
passed through a No. 20 sieve in order to capture only particles less than 850μm. The 
prepared rice husks were then labeled and placed in a container to be stored.  

The coffee grounds used in this experiment were locally sourced from a Starbucks. 
Used coffee/espresso grounds from Starbucks were collected ‘wet’ and placed in a 
furnace at 100°C for 24 hours to be dried. Once dry the coffee grounds were rolled out 
and large clumps were separated by hand. They were then passed through a No. 20 
sieve and all particles less than 850μm were captured. The prepared coffee grounds 
were then labeled and placed in a storage container.  

4.3.2 Filter preparation 

All ceramic discs were prepared using a similar procedure. A ratio of 20% and 25% dry 
sacrificial material to 80% and 75% wet clay were used to create the disc filters. The 
desired ratio of organic material and clay were mixed by hand in a large plastic 
container with 120 ml of added water to aid with mixing. The homogeneously mixed 
discs were placed in a fume hood overnight to allow the discs to dry. The discs made 
using coffee grounds were placed in a small furnace at 500°C for 1.5 hours. The 
purpose of this step was to pre-burn the majority of coffee grounds to reduce smoke 
exhaust. In the preliminary kiln firing of coffee ground discs it was discovered the oily 
nature of the coffee grounds created excessive amounts of smoke exhaust. This was 
problematic due to the shared indoor space where the kiln is located. The furnace used 
for pre burning the discs had a controlled exhaust outlet in which an adjustable fume 
exhaust hood could be placed directly on top, to control smoke exhaust.  

This step was determined to be unnecessary for rice husk discs. They were directly 
placed in the electrical kiln after air-drying. Both types of discs were kiln fired at 1060 
degrees Celsius for approximately 14 hours, or until the clay-specific kiln cone 
automatically turned the kiln off. The discs were left to cool until they could be handled 
with bare hands; this was done as a precautionary measure to avoid temperature shock 
that could potentially cause cracking. The discs were then brought to the testing 
laboratory at The University of Guelph. The discs were wet sanded to fit inside the 8-
inch diameter holding apparatus, as well the top and bottom surfaces were lightly 
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sanded, and vacuumed, to expose the pores on the surface. The discs were left to dry 
for another 24 hours. Once dry, the discs were placed and sealed, around the edge, in 
an apparatus with aquarium silicone. The disc and apparatus was left again until the 
silicone was dry. Every prepared filter was then soaked in deionized water for 24 hours 
prior to testing.  

4.3.3 Bacteria removal and flow testing  

A large tank was equipped with copper fittings to house eight ceramic disc filters at 
once, separated into two groups of four by a sealed wall. This allowed for two separate 
water types to be tested simultaneously. To determine flow rate through each filter, a 
beaker was set below the outlet and collected water for 5 minutes. The water was then 
measured using a graduated cylinder and recorded. The flows in ml/5 min were 
converted to L/hr to allow for comparison between different types of filter. In order to 
allow comparison of flow rate in one tank to another, a constant head of 40 cm above 
the height of the filters was kept in both sides of the tank. When preforming a cleaning 
or brushing of the discs, the water in the tank was emptied up to the top surface of the 
filters, a small, soft bristled brush was used to brush the top surface of the disc eight 
times. The water was then refilled to 40 cm above the top of the filters.  

In order to determine the Log Removal Value (LRV) for each filter a micro bacteria test 
was completed using non-pathogenic E.coli. E.coli was dropped into full tanks and left 
for two hours to allow adequate time for water to pass through the filters. After two 
hours, influent samples of both tanks and effluent samples from all filters were collected 
in autoclaved beakers. Influent samples were serial diluted to an acceptable dilution 
dependent on influent concentration. All samples were filtered through a sterile 45μm 
filter paper using a pedestal vacuum set up. Each sample and dilution was plated in 
triplicate on m-TEC agar and placed in an incubator at 35°C for 2hours; the plates were 
then transferred to an incubator at 46°C for 22hours. The plates were counted and the 
results recorded.  
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4.4 Results/Discussion 

4.4.1 E. coli  

The following results were collected using the methods described in section4.3.3. Two 
organic materials at two ratios/recipes were tested in order to determine the most 
effective composition. Rice husk and coffee grounds were used as the types of organic 
material in the ceramic disc filters. The rice husk or coffee grounds were added at a 
ratio of 1:5 (20%, 80%), or 1:4 (25%,75%) dry organic material to wet clay. This recipe 
is using wet clay weight and dry organic material, with the addition of approximately 
15% by weight of water during mixing.  

Bacteria removal efficiency was determined in the laboratory using the methods 
described in section 4.3.3. During testing, results were recorded as coliform forming 
units (CFU) per ml of water. A log removal value is used to present the data shown in 
Figure 13 and 14. In order to determine log removal values for E.coli of a ceramic filter 
the following equation was used,  

Equation 1: Log removal value 

𝐿𝑅𝑉 = log10

𝐶𝐹𝑈
𝑚𝑙⁄ 𝑖𝑛𝑓𝑙𝑢𝑒𝑛𝑡

𝐶𝐹𝑈
𝑚𝑙⁄  𝑒𝑓𝑓𝑙𝑢𝑒𝑛𝑡

 

Where CFU is the number of coliform forming units or E.coli colonies found per ml of 
water. This figure depicts the average E.coli removal results for four types of ceramic 
disc filters. The percentage represents the percent of the specified organic material  
mixed with clay to form the disc.  
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Figure 13: Log removal values for E.coli of all four compositions of ceramic disc filters. The 
legend shows coffee ground discs as CG and rice husk discs as RH. The box shows the 25th and 
75th percentile. Error bars represent the maximum and minimum values. n is number of tests 
performed on each filter.  

The above four figures illustrate E.coli removal values for the four different types of 
ceramic disc filters investigated. It is clear from the figures that the ceramic disc filters 
created with coffee grounds deliver lower log removal values than those made with rice 
husks.  

 

Figure 14: Log Removal of E.coli in laboratory testing. The box represents the upper and lower 
quartile and the inner bar represents the mean of the data set. Error bars indicate the maximum 
and minimum values. n represents the numbers of discs tested.  

n=5 n=2 
n=6 n=5 
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In Figure 14, a box and whisker plot represents the E.coli distribution of each type of 
filter tested. This figure displays the average log removal values across n number of 
discs tests. The number of tests performed on each individual discs can be seen as the 
n value in Figure 13, where the n values in Figure 15 show the number of tests 
completed on each filter times the number of each type of filter tested. Figure 14 can 
show the difference in LRV between sacrificial material, and the similarities in results 
within between percentage of material used. Figure illustrates average log removal 
values on the left axis and corresponding flows on the right axis. Each bar in this graph 
represents a percent organic material and type of organic material. It is evident from 
Figure 15 that filters made of both coffee ground and rice husk with a recipe of 25% 
organic material have faster flow rates than their counterpart.  

Additionally, filters composed of 25% rice husk obtain higher removal values than that 
composed of 20%. This discrepancy may be a misrepresentation of the results because 
only two filters composed or 25% were tested where five filters composed of 20% rice 
husk were tested, as can be seen in Figure 13.  Further testing is required to make such 
a conclusion because of the large difference in sample sizes between the two filter 
compositions. However, the results from filters created out of coffee grounds show little 
change in log removal value from 20 to 25% organic material. From these findings, the 
results indicate that filters created from both coffee grounds and rice husk give greater 
flow rates without compromising bacteria removal values, meaning using 25% organic 
material is a more desired recipe for ceramic disc water filters. 
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When evaluating log removal values over time the below four graphs were created. 
These graphs show that log removal values do not follow a linear trend with time. The 
top two graphs show all discs made with rice husk. The rice husk discs followed a more 
normalized trend between all filters. When looking at the bottom two graphs which are 
representative of discs created with coffee grounds, there is much more variation 
between filters.  

 

 

Figure 16: Log removal value over time for all ceramic discs tested. 

4.4.2 Flow rate  

A typical guideline is assumed that 2 L of safe water is needed for human consumption, 
although in hot climates, the numbers are typically larger (McBean E. A., 2018). In order 
to maintain this level of water production, for use in a developing country, a point-of-use 
water filter needs to produce between 1-3L/hr to be used by a household. Figure 17 
shows the comparative average flow rate through water filters created with rice husk or 
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coffee grounds. Filters created using rice husk are depicted as RH and filters created 
using coffee grounds are depicted by CG.  

 

Figure 17: Range of flow rate and average flow rate for each ceramic disc recipe. The box 
represents the 25th and 75th percentile. The inner bar represents the mean of the data set. n is the 
total number of data points plotted. Error bars indicate the maximum and minimum. The points 
represent outliers.  

A comparison of total average flow rate between filters made with coffee grounds and 
those made with rice husks are shown in Figure 17. A large increase in flow rate is 
noticed from 20% coffee grounds to 20% rice husk. Figure 18 and Figure 19 show flow 
rate trends for two ceramic disc filters over time. The horizontal axis shows cumulative 
volume of water through each specific filter. As described in section 4.3.3, four filters 
were housed and tested in each side of a large tank. To estimate the amount of 
cumulative volume through each individual filter a weighted flow was calculated. The 
amount of water passing through all four filters over a given period was recorded. This 
value was then multiplied by each individual filter’s weighted flow to estimate the volume 
of water through that filter. The significant ‘mountains’ and ‘valleys’ seen in Figure 18 
and Figure 19 are a result of the cleaning regime employed on each filter. The top 
exterior surface of each filter was lightly brushed every 2-3 days. It is evident from the 
following figures that this cleaning regime was able to recover flow to approximately 
70% of the peak flow rate. The changes in flow rate from cleaning are more drastic in 
discs made of rice husk than those of coffee grounds. This observation is hypothesized 
to be because of the slower flow rates attained by coffee grounds, as well it is also likely 
that the oils in the coffee resulted in challenges of opening pore spaces.   

When comparing the two figures it can be seen the discs composed of rice husk has 
quicker max flow as well as average flow rates, than those created with coffee grounds. 
This trend was seen in all tests completed during this study. Because of such low flow 
rates, the ceramic discs using coffee grounds as the sacrificial material were discarded 
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in order to complete more definitive testing on the rice husk filters. Flow rate results 
found for ceramic disc filters composed with 20% rice husk were comparable to those 
concluded in (Salvinelli & Elmore, 2015) using ceramic pot water filters. Where in 
comparison the flow rates found for ceramic disc filters composed of 20% coffee 
grounds were more comparable to those determined in (Franz, 2005) testing ceramic 
candle filters.  

 

Figure 18: Flow rate over time of 20% rice husk disc. X indicates a flow rate increase as a result of 
brushing. 

 

Figure 19: Flow rate over time of 20% coffee grounds disc. X indicates a flow rate increase as a 
result of brushing. 

0

0.5

1

1.5

2

2.5

3

0 200 400 600 800 1000 1200 1400 1600

Fl
o

w
 (

L/
h

r)

Volume water through (L)

Flow Rate Brushing Occurred

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

0.0 50.0 100.0 150.0 200.0 250.0 300.0 350.0 400.0 450.0 500.0

Fl
o

w
 (

L/
h

r)

Volume water through (L)

Flow rate over time of 20% Coffee Ground disc

Flow Brushing Occurred



 

 

38 

 

4.4.3 Microscope analysis 

To have a better understanding of pore size and pore distribution, the Keyence Digital 
Microscope VHX-5000 was used to capture images. 3D Image Stitching was used to 
take an analyzable image of multiple water filters at a magnification of 300 times. This is 
done by setting a vertical range within which the camera will take photos. This range is 
based on the upper and lower limits from where the highest point of the filter is in focus 
to just past where the lowest point of the filter is out of focus. Once started, the 
microscope takes photos at different foci levels within this range, the number of photos 
taken is set automatically by the system based on the magnification chosen. After each 
set of photos is taken at one location, the XY stage shifts to take the next set, this is 
done in a spiral pattern around the initial location. Photos were taken for approximately 
twenty minutes for each filter so that a total area of about 2 cm2 was captured each 
time. Once the desired area is captured, the system determines which portion of each 
image is in focus and will use these segments to stitch together a 3D image of the area 
complete with depth and height data. 

Figure 20 shows a visual depiction of the filter surface using the VHX-5000 microscope. 
The image shows approximately 0.01cm2 of the surface area. Once saved, the image 
can be viewed in a depth composition format with different colours representing different 
heights, warmer colours corresponding to higher elevations and cooler to lower depths. 
Figure 21 shows areas on the surface of the filter at a user-defined depth in red while 
blacking out the rest of the image. Once this image was captured an auto-generated 
excel sheet was produced. This table shows the number of pores present and the auto 
measurement of the area of each individual pore. The summary of this file can be seen 
in Table 6. The microscope program automatically calculates the percentage of area 
covered by pores in this specific photo, and displays it as area ratio in the table. A 
random sample of filters comprised of both rice husk and coffee grounds were 
examined using this procedure. The area ratio of pore spaces given by the microscope 
were compared to flow rates found in testing. It was determined that a higher area ratio 
of pore spaces, on the filter surface, did not correspond with a faster flow rate, as per 
expected. Because of this illogical outcome, it was concluded that using the microscope 
images to determine pore distribution should not be solely relied on as it can only 
analyze the top surface of the filter.  
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Figure 20: 3D stitched microscope photo of filter surface 

 

Figure 21: Microscope depth composition photo 

Table 6: Microscope depth composition summary table as given by microscope (see figure 20). 
Total area represents the total area of pores. Count is number of pores present. Area ratio is 
percent of area covered by pores. Total region area represents the total surface area measured.  

 

 

 

In order to obtain a better understanding of the physical differences between rice husk 
and coffee ground particles, images of each were taken at 300 and 1000 times 
magnification under a microscope of both organic materials prior to firing. 

Total area 69587.5 µm² 

Count 423 pcs 

Area ratio 4.4 % 

Total region 
area 

1566202 µm² 
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Magnification Rice Husk Coffee Grounds 

X300 

 
 
  

X1000 

  

As can be seen in Figure 22 to Figure 25, although the size of the organic materials are 
both less than 850 μm the shapes vary significantly. Coffee grounds are more spherical 
and have rougher, less defined, edges, where the rice husks are cylindrical with straight 
defined edges. The glossy sheen seen in Figure 25 show that the coffee grounds do 
indeed have a more oily texture than the rice husks. This was hypothesized as the 
reason for exhausting more smoke during the firing process. These shape differences 
may be a potential explanation for the variation in effectiveness between the two 
organic materials discussed above. The rice husks being more defined and cylindrical 
may offer more opportunity for interconnectedness of pores within the ceramic filter.  

Figure 22: Rice Husk 300X 
magnification Figure 23: Coffee grounds 300X 

magnification 

Figure 24: Rice husk 1000X 
magnification 

Figure 25: Coffee grounds 1000X 
magnification 
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Figure 26: Microscope image of surface pore in post-fired ceramic filter made using coffee 
grounds 

Figure 26 shows a magnified image of a pore created within a post-fired ceramic disc 
filter made with coffee grounds. This image confirms once a particle has burned away it 
leaves a pore almost the exact size and shape it was originally. The curved edges of the 
pores seen in Figure 26 directly relate to the shape of a pre-fired coffee ground shown 
in Figure 25. 

In order to determine if there was a statistically significant relationship between organic 
material used to compose the ceramic disc filter, and flow rate a regression analysis 
was completed. Table 7 shows the summary table of the results found while completing 
the regression analysis. It was determined that the recipe (or percentage of organic 
material used) is statistically significantly related to both removal and flow values. It can 
be seen that change in recipe is only significantly related to bacteria removal at a 95% 
confidence interval. The lower confidence in relationship can be seen when looking at 
Figure 15. Table 7 shows that flow and recipe have a significant relationship with 99.9% 
confidence, and flow with recipe and organic material have very high levels of 
significance. This correlates with what was discussed earlier comparing flow rates of 
discs composed of rice husk to those composed of coffee grounds. This means it can 
be significantly concluded that flow rate is directly dependent on recipe and more 
significantly dependent on organic material.  
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Table 7: Regression analysis summary table 

Regression Confidence 
level 

F-value F-critical Significant 

Removal ~ Recipe 95% 6.136 4.0427 Yes 

Flow ~ Recipe 99.90% 14.747 12.2855 Yes 

Flow ~ Removal 95% 4.109 4.0427 Yes 

Flow ~ Recipe + 
Organic material 

99.99999% 205.420 29.1115 Yes 

4.5 Conclusions 

Access to safe drinking water is important for human health. There are still 
approximately 1 billion people around the world without this access. In an attempt to 
decrease this number different point-of-use water filters are being introduced to rural 
communities. A simple and effective technology is ceramic water filters. A ceramic disc 
composed of 20% rice husk to 80% clay can deliver water on average at a rate of 2.3 
liters per hour while offering an E.coli log removal value of 3.7. Alternatively, a ceramic 
disc composed with coffee grounds at the same ratio delivers water at a rate of 0.5 liters 
per hour and a removal value of 2.1. It is hypothesized that the difference in 
effectiveness of rice husk compared with coffee grounds is attributable to differences in 
physical characteristics of particles. It was statistically concluded that there is a 
significant correlation between flow rate and removal values to recipe used. The most 
significant correlation was found between flow rate and recipe with organic material. In 
summary with testing of an 8-inch ceramic disc and apparatus design, using rice husk 
as an organic material was found to deliver higher bacteria removal values with a faster 
flow rate. 

Future recommendations to continue testing the effectiveness of using different organic 
materials within ceramic disc filters include:  

1. Test and compare results of ceramic discs composed out of sawdust as burn out 

material. 

2. Continue further testing of coffee grounds to determine amount needed to reach 

acceptable flow rate values.  

3. Further testing using different types of source water, to determine results closer 

to conditions which might exist in-situ would be valuable.  



 

 

43 

 

4.6 Works Cited 

Bielefeldt, A. R., Kowalski, K., & Summers, R. S. (2009). Bacterial treatment 
effectiveness of point-of-use ceramic water filters. Water Research, 3559-3565. 

Brown, J. M. (2007). Effectiveness of ceramic filtration for drinking was treatment in 
Cambodia. Doctoral Dissertation. University of North Carolina, Chapel Hill. 

du Preez, M., Conroy, R., Wright, J., Moyo, S., Potgieter, N., & Gundry, S. W. (2008). 
Short reportL use of ceramic water filtration in the prevention of diarrhoeal 
disease: a randomized controlled trial in rural South Africa and Zimbabwe. Am J 
Trop Med Hyg, 79(5), 696-701. 

Franz, A. (2005, June). A performance study of ceramic candle filters in kenya including 
tests for coliphage removal. Massachusetts Institute of Technology. 

Franz, A. (2005, June). A performance study of ceramic candle filters in Kenya including 
tests for coliphage removal. Masters of Engineering thesis. Massachusetts 
Institute of Technology. 

Malapane, T. A., & Hackett, C. (2012). Ceramic Water Filter for Point-of-Use Water 
Treatment in Limpopo Province, South Africa. Proceedings of the 2012 IEEE 
Systems and Information Engineering esign Symposium (pp. 107-111). 
Charlottesville, VA: University of Virginia. 

McBean, E. A. (2018). Risk Assessment: Procedures and Protocols. John Wiley & 
Sons. 

Murphy, H. M., McBean, E., & Farahbakhsh, K. (2010). A critical evaluation of two point-
of-use water treatment technologies: can they provide water that meets WHO 
drinking water guidelines? Journal of water and health, 611-632. 

Salsai, H., McBean, E., & Brunsting, J. (2011). Virus removal efficiency of Cambodian 
Ceramic pot water purifiers. J. Water Health, 9(2), 306-311. 

Salvinelli, C., & Elmore, A. C. (2015). Assessment of the impact of water parameters on 
the flow rate of ceramic pot filters in a long-term experiment. Water science & 
Technology: Water Supply, 15(6), 1425-1431. 

Simonis, J. J., & Basson, A. (2011). Evaluation of a low-cost ceramic micro-porous filter 
for elimination of common diesase microorganisms. Physics and Chemisty of the 
Earth, 1129-1134. 

van Halem, D. (2006). Ceramic silver impregnated pot filters for household drinking 
water treatment in developing countries. Master of Science Thesis. Delft 
University of Technology. 



 

 

44 

 

WHO. (2002). The World Heath Report 2002. Geneva: The World Health Orginization. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

45 

 

5 Flow Rate Efficiency of Ceramic Disc Water Filters and the 

Impact of Different Cleaning Regimes Over Time 

5.1 Abstract 

One of the most important contributing factors to diarrheal disease in remote 
communities is lack of access to safe drinking water. There have been many new 
technologies introduced to address this issue. An important technology for communities 
in the absence of modern infrastructure is ceramic water filters (CWFs). This type of 
filter is a simple and effective solution that can be used at the household or small 
community level. CWF’s primarily rely on size exclusion to remove bacteria from source 
water. One of the main limitations to ceramic water filters is flow rate. This study 
investigates the flow-rate trends of eight ceramic disc filters over several weeks. It was 
concluded in this study that a light brushing with a soft brush, employed every 2-3 days 
or 80L of water through the filter, can help maintain high flow rates for longer periods of 
time. An average flow rate of 1.2 liters per hour was determined for a ceramic disc filter 
comprised of 20% rice husk to 80% clay. Flow rates were taken intermittently until each 
filter had approximately 1400 cumulative liters of water pass through. Two filters 
comprised of 25% rice husk to 75% clay were also tested, however, the flow-rate trends 
for these filters should be further studied.  

5.2 Introduction 

Water is essential to all living beings. Because water is crucially important to human 
survival, access to clean drinking water is of utmost importance. There are 
approximately 748 million people worldwide without daily access to clean drinking water 
(WHO &  UNICEF, 2014). This number has been slowly decreasing since the 
implementation of the United Nations sustainable development goals but 1/3rd of the 
world’s population is still at risk of dehydration and/or contracting a water borne disease. 
One of the most common diseases contracted from unfiltered drinking water is diarrhea, 
2.5million people die from diarrhea (du Preez, et al., 2008). In order to mitigate these 
risks there are various different technologies available around the world to improve 
drinking water quality. Different types of filters are available depending on the amount of 
infrastructure available. In countries with a great deal of available infrastructure water 
treatment plants with piped water are normally installed. This is a very effective method 
of water treatment, although it is infeasible in many locations. In these communities, 
smaller individual filter technologies are a more practical solution. These filtration 
systems are called point–of-use or POU water filtration systems. There are many 
available designs available for POU filters, these include but are not limited to, slow 
sand filters, ceramic water filters, and carbon filters. 
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A study conducted by Rayner et al.(2009) suggests that manufacturing processes, have 
a lack of consistency in results output by different filters. Because of this there is no 
single standard for ceramic water filters. Additionally, there are multiple designs of 
ceramic water filters currently available. This includes pot and candle-shaped filters 
made with rice husks, coffee grounds or sawdust plus clay.  

Many studies have been conducted over the last 30 years on the effectiveness of 
ceramic water filters. It was found that sufficient variation is present between studies 
and within studies. This can be attributed to the number of dependent variables 
necessary for testing. These can include shape, organic material, recipe, manufacturer, 
surface area, pore size, source water, and testing procedures. In a study conducted by 
Salvinelli and Elmore(2015) in Missouri the testing methods used is similar to that used 
throughout this study, as described below. Though differences include pot shaped filters 
were used, a backwash-cleaning regime every 12 days and source water used was 
made using tap water. The results found in Salvinelli and Ellmore(2015) concluded that 
ceramic pot water filters manufactured in Guatemala deliver water at an acceptable rate 
with of 1-3 L/hr of water for 8,000 L before reaching the expiration flow rate (Salvinelli & 
Elmore, 2015). The Ceramics Manufacturing Working Group (CMWG) published 
acceptable limits for manufacturing factories in 2011 to range from 1-3 L/hr. with a 
minimum of 1L/hr. and a maximum of 5L/hr. The lower limit is based on consumer need, 
where the upper limit is based on filter capacity. The CMWG stated the most reliable 
flow that provided an acceptable level of bacteria removal was between 1 and 2 L/hr. A 
study conducted by Latagne et al. (2010) conducted additional research to determine a 
flow limit that ensured acceptable bacteria removal without conducting microbial testing 
on every filter. In their results it was found a maximum flow of 1.7 L/hr could be used a 
potential quality control measure to ensure 2 log removal of total coliforms.  

It was recommended by the CMWG that a cleaning regime of lightly brushing the top 
surface of each filter would help to restore flow rates to a satisfactory level. Lantagne, 
2001 and van Halem et al., 2007 found that this cleaning regime only temporarily 
restored flow rate, causing flow to be one of the main limiting factors of ceramic water 
filters. The effect of brushing a ceramic water filter is dependent on the turbidity of the 
source water. Salvinelli & Elmore, 2015 did not follow this same cleaning regime and 
found their flow rates for filters delivered flow below the lower limits after 400L. 
Additionally, they found a statistically significant difference in flow-rate behavior 
between turbid source water, with NTU around 3.4 and non-turbid source waters, with 
an approximate NTU of 0.6. However, they found no significant different in flow rate 
trends between different types of turbid source water (Salvinelli & Elmore, 2015).  
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5.3 Materials and Methods 

The experiment was conducted in the Biohazard Laboratory at the University of Guelph 
School of Engineering to determine hydrological flow through different ceramic water 
filter designs. A variety of clay disc filters were created using different percentages of 
burn out material. Two different organic materials were used as burn out materials; rice 
husk, and coffee grounds. Both organic materials were sieved to a size less than 
850µm. Two different clay to burnout material recipes were used, 20% organic material 
to 80% clay and 25% organic material to 75% clay. Each filter was mounted inside a 
plastic apparatus and aquarium silicone was used to seal the edges. A large holding 
tank was constructed in order to house the filtering units used for this experiment. Each 
section of the holding tank was able to accommodate four filters at a time. First each 
filter was saturated in deionized water for 24 hours prior to testing. In order to maintain 
constant conditions throughout a constant head of 40 cm above the surface of the filter 
was used. In order to maintain a constant head; a float valve pump was inserted into a 
separate holding receptacle placed beside the main tank. A float valve was set to 40cm 
above the surface of the filter as the maximum height and 39.5cm was set as the 
minimum height the water could reach before the pump was turned on. The separate 
receptacle had a capacity of 171 L in order to allow for a constant head of 40cm for 
approximately 21 hours before the receptacle would need to be refilled.  

Experiments were conducted over a 6-week period. Daily flow rates were taken by 
collecting water from each outlet over a 5 minute period. The volume was then 
converted from ml/min to L/hr in order to find the current flow rate. Change in head was 
recorded daily, this was used to determine the amount of water passing through each 
filter between tests. The dimensions of the holding tank were used with the change in 
head to determine the total through volume for each section of the holding tank. A 
weighted average was then found using the correlating flow rate to determine the 
volume through each individual filter between sample collections. The top surface of a 
filter was brushed at different intervals to determine decay rate of hydrolical flow.  A 
methodical brushing procedure was utilized in order to allow for comparison of test 
results. When a filter was recorded as brushed, a soft bristled brush was used to brush 
the top surface of the filter four times in each direction. Directly after brushing the flow 
rate was determined.  

5.4 Results and Discussion 

This study tested eight ceramic disc filters for long-term flow-rate trends, as well as 
bacteria removal values. Similar testing has been completed on ceramic pot filters in 
Salvinelli & Elmore, 2015 using comparable methods. 
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Figure 27: flow vs. head height of water 

Figure 27 shows the relationship found in preliminary flow trials of three ceramic disc 
filters, between head height of water and flow rate. The flow rate was determined to be 
positive linear. Because of these results, all following flow testing was completed with a 
steady head height of 40 cm above the surface of the filter.  

Table 8: Statistical summary of flow rate data 

 20% Rice Husk 25% Rice husk 

Variable RH1  RH2 RH3 RH4 RH11 RH12 RH13 RH14 

N 61 87 88 88 14 14 14 14 

Min (L/hr) 0.6 0.4 0.3 0.3 1.2 0.8 2.2 1.9 

Median (L/hr) 1.3 1.3 0.8 0.8 2.9 2.5 5.7 6.2 

Max (L/hr) 2.4 2.8 2.9 3.1 4.3 3.5 7.4 7.6 

Mean (L/hr) 1.4 1.4 1.0 1.1 3.1 2.5 5.2 5.4 

Std dev. (L/hr) 0.4 0.6 0.6 0.7 0.9 0.8 1.8 2.1 

The statistical information that describes the flow-rate data of the eight ceramic disc 
filters is summarized in Table 8.  As can be seen, an average of 81 and 14 flow trials 
were completed on different sets of ceramic disc filters.  
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Figure 28: Flow rate over cumulative volume through 20% rice husk 80% clay- disc. The black line 
represents a linear trend line for all flow rates. The red line represents a linear trend line for only 
flow rates taken when brushing occurred. X indicates a flow rate increase caused by brushing. 

 

Figure 29: Flow rate over cumulative volume through 20% rice husk 80% clay- disc 2. The black 
line represents a linear trend line for all flow rates. The red line represents a linear trend line for 
only flow rates taken when brushing occurred. X indicates a flow rate increase caused by 
brushing. 
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Figure 30: Flow rate over cumulative volume through 20% rice husk 80% clay- disc 3. The black 
line represents a linear trend line for all flow rates. The red line represents a linear trend line for 
only flow rates taken when brushing occurred. X indicates a flow rate increase caused by 
brushing. 

 

Figure 31: Flow rate over cumulative volume through 20% rice husk 80% clay- disc 4. The black 
line represents a linear trend line for all flow rates. The red line represents a linear trend line for 
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only flow rates taken when brushing occurred. X indicates a flow rate increase caused by 
brushing. 

In the above four figures, the relationship between flow and cumulative water through 
the filter can be seen for filters made using rice husk as the organic material with a 
recipe of 20% rice husk to 80% clay. All trial completed to create the above figures were 
completed using deionized water with no turbidity. Within this study it was found that the 
flow rate was able to recover, on average, to 70% of the preceding peak flow rate. As 
can be seen in Figure 28 through to Figure 31 various hills and valleys in flow rates are 
evident. These peaks are due to the intermittent cleaning regime followed during 
testing. It was found to be most effective when each filter was brushed approximately 
every 3-4 days. It was discovered through testing that an average of 80L of water 
passed through each filter before dropping below the acceptable lower level. Dependent 
on head height of water above each filter, if a similar regularity of brushing a ceramic 
disc filter, flow rates will remain within acceptable limits for 1400L and potentially 
beyond, though it is unknown at this point how flow rates react after this point as it is 
outside the scope of this paper.  

Each disc was set into a tank with two or three other filters. Because each filter’s 
individual flow rate was recorded, the amount of water that passed through each 
individual filter needed to be calculated. The total amount of water that emptied out of 
each tank was recorded before being refilled. This allowed for a weighted flow rate to be 
calculated for each individual filter to be multiplied by the total amount of water emptied 
from the tank to give an approximate amount of water one filter supplied over a given 
time period. These numbers were then added cumulatively over the entire test period.  

The graphs above show the peak flow rates to be between 2.4 and 3.1 L/hr for filters 
made of 20% organic material. Lantagne et al. (2010) describes this initial steep 
increase in flow to be caused by the passing of combustion residue trapped in the pores 
of the CWF during the production process. In order to minimize time needed to reach 
peak flow, all filters were initially submerged in DI water for 24hrs to allow for this rinsing 
to commence. As can be seen in the results depicted in this paper and those discussed 
by Lantagne et al. (2010), another 95L of water must be flushed through the filter in 
order to attain peak flow. On average, each filter made of 20% rice husk showed a rate 
of growth of 0.024, which is consistent with those documented by Lantagne et al. 
(2010), Hubbel & Elmore (2012), and Salvinelli & Elmore (2015). An average R-squared 
value of 0.81 was found for the rate of increase until peak flow was obtained, indicating 
the flows through ceramic disc filters increase in flow with a linear trend, until peak flow 
was attained. An average rate of decrease of -0.0006 was found in this study, using a 
linear trend line. This value is similar to those found in the studies listed above; in flow 
tests, conducted using a non-turbid source water. The average minimum flow rates 
achieved by discs comprised of 20% rice husk is 0.4L/hr. These flows were found 
following the addition of E.coli, adding turbidity to the water. This turbidity caused some 
additional clogging of pores, resulting in such low flow rates. Although it was discovered 
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flow rates were able to recover to a similar flow rate even after the addition of E.coli, 
E.coli alone did not cause additional fouling of the disc filters.  

It is noted that although an overall decreasing trend in flow can be observed, each 
subsequent flow rate was not habitually lower than the previous data point. In order to 
adjust for the loss in flow rate, the filters were lightly brushed on the top exterior surface, 
using the method suggested by the CMWG (CMWG, 2011). A similar conclusion was 
found in this study as Lantagne (2001), and van Halem (2007), brushing filters only 
offered a temporary restoration in flow.  With the simple cleaning regime discussed 
earlier in this paper, an average rate of decrease in flow of brushed discs was 
determined to be -0.0014. On the contrary, testing completed before the cleaning 
regime was employed resulted in a rate of decrease of -0.0037. With the rate of 
decrease being higher without brushing, this further demonstrates the positive effect of 
lightly brushing the top exterior surface of a ceramic disc filter has on flow rate. As 
discussed above in section 5.2, there is evidence that turbidity significantly affects flow 
rate, although it is not within the scope of this paper. Testing was completed using 
deionized water only, where 1000-2000µl of E.coli was added directly into influent 
water. It can be seen in the graphs the red linear trend line on all four images have a 
smaller slope than those of the black trend lines. The red trend lines in these images 
indicate a linear trend of the flow rates after brushing occurred.  

An average flow of 1.3 L/hr overall with brushing for filters comprised with 20% rice husk 
was determined through testing. These average flows are within the acceptable limits of 
water delivery. In order to confidently state these ceramic disc filters can effectively 
remove bacteria at these flow rates, microbiological tests were conducted on every 
filter. Deionized water spiked with non-pathogenic E. coli (ATC 700891) was used as 
source water during these tests. The results of these tests can be seen in Figure 32 with 
the bars showing log removal value (LRV) of E.coli, and the line showing the associated 
flow.  
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Figure 32: Log removal values and associated flow rate for 20% rice husk disc 

The results show that the filters were able to obtain an acceptable LRV > 2 L/hr. These 
results give confidence that the tested ceramic disc filters are effective in removing 
E.coli from source water.  

Additional tests were completed on ceramic disc filters made with 25% rice husk to 75% 
clay. Since testing was completed on only 2 filters, no definite conclusions could be 
made at this point. As can be seen in Figure 33, ceramic disc filters created with 25% 
rice husk provided much higher average flow rates than those created using 20%. The 
maximum flows for these filters showed results above the upper limits given by the 
CMWG of 5 L/hr. These limits were based on ensuring an acceptable level of bacteria 
removal. From the simultaneous microbiological tests completed at these flow rates it is 
found that an acceptable log removal value of 3.8 was obtained at a flow rate of 2.4 
L/hr. This means that while filters with 25% rice husk were above manufacturing 
acceptable limits they were still able to give exemplary log removal values of E.coli. 
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Figure 33: Flow rate of 25% rice husk filter vs. cumulative volume of water through. X indicates a 
flow rate taken directly after brushing occurred. 

To determine if there was a statistically significant relationship between organic material 
used to compose the ceramic disc filter and flow rate, a regression analysis was 
completed. Table 9 shows a summary table of the results found while completing the 
regression analysis. Results showed that the recipe (or percentage of organic material 
used) is significantly related to flow values. It can be seen that flow and recipe have a 
significant relationship with 99.9% confidence, and flow with recipe and organic material 
have very high level of significance. This means it can be concluded that flow rate is 
directly dependent on recipe and more significantly dependent on organic material.  

Table 9: Regression analysis of flow summary table 

Regression Confidence 
level 

F-value F-critical Significant 

Flow ~ Recipe 99.90% 14.747 12.2855 Yes 

Flow ~ Recipe + 
Organic material 

99.99999% 205.420 29.1115 Yes 
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5.5 Conclusions and Recommendations 

Ceramic water filters have an important opportunity to contribute to the objective of 
providing safe drinking water in remote communities. Considering the results of both the 
flow-rate and bacteria removal experiment, it can be concluded that ceramic disc filters 
consisting of at least 20% rice husks are an effective method of water filtration. A simple 
brushing of the filter surface can assist in retaining high flows for months. The flow rate 
of a given ceramic filter will withstand an acceptable flow for approximately 80 L of 
volume through before it should be brushed again. An average rate of decrease in flow 
of -0.0006 was determined. An average flow rate of 1.2 L/hr was determined for a 
ceramic disc filter with 20% rice husk and 80% clay. This is sufficient to provide safe 
drinking water for a household every day.  

It is recommended that future testing of the ceramic disc filters that the following 
alterations are considered: 

1.  Production of ceramic water filters made with coffee grounds are to be fired in an 

outdoor wood-burning kiln. Due to the oily nature of coffee grounds, the 

excessive amounts of smoke exhalation during the burn out process are 

challenging. If access to an outdoor wood-burning kiln is available, the kiln firing 

process may be more successful, and result in longer lasting life of kiln.  

2. Additional testing should be completed to investigate if size of sacrificial 

material/pore size has a causal effect on flow rates.  

3. Further testing should be completed to determine the effects turbidity in source 

water has on the ceramic disc design. These additional tests would identify more 

in-situ functionality.  

4. Continuous flow testing was a more effective method of testing the flow rate of 

each filter versus cumulative water throughput. Additional tests using the float 

valve pump system would give further flow data allowing for a lifecycle analysis 

to be completed for the ceramic disc filter.  
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6 Conclusion 

More than 1 billion people worldwide are without access to safe drinking water, with 
90% living in rural areas and most relying on untreated surface water (Malapane & 
Hackett, 2012). Ceramic water filters are a simple and effective alternative to safe 
drinking water in communities where other options are not readily available. An 8-inch 
ceramic disc and plastic apparatus design is a more effective and resilient solution to 
current issues found with ceramic water filters. Using rice husk as an organic burnout 
material with a recipe of 20% organic material to 80% clay can filter non-turbid water at 
a delivery rate of 1.8-3.2 liters per hour. This is sufficient to provide safe drinking water 
for a household every day. If a simple and light brushing regime is applied from 
commencement of filter utilization, flow rates will continue at this rate for 10 weeks, with 
only 30% permanent loss in flow rate after peak flow is achieved. The flow rate of a 
given ceramic filter will provide an acceptable flow for approximately 80L of volume 
through before it needs to be brushed again. An average rate of decrease in flow of -
0.0006 was determined. This filter design is capable of achieving 2.4-6.1 log removal of 
E.coli in laboratory testing.  

The same ceramic disc and apparatus design with a filter composed with 20% coffee 
grounds to 80% clay delivers water at a rate of 0.5 liters per hour and a removal value 
of 2.1. It was statistically concluded that there is a significant correlation between flow 
rate and removal values to amount of organic material used to construct the filter. The 
most significant correlation was found between flow rate and recipe with organic 
material. 

Considering the results of both the flow-rate and bacteria removal experiments, it can 
be concluded that ceramic disc filters are an effective alternative design for ceramic 
water filtration.  

Future recommendations to continue testing the effectiveness of the ceramic water filter 
and apparatus design include:  

1. Test and compare results of ceramic discs composed out of sawdust as burn out 

material. 

2. Continue further testing of coffee grounds to determine amount needed to reach 

acceptable flow rate values.  

3. Further testing using different types of source water, to determine results closer 

to conditions which might exist in-situ would be valuable.  

4. Production of ceramic water filters made with coffee grounds are to be fired in an 

outdoor wood-burning kiln. Due to the oily nature of coffee grounds, the 

excessive amounts of smoke exhalation during the burn out process are 
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challenging. If access to an outdoor wood-burning kiln is available, the kiln firing 

process may be more successful, and result in longer lasting life of kiln.  

5. Additional testing should be completed to investigate if size of sacrificial 

material/pore size has a causal effect on flow rates.  

6. Further testing should be completed to determine the effects turbidity in source 

water has on the ceramic disc design. These additional tests would identify more 

in-situ functionality.  

7. Continuous flow testing was a more effective method of testing the flow rate of 

each filter versus cumulative water throughput. Additional tests using the float 

valve pump system would give further flow data allowing for a lifecycle analysis 

to be completed for the ceramic disc filter.  
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APPENDIX A: LAB RESULTS 

 

 

Figure 34: Flow results for filter RH1. X indicates a flow rate taken directly after brushing 
occurred. 

 

 

Figure 35: Flow results for filter RH2. X indicates a flow rate taken directly after brushing 
occurred. 
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Figure 36: Flow results for filter RH3. X indicates a flow rate taken directly after brushing 
occurred. 

 

Figure 37: Flow results for filter RH4. X indicates a flow rate taken directly after brushing 
occurred. 

108, 2.9

0

0.5

1

1.5

2

2.5

3

3.5

0 200 400 600 800 1000 1200 1400 1600

Fl
o

w
 (

L/
h

r)

Volume water through (L)

RH 3

Flow Rate Max Flow Brushing Occured Linear (Flow Rate)

128, 3.1

0

0.5

1

1.5

2

2.5

3

3.5

0 200 400 600 800 1000 1200 1400 1600

Fl
o

w
 (

L/
h

r)

Volume water through (L)

RH 4

Flow Rate Max Flow Brushing Occured Linear (Flow Rate)



 

 

66 

 

 

Figure 38: Flow results for filter CG68. X indicates a flow rate taken directly after brushing 
occurred. 

 

Figure 39: Flow results for filter CG 69. X indicates a flow rate taken directly after brushing 
occurred. 
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Figure 40: Flow results for filter CG 70. X indicates a flow rate taken directly after brushing 
occurred. 

 

 

Figure 41: Flow results for filter CG 71. X indicates a flow rate taken directly after brushing 
occurred. 
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Table 10: Raw flow data Rice Husk disc 1 

Tank 1 RH 1 

Test Area 
(cm^2) 

ΔHeight 
(cm) 

Volume (cm^3) Volume Passed 
through (L) 

Head 
(cm) 

Time (min) Volume (ml) Flow (ml/min) Flow (L/hr) 

1 3367.7 5 16838.5 16.8385 50 10 95 9.5 0.6 

2 
 

23 77457.1 77.4571 50 10 200 20 1.2 

3 
 

6 20206.2 20.2062 50 5 120 24 1.4 

4 
 

29 97663.3 97.6633 50 5 170 34 2 

5 
 

5 16838.5 16.8385 50 10 340 34 2 

6 
 

11 37044.7 37.0447 50 5 170 34 2 

7 
 

19 63986.3 63.9863 50 5 190 38 2.3 

8 
 

31 104398.7 104.3987 50 5 200 40 2.4 

9 
 

10 33677 33.677 50 12 440 36.7 2.2 

10 
 

50 168385 168.385 50 5 145 29 1.7 

11 
 

32 107766.4 107.7664 50 5 140 28 1.7 

14 
 

24 80824.8 80.8248 50 5 125 25 1.5 

15 
 

5.5 18522.35 18.52235 50 5 121 24.2 1.452 

16 
 

26.5 89244.05 89.24405 50 5 112 22.4 1.344 

17 
 

5 16838.5 16.8385 50 5 111 22.2 1.332 

18 
 

26 87560.2 87.5602 50 5 100 20 1.2 

19 
 

47 158281.9 158.2819 50 5 90 18 1.08 

20 
 

15 50515.5 50.5155 50 5 86 17.2 1.032 

21 
 

8 26941.6 26.9416 50 5 82 16.4 0.984 

22 
 

17 57250.9 57.2509 50 5 79 15.8 0.948 

23 
 

2.5 8419.25 8.41925 50 5 77 15.4 0.924 

24 
 

3.5 11786.95 11.78695 50 5 74 14.8 0.888 

25 
 

16 53883.2 53.8832 50 5 115 23 1.38 

26 
 

18.5 62302.45 62.30245 50 5 110 22 1.32 



 

 

69 

 

27 
 

4 13470.8 13.4708 50 5 112 22.4 1.344 

28 
 

21 70721.7 70.7217 50 5 163 32.6 1.956 

29 
 

5.5 18522.35 18.52235 50 5 147 29.4 1.764 

30 
 

22.5 75773.25 75.77325 50 5 118 23.6 1.416 

31 
 

17.5 58934.75 58.93475 50 5 95 19 1.14 

32 
 

18 60618.6 60.6186 50 5 80 16 0.96 

33 
 

15.5 52199.35 52.19935 50 5 79 15.8 0.948 

34 
 

19 63986.3 63.9863 50 5 135 27 1.62 

35 
 

19.5 65670.15 65.67015 50 5 103 20.6 1.236 

36 
 

17 57250.9 57.2509 50 5 98 19.6 1.176 

37 
 

28.5 95979.45 95.97945 50 5 105 21 1.26 

38 
 

19 63986.3 63.9863 50 6 118 19.7 1.2 

39 
 

19 63986.3 63.9863 50 5 130 26.0 1.6 

40 
 

2.5 8419.25 8.41925 50 5 130 26.0 1.6 

41 
 

24 80824.8 80.8248 50 5 110 22.0 1.3 

42 
 

15 50515.5 50.5155 50 5 105 21.0 1.3 

43 
 

37 124604.9 124.6049 50 5 108 21.6 1.3 

44 
 

15 50515.5 50.5155 50 5 100 20.0 1.2 

 

Table 11: Raw flow data RH2 and RH3 

RH 2 RH 3 

Time 
(min) 

Volume 
(ml) 

Flow (ml/min) Flow (L/hr) Time (min) Volume (ml) Flow (ml/min) Flow (L/hr) 

10 115 11.5 0.7 10 196 19.6 1.2 

10 295 29.5 1.8 10 240 24 1.4 

5 170 34 2 5 140 28 1.7 

5 230 46 2.8 5 215 43 2.6 
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10 450 45 2.7 10 415 41.5 2.5 

5 228 45.6 2.736 5 215 43 2.6 

5 230 46 2.76 5 220 44 2.6 

5 225 45 2.7 5 240 48 2.9 

12 510 42.5 2.55 12 550 45.83 2.8 

5 180 36 2.16 5 185 37 2.2 

5 170 34 2.04 5 160 32 1.9 

5 148 29.6 1.776 5 135 27 1.62 

5 130 26 1.56 5 139 27.8 1.668 

5 117 23.4 1.404 5 120 24 1.44 

5 116 23.2 1.392 5 121 24.2 1.452 

5 105 21 1.26 5 109 21.8 1.308 

5 88 17.6 1.056 5 80 16 0.96 

5 88 17.6 1.056 5 79 15.8 0.948 

5 81 16.2 0.972 5 73 14.6 0.876 

5 79 15.8 0.948 5 70 14 0.84 

5 76 15.2 0.912 5 69 13.8 0.828 

5 70 14 0.84 5 64 12.8 0.768 

5 172 34.4 2.064 5 64 12.8 0.768 

5 152 30.4 1.824 5 68 13.6 0.816 

5 150 30 1.8 5 64 12.8 0.768 

5 200 40 2.4 5 67 13.4 0.804 

5 175 35 2.1 5 67 13.4 0.804 

5 120 24 1.44 5 62 12.4 0.744 

5 100 20 1.2 5 56 11.2 0.672 

5 80 16 0.96 5 49 9.8 0.588 

5 76 15.2 0.912 5 45 9 0.54 

5 120 24 1.44 5 48 9.6 0.576 
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5 99 19.8 1.188 5 47 9.4 0.564 

5 105 21 1.26 5 51 10.2 0.612 

5 100 20 1.2 5 53 10.6 0.636 

6.0 115.0 19.2 1.2 6.0 62.0 10.3 0.6 

5 188 37.6 2.3 5 54 10.8 0.6 

5 178 35.6 2.1 5 54 10.8 0.6 

5 138 27.6 1.7 5 49 9.8 0.6 

5 122 24.4 1.5 5 49 9.8 0.6 

5 87 17.4 1.0 5 56 11.2 0.7 

5 84 16.8 1.0 5 55 11.0 0.7 

5 75 15.0 0.9 5 46 9.2 0.6 

 

Table 12: Raw flow data for CG 68 and CG 69 

RH 4 CG 69 

Time 
(min) 

Volume 
(ml) 

Flow (ml/min) Flow (L/hr) Time (min) Volume (ml) Flow (ml/min) Flow (L/hr) 

10 157 15.7 0.9 10 25 2.5 0.15 

10 390 39 2.3 10 31 3.1 0.19 

5 220 44 2.6 5 17 3.4 0.2 

5 250 50 3 5 21 4.2 0.25 

10 490 49 2.9 10 40 4 0.24 

5 240 48 2.9 5 21 4.2 0.25 

5 245 49 2.9 5 23 4.6 0.28 

5 260 52 3.1 5 28 5.6 0.34 

12 510 42.5 2.6 12 65 5.41 0.33 

5 190 38 2.3 5 32 6.4 0.38 

5 155 31 1.9 5 49 9.8 0.59 
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5 125 25 1.5 5 65 13 0.78 

5 120 24 1.44 5 53 10.6 0.636 

5 98 19.6 1.176 5 55 11 0.66 

5 98 19.6 1.176 5 61 12.2 0.732 

5 90 18 1.08 5 65 13 0.78 

5 81 16.2 0.972 5 77 15.4 0.924 

5 80 16 0.96 5 77 15.4 0.924 

5 74 14.8 0.888 5 78 15.6 0.936 

5 71 14.2 0.852 5 77 15.4 0.924 

5 70 14 0.84 5 75 15 0.9 

5 65 13 0.78 5 73 14.6 0.876 

5 65 13 0.78 5 82 16.4 0.984 

5 60 12 0.72 5 78 15.6 0.936 

5 72 14.4 0.864 5 79 15.8 0.948 

5 75 15 0.9 5 85 17 1.02 

5 71 14.2 0.852 5 82 16.4 0.984 

5 72 14.4 0.864 5 79 15.8 0.948 

5 66 13.2 0.792 5 76 15.2 0.912 

5 58 11.6 0.696 5 76 15.2 0.912 

5 58 11.6 0.696 5 73 14.6 0.876 

5 56 11.2 0.672 5 76 15.2 0.912 

5 60 12 0.72 5 73 14.6 0.876 

5 60 12 0.72 5 71 14.2 0.852 

5 65 13 0.78 5 71 14.2 0.852 

6.0 74.0 12.33 0.74 6 82 13.66 0.82 

5 66 13.2 0.792 5 68 13.6 0.816 

5 65 13 0.78 5 69 13.8 0.828 

5 66 13.2 0.792 5 63 12.6 0.756 
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5 66 13.2 0.792 5 60 12 0.72 

5 67 13.4 0.804 5 60 12 0.72 

5 66 13.2 0.792 5 58 11.6 0.696 

5 61 12.2 0.732 5 56 11.2 0.672 

 

Table 13: Raw flow data for CG 68 

Tank 2 CG 68 

Disc Area 
(cm^2) 

ΔHeight 
(cm) 

Volume 
(cm^3) 

Volume Passed through 
(L) 

Head 
(cm) 

Time 
(min) 

Volume 
(ml) 

Flow 
(ml/min) 

Flow 
(L/hr) 

1 3367.7 5 16838.5 16.8385 50 10 24 2.4 0.14 

2 
 

3 10103.1 10.1031 50 10 28 2.8 0.17 

3 
 

1 3367.7 3.3677 50 5 15 3 0.18 

4 
 

5 16838.5 16.8385 50 5 17 3.4 0.2 

5 
 

0.5 1683.85 1.68385 50 10 33 3.3 0.2 

6 
 

1 3367.7 3.3677 50 5 17 3.4 0.2 

7 
 

2 6735.4 6.7354 50 5 18 3.6 0.22 

8 
 

5 16838.5 16.8385 50 5 21 4.2 0.25 

9 
 

1 3367.7 3.3677 50 12 50 4.16 0.25 

10 
 

18 60618.6 60.6186 50 5 32 6.4 0.38 

11 
 

13 43780.1 43.7801 50 5 46 9.2 0.55 

14 
 

13.5 45463.95 45.46395 50 5 51 10.2 0.612 

15 
 

2 6735.4 6.7354 50 5 61 12.2 0.732 

16 
 

17 57250.9 57.2509 50 5 69 13.8 0.828 

17 
 

3 10103.1 10.1031 50 5 70 14 0.84 

18 
 

20 67354 67.354 50 5 78 15.6 0.936 

19 
 

46 154914.2 154.9142 50 5 88 17.6 1.056 

20 
 

17 57250.9 57.2509 50 5 89 17.8 1.068 
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21 
 

7 23573.9 23.5739 50 5 90 18 1.08 

22 
 

16 53883.2 53.8832 50 5 87 17.4 1.044 

23 
 

2.5 8419.25 8.41925 50 5 87 17.4 1.044 

24 
 

3.5 11786.95 11.78695 50 5 85 17 1.02 

25 
 

17 57250.9 57.2509 50 5 90 18 1.08 

26 
 

15.5 52199.35 52.19935 50 5 86 17.2 1.032 

27 
 

3.5 11786.95 11.78695 50 5 85 17 1.02 

28 
 

18.5 62302.45 62.30245 50 5 97 19.4 1.164 

29 
 

4 13470.8 13.4708 50 5 93 18.6 1.116 

30 
 

19 63986.3 63.9863 50 5 83 16.6 0.996 

31 
 

17 57250.9 57.2509 50 5 82 16.4 0.984 

32 
 

19 63986.3 63.9863 50 5 83 16.6 0.996 

33 
 

18 60618.6 60.6186 50 5 77 15.4 0.924 

34 
 

21 70721.7 70.7217 50 5 81 16.2 0.972 

35 
 

18.5 62302.45 62.30245 50 5 78 15.6 0.936 

36 
 

16.5 55567.05 55.56705 50 5 76 15.2 0.912 

37 
 

27 90927.9 90.9279 50 5 83 16.6 0.996 

38 
 

18 60618.6 60.6186 50 6 96 16 0.96 

39 
 

18 60618.6 60.6186 50 5 80 16 0.96 

40 
 

2 6735.4 6.7354 50 5 79 15.8 0.948 

41 
 

19 63986.3 63.9863 50 5 70 14 0.84 

42 
 

11 37044.7 37.0447 50 5 66 13.2 0.792 

43 
 

33 111134.1 111.1341 50 5 64 12.8 0.768 

44 
 

12 40412.4 40.4124 50 5 62 12.4 0.744 
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Table 14: Raw flow data for CG 70 and CG 71 

CG 70 CG 71 

Time 
(min) 

Volume 
(ml) 

Flow (ml/min) Flow (L/hr) Time (min) Volume (ml) Flow (ml/min) Flow (L/hr) 

10 32 3.2 0.19 10 28 2.8 0.17 

10 47 4.7 0.28 10 30 3 0.18 

5 25 5 0.3 5 17 3.4 0.2 

5 35 7 0.42 5 20 4 0.24 

10 69 6.9 0.41 10 41 4.1 0.25 

5 36 7.2 0.43 5 23 4.6 0.28 

5 42 8.4 0.5 5 21 4.2 0.25 

5 50 10 0.6 5 26 5.2 0.31 

12 120 10 0.6 12 62 5.2 0.31 

5 62 12.4 0.74 5 33 6.6 0.4 

5 75 15 0.9 5 43 8.6 0.52 

5 51 10.2 0.612 5 48 9.6 0.576 

5 84 16.8 1.008 5 41 8.2 0.492 

5 89 17.8 1.068 5 46 9.2 0.552 

5 90 18 1.08 5 47 9.4 0.564 

5 90 18 1.08 5 50 10 0.6 

5 88 17.6 1.056 5 62 12.4 0.744 

5 88 17.6 1.056 5 62 12.4 0.744 

5 89 17.8 1.068 5 65 13 0.78 

5 86 17.2 1.032 5 63 12.6 0.756 

5 86 17.2 1.032 5 64 12.8 0.768 

5 90 18 1.08 5 64 12.8 0.768 

5 90 18 1.08 5 64 12.8 0.768 

5 90 18 1.08 5 65 13 0.78 
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5 90 18 1.08 5 66 13.2 0.792 

5 95 19 1.14 5 70 14 0.84 

5 95 19 1.14 5 70 14 0.84 

5 91 18.2 1.092 5 68 13.6 0.816 

5 87 17.4 1.044 5 68 13.6 0.816 

5 88 17.6 1.056 5 69 13.8 0.828 

5 85 17 1.02 5 67 13.4 0.804 

5 87 17.4 1.044 5 68 13.6 0.816 

5 83 16.6 0.996 5 64 12.8 0.768 

5 80 16 0.96 5 63 12.6 0.756 

5 80 16 0.96 5 64 12.8 0.768 

6 93 15.5 0.93 6 75 12.5 0.75 

5 75 15 0.9 5 62 12.4 0.744 

5 75 15 0.9 5 63 12.6 0.756 

5 68 13.6 0.816 5 58 11.6 0.696 

5 63 12.6 0.756 5 54 10.8 0.648 

5 63 12.6 0.756 5 54 10.8 0.648 

5 60 12 0.72 5 53 10.6 0.636 

5 58 11.6 0.696 5 52 10.4 0.624 

 

Table 15: Raw data used for flow graphs of RH1 and RH2 
  

RH 1 Weighted 
flow 

Vol 
through 
disc 

Cumulative 
volume through 
disc 

RH 2 Weighted 
flow 

Vol 
through 
disc 

Cumulative volume 
through disc 

Test Volume 
Passed 
through  

Flow 
(L/hr) 

RH 1 RH 1 RH 1 Flow 
(L/hr) 

RH 2 RH 2 RH 2 
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1 16.8 0.6 0.2 3.0 3.0 0.7 0.2 3.5 3.5 

2 77.5 1.2 0.2 13.9 16.8 1.8 0.3 20.8 24.3 

3 20.2 1.4 0.2 3.7 20.5 2.0 0.3 5.2 29.5 

4 97.7 2.0 0.2 18.8 39.3 2.8 0.3 26.3 55.8 

5 16.8 2.0 0.2 3.3 42.6 2.7 0.3 4.5 60.3 

6 37.0 2.0 0.2 7.2 49.9 2.7 0.3 9.9 70.2 

7 64.0 2.3 0.2 13.9 63.8 2.8 0.3 16.7 86.9 

8 104.4 2.4 0.2 22.6 86.4 2.7 0.2 25.4 112.3 

9 33.7 2.2 0.2 7.3 93.7 2.6 0.3 8.5 120.8 

10 168.4 1.7 0.2 34.2 127.9 2.2 0.3 43.5 164.3 

11 107.8 1.7 0.2 24.3 152.2 2.0 0.3 29.2 193.5 

14 210.5 1.5 0.2 49.4 201.6 1.8 0.3 58.4 251.9 

15 18.5 1.5 0.2 4.4 206.0 1.6 0.3 4.7 256.6 

16 89.2 1.3 0.3 22.4 228.3 1.4 0.3 23.4 280.0 

17 16.8 1.3 0.2 4.2 232.5 1.4 0.3 4.4 284.4 

18 87.6 1.2 0.2 21.7 254.2 1.3 0.3 22.8 307.1 

19 158.3 1.1 0.3 42.0 296.2 1.1 0.3 41.1 348.2 

20 50.5 1.0 0.3 13.0 309.3 1.1 0.3 13.3 361.6 

21 26.9 1.0 0.3 7.1 316.4 1.0 0.3 7.0 368.6 

22 57.3 0.9 0.3 15.1 331.5 0.9 0.3 15.1 383.7 

23 8.4 0.9 0.3 2.2 333.7 0.9 0.3 2.2 385.9 

24 11.8 0.9 0.3 3.2 336.9 0.8 0.3 3.0 388.9 

25 53.9 1.4 0.3 14.9 351.8 2.1 0.4 22.3 411.2 

26 62.3 1.3 0.3 17.6 369.4 1.8 0.4 24.3 435.5 

27 13.5 1.3 0.3 3.8 373.2 1.8 0.4 5.1 440.6 

28 70.7 2.0 0.3 22.8 396.0 2.4 0.4 28.0 468.6 

29 18.5 1.8 0.3 5.9 401.9 2.1 0.4 7.0 475.6 

30 75.8 1.4 0.3 24.0 426.0 1.4 0.3 24.4 500.1 
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31 58.9 1.1 0.3 17.7 443.6 1.2 0.3 18.6 518.7 

32 60.6 1.0 0.3 18.2 461.8 1.0 0.3 18.2 536.8 

33 52.2 0.9 0.3 16.0 477.8 0.9 0.3 15.4 552.2 

34 64.0 1.6 0.4 24.1 501.8 1.4 0.3 21.4 573.6 

35 65.7 1.2 0.3 21.9 523.7 1.2 0.3 21.0 594.6 

36 57.3 1.2 0.3 17.9 541.6 1.3 0.3 19.1 613.8 

37 96.0 1.3 0.3 31.2 572.8 1.2 0.3 29.7 643.5 

38 64.0 1.2 0.3 20.5 593.3 1.2 0.3 19.9 663.4 

39 64.0 1.6 0.3 19.0 612.3 2.3 0.4 27.5 690.9 

40 8.4 1.6 0.3 2.6 614.8 2.1 0.4 3.5 694.4 

41 80.8 1.3 0.3 24.5 639.3 1.7 0.4 30.7 725.1 

42 50.5 1.3 0.3 15.5 654.8 1.5 0.4 18.0 743.2 

43 124.6 1.3 0.3 42.3 697.1 1.0 0.3 34.1 777.2 

44 50.5 1.2 0.3 16.6 713.7 1.0 0.3 13.9 791.2 

 

Table 16: Raw data used for flow graph of RH 3 and RH4 

RH3 RH 4 

Flow 
(L/hr) 

Weighted 
flow 

Vol through 
disc 

Cumulative volume through 
disc 

Flow 
(L/hr) 

Weighted 
flow 

Vol through 
disc 

Cumulative volume through 
disc 

1.2 0.4 5.9 5.9 0.9 0.3 4.5 4.5 

1.4 0.2 16.2 22.1 2.3 0.3 26.6 31.0 

1.7 0.2 4.5 26.6 2.6 0.3 6.8 37.9 

2.6 0.3 24.4 51.0 3.0 0.3 28.2 66.0 

2.5 0.2 4.2 55.2 2.9 0.3 4.8 70.9 

2.6 0.3 9.4 64.6 2.9 0.3 10.5 81.4 

2.6 0.2 15.8 80.3 2.9 0.3 17.6 98.9 

2.9 0.3 27.3 107.6 3.1 0.3 29.2 128.1 
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2.8 0.3 9.3 116.9 2.6 0.3 8.6 136.7 

2.2 0.3 44.3 161.2 2.3 0.3 46.3 183.1 

1.9 0.3 27.2 188.4 1.9 0.3 27.2 210.2 

1.6 0.3 53.3 241.7 1.5 0.2 49.4 259.6 

1.7 0.3 5.0 246.7 1.4 0.2 4.4 263.9 

1.4 0.3 24.0 270.7 1.2 0.2 19.6 283.5 

1.5 0.3 4.6 275.3 1.2 0.2 3.7 287.2 

1.3 0.3 23.6 298.9 1.1 0.2 19.5 306.7 

1.0 0.2 37.4 336.2 1.0 0.2 37.8 344.5 

0.9 0.2 12.0 348.2 1.0 0.2 12.1 356.7 

0.9 0.2 6.3 354.6 0.9 0.2 6.4 363.1 

0.8 0.2 13.4 368.0 0.9 0.2 13.6 376.7 

0.8 0.2 2.0 370.0 0.8 0.2 2.0 378.7 

0.8 0.2 2.8 372.7 0.8 0.2 2.8 381.5 

0.8 0.2 8.3 381.0 0.8 0.2 8.4 389.9 

0.8 0.2 10.9 391.9 0.7 0.2 9.6 399.5 

0.8 0.2 2.2 394.0 0.9 0.2 2.4 401.9 

0.8 0.1 9.4 403.4 0.9 0.1 10.5 412.5 

0.8 0.1 2.7 406.1 0.9 0.2 2.9 415.3 

0.7 0.2 12.6 418.7 0.9 0.2 14.7 430.0 

0.7 0.2 10.4 429.2 0.8 0.2 12.3 442.2 

0.6 0.2 11.1 440.3 0.7 0.2 13.2 455.4 

0.5 0.2 9.1 449.4 0.7 0.2 11.7 467.1 

0.6 0.1 8.6 457.9 0.7 0.2 10.0 477.1 

0.6 0.2 10.0 467.9 0.7 0.2 12.8 489.9 

0.6 0.2 9.3 477.2 0.7 0.2 10.9 500.8 

0.6 0.2 15.7 493.0 0.8 0.2 19.3 520.1 

0.6 0.2 10.8 503.7 0.7 0.2 12.8 533.0 
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0.6 0.1 7.9 511.6 0.8 0.2 9.6 542.6 

0.6 0.1 1.1 512.7 0.8 0.2 1.3 543.9 

0.6 0.1 10.9 523.6 0.8 0.2 14.7 558.6 

0.6 0.1 7.2 530.8 0.8 0.2 9.7 568.3 

0.7 0.2 21.9 552.8 0.8 0.2 26.3 594.6 

0.7 0.2 9.1 561.9 0.8 0.2 10.9 605.5 

 

Table 17: Equations used to solve for values used in flow graphs 

Volume 
Passed 
through  

Flow  Total flow 
for tank 

Weighted 
flow 

Vol through disc Cumulative volume through disc 

(L) (L/hr) = 𝑓𝑙𝑜𝑤1
+ 𝑓𝑙𝑜𝑤 2 

=
𝑓𝑙𝑜𝑤

𝑡𝑜𝑡𝑎𝑙 𝑓𝑙𝑜𝑤
 

= 𝑣𝑜𝑙 𝑝𝑎𝑠𝑠𝑒𝑑 𝑡ℎ𝑟𝑜𝑢𝑔ℎ
∗ 𝑤𝑒𝑖𝑔ℎ𝑡𝑒𝑑 𝑓𝑙𝑜𝑤 

Addition of all vol through disc 
cumulatively 
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Table 18: Raw data from microbiological tests from rice husk discs 

Filter Full 10-1 10-2 10-3 10-4 CFU/ml % 
Removal 

Log 
Removal 

INF 1 TNT
C 

TNT
C 

 

TNT
C 

TNT
C 

TNT
C 

TNT
C 

TNT
C 

TNT
C 

1
3 

3
3 

2
8 

6 8 2
3 

2466.6 

  

RH11 3 6 7 0 0 

          

0.0533 99.9978 4.67 

RH12 7 15 1 0 0 

          

0.0766 99.9968 4.51 

RH13 53 64 82 0 0 1 

         

0.6633 99.9731 3.57 

RH14 3 3 3 0 0 0 

         

0.03 99.9987 4.91 

INF 2 TNT
C 

TNT
C 

TNT
C 

TNT
C 

TNT
C 

TNT
C 

TNT
C 

TNT
C 

TNT
C 

1
8 

1
6 

1
6 

5 1 2 1666.6 

  

RH2 23 1 12 0 0 

          

0.12 99.9928 4.14 

RH3 1 0 0 0 0 

          

0.01 99.9994 5.22 

RH4 1 0 0 0 0 

          

0.01 99.9994 5.22 
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Table 19: Raw data from microbiological tests from rice husk discs 

Filter Full 10-1 10-2 10-3 10-4 CFU/ml % Removal Log Removal 

INF 1 TNTC TNTC 

 

TNTC TNTC TNTC 55 13 12 7 2 0 0 1066.667 

  

RH11 110 120 95 0 0 

        

1.083 99.8984375 2.99 

RH12 76 82 87 0 0 

        

0.817 99.9234375 3.12 

RH13 34 38 28 0 0 1 

       

0.333 99.96875 3.51 

RH14 22 18 13 

          

0.177 99.9834375 3.78 

INF 2 TNTC TNTC TNTC TNTC TNTC TNTC 37 1 2 4 0 0 0 233.333 

  

RH2 80 92 87 0 0 

        

0.863 99.63 2.43 

RH3 11 11 26 0 0 

        

0.160 99.9314286 3.16 

RH4 70 75 76 0 0 

        

0.737 99.6842857 2.50 

 

Table 20: Raw data from microbiological tests from rice husk discs 

Filter Full 10-1 10-2 CFU/ml % Removal Log Removal 

INF 1 

   

TNTC TNTC TNTC 138 118 120 1253.33 

  

RH11 0 3 1 0 0 

    

0.01 99.9989362 4.97 
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RH12 1 2 1 0 1 

    

0.01 99.9989362 4.97 

RH13 0 1 1 0 0 

    

0.01 99.9994681 5.27 

RH14 0 0 1 0 0 

    

0.00 99.999734 5.58 

INF 2 

   

TNTC TNTC TNTC 82 84 62 760.00 

  

RH2 1 0 0 0 0 

    

0.00 99.9995614 5.36 

RH3 18 11 11 0 2 

    

0.13 99.9824561 3.76 

RH4 46 58 73 1 1 

    

0.59 99.9223684 3.11 
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Table 21: Raw data from microbiological tests on coffee ground discs 

Filter Full 10-1 10-2 10-3 CFU/ml % Removal Log Removal 

INF 1 

         

50 62 75 6925.9 

  

INF 2 

         

32 30 53 4259.3 

  

CG 10 TNTC 

  

TNTC 

  

92 100 98 

   

1074.1 84.4919786 0.81 

CG 11 TNTC 

  

73 64 61 30 4 13 

   

174.1 97.486631 1.60 

CG 12 TNTC 

  

TNTC 

  

118 120 107 

   

1277.8 81.5508021 0.73 

CG 13 TNTC 

  

TNTC 

  

98 126 131 

   

1314.8 81.0160428 0.72 

CG 14 140 141 155 19 22 15 4 3 6 

   

20.7 99.5130435 2.31 

CG 15 TNTC 

  

88 84 105 15 8 7 

   

102.6 97.5913043 1.62 

CG 16 39 30 132 14 17 28 2 3 1 

   

7.4 99.8252174 2.76 

CG 17 79 113 85 11 10 5 2 9 2 

   

10.3 99.7591304 2.62 
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Table 22: Raw microbiological data from tests on coffee ground discs 

Filter Full 10-1 10-2 10-3 CFU/ml % Removal Log Removal 

INF 1 

         

21 41 36 3629.63 

  

INF 2 

         

36 54 35 4629.63 

  

CG 10 

      

93 46 66 9 9 6 759.26 79.0816327 0.68 

CG 11 

      

39 31 42 4 3 3 414.81 88.5714286 0.94 

CG 12 

      

126 76 72 18 5 6 1014.81 72.0408163 0.55 

CG 13 

      

40 30 62 10 13 14 488.89 86.5306122 0.87 

CG 14 57 73 69 11 8 5 

      

7.37 99.8408 2.80 

CG 15 

   

44 57 51 5 9 5 

   

56.30 98.784 1.92 

CG 16 36 51 32 13 7 7 

      

4.41 99.9048 3.02 

CG 17 1 2 1 1 1 1 

      

0.15 99.9968 4.49 
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Table 23: Raw microbiological data from tests on coffee grounds 

Filter Full 10-1 10-2 10-3 CFU/ml % Removal Log Removal 

INF 1 

         

33 24 14 2629.63 

  

INF 2 

         

35 41 29 3888.89 

  

CG 10 

      

112 57 78 12 7 13 914.81 65.2112676 0.46 

CG 11 

      

2 4 3 1 1 1 33.33 98.7323944 1.90 

CG 12 

      

90 64 52 7 17 19 762.96 70.9859155 0.54 

CG 13 

      

2 2 3 1 1 1 25.93 99.0140845 2.01 

CG 14 2 10 3 1 2 1 

      

0.56 99.9857143 3.85 

CG 15 

   

3 3 6 3 1 1 

   

4.44 99.8857143 2.94 

CG 16 1 12 9 1 3 1 

      

0.81 99.9790476 3.68 

CG 17 1 2 1 2 1 1 

      

0.15 99.9961905 4.42 
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Table 24: Raw microbiological data from tests on coffee ground discs 

Filter Full 10-1 10-2 10-3 CFU/ml % Removal Log Removal 

INF 1 

      

44 62 91 2 4 1 729.63 

  

CG 35 TNTC TNTC TNTC 39 41 42 

      

45.19 93.8071066 1.21 

CG 37 63 54 51 5 6 8 

      

6.22 99.1472081 2.07 

CG 40 2 3 2 0 0 0 

      

0.26 99.964467 3.45 

CG 41 0 0 0 0 0 0 

      

0.00 100 
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Table 25: Raw data from microbiological tests on coffee ground discs 

Filter Full 10-1 10-2 10-3 CFU/ml % Removal Log Removal 

INF 1 

      

55 60 103 10 17 9 807.407407 

  

CG 35 40 54 40 4 6 4 

      

4.96296296 99.3853211 2.2113517 

CG 37 1 2 2 0 0 0 

      

0.18518519 99.9770642 3.63948649 

CG 40 3 5 7 0 0 0 

      

0.55555556 99.9311927 3.16236524 

CG 41 0 0 0 0 1 0 

      

0.37037037 99.9541284 3.33845649 
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Table 26: Summary table of raw removal results for filters made of Rice Husk  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 27: Summary table of raw removal results for filters made of Coffee Grounds 

Disc Make-up E-coli (% 
removal) 

E-coli (log 
removal) 

Flow Disc Make-up E-coli (% 
removal) 

E-coli (log 
removal) 

Flow 

CG40 20% 100.0 3.4 0.2 CG35 25% 93.8 1.2 0.4 

<850 99.9 3.2 0.3  <850 99.4 2.2 0.7 

20% Rice Husk 25% Rice Husk 

% Removal Log Removal Avg. Flow (L/hr) % Removal Log Removal Avg. Flow (L/hr) 

99.9978 4.7 1.2 99.9731 3.6 2.16 

99.9969 4.5 0.792 99.9988 4.9 1.92 

99.9928 4.1 0.48 99.9688 3.5 3 

99.9994 5.2 0.396 99.9834 3.8 2.16 

99.9994 5.2 0.384 99.9995 5.27 3 

99.8984 3.0 2.88 99.9997 5.57 2.16 

99.9234 3.1 2.22    

99.6300 2.4 1.92    

99.9314 3.2 1.62    

99.6843 2.5 2.04    

99.9989 4.97 2.88    

99.9989 4.97 2.22    

99.9996 5.35 1.92    

99.9825 3.75 1.62    

99.9224 3.11 2.04    
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  95.7 1.4 0.3    99.9 2.9 0.7 

  100.0   0.3    100.0   0.7 

  100.0 4.1 0.1    99.9 3.0 0.3 

CG 41 20% 100.0   0.1 CG37 25% 99.1 2.1 0.4 

<850 100.0 3.3 0.3  <850 100.0 3.6 0.9 

  100.0 3.6 0.3    99.9 3.2 0.9 

  100.0   0.3    99.5 2.3 0.9 

  100.0   0.1    100.0 4.2   

CG 43 20% 99.8 2.5 0.1 CG 51 25% 97.8 1.5 0.6 

<850 99.1 2.1    <850 89.9 1.9 1.6 

  100.0   0.3    99.9 2.9 0.7 

  100.0 4.7 0.3    100.0 3.9 0.5 

  100.0   0.3    100.0 4.3 0.5 

CG 44 20% 99.8 2.5 0.1    99.9 3.0 0.5 

<850 99.1 2.0 0.2 CG52 25% 93.3 1.2 0.4 

  100.0   0.2  <850 96.2 1.4 1.1 

  100.0   0.2    99.6 2.4 0.6 

  100.0   0.2    100.0 3.7 0.4 

CG 48 20% 99.6 2.4 0.1    99.8 2.8 3.9 

Unsieved 99.9 3.3 0.1 CG 45 25% 98.8 2.2 0.2 

  100.0 5.2 0.6  Unsieved 100.0 4.3 0.3 

  100.0   0.6    100.0 3.5 0.3 

  100.0   0.6    100.0 5.5 0.5 

CG 55 20% 16.9 1.0 1.1    100.0   0.5 

Unsieved 99.9 3.0 0.2    100.0   0.5 

  99.3 2.1 0.1    100.0   0.6 

  100.0 5.0 0.5      
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APPENDIX B: STATISTICAL ANALYSIS  

Regression analysis code of flow, removal and recipe 

regression3 <- read.csv(file.choose()) 

attach (regression3) 

removalmod1 <- lm(Flow_ ~ Removal_) 

anova (removalmod1) 

summary (removalmod1) 

removalmod3 <- lm(Flow_ ~ Removal_ + Recipe_) 

summary (removalmod3) 

removalmod4 <-lm (Removal_ ~ Recipe_) 

anova (removalmod4) 

summary(removalmod4) 

qf(0.99, df1=1, df2=48) 

flowmod1 <- lm (Flow_ ~ Recipe_) 

anova (flowmod1) 

summary (flowmod1) 

qf(0.999, df1=1, df2=48) 

shapiro.test(Flow_) 

Regression code of flow to recipe and organic material 

orgmat <- read.csv(file.choose()) 

attach(orgmat) 
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orgmatReg1 <- lm(Flow_ ~ OrgMat) 

anova(orgmatReg1) 

summary(orgmatReg1) 

orgmatReg2 <- lm (Flow_ ~ Recipe_ + OrgMat) 

anova(orgmatReg2) 

summary (orgmatReg2) 

qf(0.9999999, df1=1, df2=575) 

Code used to test for normality 

ch3 <- read.csv(file.choose()) 

attach (ch3) 

shapiro.test(ECOLI) #test for normality of Ecoli removal data  

shapiro.test(FLOW)  #test for normality of flow data 
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APPENDIX C: EXPERIMENTAL SETUP 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 42: Rice husk as shipped to laboratory 

Figure 43: Clay and mold used to create ceramic disc 
filters in the laboratory 
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Figure 45: Clay and rice husk being mixed to create ceramic disc 

Figure 44: Clay and rice husk put in disc mold 
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Figure 46: Ceramic discs being dried in flow hood 
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Figure 47: Experimental set up in laboratory 
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Creation of ceramic discs 

 

 

 

Creating plastic apparatus 

 

 

 Flow Testing 

 

 

 

Microbial Testing 

 

Figure 48: Photos from laboratory of creation of ceramic discs 

Figure 49: Photos from laboratory of creating plastic apparatus 

Figure 50: Photos from laboratory of flow testing 

Figure 51: Photos from laboratory of microbial testing 


