
THE CANADIAN SCIENCE FAIR JOURNAL ARTICLE

CSFJ | Volume 1 | Issue 3
© Garg 2019

A Novel Filtration System Using Natural Materials
Anika Garg 

Age 15 | London, Ontario
Canada-Wide Science Fair 2018 Finalist 

Clean water is a basic human right, yet not all Canadian residents have equal access.  A 2015 investigation by the Canadian Broadcasting 
Corporation showed that there are “third world” water conditions on First Nations reserves1. The investigation revealed that two-thirds 
of all Canadian First Nations communities have been under at least one drinking water advisory during the last decade1. The Neskantaga 
community in Ontario has been under a boil water advisory for over 20 years1. Waterborne diseases are more common in Indigenous 
communities and as a result have poorer health outcomes and more commonly suffer from cancers and chronic conditions2. Lack of 
access to clean water could be due to the high expense of building and maintaining large water decontamination systems, which proves 
the need for effective low-cost and simple filtration systems.

BACKGROUND
Banana peels were chosen as a filtration material as they are wide-
ly accessible, produced in 135 different countries3, and one of the 
cheapest fruits on the market. The porous nature of the peel was the 
primary reason to use these as a filter to trap particles4. Oregano 
was chosen because its primary compounds, carvacrol and thymol, 
both have antibacterial properties5. Oregano is also widely accessi-
ble, grows quickly, and inexpensive.  

In Canada, drinking water is tested in two ways; a turbidity 
test and a bacterial test. Turbidity is a measure of the cloudiness 
of a water sample. It is an indicator of the effectiveness of disin-
fection methods6. Increased turbidity increases the potential risk 
of pathogens in the water sample. Health Canada guidelines state 
that drinking water must be under 1 NTU6. Municipalities also test 
for three different bacteria; total coliform, E.coli, and background 
bacteria6. E.coli is an indicator of the microbiological safety of 
drinking water and was used in this study to examine oregano’s 
effects on bacterial growth. Health Canada guidelines dictate that 
the bacteria count must be zero6. These two tests were used in this 
investigation to study the effectiveness of the filtration system.
PURPOSE
The purpose of this experiment was to create a simple low-cost 
filter that uses common materials, is easily replicable, and produces 
water that is safe to consume by eliminating bacteria and particle 
contaminants through the use of banana peels and oregano.
HYPOTHESES
The first hypothesis was that the banana peels would cause the tur-
bidity of the water to decrease by a minimum of 50%. The fresh 
peels were predicted to be more effective as ground dried peels 
are less porous than cut up pieces of fresh banana peels. The sec-
ond hypothesis was that oregano would decrease the growth of the 
E.coli bacteria by a minimum of 50%. The dried oregano was ex-
pected to be more effective as the compounds carvacrol and thymol 
would be more concentrated. 

EXPERIMENTAL DESIGN
To construct the final filtration system, a series of experiments 
were initially performed to test the effects of the materials on 
the cleanliness of water after filtration. The materials tested were 
fresh and dry banana, fresh and dry oregano, sand, and cotton. 
Potability was measured by turbidity and bacteria growth.
MATERIALS
The materials used were 80 grams of oregano, peels of 6 bananas, 
5 plastic water bottles, wine rack (6 large holes), 5L of distilled 
water, E.coli bacteria (strain ATCC 25922) , 50 mL of sludge 
solution, pipette, clean sand, measuring cup, 30 coffee filters, 
rubber bands, hot glue gun and glue, knife, oven, 6 sterile col-
lection bottles, one 1L and two 500 mL bottles, petri dishes filled 
with media, turbidity machine, 10 mL turbidity tubes, pure white 
vinegar, staples, and used cotton towel. 
PROCEDURE
1. Create a stand using the wine rack.
2. Cut the bottoms off of three 1L plastic bottles and place them 
upside down.  Wrap a piece of used cotton around the bottom of 
each of the filters. 
3. Dry the peels of 2 bananas in a convection oven at 300 degrees 
Celsius for 2 hours. Cut peels into 1 cm by 1 cm pieces. Soak in 
water for 24 hours. Spray with 50% vinegar solution and let air 
dry. When dry, place in a plastic bottle.
4. Fill remaining two bottles with ½ cup of sand.
5. Wash 20 grams of oregano, spray with a 50% vinegar solution, 
then air dry. Construct 3 teabags out of coffee filters and distribute 
oregano evenly among them.
6. In a licensed water analysis laboratory, create a suspension of 
contaminated water using E. coli and 0.5 grams of SPCA media 
powder. Record turbidity and colony forming units (CFU) of this 
sample. Pour the contaminated water through a sand filter, then 
the banana peel filter, expose to oregano teabags for 20 minutes, 
then pour through the last sand filter. Measure and record turbidi-
ty and CFU of final water sample.
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OBSERVATIONS

ANALYSIS

RESULTS 
When the sample of contaminated water was exposed to fresh 
oregano at concentration of 1 gram of oregano to 25 mL of water, 
there were significant changes in bacterial growth between the 
positive control, fresh oregano, and dried oregano. Twenty min-
utes of exposure to fresh oregano decreased bacterial growth by 
100% (Figure 4). Dried banana peels were able to decrease tur-
bidity by 98% (Figure 5). Exposure to fresh oregano at a lower 
concentration of oregano was not effective in eliminating E. coli 
bacteria.

 Coliform Forming Units
10 mins 20 mins 30 mins

Control 38 42 41.5
Fresh Oregano 3 0 0
Dried Oregano  NDOGT 7 10.5

NDOGT: No Data due to Overgrowth of Target Bacteria
Table 1. Effect of oregano on bacteria at concentration of 1-gram 
oregano: 25 mL of water.

Turbidity Test (NTU) 
Observations

Mean SD

Positive 
Control

~18* 18

Filtration 
System

1.17 1.16 1.24 1.19 0.04

*Positive control unsuitable for analysis due to nature of SPCA sus-
pension. NTU approximation based on visual comparison using Remel 
McFarland Equivalence Turbidity Visual Comparison Card
Table 2. Turbidity test results. 

 Bacteria Results 

 Mean SD
Positive Control NDOGT

Final Result 5 5 5 0
NDOGT: No Data due to Overgrowth of Target Bacteria 
Table 3. Effect of oregano on bacterial growth at a concentration of 
1g oregano: 38 mL water.

Figure 4. Effect on oregano on bacterial growth at a concentration 
of 1g oregano: 25 mL water.

Figure 5. Final turbidity results.

Figure 2 (left). Oregano teabag submerged in contaminated 
water (after exposure to sand and oregano filters). Figure 3 
(right). Final water sample after filtration.

Figure 1. Filter setup; sand, dried banana peels, sand (left 
to right).
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DISCUSSION
This filtration system can be highly useful to many Cana-
dians and people around the world who lack continuous 
access to clean drinking water. It is easily replicable as 
it uses common and low-cost natural materials that can 
be stored. Within only 20 minutes of exposure in a con-
centration of 1 gram of oregano to 25 mL of water, the 
oregano was able to decrease bacterial growth by 100%. 
The dried banana peels used in this experiment were able 
to decrease turbidity by 98%, and therefore together, these 
two water purification methods are capable of producing 
potable water according to Health Canada’s standards. It 
was already known that the compounds in oregano have 
antibacterial effects, however this study proves the extent 
of these effects. With the knowledge gained from the use 
of oregano in this experiment, future researchers may be 
able to conduct research on the two compounds carvac-
rol and thymol to develop a less elementary way to apply 
these in a low-cost way to current commercial water puri-
fication systems that only target the turbidity of water, to 
improve their efficacy.

Currently, large-scale water purification methods that 
are being employed by the government are not working 
well enough in underfunded areas of Canada. First Na-
tions communities under water advisories could use this 
as an interim measure to improve water access. This could 
also be beneficial to communities with sudden outbreaks 
of waterborne diseases due to breakdown of infrastruc-
ture or natural disasters as recently seen in many parts of 
the world. This could prevent diseases and lead to better 
health outcomes. In the future, this prototype could be im-
proved by adding materials or testing existing materials to 
remove heavy metals from the water. Further experiments 
can be done to determine how many times the filtration 
system can be effectively reused.
CONCLUSION
The final filtration system consisting of sand, dried banana 
peels, fresh oregano, and cotton produced potable water 
according to Health Canada standards. 
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