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Abstract
The purpose of this project was to engineer solutions that prioritize removing microplastics from

community water sources at the water treatment plant level. This project answers, how does the design
of a lter a ects its e ciency and success in reducing concentrations of microplastics and how can it be
implemented? The lter media were tested in lters in which a mesh is placed in a PVC connector, and
two PVC pipes are enclosed around it, thin metal mech and cheesecloth are used, for a granular lter
multiple of these are stacked and lter media are placed in between. It is predicted the granular lter
will do the best, and the Still River will be the most polluted. To test the e ciency, water from a river,
tap, and wastewater treatment plant will be put through all lters, and passed through BabyLegs
multiple times to extract remaining particles, which will be counted to attain data. It was found that
the treated wastewater had the most particulate matter, 179 per 500mL. The granular lter had the
least amount of particles left in the water after it passed through it, 86.42% was used. But the
conclusion was that the metal mesh lter was the most ideal lter media due to the fact that it was just
under the granular lter in terms of e ciency, and it was cheaper, easier to manage, and had the least
time for the water to pass through. In the future, we would work on potential design updates and
implementations in water treatment plants.

Introduction
Purpose:
In communities around the world, microplastics are found in high concentrations in many water
sources. Some of these plastic particles infect environmental and man-made systems. These systems can
include rivers, wastewater treatment plants, and city drinking water. This is known as microplastic
pollution, which starts with the degradation of regular plastics. These large plastic masses that exist in
water ultimately break down into smaller particles that can eventually prove to be more dangerous.
The resulting smaller plastics can leach harmful chemicals into the water. These chemicals, as well as
the plastics themselves, will impact human and animal health, and cause damage to the environment in
which they reside. This project tackles the problem by nding the most optimal way to remove
microplastics from the water.

Problem Statement:
How does the design of a lter a ect its e ciency and success in reducing concentrations of
microplastics and how can it be implemented?

Proposed Solution:
There are multiple existing methods to reduce microplastic concentration in water, including a variety
of particle lters and membranes. A solution will be created that includes the best aspects of multiple
types of lters, with gaps small enough to keep .5mm microplastics out while also allowing water to
move through the contraption quickly, so pressure doesn’t build. Multiple sources and di erent lters
will be tested according to the engineering process. This will help uncover the best ltration method
for microplastics in di erent water systems. The solution will use gravity and natural force, and pumps
only when needed, to push the water through the certain lters attached inside PVC. These meshes
will include various materials with di erent pore sizes. There will also be depth in the lters. As the
water rushes through, the lter will stop microplastics because they are larger in size than the lter
pores. It won’t let most through, trapping them on one side. The lter with the system will be
implemented according to the system it lters. The speci c section the lters reside in can be removed

and cleaned after the water ow is stopped. After running water through prototypes, the water will be
tested to identify the e ciency of each lter. The lter media that worked best will be added to a proof
of concept, and will be the media used in a diagram for an alternative settling tank design.

Hypothesis:
It is predicted that our granular lter will get an 80% e ciency rate. The Cheesecloth and Metal Mesh
lter should get a 60% e ciency rate. These standards are also hoped to be met by the lters we are
going to make.We believe that the Still River would have the most microplastics, and that Tap water
would have the least, around 7 or 10 per 500 mL.

Relevance:
This project will positively a ect everyone in society using ideas from this project. This is because clean
water surrounding one and inside one will lead to a better experience living in the society. So all people
using city water, working at water treatment plants, people who care about clean water in the
environment, and individuals that can not a ord other expensive lters in their own water systems will
care about this project and it will help them. This project was created to help people avoid the dangers
of consuming microplastics which can cause many health concerns through the release of chemicals
into the consumer's body. The consumption of microplastics can cause multiple health concerns such
as stomach ulcers, stomach lesions, toxicity through oxidative stress, illness, and pain. The same issues
can apply to a ected wildlife, it could change the eating behaviors and could also cause death. This
would improve the community through the cheaper solution of microplastic prevention and ltration
as well as the positive environmental e ect it could have on aquatic wildlife. By ltering microplastics,
this project prevents these problems. Its importance relies on helping combat plastic pollution, which
is a big global problem.

Background Information:
While it is widely known that microplastics can cause harm to organisms, it is often unclear what
microplastics actually do. Through research it was discovered that the harmful problems microplastics
cause in animals often have to do with their eating habits. Many animals can mistake microplastics for
food, and once eaten, the plastics can block their digestive tracts, changing their usual feeding behavior
and making them feel full. This can lead to grave consequences, like the animal dying of starvation or
being weakened and not being able to fend o predators.(Royte, 1).

The lters that are being tested are designed to remove microplastics from water, and as such, x these
problems. Other solutions for removing microplastics in water already exist, but they are often
expensive, ine cient, or have other problems that prevent them from being fully reliable. The new
lters will be tested according to the scienti c method to determine what types of lters reduce
microplastics the most and have the most e ciency while doing so.

Background Image:

This picture shows examples of Microplastic observed closely. This is not created by students.

Materials and Methods

Variables:
Independent variable (IV): Di erent types of lters and water source
Dependent variable (DV): Concentration or count of microplastics left after ltering water
Controlled variables: Method of testing lters, amount of water passed through the lters, the same
concentration of microplastics among each sample of the same water source
Controlled Group: The number of microplastics left after passing water through lters is compared to
the number of the microplastic present in water without ltering

Criteria:
It is a goal that our lters or other method types will reduce microplastics in the water by at least 50%.
It is expected to be successful. 50 percent must be removed because this will make the water a lot safer,
and fewer plastics will end up in organisms in the environment, as well as humans. Overall, the success
of the lter is measured by how much of the concentration of microplastics is reduced. The solution
also must be environmentally friendly, and applicable for real-life situations such as sewage or river
ltration. It also needs to be able to be cleaned and reused.

Constraints:
The limitations of the project include the e ciency of the water lter, the size of the lter, and its cost.
The water must move relatively quickly through the lter, so it is e cient and logical to use. The lter
must also be large enough to lter decent amounts of water, while not too large for ease of use when
testing. The cost of the materials to make and test this lter should also below, as a main constraint of
the solution is it being cheap and accessible to many. This solution also needs to be made and tested
quickly, as there is a time constraint for this project. Fitting in all of the criteria is a constraint we need
to follow.

Proposed Solution:

The proposed solution to the problem is to create a water lter that will reduce the concentrations of
microplastics in di erent water sources by at least 50 percent. Multiple lters will be tested to
determine the most e cient and e ective lter, but all of them can and will be stacked to determine if
more lters lead to better ltration. The solution must also t all of the constraints and criteria listed
above. The lters are each set in a pipe. These pipes can connect to each other to test the overall area to
put layers of cheesecloth, metal meshes, and bigger to smaller rock particles. We will then attach these
pipes with a connector to hold it in place.

Testing Solution & Dependent Variable:
The solution will be tested by pouring 500 milliliters of water before it is tested through the babylegs
lter. The particles in the lter will then be counted, giving a measurement of what the concentration
of plastic is in each sample of water. After the original sample, 500 milliliters of water will be tested
after going through each lter and the concentration of plastics will be recorded. This will provide the
data for the original concentration of plastics, and the reduced concentration of plastics in each sample
after the lter is used. Using this data, it can be found out how much the water has changed, and as
such, how e ective each lter was.

Design and Testing Materials:
● Sufaniq Cheesecloth Grade 90 9 Square Feet Unbleached 100% Cotton Fabric Ultra Fine
Reusable Cheese Cloths for Straining Cooking Cheese Making and Baking (1 Sq Yard)
● Layers of .125mm metal mesh
● 2 bowls (holding at least 500 milliliters of water)
● 4 in. x 4 ft. PVC Pipe
● Microscope or magnifying glass
● 6 x 4 in. PVC DWV Coupling
● Baby Legs Aquatic Trawl Kit
● 2 Liters Danbury Wastewater plant water (post-treatment)
● 2 L City water
● 2 L Still River water
● Pool Filter Sand
● Gravel
● .5 inch gap extended metal mesh
● 1 container of caulk glue

Design Procedure - Metal Mesh and Cheesecloth:
1. Cut one of the 4-inch(10.16cm) wide pipes o so you have 4 pieces of a 12.17cm(5-inch)
length
2. Put one standing vertically and keep the other to the side, the lter will go in between these
pieces and will be dropped from the higher one, through the lter using that other 12.17cm(5
inch) long pipe.
3. Cut 4 4-inch diameter circles out of the metal mesh using the pipes as a template.
4. Cut 6 4-inch diameter circles out of the Cheesecloth using the pipes as a template
5. Cut 2 4-inch diameter circles out of the extended metal mesh using the pipes as a template
6. Put 1 circle of the extended metal mesh in 1 PVC Coupling/Connector and another circle in
another.
7. Put a bead/ring of caulk around the inside curcumference of both PVC connectors.
8. Next put the 4 layers of smaller metal mesh in one of the connectors, and between each layer,
put on a bead/ring of caulk around the inner circumference of the PVC connector until all
four are secure.
9. Put the 6 layers of cheesecloth in the other connector, and between each layer, put on a
bead/ring of caulk around the inner circumference of the PVC connector until all six are
secure.
10. Put another bead/ring of caulk around the inner circumference of both PVC connectors on
top of the top lter layer and on the bottom of the notch the extended metal mesh sits on
11. Insert the cut, 12.7cm(5-inch) PVC pipes into the PVC connector and compress rmly
12. After waiting a few hours for the Caulk to dry, the lters will be complete. Caulk can be added
to seal any holes in the lter where leaks can occur

Design Procedure - Granular Filter:
1. Cut one of the 4-inch(10.16cm) wide pipes o so you have 3 pieces of a 12.17cm(5-inch)
length
2. Cut 4 4-inch diameter circles out of the metal mesh using the pipes as a template.
3. Cut 2 4-inch diameter circles out of the extended metal mesh using the pipes as a template
4. Put 1 circle of the extended metal mesh in 4 PVC Coupling/Connector
5. Put a bead/ring of caulk around the inside curcumference of the 4 PVC connectors.

6. Next put the 1 layer of smaller metal mesh in each of the connectors, and put on a bead/ring of
caulk around the inner circumference of the PVC connectors under the ne metal mesh so the
mesh is secure.
7. Add on another bead/ring of caulk around the inner circumference of 3 connectors
8. Insert a PVC pipe in each of the 3 connectors used in step 7 on the side caulk was applied to
9. Fill 1 PVC pipe with 2 cups of gravel, and another pool lter sand
10. Stack all of the connectors + pipes with the empty pipe in the middle by inserting the bottom
of connectors with the top of a PVC pipe
11. Add the last connector on top of the entire lter.
12. Add caulk to seal any more holes
13. Wait a couple hours for caulk to dry and the granular lter is complete.

Testing Procedure:
Here is the procedure below to test the lter prototypes:
1. Obtain sample waters from the tap, waste city water after it has been treated, and river water.
2. Gather prototypes and other materials
3. In one bowl put 1 liter of city tap water
4. Assemble Baby legs trawl kit as per their instructions: LINK
5. Pouring the water through the baby legs multiple times until al of them are caught. Discard the
water. The total amounts of microplastics in the di erent water samples are the DV, and this is
how we will measure them.
6. Count the number of microplastics on the baby legs using a magnifying glass or microscope
then record data based on how many were counted and which type of water it is and which
type of lter it ran through(un lterd is a row/column).
7. Repeat steps 5 and 6 for post-treatment wastewater and Still River water
8. Repeat steps 5 - 7 but run each water sample through the Metal mesh lter
9. Repeat Steps 5 - 7 but run each water sample through the Cheesecloth lter
10. Repeat Steps 5 - 7 but run each water sample through the Granular lter

Procedure Photos:

Counting Microplastics through magnifying
glass this time

Image of constructed Cheesecloth lter

Counting concentrations of microplastics in other samples

Image of constructed Metal Mesh Filter

Image of Students running a water sample through
Image of assembled BabyLegs used in process to test
A granular lter and passing it through BabyLegs for testing for microplastics

Diagrams:
Metal Mesh and Cheesecloth lter

Granular Filter Diagram:

Settling Tank Implementation Design:

Analytics
Data Table:

Graphs:

Photos of Microplastics caught by filters:

Inside view of Fine Metal Mesh lter after testing,
Microplastics are visible

Inside View of Cheesecloth lter after testing, More
Microplastics are visible

Analysis:
Each lter’s e ectiveness and e ciency was tested by ltering 3 samples of water through the lter. The
three samples consisted of water from the Still River, water after it came out of the local wastewater
plant, and Danbury city water from a home tap. The tap water had the least amount of microplastics
by far, with only 5 particles to start. both before and after the ltering. The second least polluted water
was the water from the Still River, which had 160 particles in the un ltered sample. The water with the
most plastics was the water from the wastewater plant, which had 179 before ltration. One trend that
was mostly constant through all these water samples and lters was that after being ltered, each water
sample had similar results to the un ltered sample; the city water had the least particles, the Still River
water had a little more, and the treated wastewater had the most. From the data, the most successful
lter was the granular lter, which was able to eliminate 86.42% compared to the 83.19% of the mesh
lter and the 61.40% of the cheesecloth lter. It was also observed that the granular lter took longer to
have all the water ltered through it. The Metal mesh on the other hand took the least time to lter the
water. This left the cheesecloth in between, but a bit on the slower side. The granular lter also had a
small leaking problem because the di erent layers were loosely connected in the prototype. This didn't,
however, seem to a ect its performance.

Conclusion:
The hypothesis generated at the beginning of the engineering and experimentation process was that
the Still River water would have the largest concentration of microplastics. However, this proved
inaccurate. Based on the analytics it was discovered that the treated wastewater had the largest
concentration of microplastics, with 20 more particles per 500 mL. This was likely due to the lots of
plastics and waste in the water before it entered the plant. The predictions for the lters are as follows:
It was predicted that the granular lter would remove at best 80% of the plastics, and the cheesecloth
and metal mesh lter would have a 70% e ciency rate. We also predicted that the granular lter would
take the longest to lter through and generate the most pressure in the system. These predictions were
generally close to correct, and in terms of e ciency, we found 86.42% of microplastics were eliminated
by the granular lter, and the metal mesh eliminated 83.19%. The cheesecloth lter only ltered
61.40%. Overall it seems as though the granular lter did the best because it had mesh and also lter
media like lter sand. The metal mesh has very small pore sizes and was also sturdy, causing its success.
The cheesecloth on the other hand was more di cult to seal to the pipe, as it stretched easily and was
never a snug t. When water and particles moved through it, it likely would have stretched, as the pore
size can be changed by moving the threads. The threads moving could have helped trapping them in a
tangled mess, but it didn’t. It also didn’t have the same e ect as the two other lters and ltered out
fewer microplastics than either the metal mesh or the granular lter. The granular lter and the metal
mesh lter were quite close in terms of e ciency, both reducing the microplastics by a similar amount.
The only signi cant di erence was the time it took water to go through the lters. The granular lter
took minutes to nish, while the metal mesh lter took only seconds. The granular lter also leaked a
little bit due to its complexity. It was also quite hard to manage and clean. This makes the metal mesh
lter the most e cient and useful one, as it works quickly and e ectively. An issue that ran into the
way while engineering the lters was how to keep the meshes in place and not have the meshes
dropdown. This was solved by adding sti extended mesh and using caulk as an adhesive. Measuring
how many particles were in the water was also di cult. In the end, Fabrics were used to scrape them o
and a portable magnifying glass to count them. They were about the same size, just visible if you look
at them up close.

Application/Community Benefit:
Investigating the problem the team chose helped the community become aware of microplastics in
water. When learning about the Veolia wastewater treatment plant as part of research, it was discovered

that the plant and many other plants didn’t have methods of ltration that were speci cally meant to
target or remove microplastics from water. By providing data on the particles and plastics that exist in
local water sources, the project will help make water plants aware of these plastics and the potential
issues they may cause. We can also provide possible solutions through the metal mesh media and data
that can be placed inside the existing pipes of water settling tanks. This will hopefully lead to further
research and renovation into microplastics and removing them from water. This will help human and
environmental health, by removing a source of toxins and chemicals in water.

Recommendations:
The experimental project served its purpose, but had multiple imperfections. The design of the
granular lter allowed for leakage from higher levels in the lter’s design, so for improvement there
should be a greater design to prevent leakage, but to preserve the modular segments. For the granular
lter’s design there was originally a module containing play sand, but it soaked the water up and the
water that was released was dirty. This could be improved by switching the play sand out with a
material with the same size of medium and that reacts to water di erently. The research and testing
could be extended by testing more than just three di erent lter designs as well.
These mistakes could potentially cause di erences in data. The results of the granular lter testing
could have o data because of the leakage of water. This could allow for microplastics to avoid being
ltered out by the lter mediums by leaking into the ltered water source potentially a ecting the data.
If the play sand module was left in the lter design the data of the microplastics for that lter will be
way o . We recommend for others to continue research on microplastics in their area, and generate
new designs and implementations to use. More data can be collected on microplastics, and data about
their size, color, and polymer chain can be researched. We highly encourage contacting local groups
that are part of the movement, and seeing what can be done to help.
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