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Removal of Microplastics

Executive Summary

Ferrofluids are part of a new class of magneticemias. These consist of colloidal magnetic naniglas
dispersed and stabilized in a carrier liquid arat ffresent magnetic and fluid properties, whicthy they are
of great technological importance [1]. Currentlynang its applications [2] we can mention some sash
magnetic seals in motors, lubricants in magnetskg]iinstruments for optical memory and gyroscofsber
applications are in magnetic instruments such eaksys, magnetic inks for bank checks, magnetigeration
units, etc. Ferrofluids also have applications edmine as, for example, drug releasers, to réditood flow in
certain parts of the body, and act as an opaquerialafior diagnostic imaging using X-rays or nuclesagnetic
resonance. Ferrofluid stabilization is achieved dmating the magnetic particles with long-chain acidnt
molecules, such as oleic acid, polyvinylamine, dodble-layer surfactants [3]. The task of the sidat is to
produce the necessary entropic repulsion to ovezcdbm strong magnetic attraction. In this projeetpwopose
the use of a home-made ferrofluid that is morenfiig to the environment, for the removal of miciegics in a
water sample, since the oil tends to join with giastic because both present nonpolar covalent $aihe
substances do not polars tend to stick togethds iShwhy cooking oil (oleic acid) and plastic pelgs unite,
since both oil and microplastics are hydrocarboairgh and hydrocarbons are non-polar compounds. dtle a
nanoparticles of magnetite to this mixture, mix dndthis way, we obtain a more environmentally ridéy
ferrofluid since the iron particles also have natap bonds. Then, through the use of neodymium rtsgthe

iron + oil + microplastic particles are removed.
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1. Summary
Currently the existence of microplastics in differéodies of water is becoming a problem for thesgstem of
many species, including humans, for this reasoreveduated the efficiency of ferrofluid as a teclogyl for the

extraction of microplastics in water samples.

2. Introduction

According to the National Oceanic and Atmospheraministration (NOAA) which defines a microplastis a
one that is less than 5 mm long. Likewise, plasiiessubject to degrade into smaller pieces, dulket@ffect of
meteorological parameters, such as: precipitatiemperature, wind, humidity and solar radiation.isTh
represents a large range of sizes; from objectsatieaeasily visible to the naked eye to smalligiag or fibers
that can only be seen with a high-quality microgcfif]. Of these materials, Pet is used in watersaouh bottle
containers and the cap of this container is gelyergde of polyethylene or polypropylene. Theseypurs float
in both fresh and salt water, allowing them to éldeng distances from the initial source of contaation. The
presence of microplastics in the environment andun food chain is a matter of growing concern anyn
marine species eat these microplastics, mistakiamtfor food; then we consume these marine spacésve
also incorporate these microplastics into our b&diEhis has led many countries to increase testinghe
presence of microplastics in a variety of sampieduding bottled water, seawater and freshwagsading in
many countries to stricter legislation to limit thenount of plastics entering the ecosystem. Fourggrsform
infrared (FTIR) and Raman spectroscopies have lsed for a long time for the analysis of polymensl,a
therefore, it is natural that they are currently thost widely used techniques to identify microptas[3]. The
visible light spectroscopy method is also widelgdisalthough there are other ways that may be littled to
perform the same task efficiently, such as countipgrames performing an image analysis by micrpgdd];
for which it is necessary to have microscopesfihiétl the function of capturing the images to la¢er analyzed
by some imaging system. The most common methoermove microplastics is through 2 micron activated
carbon filters or using the reverse osmosis systemwill filter out the smallest microplastics kmo so far.
Both systems have a relatively affordable cost, dustently new methods and systems have emergethédor
removal of these microplastics, including the usame variants of ferrofluid, which is a colloidat is highly
polarizable in the presence of a magnetic fielde Térrofluid is made up of iron nanoparticles cedeby a
surfactant liquid that gives it liquid properties the presence of a magnetic field, the surfacethes
nanomaterial forms a very regular and pointed gated pattern, creating very diverse and dazzlivapss as

the magnetic field moves around it.

Fig. 1: food chain from microplastic to human dminemade ferrofluid
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4. Objetives
* Obtain a more environmentally friendly ferrofluidtivproperties similar to commercial products.
» Carry out practical verification of the effectivesseof the use of a homemade ferrofluid for theagtion
of microplastics in water samples.

» Evaluate which low-cost device will be used to aisze microplastics.

5. Materials and Methods
Next, the materials and methods that were useth®mvestigation and realization of this technatagproject

are presented. The first part refers to the areatwdy and data collection; follows the descriptminwhat
concerns the investigation of the technology inedi\to carry out the various processes for the etira of

microplastics and a last part that presents théodstused.

5.1 OBTAINING AND ANALYZING DATA

In all research work, the method used is very irtgodr since the reliability and quality of the ritswachieved
depend on its correct preparation and applicationour case, verify the efficiency of microplasparticle
extraction using a homemade ferrofluid for whicle thhe procedure was as follows: The initial proceks
research and data collection was through seardnesn different languages and in a traditionay wafter the
collection of information and subsequent selecbbrelevant data using group discussions, quesioas, data
exchange through social networks and in persoradaition, in some instances we have advice fromesom
researchers from the UBA (University of Buenos Ajr€iudad Universitaria headquarters) on specssties.

The project worked as follows:

* Subjective: because it has tried to capture aspéttse evaluation of the access to the technodbgesource
by the groups involved in the project in the staata and responses to closed and open questioasgsh
by the working groups on issues of design, constmcmaterials , instruments and machinery to use.

» Objective: because part of the construction has based on the review of online literature andexoadary
data obtained from commercial companies existinghan current market, and on existing information on

abundant but limited discontinued technology ferekecution in the project.

» I —— | ag

Fig. 2: debating information at different times amces

6. ARCHEOLOGY OF THE PLASTIC PROBLEM AND ORIGIN OF FERROFLUID

Looking for information about plastic pollution the oceans, we found that a few years ago thereavgasilar
situation with another material that was used eswely, which was lead, since in 1923 lead begabet@added
to fuel the amount of this element increased damggy until a lead regulation was introduced in @9%]. But

now it is the plastic that is beginning to be foundarge concentrations in the water and althatighlead could
5



not be removed, the plastic can be removed. Thygnarof plastic take us back to 1860 and since thieas been
very successful and we find it in all our dailyds; but the problem is that all these productssddrfrom plastic
end up as waste in the atmosphere and in variadis$of water. In the city of Buenos Aires, muclited plastic
waste ends up in the stormwater whose final citieuibe Rio de la Plata in the North or South Caast finally
in the Atlantic Ocean. The great concentrationplastic in recent decades have come to createahdslimade
up entirely of plastic waste; These plastics byoast of nature and the environment (solar radiatiemperature,
wind, etc.) are degrading into smaller pieces utiily become micro plastics or nanoplastics. Regagrthe
ferrofluid, there are many controversies with tla¢ed of creation, but the one that we consider mostrate is
1963, the date in which Stephen Papel patentetbiwsiscosity magnetic ferrofluid composed of kexns +

magnetite + oleic acid. The objective was to créagefor rockets in the absence of gravity.

Fig. 3: Map of islands formed from plastic in theeans, Stephen Papell inventor of ferrofluid

7. PROJECT DEVELOPMENT
The description, analysis and interpretation ofgheblem was used to evaluate the feasibility afgigerrofluid

for the removal of microplastics. We first evaluhtiie use of commercial type ferrofluid to buildygical

magnetic toy using it for the first tests. Ferrafliare liquids that become polarized when exptsedmagnetic
field and are made up of ferromagnetic particlegosnded in a carrier fluid.

We practically evaluated how commercial ferroflbehaves in a glass container under the effectea@dymium
magnets, for which we used a glass bottle of aupsfthat was given a previous treatment that ctasisf

filling it with hydrochloric acid and letting it B¢ 2 days; then the acid was extracted from itsrio, it was
rinsed well and it was placed in an oven at a teatpee of 250° degrees for an approximate time loddr, then
the oven was turned off, allowing the jars to coside and then cleaning them with a product thiatva the

removal of impurities from its interior, then inthacing a brine solution to finally place a few dsopf

commercial ferrofluid that we obtained from a daooratirom the company https://www.ferrotec.com/ desthe
previously treated glass container that then it wagered and sealed with silicone, obtaining thiéofiong

result.

;ﬁf{

FERRQFLLIDG

LHOMME
LACOSTE

Fig. 4: Commercial Ferrofluid Final Stage Perfunuiti®
The commercial ferrofluid is basically composed paftroleum, for this reason it could not be usedim

experiment, since it would excessively contamirthte water when introduced, for this reason we atelli a
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home-made ferrofluid through the oxidation of vamih and oleic acid. in this way it was more frigndith the

environment, and from which we obtained very gossiitts.

Fig. 5: Elements used in the first tests, resutbioled
7.1  Evaluation of the device that will visuae microplastics

With the objective of simplifying the visualizatiari microplastics, we carried out some optical exqrees to be
able to do it, obviously the first thing we usedswsome magnifying glasses that we had at our di$pos
depending on the sizes of microplastics they cbelddentified but by crushing them more it becantfigcdlt to

identify them like taking pictures.

Fig. 6: Using various magnifying glasses to segopi@astics

Another option was to use cell phones with diffén@@cro and divergent lenses, which were obtainaeh old
cameras, laser pointer optics, peepholes, glats ball DVD and CD optics, which were adapted tbpteones

by various methods. From printing Clips, elastiads hair clips, Eva rubber and wooden clothespins.

Fig.7: Unarmed Door Peephole, Unarmed Laser PGin@D Lens

The use of these lenses attached by different rdstta cell phone camera provide a good optioperiding
on the mega pixels of the CMOS that the cell phoaer a stable and well-defined image can be adhifeen
100x to 250x.

Fig. 8: fix the lens on the cell phone

Another excellent option was to use the Web camtrashich we inverted their m12 optics with whidkey

normally get about 400x to 600x, but to completeaasthetic and functional device for our needsoitilel take
us a lot of time, which we do not have.



Fig. 9: m12 optics, inverted lens webcam

As a final option, we decided to use USB microsspménich are basically not microscopes but rathestenic
magnifying glasses. With some modifications, weenanle to increase their magnification to aboutx4shich
already allowed us to comfortably visualize micespics and iron dust to later be able to obtaimé&s for

further evaluation.

Fig. 10: using another USB microscope

The original support that USB microscopes come vgtmefficient to take images of microplastic sdesp for
this reason we made a new USB microscope base ndeaigl printed it in PET-G material.

https://www.youtube.com/shorts/Eios8T1fr-Q

Fig. 11: 3D printed parts, assembly of parts, aséednmicroscope, students using it
7.2 Producing microplastics

To produce the microplastic particles we used ari@tedrill with a wick that roughed up the bottlasdatheir

caps, we also used various types of files to cawtythe same process, from a washing machine Vikeobtained

) e

\

Fig. 12: using drill and files to get microplastjgsstic fibers

The samples of fiber, PET and PP microplastics wkxeed in different labeled containers for latee.u

the plastic fibers.

7.3 Carrying out the tests with oil and iron pavder
We start by placing water next to the microplasticen we proceed to add the oleic acid (vegetablsevbich is
of low density then we add half a teaspoon of nartages of iron powder then we shake the contasoahat all
the particles come together, and by passing songmnets inside a test tube, a ball of oil + microptas+ iron

powder was formed which adheres to the glassubst finally we give two or three more passes efrtiagnet
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to remove traces of iron powder that may have reethand we pass the water to another containgnpiild be

noted that the magnetization method can leave amm percentage of oil but it is easily removabjedbher
methods.

d

Fig. 13: microplastics and oil, placing iron powded mixing, passing magnets, observing undercaostiope, partial result, final result

7.4 Verifying the extraction process
To verify how good the microplastic removal systenmwe photographed the samples through a USB stope
before and after using the ferrofluid removal systéhen we introduced these images into the Imagegram,
which allows us to convert the images into coloatbinary image, that is, in black or white bitsthis way we
were able to know the percentage of black and white in the image, which will allow us to know the
percentage of microplastics and water in the image.

Fig. 14: JPG color image, 8bit image, binarizedgma
After its transformation to a binary image we caomyt a manual count of the microplastic particleshe first

stages we use Paint and Photoshop then we usméged program carrying out a manual count andhfimis

this practice we verify by means of an automatiantpthe program also allows segmenting and plexts,t
numbers, scales etc.

Fie Edit Font

Slice. [Caunt [Tatal Are
microplasticos- 12bmp 101 12182 |

1

Fie Edil Founl Resuls

Area [vean [Min [Max | -
100 1 235 255 25 =
oo 235 255 25 [~
i il

Fig.15: Microplastic particle count
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8. RESULTS
To obtain the iron oxide particles we opted to bwirnlana in this way it is possible to oxidizeaitd we manage

to form iron oxide.

Fe + O, — Fel),

Chidacan del hiem

Fig.16: burning virulana to obtain iron oxide

We practically verified that the commercial fertofl is a somewhat viscous black substance thatsstadth
hands and different materials such as glass, fglmetal, etc., since it is made up of petroleuntsoderivatives.
The best way to clean the surfaces was using higinoc acid. Using powdered Vanish also gave gaslilts.
For this reason, the glass that will contain thec@rcial type ferrofluid must be previously treatecgrevent it

from staining when we introduce the commercialduid inside.

Fig. 17: Containers stained with commercial fetrafl

We wanted to use the commercial ferrofluid as adirthat traps the microplastics, but this canmothe case

since the commercial type ferrofluid, due to it®mriical composition, is very polluting and dirty asiicks to
any surface if it does not have a previous treatrsech as the one we do by heating the glass #émblé cool
down since if we take it out of the oven it candtwar crack due to a difference in temperaturetto reason it
cools down in the oven. Later we use Vanish torcks® glass containers. This step is essentiarwye the
impurities from the glass that have remained from firevious cleaning carried out. When using theidfg it

must be remembered that an exothermic processg&icertain care must be taken when handling it.

Fig.18: heating glass containers, cleaning withista

We managed to experiment with various types of ratgym@and recreate experiences with both natural an

artificial magnets. It was successfully possibleesperiment with the commercial ferrofluid, ensagrithat the
ferrofluid does not adhere to the walls of the gllasntainer, since all its impurities were elimethby means of
a previous treatment of the glass container, thamkhis we were able to build the classic gaméeaffluid.
The elaboration of an excellent homemade ferrofliith characteristics very similar to the commergiaduct

was achieved using basic products such as virutdeig, acid, distilled water, iron powder and salt.
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Fig. 19: Homemade ferrofluid, homemade ferrofluag, tcommercial ferrofluid toy

We also evaluated other carrier fluids such ashalcand different oleic acids using homemade féurdffor a

more in-depth evaluation of their performance witis carrier fluid.

39

Fig. 20: homemade ferrofluid in oleic acid and wathohol

The use of spectacle lenses, macro lenses, digepigmo-convex lenses and glass spheres among opdions

-

is feasible to be used as magnifying lenses fdrpteine cameras is not a new idea, optically, batsmall size
of the housing Combined with the very high magaificn that they provide when used in combinatiothvai

cell phone CMOS and inexpensive lenses makes ¢éwiga practical but not for the specific use thatrveed.

. 2 =
b ﬁ /
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Fig. 21:3D of a clip model we designed, clip placed, clipna, other system
To produce the microplastic particles, the best mdt efficient method to grind it into smaller ggs was the

use of a Dremel with a drill bit, thus achievingcekent results in bottle caps (PP), water bot{leET), the
Using the files manually took longer and did notegthe same particle size as using the drill biith \the

Dremel.

Oil tends to join plastics because they both hagesame type of nonpolar bond and nonpolar sulesaead to
join that is why oil and plastic particles join s&oil and plastic are hydrocarbon chains and thes@on-polar

chains, it is also the reason that water and ornatamix since water has polar bonds.

Fig. 23: oleic acid and bonded microplastics
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Iron also has nonpolar bonds so it also mixes wiitto form a colloidal suspension that does not mith water.

This magnetic or ferrofluid oil was first used by.Brden Warner to clean up oil spills [9].

To obtain the iron dust particles, we use as d bion the discards from the workshop of the naeots
section. We then generate our own iron powder loygua grinder which grinds down an iron bar. Wentlsdt

the filings to separate the finer particles, théasce them in a glass container with filtered wdtercclean the
filings. In this way it was easy to remove the didm the filings, it was enough to shake the glesstainer
while holding a neodymium magnet below. The diatystin the water and can be easily removed, weatepes

process 10 times.

‘ 1

Fig.24: obtaining iron particles, separating thelest particles, washing the particles

It is very important that the granulometry of then powder is as small as possible so that it do¢settle due

to its weight, we were able to achieve this thawokihie use of a ball mill.

Several tests were carried out using different tedgle oleic acids and various particle sizes af jppowder and
iron oxide. Observing practically that the corn amybean oils gave the best results, but not tive olil, the
finer the granulometry of the iron powder, the éeit would be adhered in suspension to the oleid since

otherwise it would settle by its weight at the batt of the container.

Fig. 25: different granulometries of iron powdeegedntation according to its granulometry, finenipmwder

For the magnetic removal of the ferrofluid, whav@aus the best result was the use of 10x5 mm ax8mi

neodymium magnets, which were placed inside giestsiibes since they lost magnetic power in plashes.

N

= . Yy e -
' B - \ l'h" e _-'__' - .
Fig. 26:Plastic tubes and glass test tube, stirring faridfimagnetic power of neodymium magnets

For a more efficient extraction of the ferrofluttie different magnets that we had were rotatednaade several

= St

passes over the sample, we also observed thatdbuge several magnets we increase the final ntiagmawver.
We successfully achieved the observation of differgeizes of microplastics through various technigsg

magnifying glasses, modified cell phones, modifieebcams, leaving us with the option of a low-coSBU
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microscope, which if we have to say that theseasvare not microscopes, they are rather electroagnifiers

and do not reach the magnification they claim teeh&ut after the modifications made they servedpouposes.

Fig. 27: USB microscope, some samples obtained
We also made observations of the generated irohahdsiron oxide as well as its size and microptasand
their fibers:

Fig. 28: iron powder various granulometries

The proposed verification method of the microptastimoval process was based on the particle cduntages
obtained by means of a USB microscope. Which imrst $tage were transformed using an online soetwar
(https://convertio.co/es/jpg-rgb/) which transfodrtéem into RGB images in this way the three redeg and
blue channels are separated, and it selects thgeiméh the desired nuclei, and a binary imagehtioed
(pixels have two possible values, 0 or 255); theabi image is modified to improve the separatiothefnuclei
and finally the count based on size and circulans performed using basic software tools suchaést Rnd
Photoshop; We then used ImageJ image processitgasef which greatly improved and speeded up the
counting of microplastic particles. We performedanual count using the Cell Counter (Plugins Celli@er
menu) and we also used automatic counting prionéme preparation.
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Fig. 29: Manual counting and automatic countingnggellets as samples
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At the beginning and at the end of the tests wk fomes of what was observed after reconstructiegmages

for counting with ImageJ these are some of theltesu

Ji. 1 =
Fig. 30: images before and after the microplagtimaval process with ferrofluid and using differer#thods

The results and percentages obtained through thgadnsoftware were transferred to a spreadsheetpisd for

Excel, we rounded the decimals for final analysid preparation of the graphs with an approximategmeof

+2% in which we evaluated multiple samples.

1,00%
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0,80%
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0,60%
0,50%
0,40%
0,30%
0,20%
0,10%

WFIBRAS
B PET
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0,00% L8 LS~
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muestra muestra muestra muestra muegstra muestra

Fig. 31: graph with the data
9. DISCUSSION

The formula of the ferrofluid is patented althouggme components are not fully known and% but tlaeee
many recipes that can be used such as the one pl¢ ggnerating iron oxide by burning virulana plie

addition of oleic acid or using iron powder thedathe finer the better result it will give.

Fig. 32: homemade ferrofluid and neodymium mags@tieme of the magnetic forces acting
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The magnets we used were obtained from PC harddaud other equipment that we managed to dismamtle
addition we acquired commercial magnets, we wokkéttle with some basic electromagnets using an gore
as a nail to which we gave a few turns of coppeewand then connected it to a cell or battery,vireitdid not

obtain a strong magnetic field so we rule out #8.u

.i

Fig. 33:some used magnets

We practically experience that commercial ferraflig very polluting, for that reason we work on greparation
of a more environmentally friendly homemade feuif] and we practically verified that the smallee tiron
particles, the better the ferrofluid will work.

Fig. 34:virulana grating and sifting process

To keep all the particles together, oleic acid wssd as a surfactant, thus achieving a paste Wétacteristics
very similar to commercial ferrofluid but more eronmentally friendly
https://www.youtube.com/watch?v=8 HMEQj7| c

Fig. 35: homemade ferrofluid

En general al momento de analizar muestras, urstigeelor debe realizar mediciones sobre el mismonddo

de ponderar la muestra y agregar objetividad a ahservaciones. Para ello existe una amplia gama d
herramientas de software, tanto comerciales conmdigo abierto; pero para trabajar en una imagamtitica

se requiere un programa cientifico, por eso nosdioeos por utilizar ImageJ el cual es un progranea d
procesamiento de imagenes disefiado para imagemsicas, ademas es gratuito.

File Edit Image Prccess Analyze Pluging Window Help

W 0|0/ <z Al ool d] o g]e |2 | | |=]

Magnifying glass (or "+" and "-" keys; alt or long click for menu) ||

=
L

Fig. 36: imageJ software
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Before carrying out the digital analysis of the gea it is necessary to calibrate imageJ with ar.rities also
essential to have photographs of a ruler that basegeference in bars or in grids of known distarinemicrons
or cm and that is also captured with the same mampe, and has the same optical resolution ashittegraphs,
size, width, and height. from image. It must bestainto account that when closing the imageJ progit the

calibrations are lost, so when starting to usallithe calibrations must be re-inserted.

Fig. 37: Using caliper as a ruler, image with birilscale

Nowadays pollution due to plastics is a global esvinental problem. This situation has led many gavents
to create environmental policies that aim to marthgeproper use of waste or recycling of said pasBut as
we practically demonstrate, recycling is not a sotusince 100% of plastics are not recycled, tueecthey will
affect the environment, nature will try to elimiaat but it will only achieve in its process thadegrades into
smaller pieces until it reaches to convert thero imdnoplastics, which are currently already presesteawater,
fresh water, sediments, soils and air. The presehogcroplastics in these media makes their inoccapon into
the animal food chain very likely, which impliesfe@asible human exposure to microplastics. Howetrex,
current understanding of its effects can still basidered poor, due to the lack of further sciensfudies on the
subject of plastic ingestion. Detection of micragies at these times is usually carried out byaligxamination
by light microscopy. With this project it was algossible to practically demonstrate that other segshisticated
methods can be used to detect certain sizes obpiéstics. The methods that we use to carry ostghnject
may not be conclusive since more validation of tésts should be carried out and more instrumerdsidibe
used according to the method, such as a spectplettr or a more suitable optical device. It wdugdnice to
try using stronger magnets and combining this neetvith a carbon filter, but for our demo purposes w
considered them to be valid. We practically vedftaat ferrofluid is an excellent method for thdragtion of
certain types of microplastics. Despite being dblextract microplastics from water samples, wesater that
plastic itself is a major environmental problem csinscientists still do not know what to do with gho
microplastics extracted by any existing system dte dAll this made us reconsider a bit what is itiawklly
styled to reduce the consumption of microplastiles; normal thing would be to say let's apply the'Sthat is:
reduce, recycle, reuse; but we think that this ephof the 3 Rs must be updated, for example: Redyeject
single-use plastic and any plastic that is not ededReuse (choose products made to last longtramhsof
products with determined obsolescence, try to tiseldast amount of plastic elements possible) aeduée
(obviously that would be ideal but a world withqulastic we do not believe that it can happen inghert or
medium term). We would add to this reflect thatapdve live in a society that does not value usextiypcts

enough, we would have to change that, we haveciasfon services instead of replacements and wedsrribat
10



another R would be needed, which would be to redeshat is, on a larger scale we have to changéhaiking
from a linear take-use-dispose model to one thataee circular in nature in which we think of ardesf life for
a product. Likewise, thinking of a world withoutaglic is somewhat unrealistic, but perhaps managirigwer

consumption or gradually using bioplastic may lmeaae feasible short-term solution.

10. CONCLUSIONS
v" It was successfully managed to manipulate the cawiaiderrofluid, and put together a small toy ugin

this substance.

v' We successfully managed to make a homemade fadoflith characteristics very similar to the
commercial product, but with the advantage of benmoge environmentally friendly.

v Neodymium magnets are the best option to work wihrofluid, although suction cup type
electromagnets could also be used, which were ardiop this project.

v’ Several feasible low-cost systems for the visutiimeof microplastics were evaluated and, dependimg
the scientific rigor of the research that is tocheried out, all of them could be used.

v We managed to improve a USB microscope in ternits dbcus, we also improved its base through a new
own design that we printed in 3D.

v’ For each type of plastic evaluated, the amount icfaplastic removed was greater than 91% in plastic
fibers, followed by PET with 87% and polypropylengh 80%, practically proving the effectiveness of
the use of ferrofluids for the removal of certarpeés of microplastics.

v’ 1t is easily possible to scale with this methodrefoval but more tests would have to be carried out
which were not carried out in this project, to detme the optimal amount of ferrofluid to use pguare
meter and if its use in the sea as in other badig=asible. calmer waters or no waves.

v Although there are currently many tools or systsimslar to the one presented in this project thiata
the removal of microplastics, there is no techngltg date that makes a safe elimination of 100% of
these microplastic wastes since they could entek ttabodies of water. For this reason, we belithad
the best thing would be to change our mentalityaiwls plastic, since recycling as we experience is
practically not a viable solution to this probled.possible solution could perhaps be to incorporate
bioplastic into our daily lives.
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