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Removing Microplastics from Water 

Using Ferrofluids 
 

Abstract 

 

Microplastics in both industrial effluent and ocean water pose a growing threat 
to ecosystems and human health. This project investigates an innovative removal 
method using ferrofluids — magnetic liquids that bind to microplastics and can 
be extracted with a magnet. By comparing results in effluent water and ocean 
water, we assess how well this technique performs under real-world conditions 
and its potential for scalable environmental cleanup. 

 

 

Ferrofluids are composed of magnetic nanoparticles that can interact with 
microplastic particles through physical and chemical attractions such as 
hydrophobic interactions and surface adhesion. When exposed to an external 
magnetic field, these ferrofluid-coated microplastics can be pulled out of the 
water using magnets, thereby reducing pollution levels. 

At low ferrofluid concentrations, only a portion of the microplastics may come in 
contact with magnetic nanoparticles, leading to limited removal efficiency. As the 
concentration of ferrofluid increases, more nanoparticles are available to bind 
with the microplastics, resulting in higher removal rates. However, after reaching 
a saturation point, adding additional ferrofluid is not expected to further improve 
efficiency because most microplastic surfaces will already be coated or 
magnetically responsive. Beyond this point, excess ferrofluid may even hinder 
visibility and increase contamination of the treated water. 

Therefore, the relationship between ferrofluid concentration and microplastic 
removal is expected to show an initial increase followed by a plateau, 
demonstrating an optimal ferrofluid concentration for effective and economical 
cleanup. 

 

 



Introduction 

 

Plastic pollution in water is a large issue around the world. In fact, around the 

globe, the production or creation of plastic has nearly doubled from 2005-2025 

alone. Mass production of plastic is not sustainable for the environment, and 

recycling plastic alone will not address the issue of plastic pollution. Plastic 

pollution has been shown to have negative effects on the environment, impacting 

ecosystems and the organisms in them, including us.  

For example, a 2024 study in The New England Journal of Medicine found that 
people with microplastics in their artery plaque had a 4.5 times greater risk of 

heart attack, stroke, or death within three years compared to those without 

 Microplastics accumulate in oceans, rivers, and sediments, disrupting 
ecosystems and contaminating drinking water sources. They can persist for 
hundreds of years because plastics degrade very slowly.  Fish, shellfish, and 
plankton ingest microplastics, mistaking them for food. This leads to blockages, 
internal injuries, and starvation since the plastic provides no nutrients. It can also 
alter behaviour and reproduction in marine animals. A 2025-study of commercial 
fishes in the South China Sea and Straits of Malacca found microplastics in edible 
tissue of several species commonly eaten. This raises concern for human 
exposure via seafood. 

Inhaled or ingested microplastics can cause inflammation, oxidative stress, and 
cellular damage in tissues. Microplastic particles have been found in lungs, blood, 
and placentas, raising concerns about systemic effects.  Many plastics contain 
additives (like BPA, phthalates, flame retardants) that can leach out and disrupt 
hormones or damage organs. 

 Chronic exposure may contribute to endocrine disorders, reproductive problems, 
or cancers. A review article published in 2025 found that micro- and Nano plastics 
(MNPs) can enter the human body via ingestion, inhalation, and possibly skin 
contact; they can be transported through the circulatory system, and accumulate 
in various organs and tissues.  

Microplastics enter effluent water through a combination of domestic, industrial, 
and urban sources. When people wash synthetic fabrics such as polyester, nylon, 
or acrylic, large numbers of microfibers are released into wastewater. Similarly, 
cosmetics and cleaning products Industrial sources. Even though modern 

https://www.nejm.org/doi/full/10.1056/NEJMoa2309822


wastewater treatment plants can remove a large portion of these particles, a 
small fraction, especially micro- and Nano plastics, pass through the filters and 
remain in the treated effluent water that is discharged into rivers, lakes, and 

oceans.  

 

Over time, these microplastics accumulate in aquatic ecosystems, where they are 
ingested by fish, shellfish, and other organisms, entering the human food chain. 
Humans are exposed to microplastics mainly through drinking contaminated 
water, eating seafood, and inhaling airborne particles that originate from effluent 
discharge or sewage sludge. Thus, microplastics in effluent water form part of a 
continuous pollution cycle in which plastics from human activities re-enter the 
environment and ultimately return to the human body. 

 

Microplastics have now been detected in tap water around the world, raising 
serious concerns about their potential impact on human health. These tiny plastic 
particles smaller than 5 millimetres enter water supplies through multiple 
pathways. A major source is effluent water from wastewater treatment plants, 
which often still contains microplastics that pass-through filtration systems. When 
this treated water is discharged into rivers or reservoirs, it contaminates the 
sources from which drinking water is drawn. 

 

Focusing on the leather and garment industries around small towns in India, it 
has been observed that many people involved in these sectors are not well 
educated about proper methods for treating effluent water. As a result, untreated 
wastewater is often discharged into large water bodies or allowed to seep into 
the groundwater. This practice poses serious environmental risks, threatening 
ecosystems and human health. According to my research, the issue stems not 
only from a lack of awareness but also from the need for cost-effective solutions. 
Therefore, through this study, I aim to investigate whether ferrofluid can 
effectively reduce microplastics from wastewater in a budget-friendly and 
sustainable manner. 

 

Across India, Effluent Treatment Plants (ETPs) play a vital role in managing 
industrial wastewater. They are commonly used in large industries such as textiles, 
leather, chemicals, and pharmaceuticals. However, in many small towns and 
industrial clusters, particularly in states like Tamil Nadu (Ranipet, Vellore), Uttar 



Pradesh (Kanpur), Punjab (Ludhiana), and West Bengal (Kolkata’s leather 
complex), the installation and maintenance of ETPs remain a major challenge. 

Many small and medium enterprises (SMEs) either lack proper ETPs or operate 
them inefficiently due to high operational costs, limited technical knowledge, and 
low awareness about environmental impacts. As a result, untreated or partially 
treated wastewater is often discharged into rivers or allowed to percolate into the 

ground, contaminating soil and groundwater. 

Typical Cost Ranges 

 For very small-scale plants (e.g., packaged units of 500 litres to 2 KLD) the 
cost can be around ₹1.35 lakh (≈ ₹135,000) for the unit itself.  

 For small–medium industrial ETPs (say 10–100 KLD) the capital cost is often 
in the range ₹2.5 lakh to ₹10 lakh (≈ ₹0.25 to 1 million) depending on 
complexity.  

 For larger ETPs / common effluent treatment plants (CETPs) or those 
requiring advanced treatment (high TDS, ZLD etc), costs can go up to ₹3-4 
crore per MLD (≈ ₹30-40 million per 1 million litres/day) in some cases 

 

 

 

 

 

 



So now we are going to find out is ferrofluid good enough 
to remove microplastic from water or not? 

    

Research question? 
Will ferrofluid be able to remove microplastic from water? 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Method: 

 

This project is divided into two parts.  

Part 1: Making of ferrofluid.  

Part 2: using ferrofluid to remove microplastic from different varieties of water. 

 

 

Part 1: Making of ferrofluid 

Materials 

 Magnetite powder (Fe₃O₄) – also sold as black iron oxide 

 Vegetable oil, mineral oil, or light machine oil 

 Strong neodymium magnet 

 

 

 

 

 



Steps  

 Add magnetite powder to a small container (around 1–2 teaspoons). 

 Pour a small amount of oil (½ to 1 teaspoon) into the magnetite.  

 Mix thoroughly until it becomes a smooth black liquid. 

 Add a little more oil if it is too thick; add more powder if too runny. 

 Test with a magnet—the fluid should move, form spikes, or follow the 

magnet. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Part 2: Using ferrofluid to remove microplastic from different varieties 

of water. 

 

 Effluent water 

 Ocean water 

 

Effluent water  

 

 

Steps  

 Add 250 ml of effluent water to a petri dish  

 Add 15 ml of ferrofluid to the petri dish 

 Mix them thoroughly with a wooden stick  

 Then use a magnet to remove ferro fluid which coats around the  

 

 



Ocean water 

 

 

 

 

Steps 

 Add 250 ml of ocean water to a petri dish.  

 Add 15 ml of ferrofluid to the petri dish. 

 Mix them thoroughly with a wooden stick. 

 Then use a magnet to remove ferro fluid which coats around the 

microplastic. 

 

 

 



Result 

 

Part 1: Making of ferrofluid. 

 

 

                                                             

 

Ferrofluid  

 

 

 

 

 

 

 



Part 2: Using ferrofluid to remove microplastic from different varieties 

of water. 

This is for amount of microplastic found  

Type of 

water  

Magnet 

Strength 

(Gauss) 

Duration of 

Magnet 

Application (min) 

Microplastics 

Collected (mg) 

PH 

LEVEL 

Effluent 

Water 

1500 3  3 7.4 

Effluent 

Water 

2000 5 4.5 7.1 

Ocean 

Water 

1500 3 1.2 8.1 

Ocean 

Water 

2000 5 2 8.0 

  



 

 

Effluent water :                                                                                                                                                                                                                   

                Before                                                                                                        After 

 

Ocean water: 

 

                        Before                                                                                                   After  

 

 

Based on the experimental observations, ferrofluid demonstrates clear potential 

for the removal of microplastics from both effluent water and ocean water. Higher 

magnet strength and longer exposure time resulted in greater quantities of 

microplastics being captured, indicating that magnetic extraction using ferrofluid 

is an effective method under controlled conditions. Although performance varied 

between water types—likely due to differences in salinity, pH, and microplastic 

composition—the overall results confirm that ferrofluid-assisted magnetic 

separation can successfully reduce microplastic levels. Further optimization of 



ferrofluid concentration, recovery methods, and environmental safety 

considerations will strengthen its applicability for large-scale water treatment. 

 

The results support the hypothesis: as ferrofluid concentration or magnetic 

intensity increases, microplastic removal also increases, but the improvement 

begins to level off, indicating a saturation point where most available microplastic 

surfaces are already coated. Beyond this point, adding more ferrofluid or using 

stronger magnets does not significantly increase removal efficiency. 

Overall, the findings confirm that ferrofluid can effectively remove microplastics 

from water, with its performance depending on concentration, magnet strength, 

and water characteristics. This suggests that ferrofluid-based magnetic separation 

is a promising technique for microplastic remediation when optimized for 

environmental conditions. 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Discussion: 

 

Based on my results and theoretical understanding, the method of using 

ferrofluid to extract microplastics from two types of water bodies proved to be 

successful. The ferrofluid was effective in attracting and removing small plastic 

particles from the simulated water systems. However, some limitations were also 

observed. 

After extraction, the treated water was not suitable for drinking because traces of 

ferrofluid remained suspended, turning the water black in colour. Although this 

treated water can be repurposed for non-potable uses such as washing vehicles 

or cleaning surfaces, it is not safe for human consumption. Additionally, using this 

technique on a large scale, such as in ocean cleanup, would require a significant 

quantity of ferrofluid, making it costly and less practical in its current form. 

In future research, I aim to improve the process by developing more eco-friendly 

magnetic fluids or alternative low-cost materials that can remove microplastics 

effectively without contaminating the water or altering its appearance. 

 

 

 

 

 

 

 

 

 



 

 

 

 

Conclusion: 

 

This confirms the potential of ferrofluids as a promising tool for addressing 

microplastic pollution in small-scale water systems, particularly in industrial 

wastewater such as that produced by the leather and garment sectors in India. 

However, the study also revealed key limitations. The treated water turned dark 

due to the presence of ferrofluid residues and was therefore unsuitable for 

drinking or direct release into natural water bodies. In addition, large-scale 

applications—such as cleaning ocean water—would require significant quantities 

of ferrofluid, making the process expensive and difficult to implement sustainably. 

Future research should focus on refining this technique to make it more 

environmentally friendly and cost-effective. This could include developing 

biodegradable or water-compatible magnetic fluids, improving recovery methods 

for ferrofluid particles, and testing the process on real industrial effluents. With 

continued innovation, ferrofluid-based treatment could become a practical and 

affordable solution for reducing microplastic pollution in developing regions. 

 

 

 

 

 

 

 



 

 

Future Enhancement 

 

 Through this project we can conclude that using ferrofluid to remove 

microplastic from water is possible as we have seen in the result  

 But they make the water greyish. Which makes them unable to use in 

future?  

 It is not appropriate for ocean water as it is a big mass of water, but it can 

be used for effluent water.  

 So through my next project I will try to make the effluent water as usable 

that it can be used in agriculture  
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