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Abstract 

The devastating environmental impacts of the Gulf Oil Spill of 2010 on marine ecosystems, 

and further, the lack of effective modern technologies that were available to respond is an 

imperative for change. By combining the use of organic “safe” sorbent materials with an 

innovative application of magnetism, this experiment explored new clean-up solutions. In 

order to test the most effective organic sorbent, a vinyl boom was covered in straw, human 

hair and feathers. This was immersed and moved through a mixture of water and vegetable 

oil. The mass of oil collected by the sorbent materials was calculated, in comparison to a 

control of no sorbent. It was found that feathers were the most effective sorbent material. As 

an extension to the initial test of organic sorbents, naturally sourced magnetite was added to 

the water-oil mixture. Neodymium magnets placed inside the vinyl boom were applied to this 

mixture, creating a force of attraction. This determined that the addition of magnetite 

increased the mass of oil collected onto the boom, across all three sorbent materials. The 

mass of collected oil, when magnetite was used, increased most significantly with hair, 

indicating greater potential for its future use in cleaning oil spills with magnetite. These 

finding support the potential use of magnetite as an environmentally friendly, efficient and 

practical clean-up solution.  

 

  



 Science Research Project   

 

3 
 

Introduction: 

The Environmental Impacts of Oil Spills 

The effects of oil spills on the environment are 

devastating. It is estimated by the Australian 

Bureau of Statistics (ABS, 2010) that up to 3.2 

million tonnes of oil leak into oceans every year, 

both from offshore spills and land-based sources. 

Oil spills cause significant impacts on the aquatic 

ecosystem. As oil generally floats above the 

water due to a comparatively lower density, 

organisms that interact in the water and with air 

are most affected.  

Harms include coating the bodies of aquatic creatures, such as sea turtles, in a thick layer of 

oil, impeding their waterproofing and insulating abilities. Further, their movement is hindered, 

particularly the flight of birds. Internal exposure to the toxic oil, either directly or through 

contaminated food is inevitable for many aquatic creatures, causing a range of serious 

conditions that often result in death. (NWF, 2011) As in any environment, all members of the 

ecosystem are affected through the food chain. Long term consequences of oil spills on 

aquatic environments include the destruction of coral reefs, rapid decline in specific 

populations and the blockage of estuaries. (NOAA, 2012) 

This strongly affects human activity. Damage to marine industries affects the local economy 

and in some areas causes a strong decline in the revenue from tourism. Further, efforts to 

minimise the damage done by the oil spill are unsurprisingly expensive. (NWF, 2011) 

 

The Gulf Oil Spill (BP Oil Spill) 

In April 2010, the worst oil spill in U.S. history occurred on the Gulf of Mexico. An estimated 

3.19 million barrels of crude oil leaked into the ocean, (Smithsonian Ocean Portal, 2011) 

caused by the explosion of an oil well drilling platform (NOAA, 2012). 

 

 

 

 

Figure 1: A dead bird covered with oil 

lies near the Houston Ship Channel 

on Sunday. (HOUSTON 

CHRONICLE, 2010) 
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Figure 2: Matter of Trust’s hair 

booms made from donated hair and 

stuffed into hosiery 

(Matteroftrust.org, 2013) 

 

In all, an estimated 1,100 miles (1,770 km) of shoreline were polluted. (Encyclopaedia 

Britannica, 2014) To deal with this major environmental crisis, a number of methods were 

utilised, including the use of booms to absorb and contain oil. The Gulf Oil Spill is significant 

because it catalysed multiple environmental initiatives, 

and rapid innovation particularly allowing individuals in 

the community to contribute. One such innovation was 

by the ecological non-profit organisation Matter of 

Trust which collects donations of human hair, animal 

fur and feathers to produce booms that were sent out 

to spill depots to adsorb oil. (Matteroftrust.org, 2013)  

Despite these small-scale initiatives, the major 

government-approved methods used to clean up the 

oil were not innovative or effective, in fact “little has 

changed since the Valdez spill” (Cbsnews.com, 2010), which occurred in 1989. Some, such 

as Lisa Jackson, administrator of the Environmental Protection Agency argue that 

"Absolutely nothing you do to respond to an oil spill is without impacts of its own”. (BBC 

News, 2011) 

The main methods used for the Gulf Oil Spill were: 

 Booms: using buoyant organic or inorganic materials in flotation structures to 

simultaneously adsorb and contain oil, whilst repelling water. These are 

reasonably effective and affordable; however, they are difficult to collect after use. 

(Response.restoration.noaa.gov, 2012) 

 Chemical dispersants, which aim to mix and disperse oil, however they increase 

the toxicity of oil to humans and animals by over 5000%. They have been known 

to create mutations in fish and shrimp species. (Biologicaldiversity.org, 2011). 

 Burning the highly flammable oil under controlled conditions: This method releases 

toxic residue such as tar and soot, as well as burning plants and is highly 

dangerous. (Response.restoration.noaa.gov, 2012) 

 Skimming: use of material skimmed across the surface of the water, attached to a 

vessel. The efficiency of skimming is limited. (Biologicaldiversity.org, 2011) 

 

Hydrophobic Sorbent Booms  

One common type of boom is a sorbent boom, which adsorbs oil within porous layers. They 

are considered to be the most affordable and safe approach amongst existing clean-up 

methods (Aziz Al-Majed and Rasheed Adebayo, 2012). Furthermore, the inconvenience of 

collecting the booms, many of which are often not completely used, are a great drawback.  
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Currently, most sorbent booms are made of polypropylene, however while polypropylene is 

recyclable, it is an unsustainable plastic which has severe environmental impacts. 

In comparison, organic sorbents, such as straw, human hair and feathers have minimal 

environmental impacts, even if they are left in the natural environment. Further, there has 

been some, albeit limited, scientific research done on their effectiveness in adsorbing oil.  

Online sources have indicated the effectiveness of hair in “mopping up” garage spills. 

Further, hair has been used extensively in local oil clean-up efforts, especially in response to 

the Gulf Oil Spill. (Matter Of Trust, 2013; BBC News 2011; NASA, 1998) 

Home experiments executed by clean-up enthusiasts have also raised awareness of the 

uses of the agricultural waste products, straw and hay in cleaning up oil. Hay differs from 

straw only in the way it is used. Some more extensive studies have been performed with 

straw, published in the International Journal of Environmental Science and Technology, 

indicating straw as an effective sorbent material. (Davidson, Lee and Cogswell, 2008) 

The Regional Technical College at Tralee, County Kerry, Ireland, has suggested, ten years 

ago, that feathers have the ability to adsorb 14 times their weight in oil (Bloomberg, 1994), 

and are the most effective natural sorbent. This may be linked to and seen clearly through 

the effect oil spills have on birds, which are often pictured debilitated, coated in a viscous 

layer of oil. This piece of research combined with visible adsorbence of oil to feathers in 

birds is the basis to the hypothesis of this experiment.  

 

The use of magnetism in clean-up  

Magnetite (Fe3O4) is a highly common ferromagnetic iron oxide. It is the most strongly 

magnetic naturally-occurring substance, and is abundant in Australian beaches. It is strongly 

attracted to neodymium magnets, which are twenty times stronger than typical iron magnets. 

(Minerals, n.d.) 

Since the Gulf Oil Spill, scientists have committed to a safe, efficient and innovative method 

of cleaning up oil spills on a large scale, one of which involves the use of magnetism. Arden 

Warner, from Fermilab, “America’s premier particle physics laboratory” (Fermilab, 2015) has 

recently patented the use of magnetite in oil clean-up methods. The concept involves using 

magnetite particles added to oil, which form a “loose colloidal suspension that floats on 

water”. 

The use of magnetite is seen to have great potential due to the fact that it is a naturally 

sourced mineral that will have no environmental detriments.  
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Aims 

To determine: 

a) the organic sorbent that removes the greatest mass of oil from water.  

b) the effect of magnetite on the organic sorbents’ ability to remove of oil from water.  

 

Hypotheses 

a) Feathers will remove the greatest mass of oil from water in comparison to human      

 hair and straw.  

b) Magnetite will increase the mass of oil removed from water in all organic sorbents.  

 

Materials/Equipment 

Material Quantity/Size/Intervals Source 

Plastic sandwich bag 5 bags 

15cm x15cm size 

Home 

Iron horseshoe magnet 6cm x 5cm School 

Vinyl tube Length 1.0m, diameter 

25mm 

Bunnings Warehouse 

Magnetite  80g  Meadowbank Wharf 

Neodymium magnets (alloy 

of neodymium, iron, boron) 

5 magnets, 23mm x 10mm 

each 

Provided from school 

Recycled tank water 160L From recycled tank at home 

Coles brand vegetable oil  2L Coles  

Human hair 10g Hairdresser 

Straw 10g Riots craft store  

Real feathers  10g Riots craft store  

Head and Shoulders 

Shampoo 

20mL Woolworths 

Sorbent paper towel  2 rolls   Woolworths 
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Rubber bands  2 Officeworks 

Stocking  2 pairs  Woolworths  

Scissors  -  Home 

Hose and access to water 

source 

 -  Home 

Watchglass  -  Home 

Measuring cup  5mL intervals Home 

Electronic scales  Accuracy to 0.1g School 

Wooden chopstick Approx. 20cm Home  

Container  23.5 x 52.5 x 6.3cm Woolworths  

Facemask -  Home 

Sieve  -  Home 

Beaker 500mL School 

Metronome - School 

Permanent marker  -  Home 

Safety glasses  -  School 

Plastic magnetic separators  -  School 

Plastic tub  Approx. 30cm diameter Home 
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Independent variables 

 Type of organic sorbent material (straw, human hair, feathers, none) 

 Whether or not magnetite is added to the oil 

 

Dependent variable 

 Mass of oil retrieved from water-oil mixture  

 

Controlled variables

Method 1 (Without magnetite): 

 Mass of boom before addition of sorbent material 

 Size and mass of piece of stocking and rubber bands used to hold sorbent material in 

place 

 The mass of the organic sorbent used 

 Amount of water and oil initially poured in the container 

 The size of the container 

 The movement of the boom in retrieving oil, and time boom is immersed in mixture 

 Source of magnetite  

Method 2 (With magnetite) 

All the above with the addition of:  

 The mass of magnetite added to the oil-water mixture (4g) 

 The process of dispersion of magnetite in the mixture using a sieve  
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Method 

(A) Sourcing magnetite:  

1. An iron horseshoe magnet was enclosed in a plastic sandwich bag and run through 

natural beach sand with the magnetite being emptied into a container repeatedly, 

seen in Diagram 1.  

2. The magnetite was passed through with a regular laboratory magnet twice and 

emptied into a beaker to eliminate any non-magnetic sand particles, seen in Figures 

7, 8, and 9.  

3. The filtered magnetite was passed through a sieve to eliminate larger particles.  

(B) Preparation:  

1. Wearing a protective facemask, the 10g of hair was placed into a plastic tub in the 

sink and rinsed twice with shampoo.  

2. The hair was left to dry in the sun for two days.  

3. The vinyl tube was cut to the length of 46cm using sharp scissors.  

4. Five neodimium magnets were separated using plastic separators and pushed to the 

centre of the tube with a wooden rod, seen in Figure 2.  

5. The tube was plugged on either end with paper towel, which was covered in a 5 x 

5cm piece of plastic attached with 10cm of sticky tape, seen in diagram 2.  

6. The length of the 23.5  x 52.5 x 6.3cm container was marked using a permanent 

marker, into 15 equal sections of 3.5cm 

(C) Testing sorbent materials 

1. 4L of water was poured into the rectangular container using a hose and a measuring 

cup.   

2. A 7 cm length of stocking was cut using scissors and a ruler.  

3. One side of the stocking was attached to the vinyl tube to form a boom, around the 

five magnets using a rubber band.  

4. 1.0 g of straw was measured on electronic scales 

5. The straw was carefully placed into the stocking, making certain the sorbent material 

was evenly spread around the circumference of the vinyl boom.  

6. A second rubber band was secured around the other side of the stocking surrounding 

the tube, seen in Figure 3.  
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7. The entire boom was measured on the electronic scales and the measurement 

recorded. 

8. 100mL of vegetable oil was measured and carefully poured into the container holding 

water, seen in diagram 4.  

9. A metronome was turned on at 60bpm (one beat per second) 

10. The boom was manually rolled through the oil in 15 seconds, with the boom passing 

one 3.5cm marker every second. It was ensured that the boom was touching the 

surface of the liquid throughout the rolling process.  

11. The boom was held over the container to drip for 5 seconds 

12. The mass of the boom was measured on the electronic scales, and the measurement 

recorded.  

13. The electronic scale and boom was thoroughly cleaned of liquid using paper towel 

and wet wipes.   

14. The water and oil were poured out from the container and wiped using paper towel.  

15. Steps 1 to 13 and 15 were repeated four times.  

16. Steps 1 to 17 were repeated using 1.0g of human hair as the organic sorbent.  

17. Steps 1 to 17 were repeated using 1.0g of feathers as the organic sorbent.  

18. Steps 1 to 17 were repeated without the use of an organic sorbent, omitting steps 4 

and 5.  

(D) Using magnetite  

1. Steps 1 to 8 were repeated from the above method.  

2. 4.0g of magnetite was measured using a watchglass on the electronic balance.  

3. The magnetite was slowly tipped into a sieve over the container of water and tapped 

lightly while being evenly distributed around the container.  

4. Steps 9 to 13 were repeated from the above method.  

5. Each watch glass was weighed on an electronic scale and the measurement 

recorded.  

6. The remaining magnetite was collected using the iron magnet in a plastic sandwich 

bag, carefully rinsed with detergent, and emptied onto a watch glass to evaporate for 

2 days. 

7. The watch glasses were then weighed on the electronic scale again and their masses 

recorded.   

8. Steps 14 to 18 were repeated from the above method.  
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(E) Calculations: 

1. The initial masses of each of the watchglasses were subtracted from the gross 

masses of the watchglasses to find the masses of uncollected magnetite for each of 

the types of sorbents.  

2. The masses of uncollected magnetite were subtracted from the mass of magnetite 

initially used, 4.0g to find the mass of magnetite collected by the magnetic boom.  

3. The mass of the sorbent boom after immersion (AI) in the water-oil mixture was 

subtracted from the mass of the sorbent boom before immersion (BI) to find the mass 

of retrieved oil when unmagnetised. {BI – AI} 

4. The mass of the sorbent boom before immersion (BI) and the average mass of 

collected magnetite (1.9g) was subtracted from the mass of the sorbent boom after 

immersion (AI) to find the mass of retrieved oil when magnetised. {BI – AI – 1.9g} 

 

  

Figure 1: Mining for magnetite in sand at Meadowbank 

wharf 

Iron magnet inside a 

plastic sandwich bag 

Sydney sand; a 

mixture of various 

minerals, with a high 

proportion of quartz  
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Figure 2: Assembled boom without sorbent material  

Figure 3: Assembled boom with sorbent material straw 

Five neodimium 

magnet at the centre 

of the boom  

Sealed end of the tube  

46cm  

1g of straw encased 

inside 7cm length of 

stocking  

Rubber bands  

Figure 4: 100mL of vegetable oil poured onto 4L of oil  

Oil bubbles begin to 

merge immediately 

Oil floats on water 

due to a lower density  
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Screen, shows 

measurement of mass 

to the nearest 0.1g. 

Plastic surface wiped after 

every use using paper 

towel 

Figure 5: the electronic scale used 

to measure mass of boom and 

magnetite  

Tared to zero before 

every use 

Figure 6: the metronome used to regulate the 

pace of the movement of the boom 

Set to 60bpm, or one 

beat per second  
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Figure 7: An initial sample of a magnetite mixture 

collected from Meadowbank wharf before any 

separation procedure 

Non-magnetite 

grains of sand  

Non-sand materials  

Dark grey, metallic 

lustre magnetite 

sand grains   

High purity of 

magnetite    

Figure 8: Sample of magnetite that has undergone 

another two separation processes using an iron 

magnet 

Figure 9: The residue of the separation process; non-

magnetic sand grains as would be found on a regular 

beach 

Yellow-beige 

coloured sand 

mixture    
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Risk Assessment 

 

Step 1: Identify the 

Hazard 

Step 2: 

Strategies to 

minimise the 

hazard 

Step 3: 

Assessment 

of risk (see 

table 

below) 

Step 4: What if 

something goes 

wrong? 

Step 5: Packing up 

Strong Magnets  
may pinch 
skin/fingers 

Strong magnets 
are brittle and can 

shatter 

Strong magnet are 
not to be near a 
person with a 
pacemaker 

Wear safety 
glasses 

Wear gloves 

Do not to drop 
or slam 

magnets 
together 

2 + 1 = 3 
=Moderate 

 

Seek medical 
treatment if 
required. 

Store away from 
electronic devices 

Oil and water can 
cause spills that 
may cause slips, 

which can result in 
cuts and scrapes 
that may become 

infected. 

Keep 
containers and 
beakers away 
from the edge 

of surfaces. 

2 + 1 = 3 = 
MODERATE 

Attend to cuts 
and scratches 

by washing 
applying 

antiseptic.  

Take remaining 
diesel in an airtight 
container to local 

recycling centre for 
sale disposal. 

Glassware can be 
broken and cause 

cuts that may 
become infected. 

Keep 
glassware well 
away from the 

edge of 
benchtops and 
off the ground. 

1 + 2 = 3 = 
MODERATE 

Attend to cuts 
and scratches 

by washing 
applying 

antiseptic. 
Consult 
teacher. 

Pack away 
carefully, consult 

teacher to clean up 
broken pieces of 

glassware. 

Magnetite can 
cause abrasion on 
skin that can lead 

to bleeding and/or 
infection 

Handle 
magnetite 
carefully 

1+1 = LOW Wash skin with 
water and seek 
medical advice 

if necessary. 

Sweep up all 
particles and 
dispose of in 

garbage. 
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A 
What is the 

potential impact 
or consequence 
of the hazard? 

B 
What is the 

likely risk of the 
event 

happening? 

Add the 
numbers in 

columns A and 
B together 

 
 

How to score 
risk 

 
 

Action 

1 = MINOR 
First Aid 
required with 
little or no lost 
time 

1 = LOW 
It could happen 
but only rarely 

 1 – 2 = LOW 
RISK  

Proceed with 
caution 

2 = MODERATE 
Medical 
treatment 
required, some 
lost time 

2 = MODERATE 
It could 
occasionally 
happen 

 3 – 4 = 
MODERATE 

Regularly 
monitor the 
situation 

3 = SERIOUS 
Medical 
treatment 
required, 
extended lost 
time 

3 = HIGH 
It could 
frequently 
happen 

 5 – 6 = HIGH Reassess the 
need to perform 
practical/ 
consult with 
HOF 
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Results 

 Table 1: Comparing mass of boom before and after immersion in oil-water mixture and 

mass of retrieved oil using different organic sorbents without the addition of magnetite   

*outlier – excluded from calculation of average and standard deviation 

[Standard deviation was calculated on Microsoft Excel to 4 sig. fig., by finding the square root 
of the mean of the difference between the square of each score and the mean, in order to 
allow comparison of reliability. 
The standard error was also calculated on Excel to 4 sig. fig., by dividing the standard 
deviation by the square root of the number of scores. This was done in order to compare 
sampling fluctuation.] 
 

Sorbent 
type 

Trial no. Mass of boom 
before immersion 

(BI) (g) 

Mass of boom 
after immersion 

(AI) (g) 

Mass of 
retrieved oil (g) 

(AI-BI) 

 
 
 

None 

1 348.5 350.0 1.500 

2 347.1 350.5 3.400 

3 347.0 351.5 4.500 

4 348.2 350.3 2.100 

5 347.8 351.1 3.300 

Average 347.7 350.7 2.960 

Standard 
deviation 

0.6613 0.6102 1.171 

Standard error 0.2952 0.2727 0.5273 

 
 
 

Hair 

1 348.2 358.7 10.50 

2 347.0 357.1 10.10 

3 346.9 360.5 13.60 

4 348.3 356.1 7.800 

5 347.2 359.2 12.00 

Average 347.5 358.3 9.500 

Standard 
deviation 

0.6763 1.738 2.171 

Standard error 0.3021 0.7778  0.9712 

 
 
 

Straw 

1 347.5 353.2* 5.700* 

2 347.0 364.9 17.90 

3 347.1 364.3 17.20 

4 347.0 364.6 17.60 

5 347.3 363.5 16.20 

Average 347.2 364.3 17.22 

Standard 
deviation 

0.2167 0.6020 0.7410 

Standard error 0.09695 0.3010 0.3705 

 
 
 

Feathers 

1 347.3 370.8 23.50 

2 348.6 368.3 19.70 

3 348.0 364.6 16.60 

4 347.2 366.9 19.70 

5 347.4 365.2 17.80 

Average 347.7 367.2 19.46 

Standard 
deviation 

0.5916  2.501 2.616 

Standard error 0.2646 1.118 1.170 
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Table 2: Mass of magnetite retrieved by the magnetic boom from the oil-water mixture  

Trial Mass of 
watchglass (g) 

Mass of 
watchglass and 
dried magnetite 

(g) 

Mass of dried 
magnetite (g) 

 

Mass of magnetite 
collected by magnetic 

boom (g) 
(4g – Mass of dried 

magnetite) 
 

1 48.5 50.3 1.8 2.2 

2 42.2 44.2 2.0 2.0 

3 43.9 46.3 2.4 1.6 

4 49.4 51.7 2.3 1.7 

Average 46.0 48.1 2.1 1.9 
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Table 3: Comparing mass of boom before and after immersion and mass of retrieved oil 

using different organic sorbents WITH the addition of magnetite  

^1.9g is the average mass of magnetite retrieved by the magnetic boom (see Table 2) 

*outlier – excluded from calculation of average and standard deviation 

Sorbent 
type 

Trial no. Mass of 
boom before 
immersion 

(g) (BI) 

Mass of 
boom after 
immersion 

(g) 
(AI) 

Net weight of 
boom after 
immersion 

(g) 
(AI – 1.9g^) 

Mass of 
retrieved oil 

(g) 
(AI –BI –
1.9g^) 

None 1 346.8 357.8 355.7 8.900 

2 347.3 357.1 355.0 7.700 

3 347.1 356.8 354.7 7.600 

4 348.5 357.9 355.8 7.300 

5 346.0 349.3* 347.2* 1.200* 

Average 347.1 357.4 355.3 7.875 

Standard 
deviation 

0.9072 3.652 0.5354 0.7042 

Standard error 0.4057 1.633 0.2677 0.3521 

Hair 1 347.7 366.2 364.1 16.40 

2 347.5 366.8 364.7 17.20 

3 347.7 365.3 363.2 15.50 

4 347.0 366.4 364.3 17.30 

5 346.3 366.8 364.7 18.40 

Average 347.2 366.3 364.2 16.96 

Standard 
deviation 

0.5983 0.6164 0.6164 1.083 

Standard error 0.2676 0.2757 0.2757 0.4844 

Straw 1 347.1 365.0 362.9 15.80 

2 346.5 369.1 367.0 20.50 

3 346.3 369.1 367.0 20.70 

4 347.8 365.3 363.2 15.40 

5 347.3 366.4 364.3 17.00 

Average 347.0 367.0 364.9 17.88 

Standard 
deviation 

0.6083 2.004 2.004 2.553 

Standard error 0.2720 0.8964 0.8963 1.142 

Feathers 1 347.0 372.0 369.9 22.90 

2 346.7 369.9 367.8 21.10 

3 346.5 375.0 372.9 26.40 

4 347.1 369.2 367.1 20.00 

5 348.4 373.9 371.8 23.40 

Average 347.1 372.0 369.9 22.76 

Standard 
deviation 

0.7436 2.493 2.493 2.452 

 Standard error 0.3326 1.115 1.115 1.097 
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Table 4: Average mass of oil retrieved from different organic sorbents with and 

without the addition of magnetite  

Sorbent type Average mass of oil retrieved (g) 

 

Without magnetite With magnetite Difference between with and 
without addition of magnetite 

None 2.960 7.875 4.915 

Hair 9.500 16.96 7.460 

Straw 17.22 17.88 0.6600 

Feathers  19.46 22.76 3.300 
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Graph 1: The effect of the addition of magnetite on the average mass of 
vegetable oil retrieved from a water-oil mixture using 1 g of different 

organic sorbents 

Without magnetite
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Figure 10: Feathers as sorbent on boom prior to immersion  

Figure 11: Feathers as sorbent on boom after immersion without the 

use of magnetite   

Figure 12: Feathers as sorbent on boom after immersion with the use 

of magnetite   

Same rubber bands used in 

every trial 

1g of feathers  

Stocking length 7cm  

Barb of feather jutting out   

Feathers darkened in 

colour, resembles images 

of the feathers of seabirds 

affected in oil spills  

Magnetite particles gather 

around ends of magnets  

Otherwise strongly 

resembles Figure 11 
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Figure 13: Straw as sorbent on boom after immersion with the 

use of magnetite  

 1g of straw that has 

become matted  

Obvious magnetic 

attraction   

Oil and water form a sort of 

spiky magnetic fluid when put 

in contact with a magnetic field  

Figure 14: Hair as sorbent on boom after immersion with the 

use of magnetite  

1g of hair, the volume is visibly 

less than 1g of straw and 

feathers 

Magnetite mixed with water 



 Science Research Project   

 

23 
 

  

Diagram 15: 4g of magnetite sprinkled over the oil and water mixture 

Magnetite collected 

at the edges of oil 

bubbles  

Magnetite that 

lands on oil 

definitely floats, 

while a large 

proportion of 

magnetite that lands 

on water sinks 
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Discussion 

Without the aid of magnetite, the feathers demonstrated the greatest ability to remove oil 

from water, supporting the hypothesis. As shown in Table 1, 1.0 g of feathers collected, on 

average, 16.5g more oil than the control. The hair collected 6.54g more than the control, 

while the straw collected 14.26g more than the control. Therefore, feathers were the most 

effective in terms of the mass of oil collected, followed by straw, then human hair.  

The scientific reason behind the feather being the best adsorbent lies in the biological 

function of feathers. Feathers must be waterproof in order for birds to survive, particularly 

water birds, which is achieved as hooks on the barbules of the feathers interlock to form a 

weather-proof barrier. Feathers are naturally coated in a waxy or oily substance in order from 

which water runs off, to ensure the bird remains dry and insulated (Phys.org, 2011). 

Therefore, feathers adsorb (stick to) oil as they repel water, and as a consequence, it is 

detrimental when large quantities of toxic oil are in bird habitats. This is strongly supported 

by estimates that between 800 000 to 1.5 million birds were killed from the Gulf Oil Spill of 

2010. (Schrope, 2014). However, feathers have a very low density, and mass, therefore the 

surface area of 1g of feathers was significantly greater than 1g of hair or oil. This is likely to 

have had an impact on the amount of oil adsorbed. However, it was inevitable, as the 

experiment was designed to measure the effectiveness of sorbents in terms of how many 

times of its own mass it can adsorb.   

As seen in Table 3, when magnetite was added, a numerical increase was observed in the 

amount of oil removed from water with all sorbents, supporting the hypothesis. The feathers 

collected 3.3g more oil than without magnetite, the straw adsorbed 0.66g more, and hair 

adsorbed 7.46g more.  

However, the effect of the addition of magnetite was greater with the control, than the effect 

of magnetite on the three organic sorbents, with the exception of hair. As seen in Table 4 

and Graph 1, for the control the addition of magnetite increased the mass of retrieved oil by 

4.915g, 220% of the mass without magnetite. In comparison, magnetite increased the oil 

collection of feathers by just 3.3g, 36.5% less than the difference of the controls. With straw, 

magnetite increased the mass of oil retrieved by only 0.66g, 86.5% less than the difference 

of the controls. These two results are perhaps because the sorbent’s degree of adsorption 

failed to equal the decrease in magnetic attraction that the sorbent barrier caused. Perhaps 

the small scale of the experiment meant that there was not much more capacity for 

adsorption, which may partially account for the minimal changes in results. Further, the small 

diameter of specifically the straw and feather fibres may have caused the materials to 



 Science Research Project   

 

25 
 

become matted closely together, leaving few pores and crevices in which the magnetite 

could adhere to. Further, these results show that the piece of stocking used to hold the 

sorbents in the control tests acted as an effective sorbent itself, and was able to hold 7.875g 

of oil.  Perhaps next time, it would be beneficial to use a replacement that does not adsorb oil.  

The exception was with hair, for which magnetite was more effective than the control. A 

7.46g increase between the average mass of oil collected with and without magnetite with 

straw, was greater than the 4.915g of the control by 44.2%.  

When magnetite is added to oil, a loose colloidal suspension, that floats on water, is formed. 

Magnetite tends to clump together and bond with the oil, rather than with water. When a 

magnetic field is applied to the magnetised oil, a type of a magnetorheological fluid (i.e. 

ferrofluid) is formed. The nature of the colloidal suspension means that a strong magnet will 

pull the viscous oil with the magnetite towards the magnet, allowing for more efficient 

removal of oil from the water. (Armitage, 2014) Further, the high magnetic susceptibility of 

magnetite, paired with the neodimium magnet of approximate strength N42 means that the 

movement of the oil is instant. (Ndfeb-info.com, 2015) 

These results indicate that feathers are overall the most effective in removing oil from water, 

with a simple magnetite-free clean-up, however hair has the greatest potential for future use 

in oils spills when combined with magnetite. 

An experiment is reliable when the experiment is repeated and the results are consistent, 

within an acceptable margin of error (McGrouther, 2016). Overall, the standard deviations 

over 40 trials mostly ranged from 0.1g to 2.5g, calculated excluding outliers. Overall, this 

high correlation of results across a reasonable number of trials indicates a relatively reliable 

experiment. Outliers that occurred were perhaps a result of an error in the weighing 

procedure. The electronic scales may not have been correctly tared to zero when measured. 

Although care was taken to keep the scales in a sheltered spot, wind may have affected the 

reading, as exposure to wind decreases the measurement given on the scales. In order to 

remedy this situation in future, it would be highly beneficial to perform the experiment indoors 

to avoid variation in climactic conditions. Also, a greater number of repetitions would allow for 

reliability to be assessed to a greater extent.  

A further aspect that may have decreased the reliability of this experiment is the method of 

immersion of the sorbent boom. While significant efforts were made to regulate the pace and 

position of the boom as it moved across the container, it was difficult to manually control. In 

future, a mechanical method of rolling the boom, or a wheel to which either side of the boom 
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can be attached in order to regulate pace and pressure applied would improve the reliability 

of this experiment.  

An experiment is valid when the measurements measure what is intended to be measured. 

(McGrouther, 2016) This experiment is valid because it measured the mass of the collected 

oil, and compared it to the mass of the sorbent materials (1g), allowing for a comparison of 

the number of times its weight a sorbent material can remove. The mass of the collected oil 

was found in a valid way, by subtracting all masses other than the mass of oil.  

Furthermore, the use of a control in order to compare the just amount of oil each sorbent 

collected, rather than the added amount of oil the outer stocking layer collected allowed for a 

clear comparison of the effectiveness of the three different organic sorbent materials.  

Many variables were controlled in this experiment, contributing to its validity. These variables 

include the nature of the boom, the method of immersion of the boom, and the mass of 

sorbent materials used for each trial. 

In particular, five seconds were allowed for the boom to drip water before being weighed. 

This time was sufficient to eliminate the vast majority of water, especially because water was 

not absorbed by the vinyl boom, and only adsorbed to a minimal extent by the three 

materials, in comparison to oil. However, there is potentially a degree to which this may have 

affected the validity of this experiment, as a small quantity of water may have been a part of 

the measured mass of oil.  

Further, suitable equipment was used to measure the mass of the boom, specifically the 

electronic scale which measured up to the nearest 0.1g and a ruler with an accuracy of +-

1mm. The scale of the experiment was not too small so that there were no discernible results, 

but it was not so large that many variables were uncontrollable.  

Next time, in order to make this experiment more applicable to real life, it would be highly 

beneficial to measure the mass of 100mL of oil, and compare the mass of collected oil as a 

percentage, in order to show the efficiency as a rate.  

This experiment is highly relevant to the scientific and wider community due to its real-life 

application in the clean-up of oil spills, where there are currently few innovative, 

environmentally friendly options. An extension of this experiment, in order to make it more 

applicable and to work out if it is realistic would be to test the recollected, cleaned magnetite 

to see if it can be reused and achieve the same results. If the same results were achieved, 
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the potential of the uses of magnetite would certainly be enhanced, and it could be 

repeatedly reused used in real life, contributing positively to the environment.  

Further, this experiment could be extended by testing the effectiveness of using magnetite to 

reach sunken oil. In the 2010 Gulf Oil Spill, an estimated 38 million litres of oil sank to the 

ocean floor. (Chanton et al., 2015) This is problematic, as the effects are not easily 

observable and could cause devastating consequences on sensitive marine life. As 

demonstrated in this experiment, approximately half the magnetite sank (1.9g). This works 

well with the issue, and if it was found that a magnet placed underwater can collect large 

quantities of oil from the ocean floor, it would be highly beneficial to the marine ecosystem.  

This experiment has many applications across a broad spectrum. Oil spills are the obvious 

application, but even minor oil spills that may occur in a garage, or medium-sized spills in a 

factory may utilise a combination of modern, magnetic nanotechnology with traditional safe 

options to develop an innovative, effective, and most of all, environmentally friendly method 

of clean-up. Oil spills are almost an inevitability in an age that relies on fuels. It is therefore 

crucial to have the ability to effectively deal with them.  

 

Conclusion 

It was concluded that: 

(a)  feathers were the natural sorbent that removed the greatest mass of oil from water. 

(b) The use of magnetite increased the mass of removed oil in all organic sorbent types, 

with the most significant increase in hair.  
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