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Abstract

For years, oil spills have remained the leading pollutant in marine ecosystems. These spills can kill millions of organisms as the oil continues to spread throughout the water. One of the most recognized oil spills was the Exxon Valdez which released over 100 Olympic sized swimming pools worth of oil into the ocean. Over two billion dollars and four years were spent trying to clean all the oil. Our experimental setup studied four different sorbent materials which tested the absorption effectiveness of three different kinds of oils in both ocean water and fresh water. These sorbents were synthetic sponges, organic sponges, down feathers, and mulch. These were tested by absorbing gasoline, diesel fuel, and 10W-40 motor oil. Each of these experiments were tested in a controlled environment (graduated cylinder) contai observed the amount of b ning 400 mL of either fresh or ocean water, and 50 mL of oil. We then oth oil and water absorbed by the sorbents. 

Background

Today’s modern world is dependant on oil as a primary source for its energy.  The boom is used to control the spread of oil and its impact on the surrounding environment and to make the recovery of oil easier. Booms come in many different variations depending on the area they are meant to be utilized in, as well as other variables. Fence booms have a high freeboard and a flat flotation device (Understanding Oil Spills 9). This type of boom is best used in calmer waters, and is less effective in rougher waters because it is prone to twist because of the wind and ocean wave action. Round, “curtain,” booms are made with a more round flotation device and have a long continuous skirt, which gives them better performance in rougher waters (Understanding Oil Spills 9). Round booms however, are more troublesome to clean and store compared to fence booms. There are also non-rigid inflatable booms that are easy to clean and store, as well as perform well in rougher waters. The problem with these types of booms is that they are expensive, are easily punctured, and hence harder to operate.  


Another mechanical device that is commonly utilized in the collection of oil is a skimmer. They can be used and operated from the shore or by support vessels on the water. Some are also self-propelled. Skimmers come in three basic variations: weir, oleophilic, and suction (Understanding Oil Spills 10). Each of these has their own advantage in different situations and conditions. Weir skimmers use an enclosed space, and the basic principle is that water that rises above the wall of the Weir skimmer will deposit some oil and a minimal amount of water in a tank, which can later be pumped out of the skimmer (Understanding Oil Spills 11). Oleophilic (literally meaning “oil loving”) skimmers are made up of a base surface such as a disk, mop, or belt which contains oleophilic materials that will attract the oil from the water to the surface. Later on, these structures can be taken out of the water, and the oil can be extracted. The final type of skimmer, a suction skimmer, works just like its name (Understanding Oil Spills 11).


Other methods such as dispersing agents can be used in the cleanup of oil at the area of occurrence. Dispersing agents work by breaking down the molecules of oil and to clear up the surface of water affected by an oil spill, so as to make sure as little oil as possible will make it to the shoreline. Dispersing agents are usually put into the water and disperse throughout the water column according to the way tides and wave action move the dispersing agent particles (Understanding Oil Spills 13). The effectiveness of dispersing agents varies with the type of oil that is trying to be broken up (Understanding Oil Spills 13). Light and medium weight oils disperse and break up much easier than heavy weight oils. There are other variables that affect the effectiveness of dispersing agents such as temperature, salinity, and water conditions (Understanding Oil Spills 13).


In-situ burning of oil is a way to get rid of oil on either land or water, and involves a controlled burn of spilt oil. There are many factors that must be taken into account when deciding whether to use an in-situ burn. These factors include: water temperature, wind direction and speed, wave amplitude, the thickness of the oil slick, the type of oil, and the amount of oil, as well as the state of the oil (amount of weathering and emulsification of target oil that have occurred) (Understanding Oil Spills 14). When in-situ burning is decided to be used, there is only a short time when it may be implemented (Understanding Oil Spills 14). Although along with in-situ burning there are its many risks (Understanding Oil Spills 15). Along with this, in-situ burning causes large amounts of smoke to be released into the atmosphere, which is potentially hazardous to both human and animal populations alike. The burning of oil produces polycyclic aromatic hydrocarbon compounds, other volatile organic compounds, carbon dioxide, as well as carbon monoxide into the air. Sometimes an accelerant, such as gasoline, is also required, which could add to the detrimental health effects of in-situ burning (Understanding Oil Spills 15). There is an overall lack of data however on the health effects of in-situ burning which discourages its use until more about it is understood. In-situ burning however can be a valuable tool in areas that are remote, as well as in areas that are covered in snow or ice (Understanding Oil Spills 15). Burning provides a solid alternative when other methods fail and oil must be disposed of in a timely fashion.


One of the emerging ways to treat oil spills is by the use of microorganisms that break down the oil. This can be accomplished by bioremediation, in such forms as adding fertilizers to beaches of areas that were exposed to the oil to support the growth of native microorganisms that can breakdown oil (Gordon). The effectiveness of this method of bioremediation of oil is dependant on the chemistry of the soil and other characteristics of the soil, as well as outside growth and metabolic factors, and if fertilizer or other substances that aid in microbial growth are used (Gordon). There are methods to increase the biodegradation of oil through a process known as “landfarming” (Sublette 3). In this process hydrocarbon oils are dispersed to increase the are of contact between soil and oil, “addition of a bulking agent (organic matter) to create a permeable soil structure that allows good penetration of air and moisture; irrigation (or natural rainfall) to provide the necessary soil moisture conditions for microbial activity; and the addition of sources of nitrogen and phosphorous sufficient to support the initial high rates of hydrocarbon degradation that typically occur” (Sublette 3).


The environmental effects of an oil spill can be devastating. It affects many different forms of life from fauna and flora, to native microorganisms. The Exxon-Valdez case is a perfect example of the environmental effects of an oil spill. During the spill into the Prince William Sound (PWS) an acute mortality pattern followed a similar path as that of other oil spills (Peterson 2). Marine mammals and seabird were highest at risk, because they come into constant direct contact with the contaminated water, and hence have a high rate of exposure. Exposure of oil to feathers or fur leads to the loss of ability to hold in heat which is a factor in the mortality rate of organisms. Exposure to oil can also lead to death through hypothermia, smothering, drowning, and the ingestion of hydrocarbons (Peterson 2). It is estimated that 250,000 birds died and 1000 to 2800 sea otters as a result of the oil spill. The death of macroalgae and benthic organisms on the shore died due to oil toxicity, smothering, and displacement due to the high-pressure water cleaning of their habitats (Peterson 2).

During the Exxon-Valdez incident, native birds were one of the hardest hit by the resulting oil spill. It was estimated that 60% to 80% of breeding adults were killed due to oil (Wiens 2). Many bird colonies experienced late breeding the initial year of the oil spill. This is thought to be because the role of more experienced breeding adults was taken over by birds that were younger, and less experienced. This is hypothesized to be the reason that courtship and breeding in general occurred late for the first time (Wiens 2). This reorganization of the bird colony hierarchy could also cause higher predation rates on the young of these birds. Although, much of this information is inferred, and not actually observed, it serves as a scale for what the scientific community believes the ramifications of the Exxon-Valdez oil spill are. 

Introduction To Experiment


As the U.S. becomes increasingly dependent on the transportation of oil as a main energy source; the oceans continue to become increasingly polluted. Every year more than 3 million metric tons of oil contaminate the sea. As the risk of over-contamination in the world’s oceans increases, so does the need for more advanced methods of oil spill clean up. Regardless of the location, an oil spill can have devastating effects on the surrounding ecosystems. If we can come up with an effective way of cleaning these various spills in the oceans, then we would be able to save millions of marine organisms in the process.

Purpose


As we participate in this lab we will be experimenting with various methods and materials which can possibly be used in the future to help clean up oil spills. While we are working we shall be looking to see which materials absorb more oil under the specific conditions under which they are set. Absorption rates may be evident with a decrease in both the volume of both oil and fresh or salt water. We will be testing with three different types of oil, four absorbing materials, and fresh and salt water.

Hypothesis


While gathering information on our absorbing materials, and our different types of oils, we made a hypothesis as to which material will absorb the oil more readily. Our team believed that the organic sponge would absorb the most oil and the least water, because although it is extremely porous, its pores are small enough to lock in the oil.

Materials

· Goggles

· Latex gloves

· Lab aprons

· 1 liter graduated cylinder (glass)

· 2 500 mL beakers (glass)

· 2 5 gallon buckets

· Waste bins

· Ocean water (5 gallons)

· Fresh water (tap) (5 gallons)

· Gasoline (unleaded)

· Diesel # 1

· 10W-40 motor oil

· Organic sea sponge (6 g)

· Synthetic sponge (nylon) (18 g)

· Down Feathers (60 g)

· Mulch (300 g)

· Landscaping paper

· Greased Lightning© degreaser

· Meter stick

· Fishing line

· Ziploc bag

· Plastic bag

· Cleaning sponge

Procedures


First we collected all of our materials, and took safety measures to keep the experiment safe. All of our absorbing materials were divided into 6 equal portions, and our three types of oils were poured and measured for use. The down feathers and mulch were wrapped in landscaping paper. After collecting all of our graduated cylinders and beakers, they were thoroughly cleaned. 


Our first set of tests was with the three types of oil and four cleaning methods in the fresh water. First, a 1000 mL graduated cylinder was filled with 400 mL of fresh water and 50 mL of gasoline (the gasoline is first measured in a smaller cylinder). Next we attached fishing line to one sample of each of our four cleaning materials. Starting with the organic sponge, each sample was dipped into the graduated cylinder and dunked below the water line using a meter stick. Next the graduated cylinder was covered and shaken to represent turbulence or current. After letting the material sit in the cylinder for exactly one minute, it was removed. Then the water remaining in the cylinder was measured along with the oil remaining. To get the amount of oil and water absorbed, you must subtract your results from your original 400 mL of water and 50 mL of oil.


This exact same procedure was repeated for the Diesel #1 and the 10W-40 motor oil. Between each test all of the beakers and graduated cylinders were thoroughly cleaned with degreaser. The waste from each test was dumped into designated waste bins. These waste bins were later disposed of safely by the school. None of the oil or other materials were spilled on the ground or dumped down the drain. Also, after each test the test material placed in waste bins and put into waste storage, and nothing was reused.


For salt water we followed the same procedures as with the fresh water. We held the ocean water in a 5 gallon bucket, which was sealed before beginning the experiment. The water was removed from the bucket using a clean 500 mL beaker. After pouring 400 mL into the 1000mL graduated cylinder, the excess was poured back into the 5 gallon bucket. 


After finishing the lab, all of the beakers and graduated cylinders were cleaned with greased lighting. Next we used soap to break down the oil. Finally they were acid washed to completely remove any lingering oil.

Discussion


While performing the experiment, all of the data was taken down in tables. We compared the absorption rates of the organic sponge, the synthetic sponge, the down feathers, and the mulch in both fresh and ocean water. We also compared how each of these absorbing materials worked on each of the three types of oil: gasoline, 10W-40 motor oil, and the Diesel #1. 


For our experiment, we used different amounts of each absorbing material. Because of the difference in mass, we had to perform conversion factors for each of the materials to find how much oil was absorbed per gram. Although all four materials were different masses, they were all at similar volumes. The following discussion will be based on our data after the data was converted to ml absorbed per gram.


For absorbing gasoline, all four materials performed extremely well, except for the mulch, which only absorbed an average of about half a ml per gram. Organic sponge was not only the most absorbent material, but also absorbed the least amount of water compared to the amount of oil absorbed. It absorbed 25 ml per gram. The synthetic sponge performed similarly to the organic sponge (16 ml per gram), but absorbed much more water, and a bit less oil. The down feathers were third in absorbing gasoline in both fresh and salt water (4.8 ml per gram). 


The results for diesel were exactly the same for gasoline in every material except for the mulch, in which the gasoline was absorbed slightly more than the diesel (.46 ml per gram). Once again the organic sponge absorbed the most for both fresh and salt water (19 ml per gram), followed by the synthetic sponge (16.6 ml per gram), and then the down feathers which were 4.9 ml per gram.


The 10W-40 was the hardest to absorb out of the three oils. This is probably because of its viscosity. The 10W-40 is probably the closest in texture to crude oil, which is the oil most commonly spilled by oil tankers. The organic sponge performed the best with 35 ml per gram in salt water and 16 ml per gram in fresh. The synthetic sponge was second with 15.3 ml per gram in both fresh and salt water. The down feathers were third with an average of 4.5 ml per gram in both fresh and salt water. Once again, the mulch performed extremely poorly with an absorption rate of less than 1 ml per gram.

Conclusion


The best material that we tested in the absorption of oil was the organic sponge. It performed extremely well for all three oil types in both fresh and salt water. The synthetic sponge was second overall, followed by down feathers. Last was the mulch which performed extremely poorly under every circumstance.


The sponges performed the best because they were both extremely porous. Both types were able to retain the oil and expel the excess water extremely well. I believe that the organic sponge performed so well because the material was not only porous, but it grew when wet. The synthetic sponge was probably less absorbent than the organic sponge because it was stiffer and expanded less. The types of sponges are also the most practical material to use. They would be easy to produce, and since they are buoyant, they would be easy to retrieve.


Although the feathers were also absorbent, they were not nearly as effective as the sponges. This is because they worked on the basis of tiny fibers trapping the oil, while the sponges actually absorbed the oil and trapped it in tiny porous chambers within the sponge. Feathers are also less practical than sponges. The only practical way to obtain feathers would be in the manufacturing of poultry. Feathers would also be harder to clean up, and would probably cause more harm than good.


Mulch performed terribly overall, and would be extremely difficult to transport to the site of an oil spill. Also, the mulch sank and would be extremely difficult to recover. Instead of cleaning the oil it would simple drag the floating oil to the sea bed, causing even more contamination. 

Appendix

	Fresh Water
	
	
	
	
	
	
	

	
	
	Before
	
	After
	
	
	

	
	
	Water
	Oil
	Water
	Oil
	
	mL/g Absorped

	
	
	
	
	
	
	
	

	Organic Sponge
	Gasoline
	400
	50
	340
	25
	
	25.0

	
	10W-40
	400
	50
	373
	34
	
	16.0

	
	Diesel #1
	400
	50
	389
	31
	
	19.0

	
	
	
	
	
	
	
	

	Synthetic Sponge
	Gasoline
	400
	50
	373
	0
	
	16.7

	
	10W-40
	400
	50
	351
	4
	
	15.3

	
	Diesel #1
	400
	50
	356
	0
	
	16.7

	
	
	
	
	
	
	
	

	Down Feathers
	Gasoline
	400
	50
	363
	2
	
	4.8

	
	10W-40
	400
	50
	331
	1
	
	4.9

	
	Diesel #1
	400
	50
	350
	1
	
	4.9

	
	
	
	
	
	
	
	

	Mulch
	Gasoline
	400
	50
	350
	20
	
	0.6

	
	10W-41
	400
	50
	326
	35
	
	0.3

	
	Diesel #1
	400
	50
	337
	27
	
	0.4


	Salt Water
	
	
	
	
	
	
	

	
	
	Before
	
	After
	
	
	

	
	
	Water
	Oil
	Water
	Oil
	
	mL/g Absorped

	
	
	
	
	
	
	
	

	Organic Sponge
	Gasoline
	400 ml
	50 ml
	391 ml
	22
	
	28.0

	
	10W-40
	400 ml
	50 ml
	384 ml
	15
	
	35.0

	
	Diesel #1
	400 ml
	50 ml
	387 ml
	17
	
	33.0

	
	
	
	
	
	
	
	

	Synthetic Sponge
	Gasoline
	400 ml
	50 ml
	381 ml
	0
	
	16.7

	
	10W-40
	400 ml
	50 ml
	335 ml
	4
	
	15.3

	
	Diesel #1
	400 ml
	50 ml
	363 ml
	0
	
	16.7

	
	
	
	
	
	
	
	

	Down Feathers
	Gasoline
	400 ml
	50 ml
	361 ml
	2
	
	4.8

	
	10W-40
	400 ml
	50 ml
	312 ml
	7
	
	4.3

	
	Diesel #1
	400 ml
	50 ml
	330 ml
	1
	
	4.9

	
	
	
	
	
	
	
	

	Mulch
	Gasoline
	400 ml
	50 ml
	342 ml
	24
	
	0.5

	
	10W-41
	400 ml
	50 ml
	340 ml
	22
	
	0.5

	
	Diesel #1
	400 ml
	50 ml
	354 ml
	6
	
	0.8
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[image: image2.emf]Oil Remaining After Synthetic Sponge Absorption
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[image: image3.emf]Oil Remaining After Down Feather Absorption
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[image: image4.emf]Oil remaining After Mulch Absorption
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