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“Drop by drop-that is how oil enters the oceans”(1).  Although this small amount oil may not seem like much, these inconsequential drops lead to a significant amount of pollution in both salt and fresh bodies of water. Through the research of these oil spills, and designing several small-scale clean-up methods, the properties of oil spills are analyzed. 

Oil can enter water, especially oceans, in several ways. Surprisingly, less than 10% of oils enter the water by ship, shore facilities, and other similar accidents.  So what accounts for the other 90%?  In actuality, 33-50% of oil spills are naturally occurring (2); seeps, which account for this great percentage, are seafloor springs where oil (usually petroleum), emerges from the ground to the surface. Other sources of oil come from extraction during oil drilling, where oil runs into the reservoirs. The oil may also originate from oil tankers, where oil leaks from a running ship. Oil can also enter the ocean through the consumption from automobiles and machinery. For example, when cars discharge oil, it eventually runs into waterways. Regardless of how oil enters the water, it will spread and eventually affect animals, plants, and shorelines.

There are various types of oil that pollute water; each can be identified by certain chemical and physical properties. Moreover, each behaves differently in water based on distinct characteristics. In decreasing order of the amount found spilled,  there is fuel oil, hydraulic/lubricating, crude oil, gasoline/jet fuel, and other types (2). The most harmful types of oil are aromatics, which are hydrocarbons with low boiling points; they are highly volatile, flammable, and toxic. These oils have the potential to break through and infiltrate the cell membranes of both plants and animals. Moreover, lighter oil has the potential for sub-tidal impacts, which is denoted as “dissolution, mixing and sorption to suspended sediments” (3). 

Another considerable difference between oils is density. Less dense oils, such as gasoline, light crude, and jet fuel, can disperse throughout the water more quickly. On the other hand, oils with a higher viscosity, such as fuel oil and heavy crude, slowly spread, weather, and hardly evaporate. If certain oils are heavy enough, they may partially sink. Yet, they still have the potential to smother and suffocate organisms (3).  Overall, the spreading of a type of oil is dependent on the compounds that form it as well as its distinct density. 

The distribution of oil is also affected by meteorological processes; currents, winds, and waves impact the direction and severity of an oil spill. The oil slick tends to move with the direction of the wind, and the oil will spread over a larger area as it disintegrates into distinct fragments.  Moreover, the stronger the current, the further the oil spreads(1). One may conclude that oil will spread over a large area of water in a moving body of water, such as the ocean, rather than a lake where the water is more still. Directly after a spill, emulsification occurs. The stir created by waves mixes the oil with the water; thick water in oil emulsion is formed, commonly known as “chocolate mouse” (2). Although this sounds anything but hazardous, this foam can be lethal towards organisms.

  The probability of an oil breaking down depends on its specific properties. Whether it disintegrates in water mainly depends on its polarity. Since “like dissolves like”, oil that is polar will dissolve in water, a polar solvent. Moreover, if the intermolecular forces in the oil are strong enough the oil will be easier to break down. Within hours, the slick will lose water soluble hydrocarbons, which disperse throughout the water (3).  

Oil also breaks down by other means. For example, volatile chemicals evaporate into the atmosphere after they turn into the gaseous phase.  Moreover, other chemicals split up by photochemical reactions. They occur quickly because they are “catalyzed by sunlight”, which lowers the activation energy and accelerates the reaction (3). In addition, bacteria and the processes involved in weathering also help oil split into fragments more quickly. When the oil breaks down into hydrocarbon fractions, it now has different properties from its original composition (4); these changes in composition stop occurring when the reactions reach thermodynamic equilibrium (property of a system where it has attained a uniform temperature with its surrounding). Eventually, carbon dioxide and water form; this process is known as “self purification” (5). Although this progression naturally cleans an oil spill, an extraneous amount of spilt oil will make this process difficult. Moreover, it is exceedingly difficult for more viscous oils so self-purify. Overall, the different physical and chemical properties as well as the environment of oils influence the outcome of an oil spill.

Shorelines, where the water is shallow, are the main location in a marine environment where oil builds up. The probability of oil accumulating at this location depends on the physical condition of the beach and the density of the oil. Lightly sloping and jagged shorelines accumulate more oil than evenly sloped and smooth shorelines with a small tidal range. Moreover, viscous oils, which are heavier, are more likely to build-up on shorelines than lighter oils. Nevertheless, rocky shores have the ability to “self-clean” due to the treacherous waves which can break down and disperse the oil. When the oil is broken down, it is less likely to harm marine animals. Yet, oil that does not break down may aggregate (mass into a dense cluster), at coastlines. Aggregation comes about when spilt oil, such as crude, undergoes dissolution, emulsification, and chemical degradation. The oil eventually amasses on shorelines when it is washed onto the beach by currents. The oil then collects in the form of thick dark lumps which appears as a heavy tar-like material (2).

Plants found near these polluted shorelines are, therefore, put in harms way. The oil clogs their roots inhibiting them from receiving the nutrients necessary for survival. Similar consequences occur if the oil contaminates sediments. Lighter oils penetrate the surface of soil, putting plants and ground water at risk. Oil spills can also affect undeveloped seeds, when the plant is harmed by oil. When over-wintering seeds are affected by oil, germination for the following spring is reduced. This diminution of flower production can actually put an end to a population of plants; consumers that feed off these plants are subsequently, also in danger (2). 

 The organism that is most prone to the danger of an oil slick is the sea bird. Not only can ingested oil be fatal, but if the fur becomes matted with oil the bird loses body heat; the sea bird would eventually die from hypothermia (abnormally low body temperature). They may even die from intoxication of hydrocarbons (4).  Moreover, since most of these birds feed on the open water, they may starve because the oil slick acts like a barrier between them and their prey. Yet, the fish underneath this sticky surface are also in danger. As mentioned previously, oil can penetrate through cells of an organism, such as the gills of a fish. This can alter its blood regulation, respiratory system, and nervous system, eventually poisoning and killing the fish. 

 Besides animals that live upon and under the open waters, animals that have their habitat on shorelines are also at high risk. Just as sea birds, marine animals, such as sea otters, die from hypothermia or dehydration when their fur becomes matted with the oil. The inability for these organisms to regulate their body heat is the leading cause of the deaths by oil spills. Harbor seals also have a high death toll because they become disoriented in an oil spill and have brain lesions (4). During the Exxon Valdez Oil Spills, an estimated amount of 302 harbor seals and 250,000 sea bird deaths were counted (4). As noted, oil spills can eventually affect populations of many different species of animals as well as their habitats. Ultimately, oil spills have the potential to change the physiology as well as the ecology of vulnerable animals and plants. 

So what measures have been taken to clean up these fatal spills? In one article, the clean-up method known as “mopping” is discussed (7). An engineer from the United Arab Emirates University invented a method that was able to recover a large percent of spilt oil.  In this clean-up technique, a ship passes over spilt oil eventually collecting it. In the ship is a tank filled with water, and at the bottom are tiny holes that allow oil to come through. Just as an oil slick floats above water because it is less dense, so does the oil in the tank. The oil displaces the water in the tank, and then can empty the tank on land when only oil is in the tank. Although more than 99% of oil was able to be removed in a small-scale test, there are still several variables that must be overcome when this method is used during an actual oil spill.  

More common methods to clean-up oil spills generally include the use of booms, skimmers, sorbents, chemical dispersants, and burning. Booms, which are floating barriers, are laid around an oil spill to prevent it from spreading, and allow the oil to be collected. Booms are usually used right after an oil spill before the area of oil is too large to be contained. They may also be used to divert oil to a certain oil to be collected, or protect sensitive biological areas.  

Skimmers, similar to the mopping method, are boats that collect oil by gliding (or skimming) over the surface of a slick; this method is usually used for crude-oil spills. They recover oil by separating a liquid floating on another liquid. Skimmers do not change the chemical or physical properties of the oil (3). 

Sorbents are sponge-like materials that absorb/adsorb the oil, but not the water. The material tends to be hydrophobic blocking out the water, but it still has the ability to absorb the oil. These pads are usually used to clean-up smaller spills where the slick is thin and where a skimmer cannot reach. Sorbents collect the oil either through absorption (a process in which one substance soaks up another), or adsorption ( a process in which a solid substance attracts to its surface molecules a solution with which it is in contact). Also, sorbents are either made of organic materials such as peat moss, or synthetic materials such as polypropylene. 

Chemical dispersants and biological agents can also be used to break down the oil into fragments. Dispersants work best for oils with a low density. Yet, for environmental protection of water supplies they cannot be used in freshwater. Alternatively, bioremediation involves oil eating microbes that break down the oil into fatty acids. These can then be broken down into simpler compounds such a carbon dioxide, carbon, and even water (6). People can increase the number of microbes by adding nutrients such as phosphorus, nitrogen and other elements to the water.   

Burning the oil is also another option. However, it must be done cautiously directly after oil is spilled so the fire can be controlled. Also the oil must be collected with a boom so its slick is thick and manageable. Although this removes the oil, it causes air pollution through the smoke released. 

Special methods are also used to clean-up shorelines. For example, power-wash hoses and vacuums are used to clean polluted beaches. Moreover, since the oil tends to be very thick, it can actually be shoveled. The oil can also be removed by using special types of vacuums. Generally, different clean-up methods are used to clean different types of oils at certain times, and at certain locations.

Although most oil spills progress for up to two weeks, it can actually take up to two years to clean. Natural clean-up, as those spoken of previously, as well as human efforts usually aid and attempt to clean an oil spill. Although this may seem like a long time, actual recovery can take from two to ten years. Recovery after an oil spill is usually referred to as the point where a species returns to “a state that would have existed if the spill had not occurred” (3).  Unfortunately, for many plants and animals, the length of time until recovery is too long. 

Through several small scale-experiments we were able to test the effectiveness of different clean-up methods, with certain oils, and water. The three types of oil used were crude oil, motor oil, and marine lubricating oil, with densities .70 g/mL, .77 g/mL, and .80g/mL respectively. The four clean-up methods involved detergent, filtration, absorbent pads, and a vacuum. The clean-up methods were tested with each of the oils in both fresh water (tap water) and salt water (from Manasquan Beach with density 1.20 g/mL). As the results show, the physical and chemical properties of each oil influenced which clean-up method was most affective. 

Before these methods were carried out, we used a pipette to place a single drop of oil in a water-filled tray. By doing this, we were able to observe how far the oil drop would spread as well as the height. The lubricating oil was found to spread the furthest (thinnest height), followed by the crude oil, and then the motor oil spreading smallest distance. Ultimately, this procedure shows the rate at which oil spreads and reflects the degree of viscosity. 

For the first clean-up method, Dawn detergent was used. The oil that was cleaned the best was the lubricating oil. We deduced that the intermolecular forces in this oil are weaker than those of water; also, lubricating oil presumably has weaker intermolecular forces than those in crude oil or motor oil. The detergent was able to break down the oil and disperse it throughout the water. The hydrophilic heads of the molecules in detergents react with the water and the hydrophobic tails of the surfactant reacts with the oil; this creates an in water emulsion. We also noted that a greater volume of lubricating oil was removed from the fresh water (96.2 %) rather than the salt water (86.6%). On the other hand the majority of the crude oil did not break down when the detergent was added to fresh water (28% removed), but did break down in the salt water (90.6% removed). Similar results occurred with the motor oil. We concluded that the chemical properties of the crude and motor oil are more similar than in relation with the lubricating oil. Moreover, cleaning by detergent is affective for lubricating oil in both types of oil, but only affective for motor/crude oil in salt water. It is assumed that when the oil breaks down bacterial consumption and photochemical reactions, as discussed above, will help to remove the oil in actual bodies of water.

The next cleaning method was Absorbance. We were able to obtain a sorbent pad from an environmental engineering group mainly composed of polypropylene; this pad only absorbs oil and not water, making the cloth-like material hydrophobic. The method was found to work the quickest, and thus, best for immediately cleaning small oil spills. The stronger the adhesion forces, the more oil will be absorbed. This method worked best for the motor oil, removing 94% of the oil. We concluded that the materials that compose the pad attract the compounds of the motor oil the greatest. In general, this method worked better in salt water for each of the oils; therefore, it should be affective in cleaning marine oil spills.

The third clean-up method involved filtration. In the fresh water, the crude oil was completely filtered out, and about none of the oil was left in the water. We concluded that oil with larger molecules worked best because they would get trapped in the pores of the filter paper. Generally, just about all the oil was removed using the filter paper with the sea water. Although this worked affectively, it would be more difficult to use a filtration mechanism during an actual oil spill. Large amounts of oil would probably clog a filter and trap water, making it a less practical clean-up method.

The fourth clean-up method was a vacuum apparatus. This method worked most affectively with the crude oil, removing 86% of the oil in freshwater. However this method was still able to remove 76% of the motor oil, and 66% of the lubricating oil. In salt water, the vacuum was able to remove over 94% of each oil. We concluded that this method would work best in salt water. Moreover, since it was even able to remove the densest oil, it would also work on shorelines; since oil collects at these locations in thick clumps, the vacuum would be an appropriate device. 

Overall, the vacuum method worked the best at removing the oil from both fresh and salt water. Moreover, it was the least time consuming, making it the most efficient. Although the majority of our results complied with the general research we made, there were several sources of error during the experiments. The main deviation may have come from transferring the oil between the glassware. The viscosity of the oils caused them to stick to the walls of the beakers, graduated cylinders, or separatory funnels. However, this inaccuracy occurred with each oil which makes it relatively consistent.  

Through the research of oil spills, and the application of several clean-up methods, we were able to see oil spills from a new perspective. In a single drop of oil there can be thousands of chemicals (1). Each chemical affects the behavior of the oil in the water, as well as its affect on animals, plants, and shorelines. Moreover, it influences the type of clean-up method that would be most affective. Yet, people must put the effort in to help clean toxic waters; communities must come together to keep organisms safe and beaches clean. Sticky oil spills may linger around for years, but public awareness and effort can help shorten the clean-up and recovery time. 
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