Shannon Adams
Mrs. Mahar
STEM Capstone
January 4, 2015
Microplastic Pollution
[image: image1.jpg]Wh1e,
'(‘

=
My
AL S




My capstone project is on microplastic pollution in the oceans and the essential questions I am going to try and answer are; what are the effects that microplastics and microbeads have on the marine environment. I also have little questions I will address like what are microplastics, how do they get in the ocean, how they affect the marine environment, chemical and physical breakdown of the plastics, how the plastics affect the food chain, how much plastic is in the ocean, and short term and long term things we can do to help solve this problem. For this project, I used many different references to gain knowledge about my topic. 

What are micro plastics?  A microplastic is pretty much self-explanatory. They are small plastic particles that can range from 1-5mm(Ponto 1). Macro plastics are another kind of group where the plastics are larger than 5mm(Ponto 1). They have recently become a huge problem in the marine environments. There are also two types of microplastics which are primary and secondary plastics. Primary micro plastics are manufactured at a size of 5mm and are used in a lot of cleaning products, cosmetics, like exfoliating face washes, and clothing. Primary plastics are introduced directly into the environment at its microbead size, like a spill or they are thrown into the ocean directly for example. Secondary plastics are come from the breakdown of larger plastics, or macroplastics, that were already in the ocean.  Their can breakdown process can be caused by UV light, tidal turbulence, and chemical processes (Ponto 2). The process of these breakdowns can take up to 400 years (Plastics in our Ocean Oct 2014) to complete so the plastics are building up because the process takes so long. 
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How do they get in the environment? There are four main ways that micro plastics get into the ocean. The first way is the deterioration of larger pieces of plastic that were already in the ocean to begin with. This would be in the secondary class of micro plastics. The second way is the direct release of micro plastics from waterways that get washed down the drain.  This would be a primary microplastic. For example, when we wash our faces with face wash or soap that contain exfoliating beads (micro plastics), those beads get washed down the drain and are released into the waterways that eventually lead to the ocean. Another example is from our cleaning products, like detergent. That also gets washed down the drain that will eventually lead to the ocean too. The third way is the loss of plastic material from industrial businesses that are located near a waterway. Recently, a corporation in China that was located near a waterway, had a spillage of micro plastics that were accidentally released in the ocean. This caused a lot of stress for the business owners that had the responsibility of cleaning up the spill in the water so it would not get more polluted. It was a big spill so it was very time consuming too (NPR 2014). The fourth and final way they get into the ocean is the discharge from sewage or waste in the ocean. This mostly happens when sewage and waste get dumped in the ocean from big ships that are on the ocean for a long time. They don’t have anywhere else to put the waste, so they think it is a good idea to dump it in the ocean. This recently became an illegal act. 
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What products contain microplastics? A lot of products contain micro plastics, but an even larger amount of products contain plastic that can turn into micro plastics. Think about it. We are exposed to plastic everyday! It is literally all around us and is in an infinite amount of products. It was a revolutionary invention that has become a huge problem, even though it is very useful. Some products that contain the primary microplastic though are almost all face washes, toothpaste, cleaning products, clothes, soap, plastic pellets used in manufacturing, and any product that has the words “polyethylene” or “polypropylene” on the label. Those are fancy words for plastic. A single face wash container can contain over 300,000 microbeads! (EcoWatch 2014). 
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How much plastic is in the ocean? This is a very hard question to answer because no one really knows. All the numbers that people say for the amount are estimations. This is what I found. There are 13,000 pieces of plastic per square kilometer floating on the oceans surface. (Marine Litter 2014). About 315 billion pounds of plastic is in the ocean right now and the number is growing. (NPR 2014). Annually, we produce 280 million tons of plastic! (ET&C Perspectives 2013). A group of scientists did a study on micro plastics in the Great Lakes and this is what they found. They found that in Lake Erie there were 17,000 micro plastics per square kilometer. In Lake Ontario they found 1.1 million micro plastics per square kilometer!(Corley, Cheryl NPR 2014) Holy cow. As you can see, there is a lot of plastics not only in the ocean, but in other large bodies of water too. However, the amount of plastic we are estimated to see, is not the amount we are seeing. In fact, 99% of the micro plastics we are supposed to see is missing. (Science/AAAS 2014). This is because marine life is consuming the plastics. Which brings me to my next question. 
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How do the microplastics affect the food chain? This is kind of simple. The size and shape of the micro plastics are very similar to fish eggs that a lot of marine organisms use to feed their young and themselves. Once the organism has consumed that microplastic, it is in their system for an unusually long time compared to digestion time. A study was done where an oyster was given a microplastic to consume. The plastic stayed in the oysters system for 48 days before the system got rid of it. (CNN Landau, Elizabeth 2013). If that organism contaminated with the plastic is consumed, then the new consumer will now be contaminated too. This is a cycle and the plastic is now in the marine food chain. There is also the chance of the plastic blocking the air passageway of the organism causing them to choke and die. The plastics are polluting the marine organisms because they carry harmful chemicals like DDT, PCB’s, mercury, BPA, phthalates, vinyl chloride, dioxin, and styrene.(Science/AAAS 2014). These chemicals once ingested follow the same cycle through the food chain like the plastics do. This is problem to us because we eat, as a global community, eat a lot of seafood. Since plastic pollution is a global issue, a lot of the fish being caught and consumed around the globe are polluted with plastic and chemicals. These chemicals get into our systems. PCB’s are called polychlorinated biphenyls. They are highly toxic chemicals and if ingested they show mutagenic effects that can interfere with hormones in the body. They have also been shows to inhibit the main female sex hormone. After it imitates this hormone, it can feed on breast cancer cells and possibly cause other cancers like uterine and cervical cancer. It can also lead to serious developmental disorders for both genders like sexual, skeletal, and mental development issues. DDT is an organochlorine known for its insecticidal properties called dichlorodiphenyltrichloroethane.  This chemical is a human carcinogen. It has been classified as moderately toxic and hazardous. It has also been linked to diabetes and neurological problems. Mercury is an element that once in chemical form is highly toxic when ingested. The effects of mercury are tremors, impaired cognitive skills, and sleep disturbances. BPA is a chemical known as bisphenol A .In 2012, the FDA banned this chemical to be used in the manufacturing of baby bottles because of the health risks later in life. The FDA wants to go further to ban it many more products. In pregnant women, it disrupts the neural and behavioral functions. It can also cause birth defects and malformations of the infant. It can disrupt the prostate of men. It has also been linked to obesity because it distresses the neural circuits that regulate feeding behavior. If one is to be exposed to this chemical frequently, it disrupts the hippocampus which leads to memory defects and brain disfunction. BPA increases the risk of leukemia, testicular cancer, prostate cancer, and breast cancer. It has also been linked to the increased risk of non-cancerous brain tumors. A study has been shown that BPA is associated with male erectile dysfunction. Finally, it can also lead to asthma and heart disease. Phthalates are esters of phthalic acid which is used in plasticizers. It is used in womens cosmetics, which makes women have an increased risk of the side effects this chemical can cause. One of the most common risks of this chemical is the risk of breast cancer. It also disrupts the endocrine system. This changes the hormones in women that are pregnant and this leads to birth defects. Over time, phthalates can disrupt metabolism function too. It damages the liver and testicles. It also causes low birth weights in infants which then leads to the increased risk of cardiovascular and metabolic disease in adulthood. Vinyl Chloride is an organochloride that has been linked to the damage of the liver. This chemical is dangerous because only a short exposure to this chemical can start to damage one's body. It is a human carcinogen that can also cause a rare form of liver cancer. It has a narcotic effect that leads to cardiac arrhythmias (irregular heartbeat) and respiratory failure. Some other effects that vinyl chloride can cause is oedema (excess of watery fluid collecting in cavities and tissues of the body), frostbite-like burns, blistering, thickening, and irritation of the skin. Dioxins are a diverse range of chemical compounds. They exhibit high levels of toxins. Exposure to this chemical causes damage to the central nervous system, liver, and kidneys. Like most of the other chemicals, this one is also a human carcinogen. Finally, the last chemical is called styrene. It is classified as a hazardous chemical. Its toxins affect the gastrointestinal tract, kidneys, and respiratory system. It is linked to pancreatic cancer and disorders of the nervous system. Some  communities around the globe that do not have a strong economy and are located near a waterway survive off fish for food and an income. If those fish are contaminated with plastics, then everyone in the community are at risk for all these possible side effects.   
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How do they affect the marine environment? Since it takes a very, very long time for the micro plastics to breakdown, they build up over time. These build ups pollute the marine environment making it hard for marine life to live because it overtakes the environment. Coral reefs are a good example of how plastic affects the environment. If plastic is introduced to a coral environment, the plastic will pollute the coral. Once the plastic pollutes the coral, the coral will become stressed and then become bleached. This is when they release their symbiotic algae living in their tissues causing them to turn white. A majority of ocean life depends on the coral environment to live because of all the habitats and food the coral provides. If the coral becomes bleached for a certain period of time it will eventually die causing all the marine species thriving off of it to either find a new place to live, or die. That is one way plastic affects the marine environment. Another way the plastic affects the marine environment is when the plastic gets caught in an ocean gyre. An ocean gyre is a bunch of currents that are rotating in a circle. This causes the plastic and other debris to get caught in the middle of the gyre and not be able to get out because of the rotating currents around it. The biggest ocean gyre is called the great pacific garbage patch. It is located in the north Pacific Ocean. This certain garbage patch is roughly the size of Texas! The garbage cannot go anywhere because of the currents encircling it and it just keeps on getting bigger and bigger as more debris get sucked in. There are many more garbage patches polluting the ocean that also have a negative effect on the marine environment. 
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How does plastic breakdown on a chemical level? Plastics can be divided into two categories based on their chemical composition. The first category are polymers that only have aliphatic carbon atoms in their backbone chains. The second category is made up of heterochain polymers. They contain atoms like oxygen, nitrogen, or sulfur in their backbone chains along with carbon. Polymers are chemical compounds whose molecules are extremely large. The polymers that the plastics are made up of determine their unique properties including the ability to be molded and shaped. There are also two more categories that plastics can be classified into. The first is called thermoplastics and the second is called thermosets. Thermoplastics are capable of being molded and remolded repeatedly meaning it is reusable plastic. If you have a polystyrene styrofoam cup, you can melt it down and make it into a plastic dish if you wanted. The polymer structure that are associated with thermoplastics have individual molecules, meaning they are separate from each other and can flow past one another. The molecules that make up thermoplastics may either have really high or really low molecular weights. They are also branched in a linear structure. Plastic morphology is the arrangement of molecules on a large scale. Thermoplastics can have both an amorphous and crystalline. Amorphous is when the molecules are arranged randomly, and crystalline is when the molecules are arranged closely in a certain order. The main idea of thermoplastics are that they are able to separate, they can melt, and they have mobile molecules. Thermosets are not like thermoplastics because they cannot be reused when reheated. During the initial process, they go through a chemical reaction that makes them an infusible, insoluble network. It basically becomes one large molecule, rather than many little ones. Most thermosets are amorphous in their plastic morphology. This means that the molecules are arranged randomly and are intertwined. Thermosets do not melt when they are reheated, so they can be stable up to a certain temperature where chemical degradation begins and thermoplastics melt. The main idea of thermosets are that they are non-reusable, they are amorphous, and they do not melt. Thermoplastics are better for the environment than thermosets because they can be reused and are easier to breakdown because the molecules are smaller which means they can separate easier. They can also degrade faster because of their weakness to chemical reactions that happen. 
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How does plastic breakdown on a physical level? It takes an extremely long time for a single piece of plastic to break down completely. It takes around 400 years for the whole process to be fully completed. There are three main ways that help aid in the process of the plastic breakdown. These are tidal turbulences, UV light, and bacteria. Tidal turbulence is the unsteady movement of the oceans tide. Objects that get stuck in these moving tides get eroded and broken down over time. Sea glass is a very popular outcome of tidal turbulence. The sharp edges of the glass get worn so it becomes softer as the turbulence throws is around for a long period of time. The same process that makes seaglass, happens to the plastics. The plastics get caught in the tides and over time the plastics erodes so that microplastics are left. The tidal turbulences will not break down plastics all the way, but it will speed up the long process of the break down because it makes the plastic smaller.  UV light also aids in the process of the physical breakdown of plastics. UV light is also called ultraviolet light. This is light with electromagnetic radiation with a wavelength shorter than visible light but longer than X-rays. UV light aids in the process of speeding up the breakdown process of plastic. Many polymers are attacked by the UV radiation. Plastics are made up of polymers so as they are exposed to this light they disintegrate over time. They disintegrate because the carbon bonds in the chain structures are attacked by the radiation. The UV rays interact with the carbon bonds to form free radicals. These are uncharged molecules with an unpaired valence electron and are usually highly reactive. These free radicals react again with oxygen from the environment which produce a carbonyl group in the main chain. The exposed surface of the plastic will then start to be discolored, crack, and then disintegrate. Finally, some types of bacteria can help breakdown plastic by eating it. A bacteria strain was discovered that is called Pseudomonas. As they eat the plastic they produce PHA. PHA is known as polyhydroxyalkanoates. These are linear polyesters that are produced by bacterial fermentation of sugar or lipids. The bacteria produces them to store carbon and energy. When plastic is heated, it breaks down to three things: terephthalic acid (TA), oil, and gas. When the bacteria consume the TA, they fill up with PHA plastic so the plastic is now in the bacteria and not the environment. Another combination of bacteria can break down plastic bags into water and a bit of carbon dioxide.If these types of bacteria are introduced into the marine environment, they can breakdown the plastics in a matter of months rather than centuries or longer. These bacteria are still being studied and are not yet ready to be put in the environment just yet. None of these things can completely break down plastic, but they can help speed up the process which is what this world needs. 
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Finally, what can we do to help the microplastic problem in the ocean? We can do a lot of things to help reduce the amount of plastic in the ocean. One of the things  has been enforced since I was in elementary school and that is to reduce, reuse, and recycle. To reduce the amount of plastic we use we can use reusable water bottles that you buy instead of plastic ones. A lot of schools are advocating this and have even made refill stations on the water fountains so people can refill their eco-friendly water bottle. You can also reuse the bags you get from buying groceries at the store. Something that my family does, is we save plastic containers from foods we buy, spice containers, and take-out containers we get. We use these to put other foods in later instead of using plastic bags that you can only use once. You can also buy face washes that do not contain microbeads. Instead, buy face washes that use crushed up seeds, sand, or pumice in place of the harmful plastics. You can also buy eco-friendly cleaning supplies. Basically, if the label under ingredients says either “polyethylene” or “polypropylene” do not purchase it because those words are just fancy names for plastics. You wouldn’t believe it, but a lot of products contain these plastics that you would not guess to have plastic in it at all. This brings me to my last point is to get educated about the plastic pollution problem so you can become aware of what products contain these plastics. There is an app called “Beat the Microbead” that reads the labels of products if you scan them. They tell you how much plastic is in that product or was used to manufacture it and if it is a big threat to the ocean. I personally use this app a lot because it is fun to know about that products plastic past and what it is doing to the environment. The better educated people are about this problem, the more they can help and raise awareness in the community. I hope that my project will raise awareness in my community about the problem the ocean is facing with microplastic. 
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