Investigating Pollution and Its Lasting Effects

Introduction:
A problem that we are constantly reminded of in this day and age is the effect that we are having on our planet. In biology classes, environmental brochures, or even television ads, we are always told how our world is headed towards some sort of irreversible wasteland, and that the someday when it will be too late is coming quicker than ever. As a teenager this has scared me. I don’t want the world I know and love to get progressively worse. I want it to stay the same or improve, not only for the latter part of my own life, but for the lives of my prosperity. I enjoy doing many things outdoors and could not imagine what life would be like if we took away our own privilege to spend time in the outdoors through the constant abuse of Mother Nature.
	I thought at first it was far-fetched, but I wanted to see if there was a way that math would be able to apply and help us to understand the state of our planet. I obviously won’t be able to do a mathematical analysis of the entire planet’s biosphere, but instead I decided to analyze one ecosystem for one type of pollutant. This is the first limitation of my procedure. I will not be able in any way truly predict when we can eradicate pollution, or truly be able to do any large scale versions of this with my math knowledge. But, my purpose in this experiment is to explore the possibility of doing a similar experiment on a larger scale by first investigating it on a small one.
I grew up in the state of Utah which is known for its beautiful desert scenery; but also for its lack of water. One of the larger lakes in Utah, is coincidentally named Utah Lake and is located almost exactly in the geographic center of the state. Utah Lake was in the news quite a bit while I lived in Utah for being one of the dirtiest lakes in the United States—it was absolutely disgusting and no one could swim in it or take part in any other recreational activities because of the pollution.[footnoteRef:1] [1:  Utah Department of Ecology] 

	Upon researching more about the data and numbers behind Utah Lake being one of the dirtiest lakes in the country,[footnoteRef:2] I came across some information that pointed me to where I should begin my exploration. One of the major problems in the Utah Lake, besides garbage and sewage, and which may have been a result of the previously mentioned, was the high level of ammonia in the water.2 Ammonia is a chemical that can be dangerous and unhealthy if it gets into a person’s system through drinking or ingesting during recreation.[footnoteRef:3] Ammonia can cause irregular growth for youth in large quantities and can cause for digestive tract abnormalities in people of all ages.3 National standards say that a lake is high if it is above  milligrams per deciliter and dangerously high if it is above  milligrams per deciliter; 3 at its worst, Utah Lake registered at over  milligrams of ammonia per deciliter. 2  [2:  H.R.]  [3:  Sawyer] 


Collected Data:
Below is the data that I was able to attain from the Utah department of ecology for the ammonia levels in Utah Lake.
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)[image: ]The data above was collected over a  year period. The state only started doing an in-depth analyses on the data in the year  though when the levels climbed upward of  milligrams per deciliter. As can also be seen by the drop in the last few registered levels that starting in  Utah Lake actually began to become cleaner. This is because during  the state of Utah passed very strict laws that prohibited pollution in any lake.1 The data above can also be represented graphically as is seen below.
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The green line on the graph represents the dangerous limit that was set aside by the government. The blue line is the recommended governmental limit of five milligrams per deciliter. These lines are put on to extenuate how out of hand the situation became in the Utah Lake over time. 
Originally I thought there was going to be the simple answer of just finding a line of regression for the equation and that would be what I would be able to use in order to compute when the lake will reach a clean level again. But, as I started to run through the experiment, and run regression equations, I discovered that not one of the graphs made sense because they did not take into account that the pollution had been going down of late, and would have given me some very unrealistic numbers. Below I have shown two graphs; one is a graph that I thought could have made sense logically of a cubic regression, and just to prove my point the other is one that  (
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Data Analysis:
This inconvenience having to do with regression equations in addition to what I then found out about the state of Utah, led me to have to find a different approach to calculating when the lake will be clean. The solution of the Utah department of ecology was not a progressively active one but rather a reactive one. The department decided that instead of trying to clean out the lake as is, they would instead clean the water that is entering the lake and let the lake clean itself out through its natural life cycle. 2 This immediately reminded me in a way of the dilution problems that we have learned this year as a part of the MM3 curriculum. Upon further research I discovered that the annual inflow and outflow of Utah Lake is the same and that it was  liters per year.1 The original data was in deciliters so I divided the answer to get:  dL/year. Because the data was gathered every two months I divided that answer to get:
 dL/2 months. Now the value of the out flow is in an converted form that will make computation easier. The harder conversion was in the water volume of Utah Lake. I found that Utah Lake contains  acre feet of water. 1 Below is my conversion of acre feet into deciliters:



Now that I have obtained the values for outflow and capacity of Utah Lake I was able to set up a differential equation that would model the movement of ammonia out of Utah Lake, and I will then use that equation to find out how long before Utah Lake is no longer dangerous, and how long until it meets governmental standards. I am using December of  as month  to simplify the solving because that is when the law was put into place and will help me with only finding out after the pollution started to go down because it is the high point of the pollution. First, I defined my variables in order to set up the differential equation. Next, I multiplied the current status of the lake by the liquid flowing out to find my outflow. Next I plugged into my differential equation and then separated out my variables. After that I integrated and then I raised both sides to the power of e to get rid of the +C because that will change into an e to the C which can be eliminated through the law of exponents and changed into my B coefficient. I then plugged in my 0 value in order to solve for B and arrive at my final equation.
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Now that I have solved for my equation of   I can solve in reverse for time and plug back in to find when the ammonia level will be at  and  mg/dL and no longer be considered high or dangerous for the area.


 
 
 
 
 

 
 
 
 
 


Conclusion:
From the calculations we can see that Utah Lake will slowly but surely become less and less polluted. For the lake to no longer be classified as having toxic levels of ammonia at  mg/dL it will take  years from December , and to reach completely safe levels of  mg/dL it will take  years. This means that Utah Lake will become non-toxic in June of  and become completely safe in February of . These are not true statements in whole though because as I mentioned before there is no way to analyze every aspect of pollution together for me, so this relates only to the ammonia levels of this one lake in Utah. Other limitations of my project include the assumption that all of the ammonia could be removed from the inflow. This was primarily for easier calculations but in all reality there would probably be trace amounts of ammonia even after the water has gone through purification processes. Furthermore, there are many other factors that go into the concentration of certain chemicals in a body of water and many may behave differently than ammonia which is suspended in water, and thus make them difficult to calculate in the same manner that I have done my exploration. For this to be more successful, it would have to be applied to more aspects of pollution than just ammonia. The interesting and intriguing thing is that, though not very efficient, we could hypothetically get rough estimates for other pollutants or in other lakes from the same process that I went through. 
This process can also be applied to different fields. The one that immediately becomes apparent because of its usefulness would be the medical field. This process or one similar to it could be used to make urinalysis or dialysis more effective and efficient for our doctors.
All in all, I do not think I have created an exact science for calculating time tables centered on cleaning up our ecosystem, my system has many flaws and limitations that prove it to be very difficult to use in reality. But, I do think that I have proven that through math we can compute answers to problems facing society today and find out when and how to take action. For example, in Utah Lake if we had discovered that the lake wouldn’t be non-toxic for  years, then the government probably would’ve decided to proactively cleanse the lake water, but since approximately  years is a much more reasonable time frame, they may actually decide to just let it slowly clean itself out. 
This exploration has given me hope that through math and science we can improve the standing of our world in multiple ways and be able to predict the change we are making; predict our impact on the planet rather then just seeing how it all ends up. Math allows us to have certainty about the consequences (good or bad) of our actions. 
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