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Introduction

Water pollution has become a very significant issue all over the world. Unfortunately, water quality can have a domino effect; the water quality of many creeks is declining, and therefore the quality of the larger rivers that those creeks flow into is also declining. In turn, those larger rivers empty into oceans or gulfs and are ultimately polluting the world’s water. By improving the quality of water of smaller creeks and streams, we are consequently helping to clean up the world’s water. 
Testing the water quality of a creek can be a long and complicated process, however. A variety of different parameters, ranging from nitrogen levels to pH, are used to fully understand the quality of the water and how it affects the surrounding ecosystems. Several tests were performed on samples taken from Lost Creek to determine the quality of the water. 
Lost Creek runs for 52 miles throughout Indiana. It starts in Seelyville, Indiana and runs into Terre Haute and through the Rose-Hulman campus. After leaving the Rose-Hulman campus, it eventually drains into the Wabash River. 
Sampling Process 

The first step in testing the water quality of Lost Creek was to go out to the creek and look around. Observations were made; some about the banks of the creek, which are starting to erode in places, others about the murkiness of the water, which changes drastically after a storm. Observations are a very important part of sampling because if anything seems strange or out of place, it could possibly affect the outcomes of the tests run on the samples. However, nothing out of the ordinary was found in Lost Creek.  

One important aspect of sampling is consistency. Being consistent as possible is important for accurate results. Some things, such as the weather, cannot be controlled, but things like that are accounted for while analyzing the results. Other things such as when and where the samples are taken can be controlled. For this project, four samples were taken for five consecutive mornings, sometime between nine o’clock and noon, in the same four spots every day. The sampling spots were all within a 100 yard stretch of the creek, in between the two bridges in front of the Rose-Hulman Sports and Recreation Center. The depth of the water sampled varied. Some samples were taken in shallow water while others were taken in deeper water to see if the depth of the water affected the water quality. 

Aside from taking actual samples from the creek, some other in-depth observations were made. The depth of Lost Creek was measured at four different stretches across the creek. Every six inches across the creek, the depth was measured. Those measurements were then used to map the creek bottom of the four different spots, as seen in Figure 1. 
[image: image1.emf]-30

-25

-20

-15

-10

-5

0

0 20 40 60 80 100 120 140 160

Depth (in)

Width (in)

Profile1

Profile1

[image: image4.wmf]-

40

-

20

0

0

20

40

60

80

100

120

140

Depth (in)

Width (in)

Profile 4

Profile 4


[image: image5.wmf]-

40

-

20

0

0

20

40

60

80

100

120

140

Depth (in)

Width (in)

Profile 4

Profile 4



[image: image2.emf]-60

-40

-20

0

0 20 40 60 80 100 120

Depth (in)

Width (in)

Profile 2

Profile 2



[image: image3.emf]-40

-30

-20

-10

0

0 20 40 60 80 100 120 140 160

Depth (in)

Width (in)

Profile 3

Profile 3



Besides the depth, the stream flow was also calculated. Stream flow is exactly what it sounds like, it is the just the flow of the creek. It is also the main means by which water travels from the land to the oceans. To find the stream flow, a ping pong ball was placed in the creek and was allowed to travel twenty feet. The time it took the ball to travel the twenty feet was recorded. This process was repeated four times, and the average time was calculated. This time was then used to calculate the velocity of the creek. The stream flow is the velocity of the creek multiplied by the area of the portion of creek tested. The stream flow was calculated to be 14,000 gallons per second. 
Testing Process

On the water samples collected from Lost Creek, several tests, including dissolved oxygen, pH, turbidity, nitrate concentration, alkalinity, total dissolved solids, and biochemical oxygen demand were performed.

The first test that was run was dissolved oxygen. This is the measure of how many milligrams of oxygen is dissolved into a liter of water.  To make this test accurate it has to be certain that the lid has not been removed from the sample container and the sample has no air in it. This is extremely important because if the samples are contaminated the results could be greatly altered. To run this test both field and laboratory dissolved oxygen meters were used. Both of these are used in a similar way. Primarily the test is run by removing the lid to the sample container and quickly inserting the probe of the meter in the water. After this step, the procedure differed slightly depending on which meter was being used. If the field meter was being used all that is left to be done is to wait for the meter to beep which alerts you that the results have stabilized. If the laboratory meter is being used a small switch is flipped to turn on a tiny stirrer on the bottom of the probe. This moves the water around the probe because the probe takes dissolved oxygen out of the water. The data is then recorded for each of the samples taken. A good dissolved oxygen level for stream water is anything above five milligrams per liter.  
The next test that was run was for the pH of the water. Testing the pH measures how acidic or basic a solution is. The range of the test results is one to fourteen. Having a pH level of one means that the water is extremely acidic and a pH level of fourteen means the water is extremely basic. This test is run using a field pH meter.  It is really important to recalibrate the meter every twenty-four hours. This is done by going to the calibration screen and deleting all of the old standards. Then the probe is rinsed in double-distilled water and inserted into a small bottle of pH four base. The read button is pressed and a standard is set. After rinsing the probe again this step is repeated with both a pH seven bases and a pH ten base. Reading the pH of a sample works the same way as calibrating does. The only difference is that the meter needs to be in read mode. You then repeat the process for each sample being careful to rinse the probe after each test. Most water organisms have a small range of pH that they are able to survive in and because of this, it necessary to maintain a constant safe pH in waterways. The ideal pH level for stream water is neutral; somewhere between 6 and 8.
Turbidity is another test that was run. The turbidity of water is basically the measurement of how clear or murky the water is. This is done based on how much light can go through water with results starting at zero which is completely clear. If there is too much sediment floating in the water it makes it a lot harder to disinfect and treat. This test was run using a turbidity meter. To run this test a small vial is filled with the sample water and the lid is placed on. The vial is then wiped off and placed into the turbidity meter. The lid is closed and then read is pressed. The meter runs a series of tests over forty seconds and then gives the average of these tests. Before running the tests the samples need to be shaken because the solids will have settled to the bottom. Shaking will help simulate how turbid the water in the stream is. There is no ideal turbidity measurement because all creeks are different. 
Another test run on the samples measured the nitrate concentration of the water. High levels of nitrogen in creek water can lead to increased algae growth, which can in turn affect other aspects of the creek. Also, certain freshwater organisms can only survive if the nitrate levels are under a certain point. Therefore, maintaining healthy nitrate levels is important. Ideal nitrate levels should be between 0.1 and 1 milligram per liter of nitrate. To measure the nitrate levels of the samples, one milliliter of 0.1M hydrochloric acid was added to 50 milliliters of sample water. A portion of that mixture was then put into a vial, which was wiped clean and inserted into a spectrophotometer. The spectrophotometer measures nitrate levels by passing light through the sample and measuring how much is absorbed by the nitrates in the water. 
The alkalinity of the water was also tested. Alkalinity is the measure of how resistant the water is to any acids or bases which may be added. Having a healthy alkalinity is very important because acid rain is becoming a bigger problem and if the creek has a high alkalinity then it can resist the acid and still maintain the proper pH levels to maintain a healthy ecosystem. The alkalinity was measured by titration. Fifty milliliters of the sample water were titrated with .02N sulfuric acid, using methyl orange as the indicator. Once titrated, the amount of acid added was multiplied by the concentration of the acid (.02N), which was then multiplied by 50,000. All of that was then divided by the amount of sample titrated (50mL). The remaining number is the alkalinity. An ideal alkalinity is anywhere between 100 and 200 milligrams per liter. 
Total dissolved solids or TDS was a test ran to measure how many milligrams of dissolved solids are in a liter of sample water. To run this test you fundamentally put water in an oven and measure how much solid is left afterwards.  First the weights of four metal dishes are measured to the ten-thousandth. Then thirty milliliters of water from each appropriate sample is added to the dishes. The dishes are then placed into an oven overnight to evaporate all of the water. After all of the water has evaporated, the dishes are weighed a second time. The difference between the initial weight and the final weight is the weight of the dissolved solids in the thirty milliliter sample. That number is then taken and used to calculate the total dissolved solids for a liter of the sample water. Ideally there would be from one-hundred to two-thousand milligrams of dissolved solids in a liter of creek water.  

Biochemical oxygen demand, or BOD, is a test to find how much oxygen is being used by organisms in the water and the rate that it is being used. This test is helpful because it gives a snapshot into the microorganisms in the creek. To test biochemical oxygen demand three-hundred milliliters of sample water are poured into a flask. Total dissolved oxygen is then tested and recorded. The flasks are then incubated for three days at a constant temperature of twenty degrees Celsius, which is approximately room temperature. After three days the total dissolved oxygen is retested and the difference is found. The amount of oxygen that has been used in the water is the difference of the final dissolved oxygen measurement and the initial one. The average biochemical oxygen demand for a five day test is 198 mg/L, although the lower the BOD, the better. 
Results 

The creek water was tested once a day at four locations for five days. Day one was one day after a storm, day two was an average day with no storm history, day three was an average day, day four was a normal day, and day five was average with a high humidity level. The results from each day can be seen in Table 1. 
Day 1:

	
	Entrance
	Shallow
	Deep
	Under Bridge

	pH
	7.65
	7.74
	7.7
	7.7

	Turbidity
	17 NTU
	15.7 NTU
	16.9 NTU
	16.4 NTU

	Dissolved Solids
	287 mg/L
	420 mg/L 
	330 mg/L
	317 mg/L

	Dissolved Oxygen
	7.8 mg/L
	7.65 mg/L
	7.75 mg/L
	7.8 mg/L

	Alkalinity 
	164 mg/L as CaCO3
	154  mg/L as CaCO3
	150  mg/L as CaCO3
	164  mg/L as CaCO3


Day 2:
	
	Entrance
	Shallow
	Deep
	Under Bridge

	pH
	7.66
	7.88
	7.82
	7.69

	Turbidity
	56.7 NTU
	54.1 NTU
	52.9 NTU
	67.4 NTU 

	Dissolved Solids
	400 mg/L
	300 mg/L
	510 mg/L
	220 mg/L

	Dissolved Oxygen
	7.62 mg/L 
	7.88 mg/L
	7.82 mg/L 
	7.69 mg/L 

	Alkalinity
	114  mg/L as CaCO3
	122  mg/L as CaCO3
	138  mg/L as CaCO3
	126  mg/L as CaCO3


Day 3: 
	
	Entrance
	Shallow
	Deep
	Under Bridge

	pH
	7.87
	7.96
	7.93
	7.95

	Turbidity
	9.2 NTU
	7.69 NTU
	7.74 NTU
	7.05 NTU

	Dissolved Solids
	380 mg/L
	323 mg/L
	271 mg/L
	300 mg/L 

	Dissolved Oxygen
	8.2 mg/L
	8.0 mg/L
	7.8 mg/L
	7.64 mg/L

	Alkalinity 
	162 mg/L as CaCO3
	150 mg/L as CaCO3
	168 mg/L as CaCO3
	154 mg/L as CaCO3


Day 4: 

	
	Entrance
	Shallow
	Deep
	Under Bridge

	pH
	7.8
	7.85
	7.85
	7.83

	Turbidity
	9.35 NTU
	11.0 NTU
	9.4 NTU
	8.56 NTU

	Dissolved Oxygen
	7.96 mg/L
	7.69 mg/L 
	7.66 mg/L
	7.68 mg/L

	Alkalinity
	182 mg/L as CaCO3
	172 mg/L as CaCO3
	174 mg/L as CaCO3
	182 mg/L as CaCO3

	Nitrates
	0.7 mg/L
	0.7 mg/L
	0.6 mg/L
	0.6 mg/L


Day 5:
	
	Entrance
	Shallow
	Deep
	Under Bridge

	pH 
	7.93
	7.83
	8.06
	8.03

	Turbidity
	9.33 NTU
	10.7 NTU
	6.86 NTU
	7.78 NTU

	Dissolved Solids
	297 mg/L
	303 mg/L
	320 mg/L 
	333 mg/L 

	Dissolved Oxygen 
	8.36 mg/L
	8.35 mg/L
	8.28 mg/L
	8.23 mg/L

	Alkalinity
	184 mg/L as CaCO3
	170 mg/L as CaCO3
	188 mg/L as CaCO3
	178 mg/L as CaCO3

	Nitrates
	0.5 mg/L 
	0.4 mg/L
	0.5 mg/L 
	0.5 mg/L


Analysis 


To determine the quality of the water in Lost Creek, the averages of all the data were compared to the “normal” data, or what the data should be. The average dissolved oxygen levels of all the samples was 7.9 milligrams per liter, while the ideal level would be 8 mg/L. An ideal pH of the creek water is anything around 7. The average pH of Lost Creek was 7.7. The average turbidity of the creek was 10.67, which was slightly higher than the ideal level of anything less than 10. The ideal concentration of nitrates in the creek would be between .1 milligrams per liter. Lost Creek’s average was .56 mg/L. The average alkalinity measured was 159.8 milligrams per liter, which fits perfectly in the ideal window of 100 to 200 mg/L. The ideal volume of dissolved solids in creek water has a very wide window ranging anywhere from 100 milligrams per liter to 2,000 mg/L. Lost Creek’s average of 331.9 mg/L fits perfectly in that window. 

Overall, the results are very positive. Out of all the parameters, none of the results from Lost Creek are way far off from what they should be. This is a very good sign for not only the Rose-Hulman campus, but also for all of the rivers and oceans affected by Lost Creek.  

Conclusion

The water quality in Lost Creek is not bad. This was found by comparing the data collected for the parameters chosen to the standards for good water quality. All of the results fell either inside or close to the acceptable range in all four areas that were tested. It appears that the water flowing out of Lost Creek and into the Wabash is not harmful to the surrounding ecosystems. Lost creek is a good environment for the many species that call it home.     
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