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Introduction


When swimming in lakes and streams in Michigan, swimmers may have noticed something new afoot. Many lake bottoms are covered in small mollusks. The mollusks in question seem to cover everything. Every hard surface in the lake may be covered with them, from rocks to boat docks and even sometimes on vegetation. (State Investigates Possible Role of Divers in Introduction on Alien Shellfish) These mussels have caused many problems for people across Eastern United States.


 (Dressena Polymorpha USGS)


The Zebra Mussel, Dreissena polymorpha, is a small mollusk, which grows to be about 50mm (3/4 inch) long, and lives to be between four and five years old. They are named for the stripe like pattern on their shells that resembles a zebra’s stripes. They typically live in bodies of freshwater that are between 17 and 25 degrees centigrade, with a pH that is between 7.4 and 8.5. They are usually found at depths of two to seven meters, but sometimes spread to other areas. (Dressena Polymorpha USGS).

Zebra mussels were originally found in freshwater lakes and streams in the Balkans, Poland, and the former Soviet Union. But in 1769, the first zebra mussel populations that were recorded and described came from the Caspian Sea and Ural River. (Dressena Polymorpha USGS)  They have also spread throughout most of Europe.


In June of 1998 Zebra Mussels were first discovered in North America. Lake St. Clair, the lake that connects Lake Huron and Lake Erie, was the first lake found to be contaminated with zebra mussels. (Benson et al.) Within the next two years, all of the Great Lakes became contaminated with the mussels. In 1991 the Zebra Mussels were found in  the Illinois and the Hudson rivers. By 1992, the Arkansas, Cumberland, Hudson, Illinois, Mississippi, Ohio, and Tennessee rivers had established populations of zebra mussels. By 1994, the following states had reported records of zebra mussels within their borders or in water bodies adjacent to their borders: Alabama, Arkansas, Illinois, Indiana, Iowa, Kentucky, Louisiana, Michigan, Minnesota, Mississippi, Missouri, New York, Ohio, Oklahoma, Pennsylvania, Tennessee, Vermont, West Virginia, and Wisconsin. More recently, Connecticut has been added to the list of states where zebra mussels have been found. In 2002, zebra mussels were found in a small isolated quarry in Virginia. (Benson et al.).


Zebra Mussels are a problem to people because they clog many drainage and intake pipes throughout the world.  In some places the diameters of pipes have been reduced by two-thirds due to zebra mussel colonies. (Dressena Polymorpha USGS) In many places, zebra mussel colonies have been a challenge to water activities because their shells have sharp edges that cause damage on some boats and can easily cut skin. 

Zebra mussels can also be challenging to the local wildlife in a lake. It is thought that zebra mussels may be the cause for many indigenous aquatic animals, especially other mollusks becoming less numerous. In Europe, some of the native species have become very rare or even non existent in some places. It is thought that this could happen here in North America. (State Investigates Possible Role of Divers in Introduction on Alien Shellfish) It is very hard to control the ‘pests’ that there may be no stopping them.


There is another side to the zebra mussel problem. In lakes that have become contaminated with zebra mussels, people have found that there is an increased visibility in the water. (Buttery 61)  This is most likely due to the food of zebra mussels, algae, that sometimes makes water opaque and seem dirty.(Bryant 1,2,3) But the question is: Is there anything else about the zebra mussels’ filtering capabilities that may help with other things? Do zebra mussels filter only the algae out of water, improving the clarity of the water, or maybe do they filter something more? Can they filter something more dangerous to humans and animals alike? It is even wondered, if zebra mussels may be used to filter manure in swine waste facilities. (Unknown) This would be a plus to the facilities, and would in turn help the environment. Perhaps zebra mussels may be used to our advantage.

In my research, I will be looking at the zebra mussel’s filtering capabilities. I will be testing wither or not they can filter nitrates out of water. Nitrates, dissolved into water are very harmful to humans. Nitrates in drinking water may result in higher chances of bladder cancer,  (Christen 279A(2)). Nitrates are chemicals found in animal feces. They are the most common harmful chemical to get into ground water in rural areas, because they can come from a variety of sources. Nitrates can come from Fertilizer (most commonly) but also from septic tanks and manure. Nitrate’s chemical formula is NO2. (McCassland et al. 61) 


By testing if zebra mussels can help to purify water, it will answer whether or not zebra mussels are really that much problem to the environment. If they have a use, there may be some way to contain them and use them for water purification.


In my experiment, I will be testing wither or not zebra mussels can filter nitrates out of water. The water being tested will originate as river water from the Muskegon River, plants and organisms were added that were also found in the river. The zebra mussels to be tested were found in Blue Lake.


Through the gaps in literature, most of which was recent, I have found no tests

that have been done on zebra mussel’s filtering capabilities, and wither it can be any use to the environment. Some think that zebra mussels are more harmful to the environment than helpful.


This experiment will run over a one week period. In my experiment I plan to have two aquariums set up. One aquarium will be my control, and the other will be my experimental aquarium. The two aquariums will be set up the same with similar amounts of water and bottom cover. There is also an aerator in each tank to keep oxygen in the water. I will be keeping everything the same with my control tank as with my experimental tank. The only difference will be the level of nitrates (the dependent variable). The independent variable, the zebra mussels (25 in each) will be present in both tanks. 

With my experimental tank, I will measure the nitrate count in the water before the nitrate is added, but after every thing else is stable. I will also measure the nitrates present in the control tank. I then plan to add nitrates artificially to the tank. Every day I will measure the nitrates that are present in the tank, and watch for a decrease in the nitrate count, or any kind of a change in the data. Then the concentrated levels of nitrate will be statistically analyzed with a Pierson R-correlation.
 
Through my experiment, I hope to discover if my hypothesis is supported. My hypothesis stands thus: If Zebra mussels are related to the removal of nitrates from water then if zebra mussels are placed in a tank, then the levels of nitrates will decrease. So the concentrated levels of nitrates will be lowered by the zebra mussels filtering them out of the water.
Methods

In this experiment, the student began by setting up several aquarium tanks at the Math Science Technology Center in Big Rapids. The tanks were filled with Muskegon River water. (A river where zebra mussels can be found.) The tanks each had an aerator in the corner, and small stones covering the bottom. Some pieces of dirt and other natural river materials were added to the tanks as well as several small fish. (All were collected from the Muskegon River as well.) 
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The tank was then allowed to sit for over three weeks so that the tank would be the best and most natural environment as possible.


The original zebra mussel specimens were collected from Blue Lake on October 31, 2004. The student placed them in a temporary aquarium until time as a nitrogen test kit could be made available. The temporary tank had an identical layout to the control and experimental tanks. The bottom covered with stones and an aerator running in the corner.


To the student’s surprise the zebra mussels were found dead in the tank seven days later. Probable cause for their death included starvation.


On December 2, 2004 algae was introduced into the tank to provide food for the second batch of mussels. The algae grew successfully in both the experimental tank and the control tank.


On December 6, 2004 the artificial nitrates were added to the experimental tank. This was added in the form of liquid fertilizer.


The second batch of zebra mussel specimens was collected from Lake Mecosta, a lake connected to Blue Lake. The date of this collection was December 12, 2004.
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(Black dot indicates the exact place of collection, and the picture was taken the exact day.)


The weather was cold on this date so, the container was slowly brought up to room temperature to prevent any complications with the mussels.


Before the specimens were added to the tank the water temperature was measured. The water in the aquariums was around 24° Celsius and the water in the zebra mussels was around 20° Celsius.

On December 13, 2004 the zebra mussels were counted by the student, then 100 zebra mussels of various sizes were placed in each tank. The nitrate level was then measured in each tank. [image: image4.png]Zehra Mussels’
were placed here
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 (Photos were taken before zebra mussels were added. This was due to the fact that you could not see through the water in the experimental tank at the time that they were introduced.)

For four days following the introduction of the zebra mussels, the nitrogen content was monitored as well as the clarity of the water.


These observations were also taken on days eight, nine, and sixteen. The continued observation was to double check the credibility of the data.

Materials

2 aquariums

River water from the Muskegon River

River sediments from the Muskegon River
Fish from the Muskegon River
Small stones (the ones commonly used for aquarium bottoms)
200 Zebra mussels from Lake Mecosta 
Liquid Fertilizer (Nitrates)
Nitrate test kit
Nitrate Pre-treatment kit
Aerator
2 large rocks (to secure the aerator to the bottom of the tank, and to allow the zebra mussels something to cling to)

Results
Prior to the start of data collection the experimental tank was found with a nitrate level of .14 mg/l and the control tank was found with a .10 mg/l nitrate level. 


On the first day of data collection the temperature of the tank was 24° Celsius. Aalso observed that on December 13, 2004 the nitrate levels were found as .24 mg/l in the experimental tank and .12 mg/l in the control.


The water was very cloudy in the experimental tank and could be described as opaque. There was much algae accumulation on the sides of the tank that made observations difficult. The control tank also had algae accumulations but, appeared a lot cleaner than the experimental tank.


On the second day the nitrate level was found to be the same as the previous day. It was .24 mg/l in the experimental tank and .12 mg/l in the control tank. No changes appeared to have happened in the area of visibility.


During the third day of data collection, the water was noticeably cleaner in the experimental tank but the nitrate level had more than doubled to .56 mg/l. In the control tank the nitrate level doubled as well to .24 mg/l. The water was also very clear in the control tank.


On the fourth day, the nitrate level in the experimental tank continued to rise and became .82 mg/l but, in the control tank the nitrate level dropped to .14 mg/l. The clarity in the experimental tank seemed to be continuing to become slightly clearer as time progressed where as in the control tank the water seemd perfectly clear.


On the fifth day the projected final day of data collection, the nitrate in the control tank was at .15 mg/l. In the experimental tank the water was found to be fully clear and the nitrate level was at .34 mg/l. 


Due to unpredictability in the data, (see graph 1) the student decided to take a few more samples of the nitrate level to try and find a pattern to the data.
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On day eight a test was taken that showed the nitrates at .40 mg/l in the experimental tank and .09 mg/l in the control.


On the next day, day nine, the nitrate level in the experimental tank climbed to .90 mg/l, a huge raise. The control tank, on the other hand, showed a very slight change to .08 mg/l.


On the same day all of the zebra mussels in the experimental tank appeared dead but, in the control tank none of the mussels were found dead.


The next tested day, day sixteen, showed a large drop to .27 mg/l and the control remained at .08 mg/l. (See data tables 1 and 2)
Daily Nitrate levels – Chart 1
	 
	Preliminary Test
	Day 1
	Day 2 
	Day 3
	Day 4
	Day 5 
	Day 8
	Day 9
	Day 16

	Date
	12-9
	12-13
	12-14
	12-15
	12-16
	12-17
	12-20
	12-21
	12-27

	Experimental 
	0.14
	0.24
	0.24
	0.56
	0.82
	0.34
	0.4
	0.9
	0.27


Measured in mg/l
Daily Nitrate levels –Chart 2
	 
	Preliminary Test
	Day 1
	Day 2 
	Day 3
	Day 4
	Day 5 
	Day 8
	Day 9
	Day 16

	Date
	12-9
	12-13
	12-14
	12-15
	12-16
	12-17
	12-20
	12-21
	12-27

	Control 
	0.1
	0.12
	0.12
	0.24
	0.14
	0.15
	0.09
	0.08
	0.08


Measured in mg/l

The results of a paired two tailed T-test resulted in a value of .0083 disproving the null hypothesis. The experimental data had a standard deviation of .27 and the control data had a standard deviation of .05. Though the standard error size was .285, quite large (see statistics chart 3)
Statistics – Chart 3

	
	T test results
	Standard deviation
	Standard error

	Experimental
	
	0.269402631
	

	Control
	
	0.05002777
	

	Both
	0.008306851
	
	0.285269171


Discussion

In this research project, I was trying to discover if zebra mussels could filter artificially added nitrates out of water. My prediction was that they would be able to remove a portion of the nitrates. Now that this experiment is completed, it is still debatable whether or not the zebra mussels could thus filter water.


As you can see in the data (see graph 1 and chart 1) it shows that the data that I collected was rather unpredictable. If this data could be explained, then it would be proof as to if my original hypothesis, or the null hypothesis should be taken as correct. 


A possible way to explain this data could be to say that the test kit used to test the nitrate levels, or the water pretreatment kit was faulty, and that some incorrect values were collected. 


One of the unpredictable and surprising things that happened during this experiment was the fact that all of the zebra mussels in the experimental tank were found to be dead after nine days. Their deaths would be taken as less of a surprise if the zebra mussels in the control tank would also have died, or if they had even experienced a decrease in population.


The only explanation that I can give as to perhaps why the zebra mussels died in the experimental tank is the independent variable, the added nitrates. Since everything else was the same in both aquarium tanks, then it is the only thing left unexplained. The nitrate level in the experimental tank must have been too high, high enough to kill the zebra mussels.


These deaths could also help to explain the questioned data. If zebra mussels release the nitrates that they absorbed back into the water when they die, then the data would be skewed. If that was the case, then the nitrates would go down, as they did on days five through nine (see graph 1) and then decrease immediately following the deaths of the mussels.


The best way to answer the question of the data variance would be to do further research. Some possible ideas for further research would include the repeating of this same experiment with lower levels of nitrates, or perhaps with a different source of nitrate, other than the liquid fertilizer. It would also be very profitable to test whether or not zebra mussels do release the nitrates back into the water when they die. 


I think that the best way to analyze the data would be to compare its results with other results, but since I did not find any prior research on this exact subject, the best thing to do would be to continue the research, and to spread the tested subjects.

Conclusion


My hypothesis for this research experiment was: If Zebra mussels are related to the removal of nitrates from water then if zebra mussels are placed in a tank, then the levels of nitrates will decrease. I used this hypothesis to design and conduct an experiment through which I was provided with results. These results, though somewhat confusing led me to the belief that my hypothesis was partially correct, that the zebra mussels that I collected from Lake Mecosta did initially appear to remove the artificially added nitrates from the water. This hypothesis was partially incorrect, because the nitrate levels in the aquarium rose and fell (see graph 1) and yet when the experiment was completed, the nitrate level was slightly higher than when beginning, and all of the zebra mussels in the experimental tank were dead (see chart 1). The possibility of errors was taken into account, and the data still stood untouched, yet questioned. Upon the completion the conclusion was reached that the data from this experiment would best go along side other data from like experiments. The repetition of this experiment would also greatly benefit this research. 
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