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Introduction

Water has been a necessity in many people’s lives.  It gets used in multiple ways in a variety of different cultures.  However, not all of this water is clean and safe.  These different cultures use a variety of techniques to try to purify their water.  In some cases they use distillation and evaporation; in others they use techniques such as lava filtering.  Some of these are going to be more efficient than others and some are going to be easier to run.  Even with multiple methods, there are still parts of the world that do not have safe drinking water.  By drinking contaminated water, people develop diseases, some minor and some major.  The problem is everyone should have access to safe drinking water. 
Not only drinking water, but also the water running through streams and moving through lakes, should be safe.  The organisms and plants that live around these different habitats deserve a healthy environment too.  People cannot allow their littering, or even natural pollutants, to hurt the environment and make the water they may want to use unsafe.  
	Water makes up a majority of the Earth’s surface and is home to a rather large number of plants and animals.  For this reason and more, engineers have begun to concern themselves with water quality.  While water treatment plants can clean and purify the water, in 1996 the first constructed wetland was created, a prettier and more natural alternative.  Different variations have been created; vertical, subsurface, and surface flow, to fit the area they are designed for.  All of these different designs also have slightly different goals.  Vertical flow wetlands are not necessarily for aesthetics, but are more for convenience and like the other two, removing water pollutants.  In subsurface flow, there is still less area required than for a surface flow wetland and water is not too exposed to the surface, decreasing smell.  Surface flow wetlands include the same processes in a larger area, while being more aesthetically pleasing and attracting wildlife.
	For this project a surface flow wetland was created and then its effects were tested to measure exactly what it could do.  This wetland coincides with the general goal of “going green”, while at the same time going a few steps further.

Method
	
	There are many variations in the types of wetlands that can be constructed. Knowing what kind to construct comes from knowing the desired purposes of the wetland. In this case, a wetland was created to decrease nitrogen levels, turbidity, and BOD (biochemical oxygen demand). Dissolved oxygen, pH, and alkalinity (the ability to neutralize acids), were also measured to determine the performance of the wetland. These are similar to some of the effects of full-scale wetlands can have on their environments.
	A surface flow wetland was constructed. This type was chosen because a surface flow wetland attracts wildlife and is more aesthetically pleasing. A subsurface flow wetland does not attract wildlife and a vertical flow wetland is less aesthetically pleasing.
Once the decision of what kind of wetland to make was chosen, construction itself begun. A 30.5 cm x 50.5 cm x 25.5 cm plexi-glass tank was obtained, for the purpose of showing the construction having clear sides. This allows others to see how everything is layered in the tank. A local wetland, J. I. Case wetlands, was observed to get a general idea of what plants are typically found and to collect some plants, water, and mud.
First, the base of the wetland was constructed. The shape of a slope was chosen to guide the water across the wetland. It also serves as a bank for the white-petal, yellow-centered flower (found living on the bank of the nearby wetland) and a cattail. The bank was built up 19 centimeters, all the way across the end and halfway across what would be the wetland (figure 1). It was built from pea gravel which was rinsed and then placed in the tank creating the shape and also serves the purpose to filter out solids. Mud, taken from the bottom of the nearby wetland, was then placed 4.5 centimeters up along the bottom of the other half of the tank. 
The mud can filter out smaller particles and help support the roots of some surface plants. At this point the decision of how to get water to flow in was made. Clear tubing was used and manipulated so that every 3 centimeters a hole that was 3/32 of an inch (in diameter) was made that water would be pumped through. Then the tubing was threaded through a hole 31 centimeters up from the bottom of the tank. The portion with the holes was laid on the gravel already laid and then the holes were positioned at a slight downward angle. More gravel was then added to complete the slope and hold the tube in place. At this point a cattail, with roots intact, was placed on one side of the bank in the plant’s original mud. The white and yellow flowers were placed on the other side, mostly for aesthetics in common soil. The dirt and gravel were separated by black semi-permeable cloth to keep the two materials separate because the gravel was placed to remove sediment and the dirt could have gotten in the way.   About 8.6 liters of water was then added assuming that 65% of the area with the gravel was water and there was no water moving through the soil. 
[image: ]
With this information, the flow rate was then calculated. Detention time is equal to the volume divided by the flow rate. If the volume is known and there is a desired time for detention, it is easy to determine the flow rate. For this constructed wetland, a time between three and six hours was desired because it was the most convenient and feasible for testing purposes given the work hours allowed. In typical full-scale wetlands the detention time can be any length from eight hours to more than a day. Before the tank could be filled with water, an exit hole for the water had to be drilled in the tank.  It was decided to create a hole, 1 centimeter in diameter, that another tube was sealed that led out of the tank. The hole was drilled at surface level, around 11 centimeters from the bottom, because that way the water could easily drain out without any of the surface plants getting out.
Water plants were added to the tank. First, algae was added with the purpose of lowering the nitrogen levels. Along with that, another plant that is very leafy and floats on the surface (found in nearby wetland) and some duckweed was placed in the tank. A few of the added plants are not specifically identified, but were found around a wetland and were interchangeable with other plant species. A wetland functions as a system where the different plant species are not measured separately but as a group. After the construction itself was complete, it is important to run some water through the system to flush out sediments. After cycling lake water through a few times; many tests were performed. The first one tested for dissolved oxygen. In this test, a probe is placed into a sample of the water put into the system (the water pumped through the system is from the nearby Lost Creek) and into a sample of the water that been run though the wetland. 
Another test was done for pH also using a probe placed in both samples. Next was the test for alkalinity, in this test a titration is done with 50 milliliters of both samples (one at a time). Three drops of methyl orange indicator are added and then that is swirled around to create a yellow color. First a reading of the initial level of 0.02 normal H2SO4 in the burette needs to be taken and then the burette can be opened, while still swirling the sample underneath, this is continued until it turns to a salmon color. When that happens another measure must be taken from the burette and the difference from the initial to the end is then plugged into 

alkalinity =  _A x N x 50,000_abc
               ml sample

and the alkalinity can be determined.  (A = ml of titrant added, N = normality of titrant, alkalinity as mg/Las CaCO3) 
Then a test is done for turbidity, again two samples will be taken, one from before and one from after running through the wetland. For this test samples are put in to small tubes and then covered, after wiping off all fingerprints the sample is put into the 2100P Turbidimeter and it sees how light deflects off in 90 degree angles, this allows the machine to know how many particles are in the water (standard drinking is 0.1 NTU). 
Testing for nitrogen required 50 mL samples, before and after, and adding 1 mL of one molar HCl to each sample and then putting them into smaller tubes that fit into the spectrophoto meter; it gives the amount of nitrate as nitrogen meaning it gives about 20% of the total mg/L of nitrate in the solution. It does this by passing ultraviolet rays straight through the sample and getting absorbed by the nitrate at the same wavelength of 220 nanometers.  Before doing the actual test it is important to zero the machine by testing a sample of distilled water. 
The longest test of all these tests is for B.O.D. (biochemical oxygen demand), it typically takes about 5 days, but due to time constraints in this test, the samples were tested over four days. Two glass bottles are filled with water samples from before and after running through the system. After filling them about three-fourths full of the way, the bottles get aerated by placing a tube connected to a compressed air nozzle underneath the water’s surface, after letting it bubble for about a minute the rest of the bottles should be filled with the appropriate samples to the top. Then a probe was placed into the sample and measures the dissolved oxygen.  After that, the two samples were placed in the refrigerator and remained there for four days. After that, the probe was used to test dissolved oxygen again. Looking at these changes in dissolved oxygen levels between the first day and day four or five show how oxygen is consumed by reactions in the water.
After these initial tests were completed, all relatively soon after construction, more tests were done on the same concepts just at later times.  Alkalinity, nitrogen, and pH were all tested again.  When nitrogen was retested, a higher concentration nitrate solution was added to the water in the wetland.  The levels of nitrogen were then measured over the course of a few hours and data was recorded.   

Results and Analysis

	Over all, the results received from the tests showed the wetland to be operating with excellent outcomes.
	The first test performed upon the continuous flow wetland was the test for dissolved oxygen. Upon entering the wetland, the dissolved oxygen was 7.85 mg/L. This number is quite good, allowing plenty of oxygen for fish and other aquatic animals to live. Upon leaving the wetland, the level of dissolved oxygen dropped to 2.13 mg/L. This level of DO is bad for any organism, fish will die from this level and most other forms of life will disappear.
	A test for the pH of the water was performed next on the wetland. Water before treatment was found to be 7.64, a mildly basic solution. Upon leaving the system, water was found to have a pH of 7.12. After seeing this result, it can be inferred that one part of the wetland during its 3.6 hour cycle brings the pH to a more neutral level than before.
	Alkalinity was tested for after pH. The alkalinity of the untreated water was found to be 190 mg/L as calcium carbonate, and upon leaving the system alkalinity was found to be 220 mg/L as calcium carbonate. This means that during its way through the wetland, the water grew in its ability to resist changes in pH. 
	Turbidity is a term meaning how much dissolved solids are in the water, and was the fourth test performed on the wetland. Upon entering the system, the water’s turbidity was found to be 14.1 NTU, and after leaving the system, it was found to have a turbidity of 3.89 NTU. This shows a significant drop in the amount of suspended solids in the water, making it significantly clearer.
	The fifth test performed on the wetland was a test for nitrogen in the form of nitrate. The test water was found to have 0.6 mg/L of nitrogen as nitrate, and left having 0.1 mg/L of nitrogen as nitrate. This shows that the wetland removes a significant amount of nitrogen from the water, meaning greater growth in the wetland and less later on in place growth is not wanted.
	Biochemical oxygen demand was the next test performed on the wetland. Testing for biochemical oxygen demand is a four day process, and so there are four sets of data. On the first day, the test for oxygen showed that the untreated water had a dissolved oxygen count of 7.68 mg/L, and the treated water had 6.64 mg/L of dissolved oxygen. After four days of incubation, the water was found to have 3.48 mg/L for the untreated, and 3.13 mg/L for the treated water. This leaves the system with a biochemical oxygen demand of 3.51 mg/L. This level of biochemical oxygen demand is good for the system, in four days; the system only used 3.51 mg/L of oxygen.
	A test was then put to the system, it was made to sit overnight, and nitrogen and pH tests were taken on it in the morning. Nitrogen was found to have dropped from 0.7 mg/L to 0.1 mg/L, and pH had changed from 7.7 to 7.148. Even without flow, the results from the wetland are even more pronounced and effective.
	After seeing the results of the nitrogen test, an excess nitrogen test was constructed. The wetland was kept still for 19 hours, and one-hundred mL of 100 mg/L nitrate solution was added.
 
	Time Elapsed
	Concentration

	0 hours
	0.9 mg/L

	0.5 hours
	0.8 mg/L

	1 hour
	0.8 mg/L

	1.5 hours
	0.6 mg/L

	2 hours
	0.5 mg/L

	19 hours
	0.1 mg/L



This test shows that even with very high levels of nitrogen, the wetland can only remove about 0.1 mg/L of nitrogen in one hour, but at lower levels, the wetland can remove nitrogen at a rate of about .3 mg/L per hour.
	
Discussion
	
One of the problems with the wetland is that the resulting dissolved oxygen level is dangerously low and could threaten wildlife. This result was unexpected because of the large number of plants which were expected to put oxygen back into the system. The algae in the system should also be producing oxygen as a product of photosynthesis. If this lab-scale wetland were to be a model for future full-scale wetland, this problem would have to be resolved. Otherwise, life would not be able to survive. Another problem related to this one is that is that it is unknown which organism were consuming the dissolved oxygen. All that is known is that the system seized most of the dissolved oxygen. Tests would have to be done on the individual plants to see which one or ones are using the vital substance. However, there was not enough time or real need to do this.
Another problem encountered was the health of the cattail. During the first couple days of work, the cattail showed no signs of dying, however within a week after its harvest, it began to noticeably wilt. Although it received plenty of water, it continued to wilt. In future projects, particular attention will have to be given to the cattail’s needs. 
One more problem, although not necessarily bad, is that the white flowers and the leafy water plant were never properly identified. This does not really affect this project, but if someone were to try to replicate this constructed wetland, knowing exactly what plants were used would be vital information.  Another small problem with the system’s construction is that the wetland flooded a few times. The water never reached to the top, it only rose near the top of the banks. However, since a full-scale wetland would have to endure the occasional flood as well, in the lab-scale wetland, floods can be a sign that this system can endure weather problems. 
Enough with the problems, the wetland has plenty of benefits also. The pH and alkalinity levels were good. The water was pretty much neutral, and with its alkalinity levels, the system will be able to resist changes in pH, so that if a fairly acidic solution were to reach the wetland, the system would be able to neutralize the acids. Same goes for an invading basic solution. Also, the wetland is able to filter nitrates very well, even when there were ridiculous amounts of the harmful substance. Too much nitrogen is bad for life and since the wetland is able to remove the nitrogen, the organisms will live better. Also, the turbidity fell drastically to a better level and is noticeably clearer. 
Some ideas on future constructed wetlands include better dissolved oxygen levels for the obvious reasons of survival. One idea would to get the pH between 5 and 6 because that is the typical level for rain and lake water. Another idea is to know what plants are added and choose plants that are more aesthetically pleasing.
All these lessons learned from this project can be used in another attempt to construct a better lab-scale wetland. 

Conclusion
	
	On the whole, the lab-scale wetland performed fairly well. The results were good for the pH, alkalinity, turbidity, nitrogen, and biochemical oxygen demand. The results for the dissolved oxygen, however, could have been better. Furthermore, the model shows that a constructed wetland can do pretty much the same job as a wastewater treatment plant without all the issues with noise, smell, and aesthetics.  In general terms, the goal of “going green” was reached. More specifically, a functioning wetland ecosystem was created that has the ability to remove toxins, add desired minerals, and create a healthier environment for the organisms in and around the area. 
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