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Bereket- did you want an abstract?  The TA mentioned that we should include one.

Also, do we just have problems with the form of the paper, or are there any content problems?

Introduction:

Drainage tiles are used in areas that are wetter than optimal.  They are now usually plastic tubes with small openings, buried about three or four feet underground.  They provide a route for the water to flow out of the field with less resistance than the soil, so the water flows more quickly.  They lower the water table to improve root development, and cause the ground to dry out more quickly after heavy rains and thaw earlier in the spring. 


The purpose of this lab is to monitor the drainage tiles to determine the content and effects of the water that the farmlands put into the streams.  We are monitoring two tiles that are draining active farmland, and a tile that is no longer in use as a control.    The three major pollutants of agriculture nutrients and fertilizers are nitrogen, phosphorous and potassium (Ribaudo, 2000).  Plants need nitrogen that they can’t get from the soil in order to grow which can be found naturally in both animal manure and plant legumes which naturally convert chemicals in the soil into nitrogen, the commercial fertilizer anhydrous ammonia is the most commonly used.  Not all of the nutrients when put on the soil are absorbed by plants, and therefore, since dissolvable, and it is estimated that 4.2 million tons of nitrogen and 1 million tons of phosphorous are run off into water supplies every year in the United States (Clark, 1989).  Nitrogen dissolves the easiest into water and the most abundant in water supplies, then phosphorous and then potassium.  

These nutrients create problems in the water supplies.  Because nutrients are made to promote plant grow they do so in the water also, creating excessive algae grow and surface water plant growth on the surface called eutrophication.  As the algae and plants decompose, they create bacteria, which reduces the dissolved oxygen of the water.  They also produce an unpleasant odor and taste, along with increasing the iron and manganese levels in the water, which affect the control of harmful coliform bacteria. The algae is also becomes a problem in the water treatment process causing millions of dollars of damage to water filters each year by clogging them.  Though sometimes the algae growth can be beneficial, in some cases increasing dissolved oxygen levels of the whole area which in turn could potentially increase only if there is a greater respiratory rate with the lakes’ vegetation than the decomposing vegetation, the effects are mostly negative.   Another negative effect of increased levels of nitrates is that they can cause methemoglobinemia, or “blue baby syndrome.  

Many people have argued that the nutrients that the tiles carry and deposit directly into the streams is having a negative affect on the biological activity in the stream. The amount of nutrients put into streams from active farmland tiles increases in the spring, around April to May, because farmers add nutrients and fertilizers to their farms during this time in order to increase the yield of crops.  When the spring rains hit the farmlands, the tiles carry the nutrients from the fertilizers and deposit them in the stream.  In this lab, we want to determine whether or not the water that the tiles put into the stream is good or bad for the environment.  



Several of the agricultural departments in major universities have done research into tile drainage.  For example, the University of Minnesota has ongoing research about the effects of different depths and spacing of tiles.  There is no conclusive data yet, but data from 2001 and 2002 suggest that subsurface drains placed at shallower depths (e.g., 3 ft. instead of 4 ft.) can substantially reduce annual subsurface drainage volumes and nitrate losses. Computer simulation is being undertaken to extend these results to other soil types and longer climatic records (Sands, 2002).  Missouri, Iowa, Ohio and Illinois State Universities, among others, have also done research into the effects of tile drainage.  Also, according to a 2001 report from Ridgetown College and University of Guelph, various studies have reported elevated levels of nitrogen, pesticides and pathogens in tile drainage outflow from chemical additives and manure (Fraser, 2001).  This is because the nitrogen and some pesticides are soluble in water and can be moved by the tiles.   On the other hand, drainage tiles can also be good for the environment.  According to the report, tile drainage can reduce soil erosion, phosphorus, potassium and pesticide losses from fields by as much as 40, 48, 29 and 35% respectively, due to both decreased surface runoff and increased infiltration.  This is because the soil can filter contaminants as the water flows through, until they are taken up by plants or biodegraded by soil organisms.  They are also a good way of decreasing soil erosion.

The National Soil Tilth Laboratory researched burying wood chips in trenches adjacent to the tile to act as additional carbon sources to increase the rate of de-nitrification (Jaynes, 2002).  It is the only of the methods they tried that actually reduced the amount of nitrates in the water (see Figure 1).  The main question with that method is how long the wood chips would be effective.
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   Figure 1 Average nitrate concentration in tile drainage in 2001 in Ames, Iowa from Jaynes, 2002.
Procedure:


The study took place from April 1, 2003 to May 13, 2003.  There was approximately 3-4 inches of precipitation during this time (Figure 2).  At all of the tiles, we observed increased flow of water after the rains.
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The group testing procedure was to go out to the field site with an YSI-85 meter (Yellow Springs Instrument, Incorporated, Model 85), secchi tube and testing bottle.  We used the YSI meter and recorded the results, while testing for turbidity with the secchi tube.  We then took a water sample and sent the water to the lab so that Bereket Haileab could test for seven elements: fluoride, chloride, nitrate, sulfate, nitrite, bromine, and phosphate, with the ion chromograph.  Bromine, phosphate and nitrite did not show up in the results.

[we will be adding a location map here]


The first test site, referred to as Cates Avenue, was right next to Cates Avenue, approximately 250 feet south of 100 St. E.  The GPS location is 15T0481601.  The tile that we tested was draining water from active farmland.  The water was flowing off the tile into Rice Creek.  The farmland appeared barren and exposed, without any ground cover and only leftover stalks from the previous crops. As a buffer between the edge of the farmland and the stream, there was approximately 2-3 feet of native or natural grass.


The second site was referred to as Landstein, after the owner of the farm, and was approximately 100-150 feet north of 155th Street East and approximately 500 feet east of Ibson Avenue.  The GPS location is 15T0489600.  The tile was the old ceramic kind (see Figure 3) and was draining active farmland.  We saw an area where new PVC tiling was being installed (see Figure 4).  The farmland also was barren and had no visible signs of green vegetation.  It did appear to have been plowed around April 8th.   The stream and tile outlet were buffered with a dense covering of box elder and a few older and taller trees (see Figure 6).  On the other side of the road, however, the invasive box elder had been removed and only the native taller trees were left standing which decreased the erosion of the land near the creek (see Figure 5).  On the Landstein side, the farmer was losing a quarter of an acre of land because of drainage problems, and yet on the other side of the road the farmer was able to utilize it for cattle grazing.
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Figure 3 This is an example of ceramic tile still in use at the Landstein farm in Southern Minnesota.  These ceramic tiles can be up to 100 years old.  The tile in this photo has begun to erode and break apart.
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Figure 4  This is an example of the newer tile being put in today.  This tile has a diameter of 

approximately 20 cm and made of a type of plastic.
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Figure 5 Landstein’s neighbor’s land:  Here the farmer has removed all non-native trees and turned the land along the creek into a grazing area.  This helps stop erosion and allows the farmer to use all available land.
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Figure 6 Landstein’s land:  Dense growth of non-native trees along creek.  This decreases the farmer’s land because of drainage problems and erosion.


The third site, referred to as Valley Grove, was about 100 to 200 feet south of 155 Street East and 200 feet east of Ibson Avenue.  The tile was constructed of PCV pipe and was draining water from Valley Grove preserve, which is inactive farmland.  It has been converted from farmland into a reserve in the past three years for the restoration land around the church and down to the border with the Scientific and Natural area, and 5-8 years for the field above the tile line (where trees were planted) (Gary Wagenbach).  The tile was surrounded with moderately dense forest.   There was roughly 20 feet of forest between the edge of the old farmland and where the tile drained.

Observations:



The amount of water that passed through the tiles increased as the weeks went by, most likely because there was an increase in rainfall.  The water that came of out all of the tiles was completely clear, more than we could even test using the 1.2-meter secchi tube.  The water temperature of all the tiles increased throughout the weeks as well.  The nitrate levels at the active farms were much higher than at Valley Grove, the non-active farm (see Figure 7).  The chloride and sulfate levels at the Valley Grove farm were higher than at the active farms (see Figures 8 & 9). 

Results:


The nitrate levels for Landstein and Cates were high, as much as 8.74mg/l for Landstein and 14.6mg/l for Cates (Figure 8). The nitrate level for the Valley Grove natural prairie is 1.29mg/l (Figure 8). Normal levels of nitrate in rainwater are .136mg/l (Figure 7).  According to data from the Mississippi River, the Nitrate levels are around 0.582mg/l (Cannon River group).  The chloride and sulfate concentrations were similar for Landstein and Cates but Valley Grove had higher concentrations of both (Figure 9 & 10)

	Date
	Fluoride

(mg/L)
	Chloride

(mg/L)
	Nitrate

(mg/L)
	Sulfate

(mg/L)
	Conductivity

(μS)
	Turbidity

(m)
	Temp.

(˚C)
	Dissolved Oxygen

(mg/L)
	Salinity

(ppt)

	Landstein
	
	
	
	
	
	
	
	
	

	04/15/2003
	0.1721
	19.4704
	17.4252
	24.5846
	380.7
	               1.2
	3.2
	
	

	04/22/2003
	0.1694
	17.2791
	26.9293
	24.8844
	381.4
	1.2
	4.9
	10.82
	0.3

	04/29/2003
	0.1688
	16.4919
	25.1756
	24.193
	
	
	
	
	

	05/06/2003
	0.1624
	17.0242
	27.2324
	24.405
	263.5
	1.2
	7.2
	11.05
	0.2

	05/13/2003
	
	
	
	
	377
	1.2
	8.5
	10.29
	0.3

	
	
	
	
	
	
	
	
	
	

	Cates
	
	
	
	
	
	
	
	
	

	07/17/2001
	0.2585
	14.5631
	
	9.9123
	
	
	
	
	

	07/19/2001
	0.2765
	13.9321
	
	10.7932
	
	
	
	
	

	07/23/2001
	0.2544
	12.6511
	
	9.7544
	
	
	
	
	

	04/15/2003
	0.1596
	16.3375
	47.9356
	14.207
	
	
	
	
	

	04/22/2003
	0.1518
	14.4247
	60.3626
	11.5488
	403
	1.2
	4.1
	12.9
	0.3

	05/01/2003
	0.1493
	14.9142
	60.4717
	10.4602
	686
	1.2
	5.9
	13.91
	0.3

	05/06/2003
	0.1563
	15.1213
	64.6848
	10.4809
	442
	1.2
	6.3
	12.8
	0.3

	
	
	
	
	
	
	
	
	
	

	Valley Grove
	
	
	
	
	
	
	
	
	

	07/16/2001
	0.3162
	26.773
	0.464
	25.992
	
	
	
	
	

	04/22/2003
	0.1851
	1.9748
	2.3451
	9.8919
	0
	1.2
	5
	0.55
	0

	04/29/2003
	0.176
	2.0184
	3.1486
	9.6082
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	Rain Water
	
	
	
	
	
	
	
	
	

	04/17/2003
	0.2181
	0.9161
	0.6018
	1.3335
	
	
	
	
	


Figure 7 Complete collected data from past studies and our own.
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Figure 8  Nitrate-N at Landstein, Cates and Valley Grove.  This graph shows the increased Nitrate concentration in tile runoff for the active farmlands (Cates and Landstein).  Therefore, farming techniques must increase the nitrate concentration since the unused land has relatively little nitrate in the tile runoff.
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Figure 9 Chloride concentrations for all sites.  This graph shows that Cates and Valley Grove have much higher concentrations of Chloride than Landstein.  Since Valley grove was the control tile and Cates had similar concentrations we concluded that active farming has no effect on the Chloride concentration in tile runoff.
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Figure 10  Sulfate Concentrations for All Sites.  This graph shows the decreased concentrations of sulfate in the tile runoff from the two active farmlands (Cates and Landstein).  Since the unused land had much higher concentrations, active farmland must lower the Sulfate concentration in tile runoff.

Discussion: 

We conclude that the active farmlands are producing more nitrates than the prairie.  The rainwater nitrate levels show that the nitrate levels in the water coming out of the active farmland tiles are well above normal (Figure 7).  Does this have an effect on the streams and does it changes the chemistry of the streams?  The Rice Creek data shows a range of nitrate concentrations from 11.5mg/l to 17.9mg/l.  This is much higher than the normal rainwater concentration and therefore must be affected by the increase of nitrates from the tiles. This is also higher than the EPA minimum of nitrates in drinking water of 10 milligrams per liter (Clark, 1989).    The Mississippi River data also shows a slight increase in nitrate levels above the normal rainwater concentration (Cannon River group).  Thus, we attribute this increase in the nitrate of the Mississippi River from the tiles of the active farmlands.

The sulfate concentrations in the active farmland tiles were both low compared to the unused land.  We assumed, from this data, that active farms decreased the amount of sulfate runoff.  Because the chloride concentrations in the tiles did not seem to be effected by land usage we concluded that active farms do not affect chloride concentrations.

We do not know what other factors could be contributing to the increased level of Nitrate in the Mississippi.  We did not account for other pollutants and micro bacterial processes.  We also do not know how many farms have tiles.  Although we know that nitrogen has a negative affect on the organisms in the streams, these affects are difficult to see.  There is a Dead Zone in the mouth of the Mississippi where there are too many nutrients for life.  Even though our study takes place on a relatively small scale, our research has led us to suggest that farms do have an impact on this Dead Zone but to what extent we do not know.

We can conclude that tiles of active farms produce high levels of nitrate, which has a negative impact on the environment.  We can also generalize that the nutrients and fertilizers added to farm soils to produce higher yields have negative effects on the water quality of the region.  The increase of nutrients on the farmland leads to an increase of nutrients and pollutants in the water. The increase of rainfall in the spring season increases the amounts of runoff from the tiles and the pollutants in the water.  The data from Valley Grove suggests that when farming practices stop, the levels of nutrients and pollutants in the water decreases a significant amount. 

Conclusion:


From the data, it can be concluded that tiles are a source of pollutants, significantly for nitrates, in water supply of streams and lakes. Water from tiles on active farmland has more nitrates than inactive farmland and rainwater.  As rain falls onto the farmland, and travels through the soil, it dissolves a high amount of nitrates from the farmland into the water which flows into water supply and as seen above high levels of nitrates in the water have many negative effects, including eutrophication, which increases water filtration and treatment costs.  Though the tiles have many benefits for the farmers, without data from runoff of farms without tiles or wetlands, it is indiscernible whether or not the tiles are reducing or increasing the amount of pollutants compared to other farming practices. It would be recommended for future studies to test the water in wetlands, normal farm runoff and tiles. 
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Figure 2  Amount of rainfall in Northfield, Minnesota for the testing period.  The stars are the days in which the water samples were taken, and as the rainfall increased there was also visible increases in the amount of water flowing out of the tile.
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