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Introduction


The purpose of this project was to assess the water quality of Union Lake, Circle Lake, and Rice Lake.  Over the past years, growing urbanization and contamination from water runoff have steadily worsened the water quality in the lakes.  This project will evaluate the changes in water quality and add to the data already collected by others in the past (Carleton geology (kezie?), , contributing to an effort to find and fix the sources of water contamination.  We monitored the water quality over the course of April and May 2003, measuring for dissolved oxygen, turbidity, conductivity, salinity, seven anions, and other indicators of water quality.  

Rice County in southeastern Minnesota covers two ecological regions.  The eastern half (east of Interstate 35) is in the Western Cornbelt Plains, while the western half is in the North Central Hardwood Forest (Heiskary and Wilson 71).  Historical ecosystems aside, land use in all of Rice County is mostly agricultural, including cultivation of corn and soybeans as well as raising of turkeys and other fowl, cattle, and hogs.  Today the main difference between the two sides of the county is that the terrain is flatter in the western half  

The rocks under Rice County are composed of limestone nearest the surface; below that some layers are sandstone (aquifers).  There are some regions of karst.  The surface is rolling, shallow hills.  West of I-35 there is a cluster of glacial lakes (see map, figure 1we are still working on the maps).(Source: Bereket Haileab/Carleton Geology?). 

Because of growth and sprawl in the area surrounding Minneapolis and Saint Paul, Rice County is very close to the leading edge of urbanization (.  Local towns such as Northfield, Dundas, and Faribault are also growing.  At the moment, water runoff problems are primarily caused by agricultural chemicals and septic tanks (lakeaccess.org, B. Haileab/Geo), and are exacerbated by tiling and lack of wetlands.(do we need to explain what tiling & wetlands do?)


Replace most of this with a map?  Union Lake is located slightly west of Interstate 35.  We took water samples at two sites on this lake.  Site A is at the northeast end of the lake, just off Bagley Avenue.  Site B is on the south end of the lake on a small dirt road called Union Lake Trail.  Union Lake is fed by Heath Creek.


Circle Lake is south of Union Lake and farther west of the interstate.  We also took water samples at two sites here.  Site A is the public lake access site; it provides access for boating and fishing.  Site B is on the east side of the lake on 124th Street.  


Fox Lake is just south of Circle Lake; the two lakes are connected by Wolf Creek.  Fox Lake is smaller than the other two, so we only had one sample site here.  The sample site was the public lake access; like Circle Lake it had a boating ramp and a fishing dock.  


The lake shores all contain some farm fields, pastures, houses, and forest.  Union Lake is close to some developed areas.


Our study determined that there were many common points between the three lakes, but distinct differences in water quality exist between them; Fox Lake has the coldest, clearest water, while Circle Lake is the least healthy, with high levels of nitrate and sulfate.

Methods

We tested water at two sites on Union Lake, two sites on Circle Lake, and one site on Fox Lake.  We took samples on five different afternoons throughout April and May, usually between 1:00 and 3:00.  The samples were taken in shallow water from the shore or from docks.

At each site we used a Yellow Springs Instruments, Incorporated, model 85 instrument to measure temperature, conductivity (unadjusted and adjusted), salinity, and dissolved oxygen.  The turbidity of the water was determined by using a Secchi tube, and we also measured the depth of the water at the sample sites and took notes on the color and appearance of the lakes.  We took pH readings on two testing days.

At each site, we took a water sample and brought it back to the lab for analysis.  The samples were run through an ion chromatograph to test for the presence of fluoride, chloride, nitrate, nitrite, bromide, phosphate, and sulfate. 

Discussion 

General Findings 

Among all the factors we measured, there were a number which were common to all the lakes.  The ion chromatograph tested our water samples for fluoride, chloride, nitrate, nitrite, bromide, phosphate, and sulfate, but bromide and phosphate were never detected, and nitrite was only present in Union Lake on May 8 and May 15 (see figures FLUORIDE, CHLORIDE, SULFATE, NITRATE, NITRITE below.) The average depth at each of the testing sites varied, but all sites experienced a  large increase in depth on May 15, due to a large rainfall the day before.  Our Secchi measurements were taken with a 1.2 meter long cylinder; however a Secchi depth of about 3 meters is the minimum for good water (lakeaccess.org), so we do not know how close our lakes came to this.  Our pH measurements for these lakes were within the normal range for lakes and therefore do not provide much information about water contamination.  The salinity remained constant at 0.2 parts per thousand in each of the lakes.  The stability of the salinity levels may have had a stabilizing effect on the conductivity measurements.  Since the salinity levels stayed the same, we determined that they did not have a significant effect on the health of the lakes.

At all lakes we recorded both unadjusted and adjusted conductivity measurements, but for our analysis we will look only at the adjusted readings, as the unadjusted measurements are not corrected for temperature and therefore do not accurately reflect the conductivity of the lakes.
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Union Lake

Water temperature and conductivity

Date
April 17
April 24
April 26
May 8
May 15

Temp. (ºC)
11.2
12.0
16.1
15.1
14.7

Conductivity (S)
421.1
439.8
452.6
463.1
421.5


The temperature of Union Lake generally rose over the course of the term, with a few slight variations which we believe to be a result of cooler weather in the preceding days.  The conductivity remained fairly constant, fluctuating within a range of 42 microsimmons over the course of our study.  Since the salinity of the lake stayed constant and since we did not see much algae or other plant life in the lake, we can infer that the amount of dissolved organisms in the lake did not significantly change during our testing.  Because our Secchi tube was so short, we cannot determine whether there was a change in turbidity.  From our empirical data, we know that it is clearer than Circle Lake.  From our subjective observations, we determined that it was slightly less clear than Fox Lake.


The chloride in Union Lake fluctuated between about 21 and 26 mg/L.  There was no noticeable trend in the chloride levels (see figure CHLORIDE .)  Nitrite was present in the lake at each of the sites on two separate days, but it was in very small amounts; because it showed up so rarely, we determined that it is not significantly affecting the water quality.  Nitrate levels, which were below 4 mg/L throughout, were somewhat correlated with rainfall and more vaguely with sulfate levels.  From this we can infer that fertilizer contamination of the water was negligible, although there may be other factors that are affecting the levels of these ions.

Circle Lake

Water temperature and conductivity

Date
April 17
April 24
April 26
May 8
May 15

Temp. (ºC)
7.8
14.8
18.2
18.0
17.2

Conductivity (S)
361.0
314.1
328.6
359.9
310.6


Overall, Circle Lake warmed by about 10 degrees C.  The lower temperature on May 15 can probably be explained by cooler air temperatures at the time.  The conductivity varied within a range of 50.4 microsimmons but exhibited no clear pattern of change, so again we infer that the amount of dissolved (ions?organisms?) in the lake did not vary significantly during our testing period.  Our Secchi tube was able to give us precise readings of turbidity at Circle Lake.  All the depths are fairly low, the highest being only 35 centimeters, which is much worse than either Union or Fox Lakes.    Our subjective observations of the color of the water describe it at various times as ‘brown,’ ‘yellow,’ or ‘murky,’ affirming our conclusion that the water is more turbid at Circle Lake than at our other two testing sites.


Chloride levels stayed fairly consistent for the majority of testing days, varying from 12.13 to 12.63 mg/L, but the last day it abruptly dropped to 10.1119 ppm.  This change could be due to the rainfall on May 11th.  

It is hard to correlate nitrate levels with rainfall because mo Nitrate exhibits an interesting pattern: levels start out quite low, then go down to nothing, then shoot up to 16.0100 ppm the last day.  Sulfate follows a similar pattern; it starts out in the teens, then the last day hits 50.1900 ppm, which is much higher than the levels in Union or Fox ever reached.  Since both of these pollutants often come from fertilizers, we infer that fertilizers were applied in the vicinity of Circle Lake sometime between May 8th and May 15th, which would thus account for the sudden rise in concentration of these chemicals in the lake due to surface runoff.  

Fox Lake

Water temperature and conductivity

Date
April 17
April 24
April 26
May 8
May 15

Temp. (ºC)
9.4
11.3
12.4
14.3
16.0

Conductivity (S)
323.4
341.2
319.0
347.9
350.2


Like Union and Circle lakes, Fox exhibited a clear pattern of warming over the term.  The conductivity displayed no clear trend of change, although the exact readings varied within a range of about 31 microsimmons.  Again, since the salinity did not change, we can attribute the variations in conductivity to a change in the amount of dissolved (ions?organisms?) in the water.  The Secchi readings at Fox Lake were greater than 120 centimeters every time, so we cannot determine whether there was a change in turbidity over the course of the project.  Fox Lake certainly appeared to be the clearest of the lakes; we recorded observations of the color as “clear” and “yellowish” almost every time.  However, a more extensive study of Secchi depths would be needed in order to understand how the turbidity of Fox Lake affects its water quality.


A study of the ions in the water reveals that there was significantly more fluoride in Fox Lake than in Circle Lake or Union Lake, with levels varying in no clear pattern from 0.0841 parts per million to 0.2409.  The chloride levels in Fox Lake remained steady, with a maximum variation of 0.871 parts per million.  From this we can determine that there was no significant change in the factors that affect chloride levels in the lake.    Nitrate and sulfate levels were fairly stable throughout the study, with a sharp drop in nitrate and a small rise in sulfate on the last day of sampling.  Further sampling would be necessary to determine if these changes are an anomaly or if they reflect a new trend in the levels of these ions in the lake.

Comparison


By comparing the lakes to one another, we perceive some similarities, due in great part to their proximity and thus similar bedrock, land use nearby, and weather.  All the lakes had a salinity that stayed constantly at 0.2 parts per thousand.  The temperatures of each lake increased, in general, over time, reflecting the warming of air temperatures as the season progressed.


Definite differences between the lakes exist, however.  Fox Lake was the coldest of the three lakes, with a median temperature of 12.4° Celsius, then Union with a median temperature of 14.7° Celsius, and Circle Lake was the warmest with a median temperature of 17.2 ° Celsius.  Since temperature is inversely related to dissolved oxygen content, we infer that Fox Lake would have the greatest dissolved oxygen content, and Circle Lake the least.  Conductivity hovered between 300 and 400 microsimmons at Fox and Circle Lakes, but between 400 and 500 at Union Lake.  Since conductivity is related to salinity and to organisms in the water, and since the salinity of all three lakes was the same, there must have been more organisms at Union Lake to account for the difference.  

Comparing Secchi depth

Date
April 17
April 24
April 26
May 8
May 15

Union 
0.85
>1.2
>1.2
>1.2
>1.2

Circle
0.17
0.25
0.35
0.23
0.26

Fox
>1.2
>1.2
>1.2
>1.2
>1.2

Clearly Circle Lake is the most turbid of the three. We cannot determine whether Fox or Union is the clearer lake because our Secchi tube was not long enough to give us precise readings at those lakes.  From our observations of the lake clarity, however, we believe that Fox is the clearer lake, but we do not have data to support this conclusion.

The fluoride levels remained fairly constant in each of the lakes; they were generally absent or present only in small amounts.  However, Fox Lake did have significantly more fluoride than Circle or Union Lakes.  Fluoride levels at Fox Lake varied from 0.0841 parts per million to 0.2409 parts per million; at Circle Lake the highest level was 0.0934 parts per million and at Union Lake the highest measurement was 0.1021 parts per million.  This may be due to slight differences in bedrock or to differences in the rock the groundwater seeps through as it travels to Fox Lake.  The chloride levels were clearly the highest in Union lake, consistently in the lower 20s ppm.  The chloride in Circle appeared to be higher than in Fox, but contrary to the to opinion of the man we met at Fox Lake, the difference in chloride levels was slight.  The difference in chloride levels could be due to the pattern of roads, and thus distribution of road salts, in the surrounding area.  Both sulfate and nitrates remained at relatively low levels in Fox and Union Lakes during our study, while at Circle lake they went from nonexistent to more than 16 ppm for nitrate and 50 ppm for sulfate.  This could be due to a sudden influx of fertilizers from farms or sewage from faulty septic tanks on Circle Lake, while wastes of these types may have been better managed at Fox and Union lakes.  We know from the man on the Circle Lake Association that fecal material has been present in the lake in the past.  

Sources of Uncertainty

After analyzing our measurements of dissolved oxygen, we decided that they are unreliable; this is due to the variability of the YSI meter and the fact that we were unable to calibrate the machine each time we went to the field.  The dissolved oxygen measurements were not in accordance with the usual dissolved oxygen readings for lakes, so therefore we will discard them in our discussion of the water quality.  Since temperature and dissolved oxygen are indirectly related, we can infer that the dissolved oxygen content of each lake varies inversely with the temperature, but this assumption is not based on empirical facts and can only be used to study the lakes comparatively.  Our turbidity measurements are useful only to a certain extent, as our Secchi tube only measured clarity up to 120 centimeters.  The turbidity measurements at Circle Lake always fell within the range of measurable turbidity, but at Fox and Union Lakes, it was at times greater than 120 centimeters.  Therefore, our data for those sites is imprecise.  In order to have precisely measured the turbidity, we would have had to take a boat into the middle of the lake where the water was the deepest and use a Secchi disk on a rope to take the measurements.

Broader issues of water quality in the lakes

Lake eutrophication 

Trophic state is a water quality related description of a lake based on biological activity.    Eutrophic lakes have a high level of nutrients (measured by the level of phosphorus) and high productivity.  This means they have a low Secchi depth, lots of algae, and high levels of chlorophyll and phosphorus.  Low Secchi depth means that there is a lot of suspended particulate matter in the water, presumably caused by algal biomass.  Oligotrophic is the opposite.  These lakes have low nutrient levels and productivity.  They tend to have clearer water and less algae, but more of large organisms such as fish.

Factors such as the geology of the lake basin, the climate, and the lake’s mixing patterns and residence times can all affect trophic state, making some lakes more naturally eutrophic or oligotrophic.  However, human influences, particularly nutrient-rich runoff from fertilized land, can cause lake eutrophication, altering ecology, killing off some species, and making the lakes dirty and smelly.

All three lakes have been classified by the state department of natural resources as eutrophic or hypereutrophic (http://www.dnr.state.mn.us.)  Our data did not support this, perhaps because it was taken in the spring before algal growth begins.  Personal communication from local observers (Circle Man, Fox Man, Bereket) tell us that these lakes do indeed develop scums of algae in summer.

Stories from Rice County Residents


Throughout the course of our project, we met several people who lived near the lakes.  When we told them the purpose of our study, they had many stories to tell us about the history of lake water quality.  Although we are not sure whether the reasons the men gave us for the changes in water quality are true, we felt it was important to include their stories as an example of how changes in water quality affect those who live near the lakes.


At Circle Lake Site B, we met a man who is a member of the Circle Lake Association.  He showed us an area near the shore of the lake where all the grass was burned away; he said that last year a flood had carried pig and cow feces from nearby farms into the lake.  Near Circle Lake there are several large farms that are on the watershed.  The farmers there collect animal wastes in large holding ponds.  Last year, during a flood, these ponds overflowed and ran into Circle Lake, contaminating the lake with a large quantity of feces.  This man told us that last year after the water had receded, several inches of feces were left on the banks, and this burned away all the grass and contaminated the soil.  Most of the grass around the lake had recovered, but the man showed us one low spot where the grass still had not grown back and the soil smelled of feces. 

At Fox Lake, we met a fisherman who told us that a few years ago, all the fish in Union Lake had died.  He blamed the death of the fish on increased levels of chlorine, which he said had been pumped into the lake when the waste treatment plant began using chlorine for sterilization.  When the treated wastewater was pumped into Union Lake, it contaminated the water and the fish were unable to survive.  He told us that the entire lake had been restocked with a variety of bass, but they had not yet returned to their previous levels.

Other Information that would be Useful


Our study of water quality in the lakes suffered severely from our lack of accurate information on dissolved oxygen.  In order to correctly measure dissolved oxygen, we would have had to spend an extensive amount of time at each site calibrating the YSI meter in order to record accurate measurements.  Unfortunately, we were not aware of the deficiencies in the meter until we had already completed our water sampling.  Dissolved oxygen is one of the most important indicators of water quality, so it would have been useful for our study.  More accurate Secchi readings would have been helpful as well.  They would have enabled us to learn the amount of suspended particles in the water such as silt, clay, organic and inorganic matter, and microscopic organisms.  Suspended particles have a great impact on the light penetration of the water, which in turn affects the life that can survive in the lake.  Knowing the concentration of suspended particles would have helped us asses the health of the lakes as well.


Other information that would have been useful would be knowing about the activities of the farmers who live in the vicinity of the lakes.  Had we known when they were fertilizing their land and what measures they were taking to prevent runoff water contamination, we might have been able to enhance our understanding of our results and learn more about the true extent of water contamination.


Comprehensive results of water testing at the lakes in past years would have been useful as well.  We were able to obtain records of some other testing, but some of these results were from the summer, when the organic composition of the lakes is much different; we cannot accurately compare the lakes in spring this year with the lakes in late summer in years past because there are simply too many differing variables.

Conclusion


Although we found many sources of uncertainty in our data, we believe that there are distinct differences between Circle, Fox, and Union lakes, despite their proximity to each other.  Because it is the coldest, and we believe it to be the clearest, we have determined that Fox Lake is the healthiest of the three.  Union Lake is warmer, but still quite clear.  Circle Lake appears to be the least healthy of the three, because of its high temperature and the large amount of nitrate and sulfate present.  


The main water quality event we were testing for is changes in nitrogen ion levels.  During our study, the levels did not actually change a lot.  Circle Lake showed an upward trend, but it appeared near the end of the study and we would need to have continued sampling to be sure of it. 


Lakes are affected by a multitude of factors, but our findings lead us to suggest that more should be done, especially at Circle Lake, to prevent fertilizers and fecal material from entering the lakes.  (WHAT ELSE SHOULD WE SAY?)

Often, fertilizer runoff causes nitrate and nitrite N levels to go up,

resulting in algal blooms.  High N levels are basically what we are

checking for.  

-Have N levels gone up?

-Was this connected to rain?

-Did algae appear?

-How do we explain differences between lakes?

-Which lakes have higher quality water?

-Is there anything that should be done for the lakes?

Acknowledgements


We have been aided by many people during the course of this project, and we would like to thank Liz Clark, the Carleton Geology Department, the lakeside residents who offered their stories to us, our Environmental Geology colleagues, and Bereket Haileab.

References

Minnesota Department of Natural Resources, http://www.dnr.state.mn.us

Contains data from past studies on Union, Fox, and Circle lakes: Secchi depth, alkalinity, phosphorus, etc.

Heiskary, Steve, Minnesota Pollution Control Agency.  “Status and trend monitoring summary for Rice County, Minnesota, 1999. (Lakes: Cannon, Wells, Kelly , Dudley, Circle, Cedar, and Roberds.” at http://www.pca.state.mn.us/water/pubs/lar-riceco99.pdf

A study on water quality concentrating on total phosphorus.

Heiskary, Steven and Wilson, C. Bruce.  “The regional nature of lake water quality across Minnesota: An analysis for improving resource management.” Journal of the Minnesota Academy of Science Vol. 55, No. 1, pp. 71-77.

 Wright, H. E.  "Origin and Developmental History of Minnesota Lakes."  Journal of the Minnesota Academy of Science Vol. 55, No. 1, pp. 26-31.


From the abstract: “Knowledge of the natural prehistoric processes in lakes and landscapes as recorded in lake sediments provide a perspective for evaluating the effects of modern land use and pollution on the chemical and biological processes in lakes, and it may assist in plans for improving their water quality and management.” 

United States Geological Survey. Water resources dat,. Minnesota.  Publisher [St. Paul, Minn.] : U.S. Dept. of the Interior, Geological Survey ; [Springfield, Va. : National Technical Information Service], 1982-

http://lakeaccess.org/ 

Overview of the meaning of most of the measurements we are taking. 

Data on Minnesota water bodies from 1982 onward.  May have our specific lakes in it.

GENERAL PROPERTIES OF LAKES

Heinonen, Pertti, Ziglio, Gioliano, and Van der Beken, Andre.  Hydrological and Limnological Aspects of Lake Monitoring.  New York: Wilkey and Sons, 2000.  

This is an excellent resource book for lake quality research.

Reid, George.  Ecology of Inland Waters and Estuaries.  New York: Reinhold, 1961.

This book will help us understand how the ecology of the lakes affects and is affected by the water quality.

Fang, Xing, and Stefan, Heinz G.  "Simulated climate change effects on dissolved oxygen characteristics in ice-covered lakes."  Ecological Modeling Vol. 103 (1997), pp. 207-229.

This article is excessively specific because we are not working on climate change or ice-covered lakes; however it provides information about dissolved oxygen conditions in general in Minnesota lakes, about interactions between lakes and the atmosphere, and about different trophic states.

Ginting, D.,  Moncrief, JF., and Gupta, S.C. "Runoff, Solids, and Contaminant Losses into Surface Tile Inlets Draining Lacustrine Depressions." Journal of Environmental Quality Vol. 29, No. 2, pp. 551-560.

We might not be able to get this one.  If we did, it would provide information about nutrients in agricultural runoff.

Montgomery, Carla W.  Environmental Geology.  Boston: McGraw-Hill, 2003 (6th ed.)  

Our textbook, which contains a great deal of excellent general information.

_1115983860.doc


Nitrate Content of All Lakes







0







5







10







15







20







4/8/2003







4/15/2003







4/22/2003







4/29/2003







5/6/2003







5/13/2003







Date







ppm







Union Lake







Circle Lake







Fox Lake












