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Introduction

Wolf Creek is part of the Cannon River Watershed in the southeastern part of Minnesota.  The Cannon River is the main body of water in this watershed, and it is a tributary of the Mississippi River.  Wolf Creek is a major tributary of the Cannon River, and the former flows into the later just south of Dundas, Minnesota.  The Wolf Creek Drainage basin is located between the towns of Northfield and Faribault (Fig. 1).  91.3% of the land surrounding Wolf Creek is occupied by livestock or crops.  The majority of farmland that abuts Wolf Creek contains a wooded riparian zone that is anywhere from 0.5 meters to 50 meters wide (Charles-Guzman, Cooper, Hodo, Kaba, and Kim, 2001).

 This study focuses on five specific sites on Wolf Creek in Rice County, Minnesota (Fig. 1).  The first site, (location 1), was right along Highway 3.  The second site, (location 2), was at the intersection of Cabot and 120th Street.  The third site, (location 3), was at the intersection of Road 76 and 120th Street.   The fourth site, (location 4), was at the intersection of Road 60 and 120th Street.  And the fifth and final site, (location 5), was at the intersection of Road 9 and Road 36.  

  The purpose of this project was to study the chemical and physical properties of Wolf Creek in order to draw conclusions about the status of this stream’s health.  It is our goal that this analysis will serve future Carleton students, faculty, and residents of Rice County, as they continue the process of monitoring and studying our community’s surface water.

Throughout our study of Wolf Creek we measured pH, temperature, dissolved oxygen, conductivity, salinity, turbidity, chloride, nitrate, and sulfate.

Procedure 

All data was collected over four trips to five specific parts of the stream.  On the first trip to the field a pH meter was used to measure the pH of Wolf Creek.  A Yellow Springs Instrument Inc. Model 85 was used to measure temperature, dissolved oxygen, conductivity, and salinity.  And a 130 cm long Secchi Disk was used to measure the turbidity of Wolf Creek.      

Water samples were also taken at each location.  These samples were analyzed for seven anions using a Dionex 600 Ion Chromatograph.  It is important to note that only three of these seven anions, (chloride, nitrate, and sulfate), were significant enough components of Wolf Creek to show up on the chromatograph.  

Observations and Results



Fig #2:  We sampled the pH of Wolf Creek at five different locations on the first day of sampling, April 17, 2003.  The pH ranged from 7.0-8.0 with an average of 7.6.




Temperature of Wolf Creek at Different Lcoations Over Time (centigrade)

 
 
 
 
 
 
 

 
 
17-Apr
24-Apr
08-May
15-May
 

 
location 1
6.9
12.3
14.5
15.2
 

 
location 2
6.6
11.9
14.1
15.2
 

 
location 3
8.7
13.2
16.2
16.8
 

 
location 4
9.5
13.6
15.5
15.5
 

 
location 5
7.3
14.2
15.6
18
 

Fig #3:  We Sampled the temperature of Wolf Creek at five different locations on four different sampling days.  At each sampling location the temperature rose over time.  Over the course of one month the temperature increased by 8.3 degrees centigrade at location 1, 8.6 degrees centigrade at location 2, 8.1 degrees centigrade at location 3, 6.0 degrees centigrade at location 4, and 10.7 degrees centigrade at location 5.  Between all five locations there was an average rise in temperature of 8.3 degrees centigrade.






Amount of Dissolved Oxygen in Wolf Creek at Different Locations Over Time (mg/Liter)
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Fig #4:  We sampled dissolved oxygen in Wolf Creek at five different locations on four different sampling days.  At each location the amount of dissolved oxygen did not decrease steadily on every successive sampling day, but overall dissolved oxygen did decrease at each location.  The average amount of dissolved oxygen at location 1 was 11.59 mg/Liter, at location 2 was 11.54mg/Liter, at location 3 was 8.85 mg/Liter, at location 4 was 10.39mg/Liter, and at location 5 was 10.14mg/Liter.



Conductivity of Wolf Creek at Different Locations Over Time (ms)
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361.6
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470.3
362.4
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337.7
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342.1
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Fig #5:  We sampled the conductivity of Wolf Creek at five different locations on four different sampling days.  Each sampling location followed a similar pattern.  The first sampling day yielded the highest conductivity at each site, the next sampling day there was a decrease in conductivity, then on the third sampling day there was a slight increase in conductivity, and finally on the last sampling day the conductivity of Wolf Creek dropped once again. The first sampling day, April 17, 2003 yielded the highest conductivity by a lot at each sampling site.



Turbidity of Wolf Creek at Different Locations Over Time (cm)

 
 
 
 
 
 

 
17-Apr
24-Apr
08-May
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location 1
53.9
28.1
39.4
27.2
 

location 2
61
33.9
46.2
28
 

location 3
46.8
31.4
50.6
28.2
 

location 4
45
26.2
30.8
30
 

location 5
62.2
89.4
122
122
 

Fig #6:  We sampled the turbidity of Wolf Creek at five different locations on four different sampling days.  The turbidity of Wolf Creek remained fairly constant at location 1-4.  At these four locations the turbidity never rose or dropped, but overall turbidity at these first four locations did increase over time.  Location 5 is different.  Although it started with around the same turbidity as that of the other four locations, its turbidity decreased each sampling day until by the last two sampling days the amount of water in the Secchi Disk was at a maximum.




Amount of Three Chemicals in Wolf Creek Location 1 Over Time

 
 
 
 
 
 
 

 
 
17-Apr
24-Apr
08-May
15-May
 

 
chloride mg/L
33.2345
13.752
14.9561
12.3452
 

 
nitrate mg/L
2.4337
0.5707
0.9195
1.0427
 

 
sulfate mg/L
26.4605
21.4263
23.3564
21.0277
 

Fig #7:  We sampled the amounts of chloride, nitrate, and sulfate at location 1 on four different sampling days.  The amount of chloride dropped by over 19mg/Liter from the first sampling day to the second, and then fluctuated at fairly steady levels.  Nitrate remained at very low levels and stayed incredibly steady over all four sampling days.  Sulfate fluctuated up and down in small increments over all four sampling days.




Amount of Three Chemicals in Wolf Creek Location 2 Over Time

 
 
 
 
 
 
 

 
 
17-Apr
24-Apr
08-May
15-May
 

 
chloride mg/L
27.0824
13.5935
15.1374
12.3605
 

 
nitrate mg/L
2.3382
0.4666
0.8023
0.9702
 

 
sulfate mg/L
26.7078
20.8609
22.9775
21.1717
 

Fig #8:  We sampled the amounts of chloride, nitrate, and sulfate at location 2 on four different sampling days.  The amount of chloride again dropped by over 13mg/Liter from the first sampling day to the second, and then fluctuated at fairly steady levels.  Nitrate remained at very low levels and stayed incredibly steady over all four sampling days.  Sulfate fluctuated up and down in small increments over all four sampling days.




Amount of Three Chemicals in Wolf Creek Location 3 Over Time

 
 
 
 
 
 
 

 
 
17-Apr
24-Apr
08-May
15-May
 

 
chloride mg/L
20.2674
12.8738
3.9891
11.857
 

 
nitrate mg/L
1.0682
0.1347
0.2475
0.5598
 

 
sulfate mg/L
25.8444
21.2667
23.3505
21.2282
 

Fig #9:  We sampled the amounts of chloride, nitrate, and sulfate at location 3 on four different sampling days.  Chloride, nitrate, and sulfate all fluctuated at fairly steady levels.




Amount of Three Chemicals in Wolf Creek Location 4 Over Time
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24-Apr
08-May
15-May
 

 
chloride mg/L
14.4149
11.0118
11.8235
11.1772
 

 
nitrate mg/L
1.2543
0
0
0.3046
 

 
sulfate mg/L
38.328
18.4764
19.9004
19.7596
 

Fig #10:  We sampled the amounts of chloride, nitrate, and sulfate at location 4 on four different sampling days.  Chloride remained incredibly steady over all four sampling days.  Nitrate also remained incredibly steady and at very low amounts over all four sampling days.  Sulfate dropped by over 19mg/Liter from the first to the second sampling day, and then continued to fluctuate at steady levels.




Amount of Three Chemicals in Wolf Creek Location 5 Over Time

 
 
 
 
 
 
 

 
 
17-Apr
24-Apr
08-May
15-May
 

 
chloride mg/L
13.5152
13.453
13.4277
10.1661
 

 
nitrate mg/L
20.3091
6.9806
4.9168
5.4042
 

 
sulfate mg/L
31.9225
25.7341
20.8807
14.2852
 

Fig #11:  We sampled the amounts of chloride, nitrate, and sulfate at location 5 on four different sampling days.  Chloride remained incredibly steady over the first three sampling days, and then dropped slightly on the last sampling day.  Nitrate remained steady and at very low amounts over all four sampling days.  Sulfate dropped by over 17mg/Liter over all four sampling days.

Discussion

The water quality standards set by Minnesota Pollution Control Association deem pH levels between 6 and 8.5 healthy (Charles-Guzman, et al, 2001).  The pH level is an indicator of the solubility and biological accessibility of chemical elements and heavy metals (Washington State Department of Ecology).

A waters’ pH is affected by geological formations that the water comes in contact with, and seasonal and daily fluctuations on photosynthesis.  Photosynthesis causes the pH to increase, and therefore respiration causes the pH to decrease.  Pollution usually creates an increase in photosynthesis, and therefore a rise in pH (Washington State Department of Ecology).

The pH values obtained at Wolf Creek ranged from 7.0 to 8.0, with an average of 7.6.  These values are well within water quality standards, and therefore attest to the health of Wolf Creek.     

The temperature of the water was taken during each visit to the five different locations of Wolf Creek.  Although there was fluctuation in temperature between the five points, in general the temperature of Wolf Creek increased during the sampling period. 

This result was not entirely unexpected.  Taking into the account that the temperatures were taken between the dates of April 17 and March 15, it could easily be assumed that the water temperature would rise because of the seasonal increase in temperature.  Spring and summer tend to bring warmer climates, and consequently, warmer water temperatures. 


Water temperature plays a major role in the overall health of the creek.  The obvious cause for fluctuations in water temperature is fluctuations in seasonal temperatures.  However, other causes include water depth, groundwater inflow, and the amount of direct sunlight and shade that the water is receiving.  

Water temperature has many influences on the occurrences in the creek.  It can limit migration, spawning, egg incubation, growth, and metabolism of underwater organisms.**  The major influence that the temperature has on the creek, though, is the regulation of dissolved oxygen within the water.  Warmer water holds less oxygen than colder water does, and the organisms within the creek rely on dissolved oxygen for their survival.  Aquatic organisms have their own system of respiration where they consume oxygen and expel carbon dioxide while absorbing essential food molecules.**  Therefore, the amount of dissolved oxygen that the water holds determines how much life it can support.  

The amount of dissolved-oxygen in a stream is perhaps the best indication of the stream’s health and overall water quality.  Physical, chemical, and biochemical processes such as temperature, photosynthesis, respiration, amount of organic matter, surface-air contact, and human activity, all influence the amount of dissolved oxygen in a stream (Balance and Bartram, 1996) and (“Understanding Dissolved Oxygen in Streams”).
Oxygen dissolves more readily in water as temperature decreases, and thus cooler water can carry more dissolved oxygen.  Dissolved-oxygen enters streams when the surface of the water comes in contact with the air.  Therefore, when water flows more rapidly and the overall water flow is turbulent, more oxygen is incorporated into the stream.  

Dissolved-oxygen supports aquatic life, which depends on the oxygen for respiration.  The uptake of dissolved-oxygen by aquatic life is only effective above certain concentrations.  Without enough oxygen, aquatic life cannot grow and reproduce successfully and sometimes the lack of oxygen can be serious enough to cause death.  Dissolved oxygen is also needed for the breakdown of organic matter (Washington State Department of Ecology).

Dissolved-oxygen levels below 5 mg/Liter are harmful to most species (“Understanding Dissolved Oxygen in Streams”).  Only one of our measurements at Wolf Creek went bellow 5mg/Liter, this measurement was 2.76 mg/Liter.  Perhaps this was due to human error, for all of our other measurements were well above 5mg/Liter.  All of our readings were also very consistent over time and location, and our values indicate that Wolf Creek is quite healthy.  One trend that we observed, (except for a few dramatic shifts), was a steady decrease in the amount of dissolved oxygen.  This is possibly due to an increase in aquatic life and plants as winter turned to spring, for these organisms use a good deal of the dissolved-oxygen in the water.


Conductivity, generally measured in siemens or micromhos per centimeter, is the measure of how easily an electrical current can pass through a certain material such as water. In streams, fluctuations in these measurements are directly related to the amount of dissolved inorganic anions existent in the water. Significant amounts of dissolved electrolyte anions such as chloride, nitrate, sulfate, and phosphate increase conductivity. Temperature and geophysical surroundings also contribute to water conductivity. Warmer temperatures generate higher conductivity. Also, rivers and streams that flow over clay-rich soils are generally more conductive than streams flowing over granite bedrock. While clay sheds negatively charged ions that release into the stream, granite bedrock is composed of inert chemicals that do not contribute to the water’s conductivity. According to the Environmental Protection Agency’s website on assessing water quality and specifically, conductivity, the average conductivity measurement for US streams and rivers ranges from 50 to 1500 micromhos. Pollutants such as septic runoff, road salts, and industrial discharge containing great amounts of chloride, nitrate, sulfate, and phosphate enhance a stream’s conductivity. 


The five conductivity measurements that we took at Wolf Creek revealed fairly average conductivity rates, ranging from 309.2 to 478.0 micromhos.  The conductivity values are very similar to those observed by a group of scientists studying Wolf Creek two years earlier.  These scientists obtained conductivity values that ranged from 300-400 micromhos (Charles-Guzman, et al, 2001). 


All but one site followed similar fluctuation patterns in the amounts of conductivity.  As we expected from its proximity to the highway, our first measuring site had the highest conductivity rate. We hypothesize that the high conductivity is primarily due to the road salt runoff and perhaps sewage runoff. Similar variations in conductivity readings for sites 1,2,3,and 4 were probably a result of changing precipitation rates. Our highest readings for all of the sites were on day one, which followed a heavy rainstorm. Runoff from the roads and from the surrounding soil likely contributed to this high reading. The dry spell that followed this week’s measurements had the reverse affect on the water chemistry. Location 5 stands out from the rest because it does not follow the same fluctuation pattern as the others but rather a steady decline from about 420 micromhos in conductivity.  It is likely that this particular site on Wolf Creek does not receive as much run-off as the other sites, particularly run-off from agricultural by-products and fertilizers.


Turbidity is defined as the cloudiness of water resulting from suspended material in the water. This suspended material decreases the ability of light to pass through the water. Reduced light penetration can limit plant growth, severely affecting the fish and invertebrate communities that feed on and live in the plants. Silt, microorganisms, plant material and chemicals can cause turbidity. However, the most frequent causes of turbidity in rivers and other bodies of water are algae and inorganic material from soil weathering and erosion.  Turbidity increases after a rainfall, when excess water from the surrounding soil runs off into the river, carrying silt particles and plant material with it.


The turbidity in Wolf Creek at the first four locations was relatively consistent, with minor fluctuations depending on how recently it had rained.  Location 5, however, started as turbid as the others but quickly cleared until it passed our instrument’s ability to measure.  Since it was subjected to the same rainfall as the others, another reason for its clarity must be found.  This is the same location that had a much lower conductivity than other locations.  Therefore, again we can make the same hypothesis.  It is likely that location 5 does not receive as much run-off as the other sites and thus does not accumulate as many particles and anions that encourage the growth of algae and other plants (“Physical and Chemical Tests”).

Chloride is commonly found in natural streams at certain levels.  The amount of chloride found in unpolluted streams is most commonly below 10 mg/Liter, and sometimes even below 1 mg/Liter (World Health Organization).  Sometimes the amount of chloride found in a stream is greater than these expected levels, and this phenomenon may be explained in a number of different ways.  A large amount of chloride detected in a stream can be an indication that there are chloride-containing geological formations that are coming in contact with the water.  Water is the universal solvent, and thus quite capable of dissolving chloride out of rocks and minerals.  High amounts of chloride in a stream may also result from pollution by sewage or industrial wastes.  If a stream is close to a road, chloride from salt and de-icing materials used in the winter months may find its way into the water.  And finally, another possible source of chloride in a natural stream is from contact with seawater or saline water (Balance and Bartram, 1996).  

Chloride makes water a better conductor of electricity, which in turn causes water to be more corrosive.  Indeed, high amounts of chloride in water eat away at metal pipes when the chloride reacts with metal ions to form soluble salts.  This chemical reaction puts more metal into the water and can be a big contaminant of our drinking water.  There are not, however, any guidelines governing the amount of chloride in drinking water.  There are no guidelines as of the present because chloride toxicity has not occurred in humans.  Most people can take in a large quantity of chloride as long as there is a sufficient amount of freshwater entering their system as well (World Health Organization).

The amount of chloride that we found in Wolf Creek always exceeded 10 mg/Liter, however, not by a significant amount.  From four different samples, the average amount of chloride that we found at location 1 was 18.57 mg/Liter, the average of location 2 was 17.04 mg/Liter, the average of location 3 was 14.75 mg/Liter, the average of location 4 was 12.12 mg/Liter, and the average of location 5 was 12.64 mg/Liter.  Our readings were very consistent, and relatively low, therefore there is little need to be concerned about chloride pollution in this stream.  

There are a few conclusions we can make about where this chloride is coming from.  At each location the highest measurements of chloride that we obtained occurred on our first testing day, April 17, 2003.  This makes sense when one considers a major source of chloride in natural waters, salt and de-icing materials.  Most likely a good deal of this chloride was due to snow-melt runoff carrying salt and other de-icing materials put on the roads in the winter.  Indeed, the highest amount of chloride out of all of our measurements combined occurred at location 1 on our first testing day.  Location one is right on highway 3, the biggest road that Wolf Creek runs along.  This highway, in comparison with all the other much smaller roads our test sites were near, gets the greatest amount of salt poured on it, and therefore this is why we got our highest chloride reading at this site on this day.  It is also fair to assume that Wolf Creek comes in contact with chloride-containing rocks, for even on our last testing day, May 15, 2003, chloride levels exceeded 10 mg/Liter, although not by very much.  It is also important to note that no significant amount of chloride was contributed to Wolf Creek by rainwater, because the rainwater sample that was taken during our testing period contained negligible amounts of chloride.

Nitrate is a form of nitrogen that is particularly abundant and in streams in agricultural areas. Though it is a naturally occurring chemical that plants thrive on, nitrate has become a topic of growing concern since the 1940s when the use of nitrate-rich fertilizers revolutionized farming methods (H. John Heinz III Center). These fertilizers cause nitrate to accumulate in ground and surface waters and eventually to seep into rivers and streams during wet seasons. This seasonal runoff pattern accounts for very high nitrate concentrations in streams during the winter and lower Nitrate concentrations during the summer. Nitrogen concentrations are considered high when levels reach beyond 30 mg/l. Areas where Nitrate concentrations exceed 50 mg/l, typically in inland farming zones, are considered harmful to health and often designated “nitrate vulnerable zones”. In these areas, “action programs” are often employed to reduce fertilizer use. While modern agricultural chemicals are the main source of nitrate contamination in water, human intervention such as land clearing, and sewage waste also contribute to high amounts of nitrate (H. John Heinz III Center).  

In nearly all of our testing locations, the nitrate levels followed a similar fluctuation pattern. For all four sites, the first testing day yielded the highest nitrate concentrations, with the peak concentration occurring at the first site, followed closely by the third. The second testing day yielded the lowest nitrate count for all but one location (this location did not even contain nitrate on this day), followed by a fairly steady increase on the third and fourth testing days.  The higher amount of nitrate in site one and three can be attributed to their proximity to the road, and therefore to chemical runoff. Also, the third site was relatively clear of nitrate-consuming vegetation. Also our first sampling day followed a strong rainstorm, which undoubtedly released a considerable amount of nitrate from fertilizers into the water. 


The average amount of nitrate found at location 1 was 1.34 mg/Liter, at location 2 was 1.44mg/Liter, at location 3 was .50mg/Liter, at location 4 was .39mg/Liter, and at location 5 was 9.40mg/Liter.  The average amount of nitrates obtained by the scientists studying Wolf Creek two years earlier was 7.4 mg/Liter (Charles-Guzman et al, 2001).  These scientists were very concerned by these results because the water quality standards set by the Minnesota Pollution Control Agency set the level of acceptable nitrate at 5.0mg/Liter (Charles-Guzman, et al, 2001).  Perhaps our nitrate values were so much lower because there have been efforts made by farmers and other citizens of Rice County to better protect their surface water, and the amount of fertilizer and other chemical run-off has been consciously reduced.  Another reason for the difference might be due to the fact that the portion of Wolf Creek being studied by these scientists is downstream from the portion we studied, and thus has had more time to accumulate nitrate. 

Sulfate is a common component of surface water, and it enters surface water in a variety of ways.  Sulfate is released into streams as a result of the chemical decomposition of sulfur-containing organic compounds, industrial waste, fossil-fuel combustion, mining, acid rain, actual sulfate particles suspended in the air, and of course from sulfate-containing geological formations that the stream comes in contact with, such as pyrite.  Sulfate is relatively non-toxic, and the World Health Organization does not set limits on the amount of sulfate allowed in drinking water (Balance and Bartram, 1996).  In streams, however, high amounts of sulfate help to lower the pH.  Because large quantities of sulfate tend to enter a stream at once, (usually due to seasonal fluctuations), this rapid influx causes “episodic acidification” or “acid shock.”  This can harm and sometimes even kill aquatic life (National Parks and Association).

The amounts of sulfate we measured in Wolf Creek were incredibly consistent over time and between the five different locations of our sampling sites.  although these values are somewhat high, the average pH of Wolf Creek is 7.6.  Because this is a very neutral, and even somewhat basic pH, the amount of sulfate in Wolf Creek is not making it acidic, and at this time it is in no danger of episodic acidification, or acid shock.  The sulfate in Wolf Creek is most likely coming from weathered pyrite in the limestone that the stream comes in contact with (Bereket Halieab, Personal Communication).  It is definitely not coming from acidic rainfall, because there were negligible amounts of sulfate in the rainfall sampled during this study.

Conclusion

In conclusion we found Wolf Creek to be a fairly healthy stream.  Almost none of the factors we measured for produced alarming results, on the contrary, the majority of the values we obtained fell at or below suggested levels for healthy streams.

The pH measurements we took of Wolf Creek all fall within the water quality standards set by the Minnesota Pollution Control Association.  Our average pH is also less that of the scientists studying Wolf Creek two years ago, who were somewhat concerned with their findings.  Therefore it can be concluded that Wolf Creek is in fact healthier than it was two years ago. 

The conclusion drawn from the information we collected on temperature is that due to the increase in temperature in Wolf Creek, the aquatic life may be suffering.  During the time we sampled, the temperature steadily increased.  One might assume, then, that the temperature of the creek will continue to increase steadily up until the next seasonal change.  This means that the creek will be able to hold less and less dissolved oxygen, and eventually support less and less aquatic life.  

Dissolved oxygen is a good indicator of water quality.  The general consensus about levels of dissolved oxygen in surface water is that amounts under 5mg/Liter are detrimental to aquatic life.  Only one out of twenty of our dissolved oxygen measurements fell below this level.  Therefore we can conclude that Wolf Creek has a sufficient amount of oxygen dissolved in it, and can support aquatic life. 


We found that Wolf Creek contained average conductivity values.  The Environmental Protection Agency claims that the average conductivity of US streams and rivers falls between 50 to 1500 micromhos.  Although this is a rather large range, the values we obtained for Wolf Creek fit well within these boundaries.   Our values were also very similar to a group of scientists who studied Wolf Creek two years earlier, and they were not concerned with the values they obtained (Charles-Guzman, et al, 2001).  We can therefore conclude that Wolf Creek is not being contaminated by an alarming amount of pollutants.


The salinity measurements that we obtained were all the same, .2ppt.  This was the same value obtained by a group of scientists two years earlier (Charles-Guzman et al, 2001).  This value is .1 ppt higher than the amount recommended by Minnesota Pollution Control Agency: however this is not a significant enough amount to cause concern.


Turbidity measurements followed expected patterns.  On sampling days following heavy rainfall the stream was more turbid, and vice versa.  Nothing abnormal or incredibly detrimental causes added turbidity in Wolf Creek.


The amount of chloride found in unpolluted streams is usually below 10mg/Liter.  Our chloride measurements were all higher than 10mg/Liter, but not by much.  There have never been any guidelines set governing the amount of chloride in drinking water because it is not typically hazardous to humans.  Therefore, although our chloride measurements were a little higher than expected, this is not a cause of concern.


The sites on Wolf Creek that we measured contained incredibly low amounts of nitrate, much lower than the values obtained by the group of scientists studying Wolf Creek two years earlier.  These scientists were concerned about the levels of nitrate that they found.  Our values, however, are much lower than amounts deemed harmful.  Therefore, the low amounts of nitrate in at the specific sites that we tested are a good indication of the health of these areas of Wolf Creek.


The sulfate levels of Wolf Creek were higher than those of average streams, Wolf Creek does not have an acidic pH, an indication that high levels of sulfate are affecting the quality of the stream.  The World Health Organization does not set guidelines for the amount of sulfate in drinking water because it is relatively non-toxic.  Therefore the levels of sulfate found in Wolf Creek are not a cause for concern.

Overall the water quality of Wolf Creek seems to have improved since the past two years, and at this stage it is relatively healthy.  This should be seen as a very positive and even somewhat remarkable feat, for Wolf Creek is surrounded by lots of farms, notorious for their contributions to water pollution.
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