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Introduction  

 

 Sunfish Lake Park is a park in Lake Elmo, Minnesota. It is self-described as “the crown 
jewel of the Lake Elmo park system – an important symbol of the quiet rural character of Lake 

Elmo” (source). There are three water bodies present on the land that comprises Sunfish Lake 

Park, the “Landfill pond”, the “Central pond”, and Sunfish Lake itself. “Landfill pond” and 
“Central pond” have not been officially named, but they will be referred to by those names for 

the remainder of this report.  

 

 Pollution present in 

freshwater lakes can come from a 

multitude of different sources. 

Pollution can occur when a 

chemical that is normally present in 

lakes is in overabundance, like 

phosphate. Phosphate is always 

present in freshwater lakes, but 

when it is in excess it can cause 

major problems. Pollution can also 

come from synthetic chemical 

sources, like perfluorinated 

substances. Many water bodies in 

Minnesota and throughout the 

United States have been affected by 

perfluorinated substances (PFAS). According to the United States Geological Survey, PFAS are 

a group of synthetic chemicals that are used in a wide-variety of common applications, they are 

also commonly called “forever chemicals” due to how extremely slowly they break down. 
Efforts to decrease PFAS levels are usually focused on removal rather than using a chemical 

process to break them down. According to the Environmental Protection Agency (EPA), research 

is still ongoing to determine health effects of different PFAS, but current research indicates that 

exposure to high levels of certain PFAS may lead to adverse health effects such as reproductive 

effects, developmental effects in children, increased risk of some cancers, reduced ability of the 

Figure 1. Map showing the names and locations of the three water 

bodies discussed throughout this report.  

https://www.lakeelmo.org/residents/parks/sunfish_lake_park.php
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immune system, interference with hormones, and increased cholesterol levels/risk of obesity. 

PFAS have been found within the three waterbodies present here in Sunfish Lake Park.  

 In order to attempt to determine if PFAS or other chemical pollution is affecting 

biological activity in the lakes present in Sunfish Lake Park, a Hilsenhoff Biotic Index was 

performed. An HBI is, in general, a process that allows us to see the quality of a certain 

environment from the perspective of the organisms who live there. According to Wikipedia, 

“The Hilsenhoff Biotic Index (HBI) is a quantitative method of evaluating the abundance of 

arthropod fauna in stream ecosystems as a measurement of estimating water quality based on the 

predetermined pollution tolerances of the observed taxa. This biotic index was created by 

William Hilsenhoff in 1977 to measure the effects of oxygen depletion in Wisconsin streams 

resulting from organic or nutrient pollution” (source). In this case, we are examining the quality 

of the three water bodies in Sunfish Lake Park. In order to perform this biotic index, aquatic 

invertebrates were sampled from the lakes and their tolerance values were recorded. A tolerance 

value refers to the level of tolerance an organism has for pollution, with higher numbers equating 

to a higher level of tolerance. The scale for these values is generally linear, meaning that, for 

example, a tolerance value of 4 is twice as tolerant as a tolerance value of 2. 

 

Methods  

 

Materials 

● 12, ¼” diameter 20 thread eye bolts  
● Nuts (¼” = 3/16” thick and ⅜” = ¼” thick) 
● Washers (1/16” thick) 
● At least 15 yards of neutral colored parachute cord 

● 12 worm drive hose clamps  

● 12 lightweight plastic coated fence poles  

● Brown hardboard, cut into 72 individual 3-inch squares each with a ¼” diameter hole 
drilled in the middle 

● 3 large buckets  

● Fine strainer 

● Containers with lids to hold specimen 

● Wrench  

● Pliers  

 

The method chosen to collect the aquatic invertebrates were Hester-Dendy samplers. 

These were made using eyebolts and hardboard. The hardboard was cut into 3 inch squares and 

assembled on the eyebolt. The hardboard was separated by differing sizes of bolts in order to 

create a gradient of the size of the spaces between the boards. The larger spaces were near the 

bottom and the smaller spaces were towards the top. The smallest top space was created with one 

https://en.wikipedia.org/wiki/Hilsenhoff_Biotic_Index
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1/16” (thickness) washer, the second space was created with two washers. The third space was 
created using one 3/16” nut, the fourth and fifth using a single ¼” nut.  

12 Hester-Dendy samplers were created in order to place four samplers in each of the 

three water bodies. These samplers were tied to the fence poles using a neutral colored parachute 

cord and the parachute cord was attached to the fence poles using a worm drive hose clamp. The 

parachute cord was tied and cut so the sampler reached one foot from the end of the fence pole.   

               

Process 

 Four samplers were placed in each water body. 

They were all placed approximately 5 feet from shore and 

approximately 2 feet from each other, in a line parallel to 

the shore. The samplers on Sunfish Lake were placed in the 

southeast corner of the northwest arm of the lake, 

coordinates 45.0048 N, 92.90191 W. The samplers in the 

Landfill pond were placed on the north side of the lake, 

coordinates 45.00610 N, 92.92579 W. The samplers in the 

Central pond were placed on the southeast edge, 

coordinates 45.00353, 92.90671 W. The water level in each 

waterbody varied, but the length of the fence poles allowed 

us flexibility. The poles were pushed into the substrate 

until the sampler hung just on top of the bottom of the lake, 

not quite touching the bottom.  

 Three separate collections were done on these 

samplers over the course of two months, with the samplers 

remaining in the same place until the final collection. The 

landfill pond samplers were set out on May 31, 2023. The 

Central pond and Sunfish lake samplers were set out on 

June 1, 2023. The samplers were collected using a large 

bucket with a small amount of lake water in it. The 

samplers were quickly picked out of the water, put into the bucket, and vigorously swished 

around for 30 seconds to ensure everything was knocked out, and placed back into the water. The 

Sunfish lake samplers were first collected on June 23, 2023. The Central pond and Landfill pond 

samplers were first collected on June 27, 2023. The second round of collection occurred on July 

7, 2023, for every waterbody. The final round of collection occurred on July 28, 2023, for every 

waterbody. For the final round, a different approach was taken than swishing the samplers in a 

bucket of water. The sampler was picked up out of the water and the parachute cord was quickly 

cut with a pair of scissors so the sampler could be dropped into the water in the bucket. The 

samplers were later taken apart using a wrench and pliers and each piece of hardwood was 

inspected front and back to ensure every organism was removed from the sampler. To study and 

identify the invertebrates collected, a fine strainer was used. The buckets of collected specimens 

Figure 2. The Hester-Dendy 

samplers created for this experiment. 

The different sized spaces between 

each piece of hardwood provides the 

opportunity for diversity in aquatic 

invertebrates collected, due to each 

organism’s habitat preference. 
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were poured into a very fine strainer so the organisms could be separated and placed into a 

smaller receptacle for specific identification.  

 

Results  

 

 The aquatic invertebrates collected were identified using University of Minnesota’s R.W. 
Bouchard Jr.’s Guide to Aquatic Invertebrates of the Upper Midwest. Most of the specimens 

were identified to family level, but some only to order or class level. This is acceptable, however, 

because the information needed from this identification is the organism’s tolerance value. The 
equation for a Hilsenhoff Biotic Index is:  

HBI = 
∑(𝑛𝑖 ∗𝑎𝑖)𝑁  

Where ni signifies the number of specimens in taxa i, ai signifies the tolerance value of taxa i, 

and N signifies the total number of specimens in the sample. By using this equation, we can take 

the number of specimens collected for each family into account, and give us a weighted, more 

representative sample of each lake. In simpler terms, the “number found” column will be 
multiplied by the “tolerance value” column per family. Once all those values are found for each 
family, the values will be added together. That number received will then be divided by the total 

number of specimens found in the lake.  

 

Sunfish Lake 

Family/Genus Tolerance Value Number Found HBI Value 

Planaria 4 9  

Caenidae 7 12  

Physidae 7 8  

Hydracarina 4 20*  

Lestidae 9 1  

Hirudinea (class) 10 4  

Nematoda (phylum) 5 20*  

Ostracoda Unknown N/A  

Total   74 5.47 

Table 1.  

*Hydracarina and Nematoda are given an average specimen collected value of 20, due to their extremely small size 

and our current inability to accurately analyze the number of specimens collected.  
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Central Pond 

Family/Order Tolerance Value Number Found HBI Value 

Planorbidae 7 1  

Physidae 7 2  

Dytiscidae 5 15  

Gammarus 4 24  

Aeshnidae 3 1  

Belostomatidae 10 1  

Hydracarina 4 20*  

Coenagrionidae 9 1  

Hirudinea (class) 10 4  

Nematoda (phylum) 5 20*  

Ostracoda Unknown N/A  

  89 4.88 

Table 2.  

*Hydracarina and Nematoda are given an average specimen collected value of 20, due to their extremely small size 

and our current inability to accurately analyze the number of specimens collected.  

 

Landfill Pond 

Family/Order Tolerance Value Number Found HBI Value 

Stratiomyidae 8 2  

Aeshnidae 3 1  

Gammarus 4 14  

Chaoboridae 8 3  

Sialidae 4 1  

Limnephilidae 4 1  

Hydracarina 4 20*  
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Megaloptera 4 1  

Hirudinea (class) 10 13  

Nematoda (phylum) 5 20*  

Ostracoda Unknown N/A  

  76 5.54 

Table 3.  

*Hydracarina and Nematoda are given an average specimen collected value of 20, due to their extremely small size 

and our current inability to accurately analyze the number of specimens collected.  

 

Tables 1-3 represent the families/genus of the organisms found and identified through this experiment in each of the 

three water bodies. Ostracoda was excluded from mean tolerance value calculations due to the unknown tolerance 

value.  

 

On the day of the final collection (July 28th), water quality tests were also performed. 

These were done using HACH ion testing via reagent packets and a DR990 colorimeter. The pH, 

conductivity, and total dissolved solids were measured via HACH probes and DR440 

multimeter. Levels of phosphate, nitrate, and nitrite were measured, which are considered to be 

pollutants at high values. pH, conductivity, and total dissolved solids (TDS) were also recorded.  

 

 Phosphate 

(ppb) 

Nitrate 

(ppb) 

Nitrite 

(ppb) 

pH Cond. 

(uS/cm) 

TDS   

(ppb) 

Sunfish 

Lake 

610 500 6 9.3 163 77100 

Landfill 

Pond 

420 500 10 7.9 162 77300 

Central 

Pond 

420 0 1 9.5 188 89600 

Table 4. This table shows the recorded values for each variable. Tests were performed multiple times and these are 

the averaged values of the multiple tests. Water for the tests was collected in the same area where the Hester-Dendy 

samplers were deployed. Ppb stands for parts per billion.  

 

The Minnesota Pollution Control Agency has studied the levels of PFAS in the three 

water bodies here in Sunfish Lake Park, and the three most prevalent PFAS here are 

perfluorobutryate (PFBA), perfluorooctanoate (PFOA), and perfluorooctanesulfonate (PFOS).  

 

 Year PFBA (ppb) PFOA (ppb) PFOS (ppb) 
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Sunfish Lake 2017 2.8 0.068 below detection 

limit 

Landfill Pond 2021 13 0.880 .0098 

Central Pond 2021 0.033 0.0062 0.012 

Table 5. PFBA, PFOA, and PFOS levels (in parts per billion) found in each waterbody by the Minnesota Pollution 

Control Agency. It must be noted that there have been changes in test protocols and equipment over time, with 

detection limits trending downward and accuracy improving. There has not been a time-sequenced report of results, 

so we are currently unable to determine if levels are changing year-to-year and/or seasonally.  

 

 
Figure 3. The phosphate, nitrate, and nitrite levels present in each lake in ppb (parts per billion). 
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Figure 4. The PFBA, PFOA, and PFOS levels present in each lake. It is important to note here that due to the 

varying scales, PFBA (blue) is associated with the values on the left axis, and PFOA (red) and PFOS (yellow) are 

associated with the values on the right. So, for example, Sunfish Lake has a PFBA level of approximately 3 

according to this graph, and a PFOA level of about 0.05. This was done so all PFAS recordings could be present and 

distinguishable on the same graph.  

 

It is important to note that while the PFAS concentration levels are much lower compared 

to the phosphate/nitrate/nitrite levels, their effects on biological systems may be greater.  

 

Discussion  

 

Through the HBI performed, it was discovered that the mean tolerance value for Sunfish 

Lake is 5.47, Central Pond is 4.88, and the Landfill Pond is 5.54. This means that the Central 

Pond has, according to figure 5, good water quality and some organic pollution possible. Sunfish 

Lake and the Landfill Pond have fair water quality and fairly substantial organic pollution likely. 

Keep in mind, though, that this water quality assessment is only taking into account the HBI and 

not the other information collected regarding phosphate/nitrate/nitrite/PFAS (tables 4 and 5). If a 

lake has a mean tolerance value of, for example, 9, that means that most of the organisms 

sampled had an extremely high tolerance value. This could be because there are few, if any, 

organisms that have very low tolerance values. Very high average tolerance values could indicate 

that a body of water is polluted enough to affect the biodiversity within it. If a waterbody had a 

very low mean tolerance value, like 3, this means that there was a high abundance of organisms 
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with a low tolerance value. The low value indicates that a waterbody has a low level of pollution, 

because there are many organisms present that could not survive with high levels of pollution.  

 The water quality tests 

performed provide a deeper 

picture into the pollution and 

possible biological effects on 

the lakes in Sunfish Lake Park. 

The phosphate levels recorded 

show that all three lakes are 

over the normal amount of 

phosphate that should naturally 

occur in freshwater in our area 

(source). The nitrate levels, 

while seemingly high, are generally normal for Minnesota freshwater lakes (source). Nitrite 

levels are very low and should not be considered to be harmful or significant. pH Levels may 

seem concerning if you’ve heard before that the normal pH for water is 7, but these values are 

within a normal range and are not concerning. The Minnesota Pollution Control Agency 

conducts chemical assessments on lakes in the Lake Elmo area annually, and the pH values we 

collected fall within normal bounds for Lake Elmo in July/August (source). Conductivity 

measures the waters’ ability to conduct an electrical current, and this value is directly related to 
the amount of salt in the water. The conductivity measures recorded are within normal range, if a 

bit higher than expected. TDS (total dissolved solids) is a measure of dissolved solids in the 

water. For the most part, these dissolved solids are inorganic, like carbonate, chloride, sulfate, 

calcium, and sodium, to name a few. The TDS levels we received are normal. For general 

reference, Lake Superior has a conductivity of 97 uS/cm, and TDS of 63,000 ppb (source).  

 A variable that we did not test for is dissolved oxygen levels. Dissolved oxygen can have 

a major effect on the biological activity of a lake. An extremely low dissolved oxygen 

concentration can cause mass death of aquatic life, especially larger fish. This can cause a higher 

abundance of fly larvae and worms compared to more sensitive species of invertebrates. A low 

DO concentration can also cause a higher HBI score (source). While a bit more rare, a very high 

level of dissolved oxygen is also possible, also called “supersaturation”. Water supersaturated 
with dissolved oxygen can also cause a myriad of issues, like gas-bubble disease in fish. 

Supersaturation usually occurs in areas of high aeration, like hydropower dams and waterfalls, so 

this was not a key worry for us throughout our experiment (source). Dissolved oxygen levels are 

also known to decrease during higher temperatures (source). This is because as water 

temperatures increase, the gas and water molecules gain more energy which breaks the 

interactions between the water molecules and oxygen, causing the oxygen to escape (source). We 

considered going out to collect some water samples to do a dissolved oxygen test, but the 

weather has changed since the tests were originally performed so the values received would be of 

no real use. In the future we would like to also test for dissolved oxygen along with the other 

Figure 5. This table lays out the varying possible tolerance values achieved and the 
water quality and degree of pollution indicated by the tolerance value calculated 

through the HBI equation (UNH Center for Freshwater Biology). 

http://files.dnr.state.mn.us/eii/factsheets/phosphorus_concentration.pdf
https://archive.epa.gov/water/archive/web/html/vms57.html#:~:text=The%20natural%20level%20of%20ammonia,up%20to%2030%20mg%2FL.
https://webapp.pca.state.mn.us/surface-water/station/82-0110-00-451
https://www.lakesuperiorstreams.org/understanding/param_ec.html
https://www.epa.gov/caddis-vol2/dissolved-oxygen
https://www.fondriest.com/environmental-measurements/parameters/water-quality/dissolved-oxygen/#:~:text=Just%20as%20low%20dissolved%20oxygen,for%20a%20period%20of%20time.
https://cfpub.epa.gov/watertrain/moduleFrame.cfm?parent_object_id=2456&object_id=2459#:~:text=Air%20and%20Water%20Temperature%20Increases&text=Lower%20levels%20of%20dissolved%20oxygen,increases%2C%20dissolved%20oxygen%20levels%20decrease.
https://atlas-scientific.com/blog/how-does-temperature-affect-dissolved-oxygen/#:~:text=When%20water%20temperatures%20increase%2C%20it,causing%20the%20oxygen%20to%20escape.
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chemical studies, because the DO level could have been an important reason for our received 

HBI scores.  

 After finishing this project, it has become clear that there are many avenues of further 

research that could be explored. Dr. Will Bouchard mentioned in his book, Guide to Aquatic 

Invertebrates of the Upper Midwest, that the presence of planaria is usually indicative of organic 

pollution in the waterbody. Planaria were only collected in Sunfish Lake. In mid-July we went 

canoeing on Sunfish Lake and noticed an extreme overabundance of invasive Eurasian milfoil in 

the lake, and the parts of the plants near the water surface were in mid-decomposition. The 

middle of the lake was fairly clear, but some areas of the lake had extreme decomposition of the 

milfoil and/or hazy water. Overpopulation of some plant life/species could lead to decreased 

dissolved oxygen levels in the lake as well as extreme organic pollution. It would be an 

interesting project to do plant surveys within the three lakes here in Sunfish Lake Park to 

determine the overall plant composition of our lakes and determine if they are at risk for 

pollution and/or overabundance of invasive species. Other further questions we would like to 

focus on is the effects of PFAS on our three lakes. Topics like how the PFAS levels change over 

time, sediment deposition, and sequestration, to name a few. Results from data like this could 

give us more information on the negative effects of PFAS on the lakes and perhaps on the safety 

of eating fish caught from them. 

 

Please reference this link if you would like to see photos and learn more information about the 

invertebrates collected. 

 

  

https://docs.google.com/presentation/d/1d7JEhxNXukshvqzfJkMaF70kdYJ_diDBASiqc9cLapQ/edit?usp=sharing

