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1.0 Abstract

This report evaluates the water quality of Sunfish Lake and Unnamed Pond within Sunfish Lake
Park during the summer of 2026. The following variables were evaluated to determine the health of the
water: temperature, dissolved oxygen (DO), conductivity, pH, nitrite, and phosphate. Smaller and
understudied bodies of water such as those present within Sunfish Lake Park are important to evaluate as
they can serve as early climate change indicators, biodiversity hotspots, and substantial carbon emissions
sources (Pi et al., 2022). Water quality samples were collected twice in the summer, almost 5 weeks apart
at 11 locations. The samples were collected 1 foot below the surface in a clean container and filled
completely to ensure minimal chemical changes. Temperature of each sampling site was recorded in-field
while the remaining variables were tested within a laboratory environment. The results indicate that
Sunfish Lake and Unnamed Pond are ecologically distinct systems; the pond exhibits significantly higher
dissolved oxygen, conductivity, and pH in comparison to the lake (<0.05, all parameters). The water
temperature and pH declined significantly within the lake between July and August (p = 0.0078, both),
consistent with late-summer cooling and reduced photosynthesis activity. Site-level analysis revealed a
distinct pattern at Site A in the lake: the lowest dissolved oxygen, highest conductivity, and a masking
effect on lake-wide pH variability were all observed. The pattern at site A is consistent with local high
density Eurasian Watermilfoil (Myriophyllum spicatum) die back. Phosphate and pH values exceeded the
regional water quality reference thresholds at multiple sites on both dates, suggesting a potential nutrient
runoff source from surrounding land use. These findings highlight the value of site-level monitoring in
identifying localized water quality drivers that lake-wide averages would obscure.

2.0 Introduction

This study will focus on the two largest bodies of water within Sunfish Lake Park, Sunfish Lake
and Unnamed Pond. The center of the lake is located east of the Sally Manzara Interpretive Nature Center
(SMINC). The lake extends over 0.8 miles in a NW-SE direction, it has a shoreline length of about 2
miles, and has a reported deepest depth of 20ft, however the lake fluctuates depending on precipitation
levels and time of year. Sunfish Lake extends beyond the park borders into residential areas and nearby
construction sites. Residential areas and construction sites can increase run-off as a result of the removal
of native vegetation in favor of manicured lawns exemplifying eutrophication. Lawn grasses are unable to
create the same buffering effect as native vegetation, which increases the amount of run-off of fertilizer,
herbicide, and more in the water. Unnamed Pond, located northwest of SMINC, extends over 0.2 miles
and has about 0.5 miles of shoreline. The pond is located entirely within Sunfish Park, the pond is
relatively shallow with a reported deep basin in the north bay of 14 ft.

Sunfish Lake Park is bordered by residential homes, crop fields, a dog park, and the closed
Washington County Landfill. There are two main crop fields near the park including a commercial farm to
the south and west of the park that grows corn or soybeans, and a smaller crop field south of the park that
grows a variety of crops for sale on at the local market scale such as farmer’s markets. Potential effects of
the crop fields include excessive nutrient run-off from fertilizer that can cause eutrophication, pesticide
run-off that can poison aquatic ecosystems, and soil erosion that can cause heavy metal pollution (US
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EPA, 2026). Beyond the northwest corner of the park a popular dog park is located that can cause
increases in fecal bacteria, phosphorus, and nitrogen in the groundwater and local water bodies due to
high concentrations of pet waste.

To the west of the park sits a former landfill that was open from 1969-1975. The landfill was
closed after rapidly reaching its permitted waste limit and began to leak hazardous chemicals into the
groundwater. Hazardous chemicals were found within the surrounding groundwater including volatile
organic compounds (VOCs) and perfluorochemicals (PFCs). Long term remediation efforts have been
made. By way of background, PFCs have limited indirect effect on water quality, VOCs are known to
directly impact DO, pH, and nitrite values while indirectly affecting phosphate values at the microbial
level.

3.0 Methods and Materials

A total of 22 samples were taken throughout the summer at 8 locations within Sunfish Lake and 3
within Unnamed Pond (See Figure 1). The water samples were collected two times, 34 days apart, starting
July 7th, 2026. Each site location was given a unique letter based on order of collection, sites A-H were in
Sunfish Lake and sites I-K were in Unnamed Pond.

A 315 ml plastic container was used to collect the samples at a depth of 1 feet measured by a
predrawn sharpie line on the forearm measured from the knuckle. The water samples from the lake were
collected from a metal canoe at predetermined locations. Pond water samples were collected in waders at
the furthest point from the shore without flooding the waders based on predetermined locations. The
plastic sampling containers were placed in the water with the lids on, then removed in the water to avoid
contamination. Each sample was filled completely with the lake water to minimize chemical changes
between time of collection and time of testing.
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Figure 1. Locations within Lake Sunfish and Unnamed Pond where temperature was recorded and samples collected.

The following procedures were followed to ensure the highest accuracy in this study. The surface
temperature of each sampling site was measured in the field, whereas DO, conductivity, pH, nitrite, and
phosphate were tested in a laboratory setting. All water parameters, except temperature, were not tested in
a field setting because the equipment was not suitable for infield usage, and some tests required a clean
and stable environment. To ensure limited changes in the samples due to natural chemical reactions and
evaporation, samples were refrigerated at 0.5°C and all laboratory tests were conducted within 24h of
collection. Additionally, the parameters were tested in the following order to prioritize those that would be
most affected by exposure to oxygen: 1. DO, 2. conductivity, 3. pH, 4. nitrite, then 5. phosphate (U.S.
Department of the Interior & U.S. Geological Survey, 2023). Prior to the nitrite and phosphate tests,
which involved a colorimeter, each sample was passed through a Polysulfone Filter Holder (Advantec
KP-47S) using a 47 mm glass microfiber filter (Whatman) to remove suspended particles. To obtain more
accurate results, the filter process was required when using a colorimeter to remove any suspended
particles that may block or reflect the light passing through the sample. Additionally, prior to adding the
reagents required for the colorimeter for the Nitrite and Phosphate testing, the samples were brought to
room temperature. In order for the reagent to react properly the sample temperature is required to be
between 20°C and 25°C (Wilde, 2009). All laboratory equipment was cleaned between tests using
distilled water rinses and dried using lint-free Kimwipes. Between testing days, the laboratory equipment
was cleaned with detergent, rinsed thrice with tap water, rinsed twice with distilled water, and finally
air-dried.
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3.1 Temperature Methods

The water temperature was taken in the field using an lon 6+ Handheld Meter Kit (Oakton) with
an Automatic Temperature Compensation probe (ATC; Oakton WD-35613-13). The probe was calibrated
before each day of water quality sampling, adhering to the Ion 6+ Instruction Manual (Paparone, 2011).
Temperature was recorded at each site by fully submerging the metal sensing shelf of the ATC probe into
the water. The reading was recorded once the value stabilized on the meter display.

3.2 Dissolved Oxygen Methods

The DO of the water samples was measured using a Hach HQ440D Multi-Parameter Meter
(MPM) and LDO101 Luminescent Dissolved Oxygen Sensor probe attachment. The DO probe
attachment was calibrated once before the first water quality test, adhering to the standards of the Hach
LDO101 User Manual. The DO probe was calibrated using the calibration system on the MPM using the
Water-Saturated Air (WSA) method (Hach Company, 2022). The process began with filling a sample cell
(Cat. No. 21228) with approximately 1 cm of distilled water and vigorously shaking for 1 minute. The
probe was promptly inserted into the aerated sample cell above the water after the allotted time to read the
WSA. The MPM gave a reading of 100% WSA, which verified a successful calibration that was then
saved to the MPM device.

The DO reading was the first lab test conducted due to the rapid change in DO after exposure to
atmospheric oxygen. The DO of the water is typically higher or lower than that of atmospheric oxygen,
which causes the oxygen molecules to swiftly undergo gas exchange to reach equilibrium with the oxygen
level within the lab (USGS Water Science School, 2019). DO of the samples was read by removing the lid
of each water sample container and expeditiously placing the tip of the probe 2 cm below the surface of
the sample, concurrently ensuring that the probe did not make contact with the sides and bottom of the
sample container. The probe was then gently shaken side to side to remove any trapped air bubbles that
may be attached to the sensor to ensure a precise reading. The DO level was recorded after the reading
stabilized on the MPM, and the probe was thoroughly rinsed with distilled water and dried with a
Kimwipe before repeating the process for the following site.

3.3 Electrical Conductivity Methods

The conductivity of the samples was measured using the MPM and Hach CDC401 Laboratory
4-Poles Graphite Conductivity Cell probe attachment. The conductivity probe attachment was calibrated
before each day of water quality test, adhering to the recommendations of the Hach Frequently Asked
Questions (FAQ) page (Hach Company, 2024).

The conductivity probe was calibrated using the calibration system on the MPM using a standard
solution of 0.01 M KCL. The standard solution was created by combining 0.745 g of NoSalt Original
Sodium-Free Salt Alternative (KCI) with 1 liter of distilled water to create 1413 uS/cm or 0.01 M KCL.
To complete the calibration of the conductivity probe, the probe was rinsed with distilled water and dried
using a Kimwipe. A 50 ml beaker (Kimble NO. 14000) was filled with 30 ml of the standard solution, and
the probe was inserted 2 cm below the surface. The probe was gently shaken back and forth to remove
any bubbles attached concurrently, ensuring that the probe did not make contact with the sample
container. The reading was recorded on the MPM device after stabilization. The calibration was then
verified on the default detailed mode by reading the results of an additional beaker of 30 ml 0.01 M KCL
standard solution.
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The conductivity of the sample was measured by placing a clean conductivity probe 2 cm below
the surface and gently shaking it back and forth to remove any trapped bubbles on the sensor. After the
reading stabilized, the results were recorded, and the procedure was repeated for the following site
samples.

3.4 pH Methods

The pH of the samples were measured through the Ion 6+ Handheld Meter Kit (Oakton) with the
pH Closed Electrode Probe (Oakton WD-35805-05) and Automatic Temperature Compensation probe
(ATC; Oakton WD-35613-13).

The pH probe was calibrated before each day of water quality testing, adhering to the Oakton Ion
6+ Instruction Manual (Paparone, 2011). Calibration was conducted in the Oakton calibration system on
the meter using 4.00, 7.00, and 10.01 pH solutions. The ATC probe was calibrated before each day of
water quality testing. The pH and ATC probes were inserted into the buffer solution and gently shaken
side to side to remove any trapped air bubbles on the glass bulb, which would lead to an inaccurate result.
After the readings stabilized, the results were stored to the meter while the ATC probe automatically
adjusted the pH-dependent temperature through the ATC system to 25°C. The calibration process was
confirmed by placing the pH and ATC probes into fresh 4.00, 7.00, and 10.01 buffer solutions. All
readings were identical to the expected pH buffer levels, and the calibration was verified.

The pH of the samples was analyzed by placing a clean pH and ATC probe 2 cm below the
surface of the samples while simultaneously ensuring that the probe was not resting on the bottom or sides
of the container. The probes were gently shaken side to side to remove any bubbles that may be attached
to the glass bulb. Following the stabilization confirmation from the Oakton meter, the results were
recorded, and the procedure was repeated.

3.5 Nitrite Methods

The water samples were tested for nitrite using the colorimetric method, which measured the
change in color due to the chemical reaction between the water sample and nitrite reagent. The amount of
nitrite in a sample is directly correlated to the change in color; a colorless result indicates 0 mg/L, whereas
a dark pink color can indicate 0.300 mg/L.

A Hach DR 900 multiparameter portable colorimeter was used in this setting. To ensure that the
colorimeter was in working conditions and that nitrite samples were read correctly, we performed a series
of tests using a standard solution of 0.25 mg/L. The validation was successful because the equipment
showed high precision with a Relative Standard Deviation (RSD) of 1.15% which fits beneath the
accepted 2% RSD for reference standards within laboratories (Figure 2). All data analysis for the nitrite
validation was performed through RStudio and a complete code script can be found in Appendix A
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Figure 2. Shows a precise calibration for reliable nitrate readings. The tight clustering of the standard (dark pink) dots indicates a
linear instrument response of the nitrite over a concentration range.

The samples were measured on the 371 N, Nitrite LR PP program on the colorimeter. The water
samples were prepared in clean sample cells (Cat. No. 21228) with 10 mL of each sample. In addition to
the water samples being tested, a blank sample was prepared from each sampling location within the lake.
This was done to inform the colorimeter to ignore any natural turbidity within the sample and ensure that
any color change was attributed solely to the reagent. A blank sample was prepared for each sampling
location instead of a single blank sample for each water body to account for changes in turbidity
throughout the water body.

One packet of NitriVer 3 Reagent Powder Pillow was added to each 10 ml water sample and
shaken thrice to mix, then allowed to sit for 30 minutes before reading the sample on the colorimeter.
Before reading the sample at the 30 minute mark, the associated blank water sample without the reagent
was inserted into the cell holder and zeroed. This procedure was repeated in 3 rounds in a 12-week period,
and 11 samples were tested every 4 weeks for a total of 33 testing procedures.

3.6 Phosphate Methods

The water samples were also tested for phosphate using the same equipment and a similar
colorimetric method as nitrite testing, which measured the color difference due to the chemical reaction
between the water sample and the phosphate reagent. The amount of phosphate in a sample is directly
correlated to the change in color, a colorless sample indicates very little phosphate, and an intense blue
indicates a higher percentage.

A Hach DR 900 multiparameter portable colorimeter was used in this setting. To ensure that the
colorimeter was in working conditions and read the phosphate samples accurately, we performed a series
of tests using a standard solution of 1.0 mg/L. The validation was successful because the equipment
showed high precision with a Relative Standard Deviation (RSD) of 4.13% which fits beneath the
accepted <5% RSD for field colorimeters (Figure 3). All data analysis was performed through RStudio
and a complete code script can be found in Appendix A.
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Figure 3. Indicates precise calibration for reliable phosphate readings. The tight clustering of the standard (red) dots indicates a
linear instrument response for phosphate over a concentration range.

The samples were measured using the 490 P React. PV program on a colorimeter. The water
samples were prepared in clean sample cells (Cat. No. 21228 ) with 10 mL of each sample. In addition to
the water samples being tested, a blank sample was prepared from each sampling location within the lake.
This was done to inform the colorimeter to ignore any natural turbidity within the sample and ensure that
any color change was attributed solely to the reagent. A blank sample was prepared for each sampling
location instead of a single blank sample for each water body to account for changes in turbidity
throughout the water body.

We added one packet of PhosVer 3 Phosphate Reagent Powder Pillow to each 10 ml water sample
and rigorously shook the sample cell for 30 seconds then allowed it to sit for 2 minutes before reading the
sample on the colorimeter. Before we read the sample at the 2 minute mark, the associated blank water
sample without the reagent was inserted into the cell holder and zeroed. This procedure was repeated in 3
rounds in a 12-week period, and 14 samples were tested every 4 weeks for a total of 42 testing
procedures.



4.0 Results

Water quality was sampled at 11 sites within Sunfish Lake Park, 8 sites in Sunfish Lake (A-H)
and 3 sites in Unnamed Pond (I-J). Samples were collected on two dates, July 7th, 2026 and August 10th,
2026. At each site the water temperature was recorded and the DO, conductivity, pH, nitrite, and
phosphate were measured in a laboratory setting.

4.1 Summary by Water Body

The following table details the site sample quantity, mean, standard deviation, minimum, and
maximum by parameter and water body. The data was analyzed through RStudio and a complete code
script can be found in Appendix B.

Parameter Summary By Water Body

Water Body Date Parameter Site Quantity Mean Standard Deviation Minimum Maximum

Lake July 7 | Conductivity (uS/cm) 8 | 157.8375 5.9103 153.1 171.7
Lake July 7 | Dissolved Oxygen (mg/L) 8 8.4275 2.0881 3.37 9.54
Lake July 7 | Nitrite (mg/L) 8 0.0021 0.0022 0 0.006
Lake July 7 | Phosphate (mg/L) 8 0.1175 0.1141 0.01 0.32
Lake July 7 | Water Temperature (°C) 8 | 28.6625 0.6501 28.2 30.2
Lake July 7 | pH 8 9.1088 0.2635 8.47 9.26
Lake August 10 | Conductivity (uS/cm) 8 | 153.0500 18.5198 143.6 198.7
Lake August 10 | Dissolved Oxygen (mg/L) 8 7.6650 1.1025 5.22 8.52
Lake August 10 | Nitrite (mg/L) 8 0.0038 0.0015 0.002 0.006
Lake August 10 | Phosphate (mg/L) 8 0.0513 0.0242 0.02 0.08
Lake August 10 | Water Temperature (°C) 8 | 23.7125 0.7039 22.2 24.3
Lake August 10 | pH 8 8.7925 0.2559 8.27 8.95
Pond July 7 | Conductivity (uS/cm) 3 | 184.5333 2.4947 181.7 186.4
Pond July 7 | Dissolved Oxygen (mg/L) 3 10.4100 1.1870 9.04 11.13
Pond July 7 | Nitrite (mg/L) 3 0.0030 0.0017 0.002 0.005
Pond July 7 | Phosphate (mg/L) 3 0.0900 0.0458 0.04 0.13
Pond July 7 | Water Temperature (°C) 3| 30.1667 0.7506 29.4 30.9
Pond July 7 | pH 3 9.5733 0.2715 9.32 9.86
Pond August 10 | Conductivity (uS/cm) 3 | 180.6667 6.6425 174.5 187.7
Pond August 10 | Dissolved Oxygen (mg/L) 3 8.9200 0.5640 8.27 9.28
Pond August 10 | Nitrite (mg/L) 3 0.0023 0.0015 0.001 0.004
Pond August 10 | Phosphate (mg/L) 3 0.0900 0.0458 0.04 0.13
Pond August 10 | Water Temperature (°C) 31 242667 0.4933 23.7 24.6




Pond August 10 | pH 3 9.1067 0.0503 9.06 9.16

Figure 4. Summarizes the mean, standard deviation, minimum, and maximum of each parameter by date and site.

4.2 July Versus August Water Quality

The following graph was created through RStudio using the Mann-Whitney U test to determine if
there is a difference in water quality between Unnamed Pond and Sunfish Lake. The mean conductivity of
the lake was 155.4438 uS/cm while the conductivity from the pond was 182.6 uS/cm. This difference was
marked by a 0.0008 p-value confirming the two bodies of water have statistically significant differences
in conductivity. The DO mean of Sunfish Lake was 8.05 mg/L whereas Unnamed Pond mean DO was
9.665 mg/L producing a p-value of 0.0487. A p-value of 0.0487 meets the statistically significant
threshold of <0.05 substantiating a difference between the DO levels of the Lake and Pond. Additionally,
the pH of the water bodies differed — the lake mean pH was 8.9506 while the pond mean pH was 9.34.
The p-value of the two pH means was 0.0311 indicating a statistically significant difference of pH
between the pond and lake (Figure 5). The parameters that did not exhibit a statistically significant
difference included nitrite, phosphate, and temperature. The mean nitrite level of the lake was 0.0029
mg/L whilst the mean nitrite level of the pond was 0.0027 mg/L prompting a difference of only 0.0002
mg/L yielding a high p-value of 0.7004. Similarly, the mean phosphate levels of the lake was 0.0844
mg/L and the pond mean was 0.09 mg/L resulting in a p-value of 0.1932 indicating no statistically
difference of phosphate levels between the two water bodies. The mean temperature of the lake was
26.1875°C whilst the mean temperature of the pond was 27.2167°C resulting in a p-value of 0.2235 well
above the statistical significance threshold of <0.05 (Figure 5).

Water Temperature (°C) 26.1875 27.2167 0.2235 FALSE
| Conductivity (uS/cm) 155.4438 182.6000 0.0008 TRUE |
Dissolved Oxygen (mg/L) 8.0463 9.6650 0.0487 TRUE
| Nitrite (mg/L) 0.0029 0.0027 0.7004 FALSE |
| pH 8.9506 9.3400 0.0311 TRUE |
| Phosphate (mg/L) 0.0844 0.0900 0.1932 FALSE |

Figure 5. Sunfish Lake and Unnamed Pond’s water quality is significantly different from each other in regard to the following
parameters: Conductivity, DO, and pH.



Water Quality: Lake vs. Pond (both sampling dates)
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Figure 6. A graph signifying the mean difference between Sunfish Lake and Unnamed Pond water quality parameters. The
parameters conductivity, dissolved oxygen, and pH display a statistically significant difference between the water bodies whilst
nitrite, phosphate, and temperature do not.

The following graph examines the effects of seasonal change on water quality through the Paired
Wilcoxon signed-rank test. The RStudio script utilized to examine this can be found in appendix B. The
data analysis shows that water temperature and pH underwent a significant decrease between July 7th and
August 10th, 2026 within Sunfish Lake. The mean water temperature decreased from 28.6625°C to
23.7125°C, a 17.3% decrease and p-value of 0.0078. The mean pH in July was 9.1088 and decreased to
8.7925, a 3.5% decrease and 0.0078 p-value (significant p-values highlighted in green on Figure 8).
Conductivity (157.8375 uS/cm — 153.05, p-value of 0.1953), DO (8.4275 mg/L — 7.665 mg/L, p-value
0f 0.1953), nitrite (0.0021 mg/L — 0.0038 mg/L, p-value of 0.2188), and phosphate (0.1175 mg/L —
0.0513 mg/L, p-value of 0.3047) did not change significantly.



Change from July 7 to August 10 by Site
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Figure 7. A graph displaying the effect of seasonal change on the water quality of Sunfish Lake and Unnamed Pond. Significant
changes between July 7th and August 10th include decreases in temperature, and pH.

The pond may have experienced a significant change between July and August; however, due to
the limited 3 water sampling sites, the paired Wilcoxon signed-rank test cannot detect significance. The
smallest p-value achievable with n=3 is 0.25 meaning the test cannot reach the accepted threshold of 0.05
regardless of potentially real seasonal change within the pond. As a result, changes in the pond are
represented descriptively rather than statistical significance (Figure 8). The pond water temperature
(30.1667°C — 24.2667°C, -19.60%) conductivity (184.5333 mg/L — 180.6667 mg/L, -2.1%), DO (10.41
mg/L — 8.92 mg/L, -14.30%) (nitrite 0.003 mg/L — 0.0023 mg/L, -22.2%), and pH (9.5733 — 9.1067,
-4.9%) decreased. Phosphate concentrations did not change temporally (0.09 mg/L — 0.09 mg/L, 0%).
The pond results generally mimic similar results of the lake's temporal change.

Lake
Pond
Lake
Pond

Water Temperature (°C) 28.6625 23.7125 -17.30% 0.0078 TRUE
Water Temperature (°C) 30.1667 24.2667 -19.60% 0.2500 FALSE
Conductivity (LS/cm) 157.8375 153.0500 -3% | 0.1953 FALSE

Conductivity (uS/cm) 184.5333 180.6667 -2.10% | 0.5000 FALSE

decreased
decreased
decreased

decreased




Lake Dissolved Oxygen (mg/L) 8.4275 7.6650 -9% | 0.1953 FALSE decreased
Pond Dissolved Oxygen (mg/L) 10.4100 8.9200 -14.30% | 0.2500 FALSE decreased
Lake Nitrite (mg/L) 0.0021 0.0038 76.50% | 0.2188 FALSE increased
Pond Nitrite (mg/L) 0.0030 0.0023 -22.20% | 0.5000 FALSE decreased
Lake pH 9.1088 8.7925 -3.50% | 0.0078 TRUE decreased
Pond pH 9.5733 9.1067 -4.90% | 0.2500 FALSE decreased
Lake Phosphate (mg/L) 0.1175 0.0513 -56.40% | 0.3047 FALSE decreased
Pond Phosphate (mg/L) 0.0900 0.0900 0% | 1.0000 FALSE N/A

Figure 8. Summarizes the percent change in water quality and their associated p-values by water quality parameters and water body. Cells

highlighted in green indicate significant change of a parameter.

Interestingly, when the water body data is combined to analyze the overall temporal change of the
Park water bodies the DO decreases (8.9682 mg/L. — 8.0073 mg/L, p-value of 4.199E-02). However, this
isn’t true when Sunfish Lake is analyzed by itself, indicating the significance was influenced by the
combined data rather than a pattern. On the other hand, temperature (29.0727°C — 23.8638°C, p-value of
9.766E-04) and pH (9.2355 — 8.8782, p-value of 9.766E-04) remained consistent and statistically

significant decreases during the time period. Conductivity (165.1182 uS/cm — 160.5818, p-value of

6.738E-02), nitrite (0.0024 mg/L — 0.0034 mg/L, p-value of 4.727E-01), and phosphate (0.11 mg/L —
0.0618, p-value of 3.594E-01) remained consistent and lacked significance.

Combined Temporal Change

Parameter July Mean

Water Temperature (°C) 29.0727
Conductivity (uS/cm) 165.1182
Dissolved Oxygen (mg/L) 8.9682
Nitrite (mg/L) 0.0024
pH 9.2355
Phosphate (mg/L) 0.1100

August Mean
23.8636
160.5818
8.0073

0.0034
8.8782
0.0618

p-value Significance >0.05
9.766E-04 TRUE
6.738E-02 FALSE
4.199E-02 TRUE
4.727E-01 FALSE
9.766E-04 TRUE
3.594E-01 FALSE

direction

decreased
decreased
decreased
increased
decreased

decreased

4.3 Flagged Water Quality Values

Water Quality Values that are Below Reference Thresholds

Site ID Water Body Date
A Lake

| A Lake

|B Lake

Parameter

July 7 ' Dissolved Oxygen (mg/L)
July 7 = Phosphate (mg/L)
July 7 = Phosphate (mg/L)

3.37
0.09
0.11

<5
>0.06
>0.06

Figure 9. The table highlights the temporal change of the water bodies of Sunfish Park between July and August and their associated
p-values.




Lake July7  pH 9.08 >9

I Lake July 7 | Phosphate (mg/L) 0.26 | >0.06 I
| Lake Tuly 7 [ pE 921  >9 |
| Lake July7 | Phosphate (mg/L) 032 >006 |
| D Lake Tuly 7 | pH 923 | >9 |
| E Lake July7 | pH 921 >9 |
| F Lake Tuly 7 | pH 926  >9 |
|G Lake July7 | pH 9.19  >9 |
| H Lake July 7 | Phosphate (mg/L) 0.1 >0.06 |
| Lake July7 | pH 922 >9 |
| E Lake August 10 | Phosphate (mg/L) 0.08  >0.06 |
| Lake August 10 | Phosphate (mg/L) 008 | >006 |
| H T August 10 | Phosphate (mg/L) 0.07 > 0.06 |
| I Pond July 7 ' Phosphate (mg/L) 0.1 | >0.06 |
| I Pond July 7 = pH 932 >9 |
K Pond July7 | Phosphate (mg/L) 013 >006 |
| J Pond July7 | pH 986 >9 |
| K Pond July7 | pH 954 >9 |
| I Pond August 10 | Phosphate (mg/L) 0.1 >0.06 |
K Pond August 10 | pH 9.1 >9 |
K Pond August 10 | Phosphate (mg/L) 013 >006 |
| J Pond August 10 | pH 9.16  >9 |
'K Pond August 10 | pH 9.06 >9 |

Figure 10. Table highlighting water quality results that surpassed accepted thresholds and their associated date, site, and water
body. Threshold values were sourced from the MPCA water quality standard administration rules for regional accuracy (Specific
Water Quality Standards for Class 2 Waters of the State; Aquatic Life and Recreation, 2023).

There were twenty-six individual events that fell outside of the accepted parameter threshold
based on site and date (Figure 10). pH levels exceeded the MPCA accepted range of 6.5-9.0 for class 2b
waters on July 7th for 7/8 lake sites (all except Site A, 8.47) and all 3 pond sites. Sites I-K at the pond
remained over the pH reference threshold on August 10th as well. The phosphate levels of the lake
exceeded the MPCA Shallow Lakes in North Central Hardwood Forest Ecoregion accepted range (>60
pg/L, i.e. 0.06 mg/L) at 5/8 lake sites (A, B, C, D, H) on July 7th. By August 10th, site H exceeded the
phosphate level again as well as sites E and G while sites A, B, C, and D levels dropped to normal levels.
In the pond, sites I and J had phosphate levels above the accepted range for both dates, while site K
remained beneath the threshold throughout. Site A DO levels fell below the accepted threshold (<5) for
aquatic life on July 7th at 3.37 mg/L.


https://www.zotero.org/google-docs/?wK3FcV
https://www.zotero.org/google-docs/?wK3FcV

4.4 Site Specific Patterns

Site-Level Change

Site-Level Change from July 7 to August 10
* = significant across all 11 sites pooled (paired Wilcoxon, p<0.05); not a per-site test
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Figure 11. The above graph depicts site-specific water quality changes by water body between July and August.

Site A Pattern - Lake

Site A sustained the lowest dissolved oxygen in the lake on both sampling dates (Figure 11), 3.37
mg/L on July 7th and 5.22 mg/L on August 10th (Appendix C). As mentioned previously, the July 7th
value fell below the general 5 mg/L reference threshold (Figure 10). Site A also had the highest
conductivity both dates (Figure 11) and exhibited an individual conductivity increase of 15.7% (171.7
uS/cm — 198.7 uS/cm) during the same period the overall lake exhibited a net -3% decrease in
conductivity levels (Figure 8). Figure 11 shows how Site A’s conductivity trajectory is upward while the
remaining lake sites decline slightly. The lake conductivity ranged from 143.6 uS/cm to 198.7 uS/cm
(Appendix C) on August 10th, generating a range of 55.1 uS/cm compared to July 7th range of 18.6
uS/cm (153.1 uS/cm — 143.6 uS/cm; Figure 13), — a 196.24% relative increase in range (Figure 12).
Additionally, a F-Test comparing the variances of the 8 lakes sites increased significantly between July
7th and August 10th (p = 0.0074). When excluding Site A, the increase in variance can be attributed to
site A as the remaining 7 lake sites showed no significant change (p = 0.763), substantiating the pattern
depends entirely on Site A. In contrast, the pH of the overall lake sites did not change significantly
(p=0.941) between July and August, however, excluding site A, the remaining 7 sites did show significant
change in pH spread (p=0.027; Figure 14). In summary, site A experienced the lowest DO, enabled a false
significant conductivity, and suppressed a significant pH forming a stark difference between site A and
the remaining lake sites.




Conductivity (uS/cm) 196.24% 180.85%

Figure 12. Variance range of conductivity increased dramatically from July 7th to August 10th in both the lake and pond.

Water Quality Parameter Site Range by Date

Date Water Body Parameter Minimum Site Maximum Slte
July 7 | Lake Conductivity (uS/cm) 18.6 | E A
July 7 | Lake Dissolved Oxygen (mg/L) 6.17 | A F
July 7 | Lake Nitrite (mg/L) 0.006 | A H
July 7 | Lake Phosphate (mg/L) 031 | E D
July 7 | Lake Water Temperature (°C) 2 E A
July 7 | Lake pH 079 | A F
July 7 | Pond Conductivity (uS/cm) 4.7 11 K
July 7 | Pond Dissolved Oxygen (mg/L) 2.09 | 1 K
July 7 | Pond Nitrite (mg/L) 0.003 | I J
July 7 | Pond Phosphate (mg/L) 0.09 | K J
July 7 | Pond Water Temperature (°C) 1.5 1 J
July 7 | Pond pH 054 | 1 J

August 10 | Lake Conductivity (uS/cm) 551 B A
August 10 | Lake Dissolved Oxygen (mg/L) 33 A F
August 10 | Lake Nitrite (mg/L) 0.004 | C A
August 10 | Lake Phosphate (mg/L) 0.06 | D E
August 10 | Lake Water Temperature (°C) 21 1A G
August 10 | Lake pH 0.68 | A B
August 10 | Pond Conductivity (uS/cm) 132 | 1 K
August 10 | Pond Dissolved Oxygen (mg/L) 1.01 | I J
August 10 | Pond Nitrite (mg/L) 0.003 | I J
August 10 | Pond Phosphate (mg/L) 0.09 K J
August 10 | Pond Water Temperature (°C) 09 1 J
August 10 | Pond pH 0.1 K J

Figure 13. Ranges of water quality parameters by water body and date, including the minimum and maximum value’s associated site.

Lake Phosphate Pattern

Unlike conductivity, the lake's significant change in phosphate spread p = 0.0006 was not
attributable to a single site (Figure 14). The broader lake phosphate’s spread narrowed significantly
(0.0130 mg/LL — 0.0006 mg/L), as the site’s phosphate levels became more similar to each other.
Phosphate levels in July varied substantially, ranging from 0.01 mg/L (Site E) to 0.32 mg/L (Site D). In



comparison, the August Sites that had spiked in July (A-D) came down and the sites that did rise only did
moderately (E and G). Phosphate variance in Sunfish Lake shrank in August.

Lake
Lake
Lake
Lake
Lake
Lake
Pond
Pond
Pond
Pond
Pond
Pond

Water Temperature (°C) 0.4227 0.4955 0.8392 FALSE NA NA
Conductivity (uS/cm) 34.9312 | 342.9829 0.0074 TRUE A

Dissolved Oxygen (mg/L) 4.3600 1.2156 0.1137 FALSE F

Nitrite (mg/L) 0.0000 0.0000 0.3067 FALSE NA NA
pH 0.0694 0.0655 0.9406 FALSE A

Phosphate (mg/L) 0.0130 0.0006 0.0006 TRUE NA NA
Water Temperature (°C) 0.5633 0.2433 0.6033 FALSE J

Conductivity (uS/cm) 6.2233 44.1233 0.2472 FALSE K

Dissolved Oxygen (mg/L) 1.4089 0.3181 0.3684 FALSE I

Nitrite (mg/L) 0.0000 0.0000 0.8750 FALSE J

pH 0.0737 0.0025 0.0664 FALSE J

Phosphate (mg/L) 0.0021 0.0021 1.0000 FALSE J

Figure 14. The variance range of parameters by water body and separated by date sampled after exclusion of outlier sites and associated

p-value.

Site I Pattern - Pond

In the pond, Site I had the lowest DO of the 3 ponds sites on both July 7th and August 10th. On
July 7th, site I had a DO level of 9.04 mg/L whilst site ] DO level was 11.06 mg/L and site K 11.13 mg/L.
A similar pattern happened on August 10th, site I DO level was 8.27 mg/L, site J was 9.28 mg/L, and site
K was 9.21 mg/L. Additionally, site I has phosphate levels above the MPCA threshold on both sampling
dates. In summary, site I had both low DO and high phosphorous levels on both dates.

Site J Pattern - Pond

As for site J within the pond, the site recorded the highest pH levels on both dates. In July, the pH
of Site J was 9.86 compared to 9.32 and 9.54 for sites I and K respectively. In August, the pH of site J was
9.16 compared to 9.1 and 9.06 for sites I and K respectively. Site J also had the highest phosphates levels
of the pond on both dates. On both dates, site J phosphate levels were 0.13 mg/L compared to 0.1 mg/L
and 0.04 mg/L for sites I and K respectively. All data points referenced can be found within Appendix C,
complete unprocessed data table. For both dates at Site J, the pH and phosphate levels were highest within
the pond and above the accepted thresholds designated by the MPCA.

0.7630
0.1295

0.0274

1.0000
0.7920
1.0000
0.0000
0.2290
1.0000




Site K Pattern - Pond

Site K has the highest conductivity of both dates in the pond. July 7th, site K had a conductivity
of 186.4 uS/cm and site I and J had levels of 185.5 uS/cm and 181.7 uS/cm respectively. A similar pattern
appeared on August 10th, Site K had conductivity levels of 187.7 uS/cm while Site I and J had levels of
174.5 pS/cm and 179.8 puS/cm respectively (Appendix C).

5.0 Discussion
5.1 Ecological Interpretations

Sunfish Lake and Unnamed Pond Distinctions

Sunfish Lake and Unnamed Pond function as ecologically separate systems. The topology and
visual observations indicate no surface water transfer between these water bodies.. The DO (8.05 mg/L
lake vs 9.67 mg/L pond, p = 0.0487), conductivity (155.44 uS/cm lake vs 182.6 uS/cm pond, p = 0.0008),
and pH (8.95 lake vs 9.34 pond, p = 0.031; Figure 5) were found to be significantly different from one
another. The higher parameter values of the pond may be explained due to its shallow depth and high
surface area to volume ratio. Shallow ponds such as Unnamed Pond have relatively higher densities of
aquatic vegetation and algae compared to deeper water bodies with similar turbidity, as the sunlight is
able to penetrate to the bottom of the pond creating increased habitat. The abundant sunlight within the
pond facilitates higher water temperature and more opportunities for photosynthesizing organisms to
thrive. These factors fuel rapid photosynthesis that supplies massive amounts of oxygen in the water
while depleting carbon dioxide (CO,) levels. This suggests that the shallow depth and high surface area to
volume ratio of the pond is the primary driving factor for higher DO levels compared to the lake. The
high aquatic vegetation density in the pond is indirectly related to the high DO levels due to DO and pH
positive relationship explained by the carbonic acid cycle. As DO levels increase, the CO, levels decrease,
causing hydrogen ions (H") and bicarbonate (HCO;) to form less carbonic acid (H,CO;). The
consumption of the H" ions in the H,CO; chemical reaction increases the pH level as less H" ions become
available and pond water becomes more basic (Andersen et al., 2017). The pond’s higher conductivity is
likely due to a physical characteristic rather than a biological mechanism. The pond’s high surface area to
volume ratio makes it more susceptible to evapo-concentration; evapo-concentration is the process of
mineral accumulation as water evaporates, since evaporation removes water but not the ions themselves
(Westgeest, 2023). Because the pond loses a proportionally larger share of its volume to evaporation than
the deeper lake, this concentrating effect would be expected to be more pronounced in the pond,
contributing to its higher conductivity. In summary, Unnamed Pond is ecologically distinct from Sunfish
Lake due to its shallow depth and high surface area to volume ratio and future management of the water
bodies should reflect this.

Temporal Shifts in Sunfish Lake’s Water Bodies

The water bodies of Sunfish Lake were subjected to significant temporal change as the
temperature and pH decreased from July 7th to August 10th. The lake pH decreased by 3.5% (9.11 —
8.79) with an associated p-value of 0.0078 and the lake temperature by 17.3% (28.66°C — 23.71°C) with
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a p-value of 0.0078. The pond (descriptive values n=3) parameters decreased as well; the DO decreased
by 14.3%, pH by 4.9%, temperature by 19.6%, and conductivity by 2.1% (Figure 8). A simultaneous drop
in water pH, DO, temperature, and conductivity are the symptoms of a massive macrophyte die-back after
a bloom. The likely perpetrator in this scenario was typical seasonal changes exacerbated by
Myriophyllum spicatum (M. Spicatum) or common name, Eurasian watermilfoil.

The weather between July 7th and August 10th observed irregular temperatures with a spike on
July 27th of 37.78°C (100°F) followed by a cold front with an average of 22.38°C (72.28°F) (Weather
Underground, 2026). The Lake Elmo area also experienced increased rainfall in early August: July
7th-July 31st, 2026 had 1.36mm of rain per day while August 1st-10th, 2026 had 2.19mm per day
(National Oceanic and Atmospheric Administration, 2026). Moreover, the Lake Elmo area saw a decrease
in sunlight by 69 minutes and 22 seconds (Time and Date, 2026). The high temperatures in July in
addition to the longer days would allow the M. Spicatum present in Sunfish Lake to bloom and grow
rapidly. The thick mats of M. Spicatum that could be found on Sunfish Lake in July trap heat at the
surface, driving pH and DO levels (Moses et al., 2024). Although, as the temperature dropped and the
amount of sunlight decreased, the M. Spicatum likely experienced rapid, widespread die-back. The
massive amount of M. Spicatum would then begin to decompose, increasing bacterial populations that
consume large amounts of oxygen and releasing large amounts of CO,. The consumption of oxygen by
the bacteria explains the decrease in DO observed in August; the release of CO, by the bacteria explains
the decrease in pH as hydrogen ions are released in the carbonic acid cycle (Andersen et al., 2017).

The decrease in surface temperature and sunlight are correlated with the decrease in water
temperature. Surface air temperature direct contact with the surface of the lake can directly increase or
decrease the top layer of a water body. Sunlight is the primary source of heat for water bodies; as the
daylight hours shortened, the reduction in solar heat likely contributed to the observed decrease in water
temperature (Fafard, 2018).

The decrease in conductivity can be attributed to a couple factors; the decrease in M. Spicatum
and the increase in precipitation. The decrease in M. Spicatum diminished the electrical conductivity
ability to move as they stop actively pumping nutrients and ions throughout the water column.
Additionally, the increase in precipitation likely caused a dilution of the nutrients and ions that are vital
for conductivity. The water bodies' high surface area to volume ratio also causes the water bodies to be
more susceptible to rapid volume dilution (Sensorex, 2020).

Site A

Low Dissolved Oxygen Level

Site A was distinct from the other 7 sites in multiple respects: it recorded the lowest DO in the
lake on both sampling dates, the highest conductivity on both dates, and its presence masked a significant
change in pH spread among the remaining 7 sites, alongside field observation noting an extreme density
of M. Spicatum at this location.

The DO level at site A was 3.37mg/L on July 7th, below the accepted 5.0 mg/L threshold
(Appendix C; Figure 10). By August, DO increased to 5.22 mg/L, remaining the lowest level within the
lake, but a partial recovery. This pattern is consistent with water quality sampling in dense M. Spicatum
canopies, corroborated in field observation recording M. Spicatum has formed dense mats at the surface of
site A (Appendix C). These dense mats can cause low levels of DO through die-backs and subsequent
bacterial decomposition that utilizes the available oxygen in the water (Andersen et al., 2017). The M.
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Spicatum canopy was observed to have retreated by 0.5-1 feet below the water surface by August,
consistent with the partial DO recovery.

Site A’s low DO was already present by July 7th before the broader lake-wide cooling trend
described above. This suggests that the die-back may have begun earlier at Site A than elsewhere in the
Lake, potentially because of its unusually high M. Spicatum density led to self-shading and localized
oxygen depletion. Under this hypothesis, Site A would have already been in active decomposition by
early July with the August DO levels reflecting partial recovery as the mat continued to break down. This
timeline is inferred as earlier testing would have been required for confirmation.

Highest Conductivity Level

The highest values and largest increase in conductivity was recorded at Site A. The site
experienced a 15.7% (171.7 uS/cm — 198.7 uS/cm) increase in conductivity while the lakeside
conductivity decreased by 3% (Appendix C). This site-specific effect is supported by an f-test that found
spread significantly increased (p = 0.0074), which significance disappeared entirely when site A was
excluded (p = 0.763; Figure 14).

The site's high conductivity is consistent with the inference of site A’s high M. Spicatum density
has caused earlier decomposition than the remaining sites within the lake. The decomposing M. Spicatum
may have been releasing ions and nutrients as the plant tissue degrades. The density of site A may have
been strong enough to reverse the decrease in conductivity lake-wide as live plants began to die off in
July and stopped pumping nutrients and ions.

Notably, site A experienced the largest drop in temperature which by prior logic should have
dropped conductivity levels simultaneously. The direct positive relationship that temperature and
conductivity share is fueled by evapo-concentration and increased ion mobility. Whereas, Site A
experienced the largest increase in conductivity and decrease in temperature, a directly anomalous result.

pH

The pH spread was found to be not significant when analyzing all 8 sites within Sunfish Lake,
p-value: 0.941. However, further analysis excluding site A, showed significant change in pH spread of
sites B-H, p-value: 0.0274. Site A hides the pH pattern shared by the remaining 7 sites, opposite to
conductivity in which Site A created a significant spread of the lake.

In comparison to the remaining sites, site A averaged a pH of 8.37 while the remaining sites
averaged 9.03 on both dates. The site's deviation from the remainder of the lake is likely due to the high
density of M. Spicatum and the inference of earlier decomposition compared to the 7 other sites. The high
density of M. Spicatum resulted in high decomposition activity at site A, requiring excessive bacterial
breakdown. A high bacteria population releases high amounts of CO, leading to the formation of carbonic
acid and the subsequent increased release of H+ ions, driving pH levels down as the water becomes
acidic.

Field Observations

Field observations support the inference that Site A anomalies were caused by high density of M.
Spicatum. Suspended particles were noted to be present in site A’s sample containers, corroborating
possible M. Spicatum detritus that would greatly affect the water quality. Moreover, July field notes state
dense and widespread discolored (brown/orange) M. Spicatum was observed; August field notes indicate



the canopy top retreated from the surface of the lake downward 0.5-1 feet and discolored M. Spicatum
was scarce.

Lake Phosphate Pattern

The lake’s phosphate spread decreased significantly between July and August (F-test, F=22.3, p =
0.0006; variance: 0.0130 — 0.0006). Examination of the phosphate levels of all the lake sites indicate the
decrease in spread was not attributable to just one site, instead sites moved in different directions. As
mentioned above sites A-D phosphate levels were above water quality threshold then dropped below by
August; Site H was above threshold both dates but echoed sites A-D and decreased in August. In the
southeast section of Sunfish Lake, sites E-G phosphate levels increased; Sites E and G levels were below
the threshold in July, but surpassed the threshold in August while site F increased but remained below the
threshold. The range in phosphate levels between the sites indicates the lake is slow to mix and is able to
support different phosphate levels at different sites, so very localized runoff composition can have a high
effect over a small area/volume of the lake.

The lake-wide decrease in phosphate is likely attributable to the increased rainfall in early August
and the lifecycle of M. Spicatum. The decrease at sites A-D is consistent with nutrient uptake from
macrophytes and dilution from rainwater. Unlike sites A-D, which showed an elevated phosphate level in
July that dropped below the threshold by August, site H remained above the 0.06 mg/L threshold on both
sampling dates. This sustained phosphate level is consistent with a continuous nutrient input rather than a
single event. Site H is closest to a residential area, where reoccurring fertilizer treatment to lawns could
provide the continuous source and match the persistent pattern observed at this site. In the southeast
corner of the lake, sites E-G increase in phosphate was likely due to its close proximity to a busy County
State-Aid Highway (CSAH; Giesen, 2021); Phosphate accumulates on busy roadways through additives
in car oil and binds to sediment, which washes into water bodies following rain (Abell & Hamilton, 2013;
Wada et al., 2020). The opposing trajectories of the two site clusters (Decline at sites A-D and H, and the
rise at sites E-G) drove the significant narrowing of the lake’s phosphate variance. Although no single site
was responsible, the combination of the two separate nutrient sources moving in opposing directions
allowed the phosphate levels across the lake, which ranged from 0.01-0.32 mg/L in July, to a far narrower
0.02-0.08 mg/L range by August (Appendix C).

Pond Patterns

Unlike the lake where Site A dominated the parameter patterns, each pond site has a distinct
pattern. Site I experienced the lowest DO on both dates, site J had the highest pH and phosphate levels,
and site K had the highest conductivity and lowest phosphate.

Site I

Site I consistently recorded the lowest DO of the pond sites on both dates, (9.04 mg/L — 8.27
mg/L; Appendix C). The cause of this pattern has not been established but possible factors include water
depth, circulation, and vegetation density, although surveys investigating these factors were not conducted
and therefore cannot be depended on. Regardless of unexplained cause, Site I’s persistent low DO may be
a plausible explanation for elevated phosphate (0.1 mg/L, both dates). As explained above in the
introduction, anaerobic conditions at the sediment-water interface can break iron-phosphate bonds and
release dissolved phosphate into the water column.
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Site J

Site J recorded the highest pH (9.86 — 9.16) and phosphate (0.13 mg/L, both dates) of the three
pond sites (Appendix C). These two findings may be connected, the elevated phosphate could support
denser algae and macrophyte growth driving high localized photosynthesis at the site. Through the
carbonic acid cycle, the higher photosynthesis would start the cycle by consuming high levels of CO, in
turn increasing the pH of the site. Under this inference the persistently elevated phosphate threshold
exceedance is a possible driver of the pH pattern. Although, this explanation is preliminary as neither
algae, nor macrophyte surveys were conducted and the above explanation of elevated phosphate and pH is
inferred.

Site K

Site K was the only site that remained below the phosphate threshold (0.04 mg/L, both dates) on
both dates while simultaneously recording the highest conductivity (186.4 uS/cm — 187.7 uS/cm) of the
three sites. The combination of elevated ions without the corresponding nutrient enrichment is
inconsistent with a biological-driven source, which would typically present as high conductivity and
phosphate. Another possible explanation could be groundwater influence as groundwater typically has a
higher mineral and ion content without the corresponding high phosphate levels. However, no
hydrogeological data was obtained so the explanation remains speculative as other unidentified factors
may have caused this pattern.

5.2 Limitations of the Study

Limitations of the study include a few sampling design constraints: limited sampling dates, too
few pond samples, and singular time of day of sampling. The first limitation of the study was the two
sampling dates which limited the type of analysis possible and brought into question the accuracy of
patterns observed. The limited sampling dates prevented distinctability of real seasonal change from
single-interval variability, and prevented site-to-site spatial testing. Additionally, the paired Wilcoxon test
cannot reach significance (< 0.05) when n = 3 regardless of the true effect, which is why the pond
temporal changes could only be reported descriptively rather than significance. The time of day during
sampling was an additional limiting factor as DO and pH fluctuate during the daylight hours. This
fluctuation effect is amplified by dense macrophyte growth through large biomass photosynthesis and
decomposition. This is particularly relevant to site A, where high density of M. Spicatum was observed
and its role as the driver of DO, conductivity, and the pH masking pattern given its role as the driver. The
high density of M. Spicatum would be expected to produce an exaggerated fluctuation during the
sampling period, meaning the single daytime measurement of Site A carries more uncertainty than
another daytime measurement within the lake (Holgerson et al., 2022).

Additional limitations of the study include limited sampling depth, absence of site-specific data,
and no VOC:s testing. Water samples were only measured at 1 foot below the surface despite the depths of
the water bodies being far greater (14ft pond, 16 ft lake). Water quality changes dramatically with depth
due to sunlight penetration, surface contaminants, and dissolved nutrients and mineral settling at the
sediment interface. A surface sample typically has higher levels of DO, temperature, and pH while bottom
samples have higher levels of phosphate, nitrite, and conductivity. The effect of depth on parameters
indicates the surface samples carry more uncertainty without further samples taken at deeper depths
(North American Lake Management Society (NALMS), n.d.). Moreover, the lack of site-specific data
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inhibited validation of data analysis inferences. The explanations of parameter patterns observed at
individual sites could not be validated as the information required for validation such as depth,
macrophyte sampling, and historical hydrogeological data was absent. The absence of recent VOC and
PFC testing at sites was another limitation of the study, as information of the extent and effect of the
bordering landfill leak is limited. Chemical pollutants such as VOCs are known to degrade water quality
including the parameters tested in this study but was excluded as an explanation of observed patterns due
to limited information. PFCs at the levels found a few years ago in these water bodies have not been
shown to affect the parameters tested in this study. (reference SMINC)

The lack of nitrate testing was an additional limitation of the study. Although nitrate testing was
attempted through colorimetric testing and nitrate sensing probes, both were unsuccessful in providing
accurate and consistent results and therefore nitrate testing was omitted.

Lastly, DO readings with noted sediment in the sample should be interpreted with some caution,
as suspended particles can interfere with optical probes by scattering and absorbing the light emitted,
potentially introducing measurement error to the reading. However, at site A, several parameter patterns
support genuine biological-driven cause over instrumental error; the low DO reading in July was
accompanied by dense M. Spicatum die-back and then partial recovery in August as the M. Spicatum
canopy receded. Although these patterns do not completely rule out measurement error, it does reflect a
real ecological process.

5.3 Recommendations for Future Sampling

For future sampling, an expansion of the sampling design would be beneficial. Sampling earlier
in the summer and 4-5 times instead of 2 sampling dates would provide more temporal data and provide
confirmation of real trends compared to single-interval variability as well as site-to-site spatial testing.
Increasing the Unnamed Pond sample size to at least 6 in order to analyze the data using the paired
Wilcoxon test and create the possibility for a p-value <0.05 would benefit the study. Additionally, a
sample size smaller than 6 will not be able to produce a valid result, regardless of the true effect a pattern
may have. During sampling, recording the time of day to account for any DO and pH fluctuations caused
by sunlight would aid in accounting for higher values especially at sites with dense M. Spicatum growth.

In order to fill some of the gaps in our data, investigating site-specific data along with chemical
pollutant testing is recommended. Site-to-site recorded data should include depth, possibly inflows, and
macrophyte present. By filling this gap in information, confirmation of proposed explanations of site
patterns would be possible; Site A and K’s high conductivity and site I and J’s DO and pH patterns.
Testing for VOCs and PFCs directly would provide much needed context information of how Sunfish
Park’s ecosystem is being affected and the type of ecological management required to mitigate the
pollution. Outsourcing for this type of analysis would likely be the most financially feasible option but
would likely require a well funded monitoring program. Additionally, nitrate testing would be beneficial
in understanding the growth of M. Spicatum and other macrophytes as well as supporting data that can
provide more information regarding the changes of water quality parameters. Lastly, future studies should
continue to deviate from the Hach procedure as well as placing water samples into a cooler after
collection. The deviation from the Hach procedure is a validated method calibrated to the chemicals
available at the Sally Manzara Interpretive Nature Center. The water samples are sensitive to high
temperatures and will produce inaccurate results if left in the heat for a long period, so bringing a cooler
along on the canoe would slow down this process.
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Appendix A
Code Script for Validation of Nitrite and Phosphate

This appendix contains the code utilized to calculate and graph the standard solution responses for
validation purposes. This code was created with the help of Claude Al and verified by people. The code
can be replicated in RStudio with the ggplot2 library.

Python
install.packages("tidyverse")
install.packages("ggplot2")
install.packages("dplyr")
install.packages("mosaic")

library
library
library
library

tidyverse)
ggplot2)
dplyr)
mosaic)

—~ o~~~

# Nitrite validation

Nstandard_responses <- c¢(0.25, 0.25, 0.255, 0.247, 0.25)
Nstandardconc <- 0.25

Nblank_response <- 0

Nmean_std <- mean(Nstandard_responses)

Nsd_std <- sd(Nstandard_responses)

Nrsd_percentage <- (Nsd_std / Nmean_std) * 100

Nplot_data <- data.frame(Concentration = c(@, rep(Nstandardconc, 5)),
Response = c(Nblank_response, Nstandard_responses),
Type = c("Blank", rep("Standard", 5)))

ggplot(Nplot_data, aes(x = Concentration, y = Response)) +

geom_point(aes(color = Type), size = 4) +

geom_smooth(method = "1m", formula = y ~ x, se = FALSE, color = "black",
linetype = "dashed") +

scale_color_manual(values = c("Blank" = "lightpink", "Standard" = "deeppink3"))

labs(title = "Nitrate Single-Point Calibration Curve (Blank = 0)"
subtitle = paste("Equipment RSD =", round(Nrsd_percentage, 2), "%"),
x = "Concentration (mg/L)",
y = "Equipment Response (mg/L)") +
theme_minimal() +
theme(text=element_text(family="DejaVu Serif", size=10))

print(Nrsd_percentage)



# Phosphate validation

Pstandard_responses <- c(0.93, ©.95, 1.0, ©.91, 1.01, 0.98)
Pstandardconc <- 1.0

Pblank_response <- 0

Pmean_std <- mean(Pstandard_responses)
Psd_std <- sd(Pstandard_responses)

Prsd_percentage <- (Psd_std / Pmean_std) * 100

Pplot_data <- data.frame(Concentration = c(@, rep(Pstandardconc, 6)),
Response = c(Pblank_response, Pstandard_responses),
Type = c("Blank", rep("Standard", 6)))

ggplot(Pplot_data, aes(x = Concentration, y = Response)) +

geom_point(aes(color = Type), size = 4) +

geom_smooth(method = "1m", formula = y ~ x, se = FALSE, color = "black",
linetype = "dashed") +

scale_color_manual(values = c("Blank" = "palevioletredl1", "Standard" =
"firebrick4")) +

labs(title = "Phosphate Single-Point Calibration Curve (Blank = 0)"

subtitle = paste("Equipment RSD =", round(Prsd_percentage, 2), "%"), X

"Concentration (mg/L)", y =
"Equipment Response (mg/L)") +
theme_minimal() +
theme (text=element_text(family="DejaVu Serif", size=10))

print(Prsd_percentage)



Appendix B

This appendix contains the code utilized to analyze and create visual graphs of unprocessed water quality
outputs. This code was created with the help of Claude Al and verified by people. The code can be
replicated in RStudio with the tidyverse, janitor, and ggrepel libraries.

Python

pd s R S s e e s S e s
# Water Quality Analysis: Lake vs. Pond, July 7 vs. Aug 10
HAH R

## ---- 0. library ------------------——————————————————— -
library(tidyverse)

library(janitor)

library(ggrepel)

g ==== @y, PLOT CONFIE ===ccccccccssoscscscssscssssscessssoscsssssooos

PLOT_CONFIG <- list(

font_family = "serif",

lake_color = "#818546",

pond_color = "#f5b1b8",

point_color = "#eaa624",

title_lake_vs_pond = "Water Quality: Lake vs. Pond (both sampling dates)"
title_seasonal_change = "Change from July 7 to August 10 by Site",
title_site_by_date = "Site-Level Change from July 7 to August 10",

subtitle_site_by_date "* = gignificant across all 11 sites pooled (paired
Wilcoxon, p<@.85); not a per-site test",

site_colors = c(

A = "#c44b56", B = "#f5d687", C = "#9bclcc", D = "#4482a3",
E = "#f2897b", F = "#b9ba75", G = "#a392af", H = "#601d2d",
I = "#f3a155", J = "#6¢7f54", K = "#A65628"
),
base_text_size = 12,
# --- settings for making overlapping points easier to tell apart ---

jitter_width
horizontally

point_alpha
darker blend

point_size

0.15, # how far apart overlapping boxplot points get spread

0.75, # point transparency; lower = overlaps show as a

2.2,



point_outline = "white", # white ring around each point so overlapping
colors stay distinct

line_alpha = 0.75,

show_site_labels TRUE, # adds a site-letter label at the end of each line in
the

# site-by-date plot -- turn off (FALSE) if it looks too busy

label_size =3

theme_report <- theme_minimal(base_size = PLOT_CONFIGSbase_text_size,
base_family = PLOT_CONFIGS$font_family) +
theme(plot.title = element_text(face = "bold"))

## ---- 1. Load merged data ----------------"-"-"-"-"—"-~—"-"-~——~————— -
DATA_PATH <- "/cloud/project/water_quality_data/merged_water_quality.csv"

df <- read_csv(DATA_PATH, show_col_types = FALSE) %>%
mutate(
date = factor(date, levels = c("07/07/2026", "08/10/2026"),
labels = c("July 7", "August 10")),
water_body = factor(water_body, levels = c("Lake", "Pond"))

)

params <- c(

air_water_temp_c = "Water Temperature (°C)",
do_mgL = "Dissolved Oxygen (mg/L)"
conductivity_uScm = "Conductivity (pS/cm)"”,
PH = "pH",

nitrite_mgL = "Nitrite (mg/L)",
phosphate_mgL = "Phosphate (mg/L)"

data_long <- df %>%
select(site_id, water_body, date, all_of(names(params))) %>%

pivot_longer(cols = all_of(names(params)), names_to = "parameter", values_to =
"value") %>%

mutate(parameter_label = recode(parameter, !!!params))
## ---- 2. Summary statistics by water body x date -------------------—-

summary_by_group <- data_long %>%
group_by(water_body, date, parameter_label) %>%
summarise(



n =
= TRUE),
min = min(value, na.rm = TRUE), max = max(value, na.rm = TRUE), .groups =
"drop"
)
print(summary_by_group, n = Inf)
write_csv(summary_by_group, "summary_by_group.csv")

sum('is.na(value)), mean = mean(value, na.rm = TRUE), sd = sd(value, na.rm

## ---- 3. Lake vs. Pond comparison (both dates pooled) ------------------
# Mann-Whitney U test (Wilcoxon rank-sum): appropriate for small,
# unequal group sizes (n=8 lake vs n=3 pond) without assuming normality.

lake_vs_pond <- data_long %>%
group_by(parameter, parameter_label) %>%

summarise(
lake_mean = mean(value[water_body == "Lake"], na.rm = TRUE),
pond_mean = mean(value[water_body == "Pond"], na.rm = TRUE),

p_value = tryCatch(wilcox.test(value ~ water_body)S$Sp.value, error =
function(e) NA_real ),
.groups = "drop"
) %>%
mutate(significant_0.85 = p_value < 0.05)
print(lake_vs_pond)
write_csv(lake_vs_pond, "lake_vs_pond_tests.csv")

## ---- 4. July 7 vs. August 10 comparison (paired by site) ----------------
# Same 11 sites sampled both dates -> paired Wilcoxon signed-rank test.

early_vs_late <- data_long %>%
group_by(parameter, parameter_label) %>%

summarise(
july_mean = mean(value[date == "July 7"], na.rm = TRUE),
aug_mean = mean(value[date == "August 10"], na.rm = TRUE),
.groups = "drop"

# paired calc (join July/Aug by site for each parameter)
paired_p <- data_long %>%

pivot_wider(id_cols = c(site_id, parameter, parameter_label), names_from = date,
values_from = value) %>%

group_by(parameter, parameter_label) %>%

summarise(

p_value = tryCatch(wilcox.test( July 7", “August 10°, paired = TRUE)S$p.value,

error = function(e) NA_real_),



.groups = "drop"

early_vs_late <- early_vs_late %>%

left_join(paired_p, by = c("parameter", "parameter_label")) %>%
mutate(significant_0.85 = p_value < 0.05,
direction = ifelse(aug_mean > july_mean, "increased", "decreased"))

print(early_vs_late)
write_csv(early_vs_late, "early_vs_late_tests.csv")

## ---- 4b. July 7 vs. August 10, split by water body ---------———---------—-

early_vs_late_by_wb <- data_long %>%
group_by(water_body, parameter, parameter_label) %>%

summarise(
july_mean = mean(value[date == "July 7"], na.rm = TRUE),
aug_mean = mean(value[date == "August 10"], na.rm = TRUE),
.groups = "drop"

) %>%

mutate(pct_change = round(100 * (aug_mean - july_mean) / july_mean, 1))

paired_p_by_wb <- data_long %>%
pivot_wider(id_cols = c(site_id, water_body, parameter, parameter_label),
names_from = date, values_from = value) %>%
group_by(water_body, parameter, parameter_label) %>%
summarise(
p_value = tryCatch(wilcox.test( July 7", “August 10°, paired = TRUE)S$p.value,
error = function(e) NA_real_),
.groups = "drop"

early_vs_late_by_wb <- early_vs_late_by_wb %>%
left_join(paired_p_by_wb, by = c("water_body", "parameter", "parameter_label"))

%>%

mutate(
significant_0.05 = p_value < 0.05,
direction = ifelse(aug_mean > july_mean, "increased", "decreased"),
note = ifelse(water_body == "Pond",

"n=3 pairs; p<0.085 not achievable regardless of effect size
(floor=0.25) -- pair with pct_change, don't rely on p_value alone",
"n=8 pairs; paired Wilcoxon is adequately powered here")
) %>%
arrange(parameter, water_body)
print(early_vs_late_by_wb, n = Inf)



write_csv(early_vs_late_by_wb, "early_vs_late_by_waterbody.csv")
## ---- 5. Within-group site comparison (by date, to isolate spatial ------

site_comparison_by_date <- data_long %>%
group_by(date, water_body, site_id, parameter_label) %>%
summarise(value = mean(value, na.rm = TRUE), .groups = "drop") %>%
arrange(date, water_body, parameter_label, site_id)
print(site_comparison_by_date, n = Inf)
write_csv(site_comparison_by_date, "site_comparison_by_date.csv")

site_range_by_date <- data_long %>%
group_by(date, water_body, parameter_label) %>%
summarise(
range = max(value, na.rm = TRUE) - min(value, na.rm = TRUE),
min_site = site_id[which.min(value)],
max_site = site_id[which.max(value)],
.groups = "drop"
)
print(site_range_by_date, n = Inf)
write_csv(site_range_by_date, "site_range_by_date.csv")

## ---- 5b. Did the SPREAD (variance) across sites change significantly ----

variance_change <- data_long %>%
group_by(water_body, parameter, parameter_label) %>%

summarise(
july_var = var(value[date == "July 7"], na.rm = TRUE),
aug_var = var(value[date == "August 10"], na.rm = TRUE),
p_value = tryCatch(var.test(value[date == "July 7"], value[date == "August

10"])Sp.value,
error = function(e) NA_real.),
.groups = "drop"
) %>%

mutate(significant_0.85 = p_value < 0.05)

# find any site that is the max AND/OR min on both dates, per water_body x
parameter
persistent_extreme <- site_range_by_date %>%

pivot_wider(id_cols = c(water_body, parameter_label), names_from = date,

values_from = c(min_site, max_site), names_sep = "_") %>%
mutate(
persistent_max = ifelse( max_site_July 7' == "max_site_August 10,

‘max_site_July 7°, NA_character_),



persistent_min = ifelse( min_site_July 7° == "min_site_August 10,
‘min_site_July 7°, NA_character_)
) %>%

select(water_body, parameter_label, persistent_max, persistent_min)

# re-run the variance test excluding whichever site is the persistent
# max (falling back to persistent min if there's no persistent max) --
# only for combos where such a site actually exists

retest_excl <- data_long %>%

left_join(persistent_extreme, by = c("water_body", "parameter_label")) %>%
mutate(exclude_site = coalesce(persistent_max, persistent_min)) %>%
filter(!is.na(exclude_site), site_id != exclude_site) %>%

group_by(water_body, parameter, parameter_label, exclude_site) %>%
summarise(
p_value_excl_site = tryCatch(var.test(value[date
"August 18"])Sp.value,

= "July 7"], value[date ==

error = function(e) NA_real_),
.groups = "drop"

variance_change <- variance_change %>%
left_join(retest_excl, by = c("water_body", "parameter", "parameter_label")) %>%
mutate(
note = case_when(
is.na(exclude_site) ~ "No single site was the extreme value on both dates --
no exclusion re-test applicable",
significant_0.05 & !is.na(p_value_excl_site) & p_value_excl_site >= 0.05 ~

paste@("Result depends entirely on site , exclude_site, "': not
significant once excluded"),
TRUE ~ paste@("Re-tested excluding persistent extreme site '", exclude_site,

)
)
)

print(variance_change, n = Inf)
write_csv(variance_change, "variance_change_by_date.csv")

# Visual

sig_labels <- early_vs_late %>%

mutate(facet_label = paste@(parameter_label, ifelse(significant_0.65, " *",
")) %%

select(parameter, facet_label) %>%

deframe()



p_site_by_date <- ggplot(data_long, aes(x = date, y = value, group = site_id,

color = site_id)) +
geom_line(alpha = PLOT_CONFIGSline_alpha) +

geom_point(aes(fill = site_id), shape = 21, color = PLOT_CONFIGSpoint_outline,

stroke = 0.4, size = PLOT_CONFIGSpoint_size, alpha =
PLOT_CONFIGSpoint_alpha) +

facet_wrap(water_body ~ parameter, scales = "free_y", nrow = 2,
labeller = labeller(parameter = sig_labels)) +

scale_color_manual(values = PLOT_CONFIGSsite_colors) +
scale_fill_manual(values = PLOT_CONFIGSsite_colors, guide = "none") +
labs(

title = PLOT_CONFIGStitle_site_by_date,

subtitle = PLOT_CONFIGSsubtitle_site_by_date,

x = NULL, y = NULL, color = "Site"
) +
theme_report

if (PLOT_CONFIGSshow_site_labels) {
last_points <- data_long %>% filter(date == "August 10")
p_site_by_date <- p_site_by_date +
geom_text_repel(

data = last_points, aes(label = site_id),
size = PLOT_CONFIGSlabel_size, show.legend = FALSE,
direction = "y", segment.size = 0.2, box.padding = 0.2,
max.overlaps = Inf

ggsave("plot_site_by_date.png", p_site_by_date, width = 13, height = 6, dpi

## ---- 6. Flag values outside reference thresholds ------------------—--——-

THRESHOLDS <- tribble(

= 300)

~parameter, ~low, ~high, ~note,

"do_mgL", 5, NA, "DO < 5 mg/L stressful for most fish",

"pH", 6.5, 9.0, "MPCA general aquatic life range 6.5-9.0",
"nitrite_mgL", NA, 0.5, "general aquatic life guidance (verify locally)",
"phosphate_mgL", NA, 0.6, "Shallow Lakes in North Central Hardwood Forest

Ecoregion >60 pg/L"

)

flagged <- data_long %>%

left_join(THRESHOLDS, by = "parameter") %>%



mutate(flag = case_when(
lis.na(low) & value < low ~ paste("BELOW", low),
lis.na(high) & value > high ~ paste("ABOVE", high),
TRUE ~ NA_character_
)) %>%
filter(!is.na(flag)) %>%
select(site_id, water_body, date, parameter_label, value, flag, note)
print(flagged, n = Inf)
write_csv(flagged, "flagged_values.csv")

G === 7, PLOTES seeeessssossossssossossosssosssonssssssssssosssonoossssoo0

water_body_colors <- c("Lake" = PLOT_CONFIGSlake_color, "Pond" =
PLOT_CONFIGSpond_color)

p_lake_pond <- ggplot(data_long, aes(x = water_body, y = value)) +
geom_boxplot(aes(fill = water_body), alpha = 0.7, outlier.shape = NA) +
geom_jitter(width = PLOT_CONFIGSjitter_width, height = @,

shape = 21, color = PLOT_CONFIGSpoint_outline, fill =
PLOT_CONFIGSpoint_color,
stroke = 0.4, size = PLOT_CONFIGSpoint_size, alpha =

PLOT_CONFIGSpoint_alpha) +
facet_wrap(~ parameter_label, scales = "free_y") +
scale_fill_manual(values = water_body_colors) +
labs(title = PLOT_CONFIGStitle_lake_vs_pond, x = NULL, y = NULL) +
theme_report + theme(legend.position = "none"

ggsave("plot_lake_vs_pond.png", p_lake_pond, width = 10, height = 7, dpi = 300)

p_change <- ggplot(data_long, aes(x = date, y = value, group = site_id, color =
water_body)) +
geom_line(alpha = PLOT_CONFIGSline_alpha) +
geom_point(aes(fill = water_body), shape = 21, color =
PLOT_CONFIGSpoint_outline,
stroke = 0.4, size = PLOT_CONFIGSpoint_size, alpha =
PLOT_CONFIGSpoint_alpha) +

facet_wrap(~ parameter_label, scales = "free_y") +
scale_color_manual(values = water_body_colors) +
scale_fill_manual(values = water_body_colors, guide = "none") +

labs(title = PLOT_CONFIGStitle_seasonal_change, x = NULL, y = NULL, color =
"Water body") +

theme_report
ggsave("plot_seasonal_change.png"”, p_change, width = 10, height = 7, dpi = 300)



message( 'Done. Outputs: summary_by_group.csv, lake_vs_pond_tests.csv,
early_vs_late_tests.csv, "

"early_vs_late_by_waterbody.csv, site_comparison_by_date.csv,
site_range_by_date.csv, "

"variance_change_by_date.csv, flagged_values.csv, plot_lake_vs_pond.png,

"plot_seasonal_change.png, plot_site_by_date.png")



Appendix C

Unprocessed outputs of all sites and parameters on both dates, utilized as reference.

Water Body Site ID Parameter
July 7 Lake A Conductivity (uS/cm) 171.7
July 7 Lake B Conductivity (uS/cm) 157.8
July 7 Lake C Conductivity (1S/cm) 155.9
July 7 Lake D Conductivity (uS/cm) 157.9
July 7 Lake E Conductivity (uS/cm) 153.1
July 7 Lake F Conductivity (uS/cm) 154.7
July 7 Lake G Conductivity (uS/cm) 157.8
July 7 Lake H Conductivity (uS/cm) 153.8
July 7 Lake A Dissolved Oxygen (mg/L) 3.37
July 7 Lake B Dissolved Oxygen (mg/L) 8.22
July 7 Lake C Dissolved Oxygen (mg/L) 9.09
July 7 Lake D Dissolved Oxygen (mg/L) 9.5
July 7 Lake E Dissolved Oxygen (mg/L) 9.11
July 7 Lake F Dissolved Oxygen (mg/L) 9.54
July 7 Lake G Dissolved Oxygen (mg/L) 9.52
July 7 Lake H Dissolved Oxygen (mg/L) 9.07
July 7 Lake A Nitrite (mg/L) 0
July 7 Lake B Nitrite (mg/L) 0
July 7 Lake C Nitrite (mg/L) 0.001
July 7 Lake D Nitrite (mg/L) 0.003
July 7 Lake E Nitrite (mg/L) 0.004
July 7 Lake F Nitrite (mg/L) 0
July 7 Lake G Nitrite (mg/L) 0.003
July 7 Lake H Nitrite (mg/L) 0.006
July 7 Lake A Phosphate (mg/L) 0.09
July 7 Lake B Phosphate (mg/L) 0.11
July 7 Lake C Phosphate (mg/L) 0.26
July 7 Lake D Phosphate (mg/L) 0.32
July 7 Lake E Phosphate (mg/L) 0.01
July 7 Lake F Phosphate (mg/L) 0.03
July 7 Lake G Phosphate (mg/L) 0.02
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