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Introduction

A.W. Research Laboratories, Inc. (AWRL) conducted a Groundwater Intrusion Overflight (GWI)
of Bass Lake during February 2010. AWRL recommended that winter sampling be conducted
along the shoreline in several locations that were found to have spectral signatures
characteristic of potential nutrient or toxic sources.

Sampling during the winter months when the lake is buffered from atmospheric influences,
provides a worst-case documentation of the nutrient levels in the lake. The nutrient
concentrations are increased due to the algae and other aquatic vegetation settling to the
bottom and decaying. Once the dissolved oxygen in the bottom waters is used up in the decay
process, the bacterial species shift to anaerobic species. These are bacteria that live in the
absence of oxygen. Their presence produces anoxic conditions or an environment with no
oxygen. Under anoxic conditions nutrients in the sediments dissolve back into the lake water.
Winter sampling along the shoreline is done to measure and locate specific nutrient sources
during these anoxic conditions. It is important to measure these concentrations in the winter
time during ice-cover because at this time of the year there are no mixing or turbulence effects
from wind and wave action. As a result, nutrients being put into the lake through groundwater
seepage or point sources will remain relatively near the source location.



Data

Samples were collected by John Reynolds and Sara Ahlers of AWRL on March 17, 2010.
Groundwater head was also measured at each site using a piezometer. The samples were
analyzed by AWRL’s certified laboratory for total phosphorous, chlorides and TKN. Table 1
presents the raw sampling data collected. Please note that one sample was taken in the center
of the lake as a control and is labeled as such.

Table 1: Sampling Data

Sample cl TP TKN Temp DO Cond. Redox
ID Lat Long | (mg/L) | (mg/L) | (mg/L) | (°C) (mg/L) | pH | (umhos/cm) | (mV)

1 46.4719 | -94.2794 2.08 0.254 3.0 5.14 3.68 7.68 107 -34.0
2 46.4720 | -94.2789 3.12 0.261 2.6 0.71 7.08 7.52 101 7.0

3 46.4721 | -94.2780 3.29 0.076 1.3 2.65 8.70 7.55 88 6.0

4 46.4729 | -94.2775 2.26 0.162 1.4 5.12 9.15 7.51 105 -20.0

5 46.4731 | -94.2774 4.35 0.085 1.7 7.44 5.66 7.50 130 -25.0

6 46.4738 | -94.2764 3.44 0.446 4.4 1.03 1.92 7.74 114 -46.0

7 46.4738 | -94.2762 5.35 0.108 3.7 1.90 8.00 8.00 102 -89.0

8 46.4737 | -94.2758 | 14.80 | 0.255 1.8 6.77 4.11 7.80 247 -110.0

9 46.4734 | -94.2749 1.57 0.086 2.3 1.25 12.20 | 8.60 56 99.0

10 46.4734 | -94.2747 | 14.40 | 0.470 1.3 4.15 11.98 | 8.42 113 105.0

11 46.4734 | -94.2742 2.44 0.044 1.0 2.30 7.00 8.55 76 114.0
12 46.4725 | -94.2736 6.58 0.056 n/a 1.13 9.50 8.48 160 -5
13 46.4724 | -94.2736 5.39 0.106 n/a 0.96 10.40 | 8.33 115 -23
14 46.4702 | -94.2766 1.01 0.334 n/a -0.05 9.00 7.80 35 22
15 46.4702 | -94.2770 1.00 0.487 n/a -0.12 8.18 7.79 34 41
Control | 46.4716 | -94.2767 1.10 0.023 1.3 -0.08 12.31 | 7.87 39 1.7
Average 4.51 0.203 2.2 2.52 8.05 7.95 101 2.73

Average minus control 4.74 0.215 2.2 2.69 7.77 7.95 106 2.80




Total Phosphorous (TP)

Phosphorous is one of many essential plant nutrients; it is an element found naturally in organic
materials, soils and rocks, but can also be found in commercial products such as detergents and
fertilizers. If present in excess of a critical concentration, it stimulates plant growth.
Phosphorus is commonly the limiting factor of plant growth in lakes, and is the nutrient most
easily controlled. Total phosphorous measures all forms of phosphorous. The reference data
for total phosphorus for the North Central Hardwood Forests Ecoregion according to the
Minnesota Pollution Control Agency (MPCA) is 0.014-0.027 mg/L. AWRL’s reporting limit for
total phosphorus is 0.005 mg/L.

Chloride (Cl)

Chloride is a common anion in many waters and is the anionic form of chlorine. High
concentrations of chloride anion are usually not common in open lake systems; however,
pollution sources of chlorides can modify natural ecosystems. Sources may include water
softeners, septic systems, industry, and road salting and treated municipal wastewaters. For
chlorides, the reference values for the North Central Hardwood Forests Ecoregion according to
the MPCA are 0.6-1.2 mg/L. AWRL'’s reporting limit for chloride is 1.00 mg/L.

Total Kjeldahl Nitrogen (TKN)

Total Kjeldahl Nitrogen is the sum of organic nitrogen and ammonia in a body of water, or the
fraction of total nitrogen that is not available for plant or algal growth. High measurements of
TKN typically result from sewage and manure discharges to water bodies. The reporting limit
for TKN is 0.2 mg/L.

Dissolved Oxygen (DO)

Dissolved oxygen is a measure of the oxygen contained in the water. It is of major interest in
water analysis since concentrations are an important gauge of the ability of the lake to support
a well-balanced aquatic fauna (organisms, fish and wildlife). Adequate amounts of dissolved
oxygen are critical to most aquatic organisms; concentrations between 9-10 mg/L are
considered good. Concentrations below 2.0 mg/L indicate possible anoxia at lower depths,
which could cause the loss of fish populations. Low levels of dissolved oxygen can be an
indicator of high levels of organic material such as sewage and decomposing algae. Dissolved



oxygen is measured with a field meter, which does not have established detection and
reporting limits; the accuracy is + 0.2 mg/L < 20 mg/L or + 0.6 mg/L > 20 mg/L.

Specific Conductivity (Cond.)

Conductivity is a measure of water’s ability to conduct or transmit an electric current. The
measurement is used to obtain the relative amount of dissolved minerals and/or ions in the
water. Conductivity’s reference data values for the Northern Lakes and Forests Ecoregion
according to the MPCA is 50-250 umhos/cm. Conductivity is measured with a field meter,
which does not have established detection and reporting limits; the accuracy is + 1% of reading
+1 count.

bH

pH is the measure of the potential for hydrogen ion activity in a water sample. It is an
important factor in the chemical and biological systems of natural waters. Based on present
evidence, a pH range of 6.5 to 8.5 appears to provide adequate protection for the life of
freshwater fish and bottom dwelling invertebrate organisms. According to the MPCA, the
reference values for pH for lakes in the Northern Lakes and Forests Ecoregion is 7.2-8.3. pH is
measured with a field meter, which does not have established detection and reporting limits;
the accuracy is + 0.2 units.

Oxidation/Reduction Potential (Redox)

Oxidation/Reduction Potential, also known as ORP or Redox, is a measure of the tendency of a
solution to gain or loose electrons. The oxidation reduction potential of water is influenced by
the presence or absence of molecular oxygen. In general Redox values of greater than 200 mV
indicate oxidized conditions. Values of less than 200 mV indicate reduced conditions which can
lead to degraded water quality conditions. Low redox potentials may be caused by extensive
growth of heterotrophic microorganisms. Redox is measured with a field meter, which does not
have established detection and reporting limits; the accuracy is +/- 20mV.

Maps

Figures 1-6 on the following pages show the locations of the sample sites and the
concentrations of TP, Cl, TKN, and the field parameters measured for each site.
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Discussion

The MPCA provides reference values or typical water quality measurements for lakes within the
seven ecoregions found in Minnesota. These values allow us to evaluate the quality of lakes as
compared to other reference lakes within the same ecoregion. Bass Lake falls within the
Northern Lakes and Forests Ecoregion (NLF).

Every site measured, except for one (the control), had a total phosphorous concentration
greater than the reference range for the NLF ecoregion. Sites 6, 10, and 15 had the highest
concentrations of 0.446 mg/L, 0.470 mg/L and 0.487 mg/L respectively. Table 2 displays the
generated statistics for total phosphorus.

Nearly all of the chloride samples were elevated; two sites (8 and 10) were extremely elevated
with concentrations of 14.8 mg/L and 14.4 mg/L respectively. Chloride is common in many
waters, but is generally found in lower concentrations. High concentrations of Cl can indicate
road runoff, septic systems and/or discharge from salt-based water softeners. Only three of the
16 sites (the control, 14 and 15) had Cl concentrations within the reference range. Table 3
displays the generated statistics for chloride.

Table 2: Statistical Analysis for Phosphorous Table 3: Statistical Analysis for Chloride
Range Number of Percent of Range Number of Percent of
(mg/L) Sites Sites (mg/L) Sites Sites

0.023-0.056 3 18.75% <1.00-1.57 4 25.0%

0.057-0.108 5 31.25% 1.58-3.44 6 37.5%

0.109-0.162 1 6.25% 3.45-6.58 4 25.0%

0.163-0.334 4 25.0% 6.59-14.80 2 12.5%

= 0,
0.335-0.487 3 18.75% Below NLF 0 0%
Below NLF 0 0% (0.0-0.59)
(0.00-0.013) ? NLF Range
3 18.75%
NLF Range ] 5.259% (0.6-1.2)
. (0]
(0.014-0.027) Ab(ivle ;\;LF 13 81.250
Above NLF o :
(>0.027) 15 93.75%
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All of the sites measured including the control had TKN concentrations above the NLF reference
range. (Sites 8 and 11 were not measured for TKN). Sites 6 and 7 had the highest concentrations
with 4.4 mg/L and 3.7 mg/L respectively. These two sites are located very near to each other, so
it is likely that the same source is contributing to the high levels at both sites. High TKN values

can indicate septic or sewage influences. Table 4 presents the generated statistics for Total

Kjeldahl Nitrogen.

Table 4: Statistical Analysis for Total Kjeldahl Nitrogen

Number of Percent of
Range (mg/L) Sites Sites
0.2-1.8 7 58.33%
1.9-3.0 3 25.0%
3.1-4.4 2 16.67%
Below NLF o
(0.0-0.39) 0 0%
NLF Range o
(0.4-0.75) 0 0%
Above NLF 0
(>0.75) 14 100%
Graph 1
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If we multiply the TP measurements in mg/L by 100, the TKN measurements in mg/L by 10 and
the Cl measurements in mg/L by 3, we can compare the peaks for all three parameters on the
same graph. Graph 1 shows the TP, Cl and TKN trends for the 16 sites measured on Bass Lake.

We see very high peaks in TP at sites 6, 10 and 15, with smaller peaks occuring at sites 2, 4, and
8. A peak on this graph pinpoints the source of the nutirent loading, so we can infer that at each
of the sites listed above there is some kind of point or non-point source of phosphorous such as
septic leaks. We also see very high spikes in chloride concentrations at sites 8 and 10, with
smaller peaks at 3, 5, and 12. These Cl peaks are likely due to salt-based water softener usage at
these locations.

Sites 6, 8, and 10 showed the strongest peaks in all three parameters. Site 6 had high TP and
TKN concentrations. While sites 8 and 10 had peaks in both TP and Chloride.

The peizometer measurements revealed no groundwater influences in any of the locations. This
means that there are no springs bringing water and nutrients in, and no springs removing any
nutrients. The nutrient and other conditions observed at these locations are therefore due
solely to influences such as septic, road runoff, etc.

Graph 2
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According to the MPCA, the NLF reference range for conductivity is 50-250 umhos/cm. Graph 2
shows that the majority of sites on Bass Lake have values within this range. Sites 14, 15 and the
control had conductivity readings slightly below the NLF range. Site 8 had the highest reading
with 247 umhos/cm measured. This peak in conductivity correlates well to the peaks in chloride
and phosphorous measured at this site.
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Graph 3

Temperature

8.00
7.00
6.00
5.00
4.00
3.00

Temp. {°C)

2.00
1.00
0.00

-1.00

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 C

Graph 3 shows a large variation in temperature between the sites. This is most likely due to the
inconsistency of the ice cover on the day of sampling. Several of the samples were taken at
open water; these sites had the warmest temperatures measured. The sites located on the
eastern and southern shorelines were well shaded and thus had a thicker ice cover and colder
temperature readings.

Graph 4
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Dissolved oxygen levels were the lowest at sites 1, 6 and 8 where the concentrations were 3.68
mg/L, 1.92 mg/L and 4.11 mg/L respectively.
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Graph 5
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Sites 9 through 13 had pH values above the NLF reference range of 7.2-8.3 while all other sites
measured fell well within the expected range.

Graph 6
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Redox varied greatly from site to site with values ranging from -110 to 114. The water
throughout the lake is reduces with all values measured below 200 mV. This generally indicates
the potential for poor water quality and reduced fish populations.
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Conclusions and Recommendations

The purpose of conducting this winter shoreline sampling was to locate the areas where
nutrient levels are elevated. This report has identified several sites that should be priorities for
further investigation and remediation.

The phosphorous concentrations in Bass Lake are generally high; nearly 94% of the sites were
above the normal range for the NLF ecoregion. Phosphorus is an essential plant nutrient coming
from many sources, such as runoff and failing septic systems. An increase in total phosphorus
can cause detrimental conditions, including an increase in algae blooms and plant growth,
causing low dissolved oxygen levels, potentially leading to a loss of fish and other aquatic
populations. We recommend groundtruthing the sites that showed peaks in Graph 1: 2, 4, 8,
and 15. Sites 6 and 10 showed peaks in TP and TKN/Chloride (respectively); recommendations
for these sites are discussed further below.

Total Kjeldahl Nitrogen readings were high throughout Bass Lake. All of the sites had
concentrations above the NLF reference range. Site 6 in particular had coinciding peaks of both
TP and TKN, which indicates septic or sewage contamination. We recommend groundtruthing
and a septic inspection at this site, which is located in front of site 5.5 from the GWI (see GWI
report).

Chloride concentrations in Bass Lake are generally above the ideal levels for the ecoregion.
These increased levels are most likely coming from leaking septic systems dumping excess
amounts of chloride into the lake from salt-based water softeners. Sites 8 and 10 had peaks in
both TP and Cl, which indicates a likely septic leak that also contains discharge from a salt-
based water softening system. Site 8 is located in front of site 5.6 from the GWI and site 10 is
located in front of site 6.1 from the GWI (see GWI report). For these two sites, we recommend
sampling the septic tanks at these residences for chlorides and additionally checking for
chlorides in the septic systems of adjacent residences (three on either side of each site) to
pinpoint the exact source.
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