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Introduction
In 2014, the Higgins Lake Foundation provided a grant to MSU to study the near-shore water quality of Higgins
Lake. The goals of the study were to better understand how Higgins Lake water quality varies along the shoreline,
and to link those changes to sources of nutrients (nitrogen and phosphorus) such as septic systems, agriculture,
lawn fertilizers, and wastewater. MSU’s study design called for installing several small subsurface sampling
piezometers within the near-shore areas around the perimeter of Higgins Lake. The Higgins Lake Foundation
secured permission to install and later sample from these piezometers at 21 sites distributed roughly evenly
around the lake.
MSU conducted four sampling campaigns in
2014, one each in June, July, August, and
October. This work culminated in a report to
the Higgins Lake Foundation that describes
how near-shore water quality varies within the
lake, over the summer sampling periods, and
how it had changed since 1999 when the
USGS conducted a similar study. The report
showed that (like in the 1999 study) despite
the typical characterization of Higgins Lake
as oligotrophic, or low nutrient, much of the
near-shore waters are of degraded water
quality–ranging from mesotrophic and
eutrophic all the way to hypereutrophic
status. Some key trends were also identified,
including generally increasing phosphorus
and chloride, indicating that near-shore water
quality is experiencing cumulatively greater
effects from human activities around the lake.
One critical finding of the MSU report was
that water quality improved in the northwest
portion of the northern basin, along the
shoreline adjacent to Camp Curnalia,
following the installation of a sewage
treatment plant serving that neighborhood.
Here, MSU conducted a follow-up study focused on groundwater quality to further trends and identify potential
causes of degraded water quality in Higgins Lake. This effort leveraged the network of sampling locations installed
in 2014, reducing the project cost of equipment and installation. Importantly, this also allow samples to be collected
from the exact same locations as in 2014, increasing confidence that any changes seen relative to the prior study
are genuine, and not simply the result of variations in site location along the shoreline. Additional chemical tracers
are also discussed that may provide insight into source pathways.

Objectives of the 2018 study:
1. Provide follow-up sampling at the 21 lake sites established in 2014 to monitor how water quality is changing
in the lake.

2. Better understand the seasonal variability of water quality by sampling in early spring, prior to return of many
of the areas seasonal residents, as well as in the summer to early fall.
3. Analyze emerging contaminant species not measured in 2014.
4. Service and maintain the piezometers installed with the help of the HLF in 2014, therefore insuring their
value for this study and other potential future uses.
In this final report, we cover our work on tasks outlined in the proposal. We continue to work on analyzing collected
samples for pharmaceuticals and personal care products (sometimes referred to as PPCPs). We will provide an
addendum to this report regarding the PPCP data as it becomes available.

Task 1. Site Maintenance
Sites were located in the near-shore lake bottom of
riparian cooperators. Each site was originally installed
with small diameter PVC piezometers, approximately 2ft
below the lake bottom. Each PVC piezometer was
equipped with a sample extraction tube that extended to
sufficient height above the lake bottom and the lake
surface level to extract a groundwater sample with no
contamination of surface water. These sample extraction
tubes were secured below a cement paving stone to
protect them from degradation from solar radiation as
well as reduce the visual impact of the site.

To ensure accurate measurements of groundwater
chemistry, we needed to first visit and maintain each
piezometer. Site maintenance occurred in early June
2018. Several sites had been removed prior to our arrival
and needed to be re-installed. Unfortunately, Site 23
(representing Camp Curnalia) experienced an untimely removal just before we finished this study. All prior
samples had been collected at the original installation. However, this important site needed to be re-installed prior
to the August 2019 sampling event. The August 2019 sampling event was designed for a special collection for
PPCPs, and therefore, extra effort was put forth for a temporary site installation for that sampling. Efforts were
made to re-install sites as close as possible to where they were previously installed in order to increase accuracy
in comparisons to the original sites. Re-installation at some sites required larger diameter piezometers due to
unavailability of materials used to make the original piezometers. Approximate site latitude and longitude are listed
in the table as well as the status of each site.

Task 2. Field Measurements and Sample Collection
Table 1. Sampling dates per season.

Note: these sites span multiple years.

Prior to the first sampling event, piezometers were allowed a recovery
period after the disturbance of maintenance and/or re-installation to
Season Date
allow for the groundwater at the site to return to groundwater
representative of the up-gradient system. Care needs to be used when
Spring
May 21, 2019
collecting samples of groundwater in this system because the
sediments in the area have high conductivity. Therefore, low-flow
Summer June 25-27,2018
sampling techniques were used to ensure sampling was of
groundwater. Based on our 2014 results, samples collected in JuneJuly 24-25, 2018
August showed little temporal difference in water chemistry. Therefore,
August 20-21, 2018 & 2019 we made special emphasis to sample during the early and late season.
The spring sampling event (May) is intended to capture water quality
prior to the arrival of most seasonal residents of the Higgins Lake area
Fall
November 14-16, 2018
and is hypothesized to have the lowest concentrations of nutrients. Our
November trip was designed to capture the shift from high-season to
late-season occupation. During this time, we hypothesize that concentrations should start to drop as seasonal
residents spend less time at the lake. Due to extreme weather conditions, our November 2018 sampling trip had to
be cut short. We were only able to collect samples from 4 sites.
In addition, the August 2019 sampling event was planned in cooperation with collaborators at the University of
Michigan for special analysis for PPCPs. We anticipated that the long hot summer of 2019 would create some of
the highest loads. Samples collected during that sampling event will be used specifically to analyze for PPCPs.

Task 3. Chemical Analyses and Data Management
We have analyzed the groundwater samples for: 1) species of nitrogen, 2) species of phosphorous, and 3) major
ions (see Appendix). Due to extended delays in obtaining analytical materials from specialty manufacturers, the
analysis of PPCPs will be forthcoming. These results will be reported in an addendum to this report as the data
become available.

Nitrogen (NO3 + NO2)
Groundwater nitrate-nitrite concentrations have stayed relatively similar between the 2014 and 2018/19 sampling
events, with a few noteworthy exceptions. Prominently, site 15 had a substantial reduction in nitrate-nitrite of
approximately 5mg/L between 2014 and 2018/19. Other noteworthy sites include site 12 and 18 that show
somewhat elevated groundwater nitrate-nitrite concentrations when compared to all other sites. Specifically, site
18 increased slightly in groundwater nitrate-nitrite concentrations between 2014 and 2018/19. The original
installations for both site 12 and 18 were removed and required re-installation. Therefore, it is possible that the
observed increase in NO3+NO2 concentrations at sites 12 and 18 could be due to the slight differences associated
with relocating the piezometer.
Overall, groundwater nitrate-nitrite concentrations are generally low at all of the sampling sites, below the US EPA
maximum contamination level (MCL) of 10mg/L NO3-N. However, several epidemiological studies have found
adverse health effects at much lower concentrations. Concentrations as low as 3 mg/L NO3-N in drinking water
have been linked to abnormal fetal development during pregnancy (Migeot et al., 2013). Several other studies
have found that nitrate concentrations below the MCL are linked to an increased risk of colorectal/colon cancer
and thyroid disease. Therefore, it is important to consider these newly discoverd associations between low nitrate
concentrations and adverse health risks.
Supporting literature for adverse health effects from low level nitrate exposure:
(Migeot, V., et al. “Drinking-water exposure to a mixture of nitrate and low-dose atrazine metabolites and small-for-gestational
age (SGA) babies: a historic cohort study.” Environmental research 122 (2013): 58-64. doi: 10.1016/j.envres.2012.12.007 )

(Schullehner, Jörg, et al. “Nitrate in drinking water and colorectal cancer risk: A nationwide population‐based cohort study.”
International journal of cancer 143.1 (2018): 73-79. doi: 10.1002/ijc.31306 )
(McElroy, Jane A., et al. “Nitrogen-nitrate exposure from drinking water and colorectal cancer risk for rural women in
Wisconsin, USA.” Journal of water and health 6.3 (2008): 399-409. doi: 10.2166/wh.2008.048 )
(Espejo‐Herrera, Nadia, et al. “Colorectal cancer risk and nitrate exposure through drinking water and diet.” International journal
of cancer 139.2 (2016): 334-346. doi: 10.1002/ijc.30083 )
(De Roos, Anneclaire J., et al. “Nitrate in public water supplies and the risk of colon and rectum cancers.” Epidemiology 14.6
(2003): 640-649. doi: 10.1097/01.ede.0000091605.01334.d3 )
(Ward, Mary H., et al. “Nitrate intake and the risk of thyroid cancer and thyroid disease.” Epidemiology (Cambridge, Mass.) 21.3
(2010): 389-95. doi: 10.1097/EDE.0b013e3181d6201d )
(Tajtáková, Mária, et al. “Increased thyroid volume and frequency of thyroid disorders signs in schoolchildren from nitrate
polluted area.” Chemosphere 62.4 (2006): 559-564. doi: 10.1016/j.chemosphere.2005.06.030 )
(Aschebrook-Kilfoy, Briseis, et al. “Modeled nitrate levels in well water supplies and prevalence of abnormal thyroid conditions
among the Old Order Amish in Pennsylvania.” Environmental Health 11.1 (2012): 6. doi: 10.1186/1476-069X-11-6 )
(Gatseva, Penka D., and Mariana D. Argirova. “High-nitrate levels in drinking water may be a risk factor for thyroid dysfunction
in children and pregnant women living in rural Bulgarian areas.” International journal of hygiene and environmental health 211.56 (2008): 555-559. doi: 10.1016/j.ijheh.2007.10.002 )

Phosphorus
Compared to the nitrogen concentrations, phosphorus concentrations across the sites do not show a consistent
interpretable pattern (Figure 3). Overall, groundwater phosphorus concentrations vary across a wider range, with
concentrations as high as 373 ug/L. However, most samples had groundwater phosphorus concentrations in the
meso- to oligo-trophic category, with a couple of sites showing consistently higher concentrations (more on site
specific trends below).
Across all sampling events, groundwater phosphorus concentrations in July 2018 are particularly high and are
categorized as eutrophic (Figure 4). Groundwater phosphorus concentrations are not significantly different among
samples collected in 2014. The average concentration in June of 2018 (20.9 ug/L) was slightly higher than any of
the events in 2014. However, July of 2018 has substantially higher groundwater phosphorus concentrations than
all of the other sampling events, with an overall average of 33.6 ug/L. Our May 2019 sampling event had the

lowest overall average groundwater phosphorus concentration (6.3 ug/L) and the lowest maximum concentration
(31.5 ug/L). August of 2019 was also particularly low in groundwater phosphorus, with an overall average of 9.8
ug/L and maximum concentration of 44.2 ug/L.
The November sample collection also had low groundwater phosphorus concentrations. However, because we
were only able to sample a subset of the sites, it would be inappropriate to make comparisons to the other
sampling events.

Table 2. Estimated usage
statistics at South Higgins
Lake State Park. Data from
Appendix A.11 2018 report by
Beckett & Raeder.
Year

Campers

DayUse

2017

94,704

204,614

The low groundwater phosphorus concentrations in fall 2018 and early spring
2019 samples may be due to lower occupancy during these early and late season
months, in comparison to higher occupancy in during peak summer months. This
changing occupancy throughout the year would result in a concomitant change in
the relative input to septic systems around the lake. It is likely that low
concentrations in the early season are followed by increasing concentrations as
the area’s residencies become more highly occupied. These higher
concentrations then drop later in the season, as the seasonal residencies become
unoccupied.

There is also evidence that increasing numbers of people are visiting Higgins
Lake (Table 2). In a 2018 report of South Higgins Lake State Park usage, the
2015
86,796 164,586 numbers of overnight campers have steadily increased by approximately 4,000
per year between 2015 and 2017. Day use visitors have increased by about
40,000 between 2015 and 2017, with 64% of these visits occurring in the summer
months. This increase in park usage may also be taking place at North Higgins Lake State Park as well, but may
not be as noticeable since it has less than 1/2 the number of campsites as the South Higgins Lake State Park. It is
possible that the high groundwater phosphorus concentrations in July 2018 (specifically compared to July of 2014)
reflect an increase in lake shoreline visitors and the concomitant pressure to septic systems.
2016

90,235

190,064

Across all sites, site 8 had the highest groundwater phosphorus concentration in October 2014 (Figure 5A). This
could have been due to a failue of the septic system, a spill of fertilizer, or input of other high phosphorus
containing material at this site. Interestingly, the phosphorus concentration in the groundwater at this site was still
substantially elevated 4 years later when our 2nd project started sampling in June of 2018. The phosphorus
concentration steadily declined throughout 2018, but did not reach levels below eutrophic until May 2019. The
phosphorus concentration in the groundwater at site 8 returned to eutrophic levels in August of 2019.
Most other sites had much lower groundwater phosphrous concentrations but many are still showing elevated
levels, in the hypereutrophic and eutrophic categories (Figure 5B). Specifically sites 5, 10, 16, 17, and 20 have
high groundwater phosphorus concentrations, typically in the eutrophic category. Some sites show a steady
reduction in groundwater phosphorus concentrations over the sampling events, including sites 2, 5, 17 and 21.

Many sites (70%) show peak groundwater phosphorus in one or more summer months when compared to
concentrations collected during late fall or spring sampling events, especially during 2018. For example, sites 3
and 22 have low groundwater phosphorus concentrations for most sampling events. However, during both July
2014 and 2018, these sites have elevated concentrations (most noteably in 2018).

Appendix - Comparison graphics showing 2014 and 2018
concentrations for Sulfate, Calcium, Potassium, Magnesium,
Chloride, and Sodium
Additional data collected during site visits are presented below.

