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Creek and Quarry Water Quality at Pipestone National
Monument and Pilot Study of Pathogen Detection Methods
in Waterfall Mist at Winnewissa Falls, Pipestone,

Minnesota, 2018-19

By Aliesha L. Krall,' Kerensa A. King,? Victoria G. Christensen,' Joel P. Stokdyk,'

Barbara C. Scudder Eikenberry,' and S. A. Stevenson?

Abstract

Pipestone National Monument is a 301-acre site sacred
to many Native American Tribes, providing cultural exhibits
and walking trails to Pipestone Creek, Winnewissa Falls,
and historical pipestone quarries for numerous visitors each
year. However, the Minnesota Pollution Control Agency has
determined turbidity and fecal coliform bacteria occur in
Pipestone Creek in high enough numbers to be a potential
health hazard. Concerns also were raised about exposure risk
from waterfall mist to visitors and staff. The U.S. Geological
Survey and the National Park Service collaborated on a study
to collect 21 water-quality samples from 8 creek sites and
3 quarries in 2018 and analyzed them for over 250 water-
quality parameters and contaminants. Additional samples were
collected in August 2019 to assess the waterfall mists from
Winnewissa Falls. Nutrient concentrations in the creek and
quarries were elevated in 2018, indicating they are affected
by agricultural inputs. All sample concentrations for nitrate
and total nitrogen in Pipestone Creek exceeded Minnesota
standards and U.S. Environmental Protection Agency nutrient
criteria. Minnesota standards and U.S. Environmental
Protection Agency nutrient criteria for total phosphorus also
were exceeded in some of the quarry samples. Twenty of
210 micropollutants had measurable concentrations: 13 pesti-
cides, 5 pharmaceuticals, and 2 other types of micropollutants.
Atrazine, deethylatrazine, and metolachlor ethanesulfonic acid
were detected in all 21 samples collected during the study. The
five pharmaceuticals detected were acetaminophen, gaba-
pentin, gemfibrozil, metformin, and oxycodone. Gabapentin
(10 of 21 samples) and metformin (8 of 21 samples) were
the most commonly detected pharmaceuticals. None of
the detected micropollutant concentrations exceeded any
Minnesota standards or U.S. Environmental Protection Agency
aquatic life benchmarks, except the acute toxicity benchmark

U.S. Geological Survey.

2National Park Service.

for nonvascular plants for atrazine. Two cyanotoxins,
anatoxin-a and microcystin, were detected, but concentrations
were below U.S. Environmental Protection Agency guidelines
for swimming or recreation. Notably, total coliform, fecal
coliform, and Escherichia coli were detected in all creek
samples, and concentrations generally decreased downstream,
suggesting contamination potentially occurred upstream from
the monument. Mycobacterium avium ssp. paratuberculosis
was not detected in any creek sediment samples but was
detected in three water samples from the creek. Three organ-
isms were detected in the 2019 water and mist sampling from
Winnewissa Falls. Two of these organisms can cause illness
in humans (Cryptosporidium and Legionella), and a third
(ruminant Bacteroides) is an indicator of manure contamina-
tion. Despite few samples, pathogen-positive water samples
and air sampling demonstrated the feasibility and utility of the
mist sampling approach outlined in this report.

Introduction

In 1937 Congress established Pipestone National
Monument (PIPE), in the southwest corner of Minnesota
(fig. 1), to protect the historical pipestone quarries and to
reserve the quarrying of the pipestone for Native Americans
of all Tribes (National Park Service [NPS], 2017). The
pipestone is sacred to many Native Americans, some of whom
consider the entire area within the monument to be sacred. The
pipestone (red catlinite) quarries at PIPE currently are the only
known source for this type of pipestone (Wisseman and others,
2012) and have been in use since prehistoric times (NPS,
2017). Pipestone from this site is considered sacred by the
23 Tribes scattered throughout the Midwest that are tradition-
ally associated with this area (NPS, 2017). The pipestone is
carved into objects, primarily ceremonial smoking pipes, to be
used in sacred rituals.
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In addition to cultural resources, the features of PIPE,
including distinct geologic and hydrologic features, combine
to provide a diversity of habitats. These habitats support
an assortment of prairie plants and animals, rare habitats,
Federally listed species, and globally rare remnant plant
communities (NPS, 2017). Two species present in PIPE,
the Topeka shiner (Notropis topeka) and the western prairie
fringed orchid (Platanthera praeclara) are Federally listed
under the Endangered Species Act (16 U.S.C. §1531 et seq.;
NPS, 2017). Furthermore, Pipestone Creek within the monu-
ment is designated critical habitat for the endangered Topeka
shiner. The Dakota skipper (Hesperia dacotae), known to be
present in Pipestone County, was listed as threatened under
the Endangered Species Act in 2014, whereas the Blanding’s
turtle (Emydoidea blandingii), a semi-aquatic species that
is currently under review for listing under the Endangered
Species Act, also is known to be present in Pipestone County
(HerpMapper, 2020). However, the status of the Dakota
skipper and Blanding’s turtle within PIPE is unknown.

The mission of the NPS is “to preserve unimpaired the
natural and cultural resources ... for the enjoyment, education,
and inspiration of this and future generations” (NPS, 2017).
Despite PIPE’s small size (301 acres), human use by Tribal
members and other visitors is considerable. Members of
Native American Tribes are permitted to extract pipestone,
which can take weeks to years. Native Americans also bathe
in Pipestone Creek as part of their Sacred Pipes Sun Dance
Ceremony that is held annually in late summer. In 2018, the
park hosted about 73,267 visitors, and peak visitation (15,078)
was in July (Caroline Goughis, NPS, written commun.,
December 12, 2022). One of the most visited areas (80 percent
of visitors) in the monument is the Circle Trail, the path of
which crosses in front of Winnewissa Falls (NPS, 2003).

The primary designated uses of Pipestone Creek are
aquatic life and recreation (including aesthetic enjoyment
and navigation), industrial cooling, agriculture irrigation, and
wildlife. Yet these uses and the NPS mission are threatened
by poor water quality within Pipestone Creek. One of the
reaches of Pipestone Creek (Main Ditch; Minnesota Pollution
Control Agency [MPCA] Assessment Unit Identification
10170203-527), which starts at the eastern boundary of PIPE
and continues upstream for about 2 miles, was added to the
303(d) impaired waters list in 2004 due to high turbidity
and high counts of fecal coliform bacteria (Zadak and Krier,
2008). The reach of Pipestone Creek that flows through PIPE
(Headwaters to North Branch of Pipestone Creek; MPCA
Assessment Unit Identification 10170203-506) was added
to the 303(d) impaired waters list in 2014. The impairments
to this reach are based on biological assessments for benthic
macroinvertebrates and fish.

These assessments integrate “the cumulative impacts
of pollutants, habitat alteration, and hydrologic modification
on a water body over time” (MPCA, 2018). The data that
are gathered on the aquatic community are compared to an
assessment threshold. This comparison has demonstrated that
this reach is not supporting a thriving community of fish and

other aquatic species (MPCA, 2018). In addition, the Topeka
shiner is highly sensitive to degraded water-quality conditions
(Dodd and others, 2010), particularly turbidity.

Concern over cyanobacteria and the toxins they produce
throughout the State of Minnesota warranted sampling for
the cyanotoxins anatoxin-a, microcystin, and saxitoxin.
Microcystin and anatoxin-a have State guidelines for drinking
water as well as new advisory levels for recreation (MPCA,
2020; app. table 1.1). There are no State guidelines for saxi-
toxin, a potent neurotoxin, which is sometimes released from
the cyanobacterium, Lyngbya (Christensen and Khan, 2020).
Lyngbya typically is attached to rock surfaces; any pounding
action of water falling on rocks (such as at Winnewissa Falls)
may release saxitoxin from the cyanobacteria.

Water in the PIPE quarries are not natural waterbodies
(but can flood due to elevated groundwater levels during part
of the year), are sometimes dry, and do not contain fish. As
such, they may not be subject to Minnesota State or other
water-quality, aquatic life, or health criteria for surface waters.
Nevertheless, Native American quarriers may be exposed to
water that seeps into the quarries from groundwater sources
or from overland runoff and precipitation. Therefore, surface
water-quality criteria can be used as guidelines to assess the
health risk to quarriers.

In addition to the water quality in Pipestone Creek and
the quarries, an evaluation of the mist at Winnewissa Falls
would provide information on potential human exposure.
Bacteria, viruses, and other microorganisms present in
the water have the potential to become aerosolized. Once
aerosolized, these microorganisms can enter the body through
inhalation or dermal absorption where they can cause disease,
and they can travel for miles (Powers and others, 2018). The
process of aerosolization in outdoor environments is still
poorly understood because multiple confounding factors
make it difficult to study (Yooseph and others, 2013; Michaud
and others, 2018). Wind speed and direction, humidity,
temperature, transience of microbe occurrence, and other
factors can complicate detection. Sampling for microbes in air,
especially in mist, is relatively new. Sampling for aerosolized
water has been conducted successfully using methods for the
collection of sea spray/ocean mist (Aller and others, 2005;
Graham and others, 2018; Michaud and others, 2018), fog
(Fuzzi and others, 1997), lake spray (May and others, 2018;
Pietsch and others, 2018; Powers and others, 2018), and spray
from animal operations and wastewater irrigation systems
(Dungan, 2014; Burch and others, 2017). Although McLachlan
and others (1990) suggested waterfalls act as a point source
for atmospheric contaminants, and May and others (2016)
showed freshwater bubbles are larger and can entrain and then
eject more particles, exactly if and how pathogens could be of
concern in a natural environment such as a waterfall is poorly
understood. Sinclair and others (2016) suggested pathogen
ingestion via spray is a major exposure pathway, which
highlights the importance of measuring mist.
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Overall, the main objective of this water-quality
monitoring study was to provide information to resource
managers in PIPE to safeguard park visitor human health and
improve resource management in the Pipestone Creek Basin.
There were three sub-objectives of this study: (1) determine
water-quality components that might contribute to the poor
water quality within PIPE, (2) research the most promising
mist samplers and select one to test at the falls, and (3) deploy
the selected mist sampler at the falls to determine if select
components present in water were being aerosolized in the
mist produced by Winnewissa Falls.

To address the first sub-objective, we examined basic
water-quality measurements, such as temperature and
dissolved oxygen. However, we also needed to determine
what pollutants were present in the water that may be
harmful to human health and the aquatic community, such
as excess nutrients, major ions, or trace elements, micropol-
lutants such as pesticides and pharmaceuticals, algal toxins,
fecal-indicator bacteria, and Mycobacterium avium ssp.
paratuberculosis (MAP).

MAP was added to this study because it is shed in cow
feces, and almost 50 percent of the fecal contamination in
the Pipestone Creek Basin is produced by dairy and beef
cattle (Zadak and Krier, 2008). MAP is the causative agent
of Johne’s disease in cattle, which results in a chronic and
ultimately fatal inflammation of the intestines. It has also been
associated with Crohn’s disease, a very similar condition in
humans that can also be fatal (Pierce, 2010). One route of
exposure to MAP is aerosolization from MAP-contaminated
water bodies, particularly rivers (Pierce, 2010) and the
subsequent aspiration of the aerosolized MAP-containing
water droplets (University of Wisconsin, 2020).

To address the second and third sub-objectives, we
evaluated mist sampling techniques and the waterfall mist
at Winnewissa Falls. Potential exposure to pathogens is a
particular concern to Native American visitors who bathe in the
water below the falls during the annual Sacred Pipes Sun Dance
Ceremony and to monument visitors and staff who stand at or
pass through the Winnewissa Falls viewing area and may inhale
or otherwise acquire mist from the falls on their body, including
their face and hands. Minnesota Department of Health has not
conducted recent sampling of mist for pathogens in the State
(Trisha Robinson, Minnesota Department of Health—Infections
Disease, Epidemiology, Prevention, and Control Division, oral
commun., July 10, 2019).

Bacteria and viruses (microbes) present in natural
waterbodies can become aerosolized in a variety of ways,
such as by water flowing rapidly over rocks and waterfalls,
wind and wave action, watercraft, gases bubbling up from
the sediment, and other surface disturbances. Some of these
microbes may be pathogenic to humans and, once aerosolized
(bioaerosols), pathogens can be inhaled, ingested, or come into
contact with other parts of the human body and cause adverse
health effects. In addition, aerosolized microbes can travel
miles (Powers and others, 2018).

Altogether, the information on potential pathogens empha-
sizes the need for the current sampling to assess whether there
are significant public health concerns at PIPE and Winnewissa
Falls. Landowners, scientists, Tribal communities, and local,
State, and Federal agencies with responsibilities for land, water,
and wildlife can use this information to improve resource
management in the Pipestone Creek Basin.

Purpose and Scope

The purpose of this report is to identify water-quality
issues within the monument and summarize potential methods
for evaluation of waterfall mist at Winnewissa Falls. The
results will provide PIPE managers with the tools to: (1) estab-
lish health protection measures for park staff, visitors, and
Native American quarriers; (2) develop and implement appro-
priate remediation strategies; (3) engage other stakeholders
in the area regarding health concerns; and (4) protect cultural
and natural resources within PIPE. The waterfall mist pilot
part of the study can be used by the U.S. Geological Survey
(USGS) and the NPS as an initial screening assessment of
pathogen risk and for planning possible additional sampling.
All data mentioned in this report are available in a data release
(Krall and Christensen, 2023) or the USGS National Water
Information System (NWIS) database (USGS, 2022).

Description of Study Area

Pipestone National Monument (fig. 1) is in the Pipestone
Creek Basin in Pipestone County in the Missouri River
Basin of southwest Minnesota, near the border with South
Dakota. The mainstem of Pipestone Creek, which flows
through the center of PIPE, starts as a drainage ditch about
19 miles northeast of PIPE; it meanders west for about
63 miles through southwestern Minnesota and southeastern
South Dakota. As Pipestone Creek enters PIPE from the east,
it flows to Winnewissa Falls, a natural waterfall within PIPE
(fig. 24). After the falls, Pipestone Creek meanders and flows
into Lake Hiawatha, a small lake within PIPE. Below Lake
Hiawatha, the creek flows out of PIPE to the northwest and
into the Pipestone Indian State Wildlife Management Area,
where it then flows into Indian Lake (fig. 1). The study area
includes Pipestone Creek and the quarries (fig. 2B) within the
boundaries of PIPE and the Pipestone Indian State Wildlife
Management Area.

Although the small town (population less than 5,000) of
Pipestone is less than 1 mile south of PIPE, the basin overall
(141,000 acres [57 million square meters]; U.S. Department of
Agriculture [USDA], 2016) is dominated by agricultural land
used for row crops and animal production (Zadak and Krier,
2008). Agricultural sources of contamination to Pipestone
Creek include concentrated animal feeding operations for
hogs and dairy cows, tile drainage, and maximization of crop
yields using fertilizers and pesticides (Zadak and Krier, 2008).
Other potential sources of contamination include municipal



wastewater discharges, residential development, septic
systems, storm water runoff, gravel pit operations, recreational
use, and atmospheric deposition (Zadak and Krier, 2008). It
has been estimated that 98 percent of the fecal contamination
in Pipestone Creek Basin is produced by livestock (Zadak

and Krier, 2008). An estimate of fecal coliform produced by
source in the basin is 48.2 percent cattle, 46.9 percent swine,
4.0 percent sheep, 0.4 percent humans, 0.4 percent pets, and
0.1 percent wildlife (Zadak and Krier, 2008).

The soils within Pipestone Creek Basin are primarily
Vienna—Kranzburg-Hidewood (27 percent), Lamoure—
Estelline (27 percent), and Trent—-Moody (27 percent); and
multiple other soil types are present in smaller percentages
(USDA, 2016). The soils are primarily very deep, silty clay
loam soil types that contain high organic matter and are
primarily well drained in uplands and moderately to poorly
drained in floodplains and swales (Hokanson and others,
1976). Because soils in the basin have higher organic matter,
they tend to have greater microbial activity and thus greater
potential for biodegradation.

Sioux Quartzite underlies most of southwestern
Minnesota and typically is removed to reach the pipestone
underneath. This material lies nearly horizontal, is resistant to
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erosion, and leads to prominent ridges in the area (Ojakangas
and Matsch, 1982). The local geology at PIPE includes about
30 meters (m) of exposed Sioux Quartzite strata (Minnesota
Geological Survey, 1984), along with unconsolidated glacial
deposits less than 3 m thick and composed primarily of
oxidized clayey, calcareous till and contain scattered pebbles
and cobbles of basalt and quartzite (NPS, 2020). Glacial
processes transported the basalt fragments to the area, whereas
the quartzite fragments were derived from the underlying
bedrock (NPS, 2020). The local bedrock consists of Sioux
Quartzite and catlinite, more commonly known as pipestone,
which is a very soft mudstone susceptible to weathering

and erosion. Catlinite consists of fine particles from the
weathering of plagioclase feldspars, a series of minerals in
the feldspar group that have a silicate framework (Minnesota
Geological Survey, 1984). Specifically, these particles consist
of pyrophyllite, diaspore, muscovite, and kaolinite and contain
some traces of hematite. Most pipestones contain quartz, but
catlinite contains little to none. The quarries (fig. 28) at PIPE
are mined for this rare, red pipestone because its fine-grained,
easily carved stone is ideal for shaping into ceremonial pipes
by Native Americans.

Figure 2. A, Visitors at Winnewissa Falls viewing area and, B, standing water in one of the smaller pipestone quarries, June 9, 2017.

Photograph by Victoria G. Christensen, U.S. Geological Survey.
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Methods

In total, 21 water-quality samples were collected from
eight surface water sites in Pipestone Creek, herein referred
to as creek sites, and three quarries within the PIPE boundary
in June and August 2018 (table 1), except for quarry site
NQ, which was only sampled in June because the quarry was
dry during the August sampling event. Streamflow also was
measured in June and August of 2018 at four of the eight creek
sites. Mist sampling was completed in September 2019 at
Winnewissa Falls (creek site 02).

Streamflow Measurement Collection and
Processing

Instantaneous streamflow measurements were made
concurrently with the collection of water samples during June
and August sampling events to assess water-quality differences
under different flow regimes. The June 2018 sampling event
occurred during higher flows and greater runoff, whereas the
August 2018 sampling event occurred during lower flows.
During the August event, subsurface water and tile drainage
contributed to most of the streamflow. Instantaneous stream-
flow measurements were collected at four of the eight creek
sites (00, 04, 06, and 07; fig. 1). All streamflow measurements
were collected and processed following USGS protocols
outlined in Turnipseed and Sauer (2010) and are available
in the USGS NWIS database (USGS, 2022), by querying
USGS site numbers 06482435, 0648243504, 0648243506,
and 0648243507.

Water and Sediment Sample Collection,
Processing, and Analysis

The eight creek sites (fig. 1; table 1) were selected
based on previous monitoring efforts, whereas three quarries
were selected to represent three different areas of PIPE: the
south, north, and center. Water-quality field parameters were
measured, and water-quality (environmental) samples were
collected from creek sites and quarry sites. Samples from
flowing water sites and Winnewissa Falls were analyzed
for nutrients, major ions, micropollutants (pesticides,
pharmaceuticals, and personal care products), fecal and total
coliform bacteria, algal toxins (anatoxin-a, microcystin, and
saxitoxin), and MAP. The samples collected at the quarry
sites were analyzed for the same suite of analytes except
fecal and total coliform bacteria and MAP. Additional
samples were collected at creek sites 01 and 02 (fig. 1) for
the waterfall mist sampling described in the “Mist Sample
Collection and Analysis” section.

Water-Quality Field Parameters

With one exception, all water-quality field parameters,
including specific conductance, dissolved oxygen, pH,
temperature, and turbidity, were measured at all creek and
quarry sites, using a Yellow Springs Incorporated (YSI) 6820
water-quality meter (Yellow Springs, Ohio). The exception
was for the June 2018 turbidity values, which were measured
using a HACH 2100Q (HACH, Loveland, Colorado) portable
turbidimeter. Each water-quality meter was calibrated once
daily prior to sample collection, consistent with standard
USGS sampling protocols (USGS, 2015). Before sample
collection at each creek site, the probes for the water-quality
meter were submerged immediately downstream from the
creek sampling cross section and the readings allowed to
stabilize. For quarry sites, the water-quality meter was placed
next to the sampling location within the quarry. After water
sample collection, the water-quality meter was moved to the
exact sampling location and measurements were recorded.

Nutrients, Major lons, and Trace Elements

Samples from all sites were analyzed for nutrients,
major ions, and trace elements (app. table 1.2). Samples
collected from Pipestone Creek (creek sites 00, 01, 03, 04,
05, 06, and 07; fig. 1) were collected differently than samples
collected from the quarries (quarry sites NQ, CQ, and SQ)
and Winnewissa Falls (creek site 02). At flowing water sites
(creek sites 00, 01, 03 04 05, 06, and 07), surface-water
samples were collected using the non-isokinetic, equal-width
increment (EWI) method (USGS, 2015) because the cross
section of each site had a nearly uniform depth and velocity.
For this method, the creek cross section was divided into
five equal-width increments. Subsamples were collected using
a DH-81 wading rod fitted with a 1-liter (L) polyethylene
bottle and collar, which was lowered into the water column
at the center of each of the five increments following USGS
protocols (USGS, 2015). The transit rate, or the speed of
lowering and raising the sampler into the water column,
was standardized for each of the five increments based on
obtaining sufficient volume without over filling.

At the pool sample sites (creek site 02 and quarry sites
NQ, CQ, and SQ), surface-water samples were collected
using the point-sampling method. For this method, a
1-L amber glass bottle fitted into a weighted bottle sampler
was lowered into the water column. Five subsamples were
collected to ensure enough water was collected for analysis.
The five subsamples were returned to a field processing
station at the Pipestone Visitor Center, then composited into
a polyethylene churn where they were homogenized before
dispensing into sample bottles. These sample bottles were
rinsed with the appropriate form of native water (unfiltered
or filtered) three times before being filled following USGS
sample processing protocols (USGS, 2015).



Unfiltered surface-water samples were collected directly
from the churn spigot. Filtered surface-water samples were
collected after the sample water from the churn was processed
through a pre-rinsed 0.45-micrometer pore-sized capsule
filter fitted to polyethylene tubing, using a peristaltic pump.
When appropriate, unfiltered and filtered surface-water
samples collected for the analysis of nutrients, major ions,
and trace elements were preserved with 1 milliliter (mL) of
4.5 normal (N) sulfuric acid and 2 mL of 7.5N nitric acid,
respectively. Immediately after sample processing, samples
were packed in ice and shipped to the USGS National Water
Quality Laboratory (NWQL) in Denver, Colorado, within
24 hours of collection.

Nutrients, major ions, and trace elements were deter-
mined at the NWQL according to methods in Fishman (1993),
Patton and Kryskalla (2003), and Patton and Kryskalla (2011).
Results are available in the USGS NWIS database (USGS,
2022) by querying the USGS site number(s) in table 1.

Micropollutants

Samples from all sites were analyzed for micropollut-
ants, including pharmaceuticals, personal care products, and
pesticides (app. table 1.1). These samples were collected using
a point-sampling method according to the methods described
in King (2018). At the centroid (center of flow) of each flowing
site or near the collection point of each quarry site, a 40-mL
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amber glass bottle was submerged by hand with the cap on to

a depth of about 18 inches (where possible) below the water
surface without disturbing bottom sediments. Once the bottle
was submerged, the cap was removed, and the bottle was
allowed to fill. Once full, the bottle was recapped underwater
and removed. This process was repeated twice to rinse the
sample bottle by pouring out the collected water twice, down-
stream from the sample collection site, and repeated a third time
but not poured out for sample collection. Immediately after
sample collection, samples were packed in ice and shipped to
the EPA Region 8 Laboratory in Denver, Colo., within 24 hours
of collection. Concentrations of micropollutants in surface-
water samples were determined at the EPA laboratory according
to EPA methods described in King (2018).

Algal Toxins

Using a point-sampling method (USGS, 2015), samples
were collected from all sites for the analysis of algal toxins,
including anatoxin-a, microcystins, and saxitoxins. At the
centroid of each site, an uncapped 1-L amber glass bottle was
submerged by hand immediately below the water surface
without disturbing bottom sediments and allowed to fill with
water. Once collected, three 18-mL aliquots of sample water
were removed from the collection bottle using a pipette and
placed into three separate amber glass bottles for toxin analyses.

Surface water, quarry, and mist sampling sites within Pipestone National Monument, Pipestone, Minnesota, 2018-19.

[Data are summarized from the U.S. Geological Survey (USGS) National Water Information System database (USGS, 2022). Cr, creek; N, north; Ave, avenue;

MN, Minnesota; abv, above; blw, below; Lk, lake; nr, near]

Site identifier

(fig. 1) USGS site number Site name Latitude Longitude Site type

00 06482435 Pipestone Cr at N Hiawatha Ave in  44°00'54.5" -96°19'04.0" Surface water
Pipestone, MN

01 0648243501 Pipestone Cr abv Winnewissa Falls 44°00'54.2" -96°19'09.3" Surface water, mist
in Pipestone, MN control

02 0648243502 Pipestone Cr at Winnewissa Falls ~ 44°00'54.8" -96°19'14.7" Surface water, mist
in Pipestone, MN

03 0648243503 Pipestone Cr blw Winnewissa 44°00'54.4" —96°19'18.3" Surface water
Falls in Pipestone, MN

04 0648243504 Pipestone Cr at Circle Trail in 44°00'52.1" —96°19'29.2" Surface water
Pipestone, MN

05 0648243505 Pipestone Cr blw Lk Hiawatha in ~ 44°01'02.3" —96°19'38.9" Surface water
Pipestone, MN

06 0648243506 Pipestone Cr nr Indian Lk inletin ~ 44°01'06.6" -96°19'41.2" Surface water
Pipestone, MN

07 0648243507 Pipestone Cr nr Indian Lk outlet in  44°01'22.5" —96°19'46.3" Surface water
Pipestone, MN

NQ 440107096193101 North quarry in Pipestone, MN 44°01'06.5" —96°19'31.1" Quarry

CQ 440055096193101 Central quarry in Pipestone, MN 44°00'55.3" —96°19'30.5" Quarry

SQ 440041096192901 South quarry in Pipestone, MN 44°00'40.7" —96°19"28.5" Quarry
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Using a pipette, 2 mL of sample diluent (10%) concen-
trate (Abraxis, Inc., Warminster, Pa.) was inserted into the
saxitoxin and anatoxin-a sample bottles. All toxin sample
bottles were packed in ice until they could be transported to
and frozen at the Upper Midwest Water Science Center in
Mounds View, Minnesota, within 48 hours after collection.

Before toxin analyses, the samples were subjected to
three freeze/thaw cycles for cell lysis followed by filtration
using an Environmental Express 1.2-millimeter (mm) glass
fiber filter (Environmental Express, Charleston, S.C.).
Concentrations of anatoxin-a, microcystin, and saxitoxin in
the surface-water samples were then determined using three
separate commercially available enzyme-linked immu-
nosorbent assay (ELISA) kits (Abraxis Inc., Warminster,
Pa.). The ELISA analytical procedure is described in detail
elsewhere (Trost and others, 2013; EPA, 2016). In summary,
samples were dispensed into separate duplicate wells on a
96-well microplate. An antibody solution was then added
to each well, mixed, and allowed to incubate at a specified
temperature and time, depending on the toxin of interest.
After incubation, the microplate was emptied and then
washed with a 1:4 wash buffer solution.

A color solution was then added to each well and
allowed to incubate at another specified temperature and
time. Upon completion of this second incubation, a stop solu-
tion was added to each well. After 15 minutes, the microplate
was placed into a Dynatech Laboratories MRX Microplate
Reader (Dynatech Laboratories, Chantilly, Va.) and run at
450 nanometers (nm), measuring each well’s absorbance.
The reporting limits of this method were 0.15 microgram per
liter (ng/L) for anatoxin-a and microcystins and 0.02 pg/L
for saxitoxins. A calibration curve was produced for each
assay and determined acceptable if (1) the coefficient of
variation between duplicate wells of each sample and the
quality controls was less than or equal to 10 percent, and
(2) the correlation coefficient was greater than or equal to
90. Further details on the algal toxin procedures and data are
available in Krall and Christensen (2023).

Fecal-Indicator Bacteria

Surface-water samples were collected using the point-
sampling method described in Myers and others (2014) for
fecal-indicator bacteria, including total and fecal coliforms
and Escherichia coli (E. coli). Samples for fecal-indicator
bacteria were collected after the other samples to reduce the
amount of time they were exposed to light and the length
of time before analysis. At the centroid of each site, an
uncapped 1-L autoclaved polyethylene bottle was submerged
by hand immediately below the water surface without
disturbing the bottom sediments. As soon as each sample
bottle was removed from the water, it was protected from
artificial and natural light exposure and packed in ice. Within
24 hours of collection, all sample bottles were shipped
to the USGS Upper Midwest Water Science Center in

Lansing, Michigan. Bacteria concentrations were determined
according to methods in Myers and others (2014). Results
are provided in Krall and Christensen (2023).

Mpycobacterium avium ssp. paratuberculosis

Surface water and sediment samples were collected
from the eight creek sites for the analysis of MAP. The water
samples were collected in June and August 2018, whereas
the sediment samples were only collected in June. Water
samples were collected using a non-isokinetic, equal-width
increment, composite sampling method, consistent with
USGS surface-water sampling protocols (USGS, 2015).
The unfiltered sample water was then aliquoted into 45-mL
polyethylene vials and immediately placed on ice.

At each creek site, sediment samples were collected in
the center of the creek by placing a 1.27-centimeter (cm)
diameter, 1.2-meter (m) long polyvinyl chloride (PVC) pipe
at a 20-degree angle and then pushing it into the top 2.54 cm
of creek bottom sediments. To avoid sediment loss from the
PVC pipe, the collector placed the palm of their hand at the
top end of the PVC pipe to create suction while pulling the
pipe out of the sediment. The pipe was then tilted slightly
upwards and removed from the creek. The sediment sample
was directly transferred into 45-mL polyethylene vials
supplied by the laboratory and immediately placed on ice.
Within 48 hours after collection, the samples were packed
in ice and shipped to the Wisconsin Veterinary Diagnostic
Laboratory (WVDL) at the University of Wisconsin—
Madison in Madison, Wisconsin, for analysis.

MAP presence was determined by the WVDL using
quantitative polymerase chain reaction (QPCR) assays
targeting three gene sequences, IS900, MAP2765¢, and
NAPO0865 (Imirzalioglu and others, 2011; Thermo Fisher
Scientific, 2018). The laboratory performed qPCR using
hydrolysis probes. Positive controls were included with
the analysis, and the detection limit was 2.8 gene copies
per mL of sample (Jennifer Cooper, Molecular Supervisor,
Wisconsin Veterinary Diagnostic Laboratory, written
commun., April 7, 2019).

Mist Sample Collection and Analysis

Methods for sampling the mist at Winnewissa Falls
(creek site 02) were investigated and are summarized
in appendix table 1.3. This compilation is not meant
to be a comprehensive list of all available products or
options. However, the table will allow for the selection of
samplers in future studies. The compilation also allowed
us to select a sampler that would meet the needs for this
pilot study. Our requirements for a sampler included one
that would (1) allow for pathogen analysis, (2) minimize
sampling time, (3) be of a small size, (4) use batteries, and
(5) minimize costs.



Both minimizing the sampling time and sampler size
was due to the need to avoid adversely affecting visitor
enjoyment of the falls. In addition, the small size makes it
highly portable, which could be a necessity in future studies
at other falls that may not be so easily accessible. However,
we also had to balance those needs with the need to sample
for a sufficient length of time to collect a representative
sample of mist that would minimize the chances of false
negatives due to microbial patchiness. The need for battery
use stemmed from the simple fact that electrical power was
not available at the falls and is unlikely to be available in
future studies. There also was a balance between selecting a
sampler that would meet the first four requirements, yet still
allow us to stay within budget constraints.

We used a button sampler (fig. 3; SKC, Inc.,

Eighty Four, Pa.) because it met our requirements: small size
(30 grams; 3.17 x 1.91 cm), ability to sample a moderately
large and representative volume of air/mist, and small
battery-operated pump. A gelatin filter is mounted in the
cylindrical metal housing of the button sampler and captures
airborne microorganisms as air flows through the housing’s
screen. The gelatin filters dissolve in liquid, and although
they were effective under the conditions of the pilot trial,
their suitability for other conditions (for example, exposed to
water droplets or denser mist) was not tested.

Figure 3. Two button samplers, with battery packs,
placed on the rock surface at viewing area in front
of Winnewissa Falls, Pipestone National Monument,
August 2018. Photograph by Victoria G. Christensen,
U.S. Geological Survey.
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Field Preparation and Collection

Samples were collected September 5, 2019, to
evaluate the potential for pathogens in the mist created by
Winnewissa Falls (creek site 02). An upstream creek site
(01) in Pipestone Creek was sampled concurrently with
mist sampling at the falls. The mist sampling site was the
Winnewissa Falls viewing area, and two pumps and two
button samplers were placed directly on the rock surface
facing the falls (fig. 3). Five 1-L mist samples were collected
at the falls (creek site 02) and three 8- to 240-L air samples
(controls) were collected above the falls (creek site 01).
Additionally, four 1-L autoclaved bottles were used to
collect grab samples of water at creek sites 01 and 02, just
below the water surface. Of note, during sampling, there was
little mist and streamflow was low. Typically, streamflow
is considerably higher, and the rock surfaces generally are
completely wet (Seth Hendricks, NPS, written commun.,
December 13, 2022).

An aseptic technique was used throughout preparation,
sampling, and processing. Button samplers were autoclaved
prior to use, except for the rubber gaskets that were soaked in
10 percent bleach (adjusted to pH 5-7) for about 10 minutes
and then rinsed in sterile water. A gelatin filter inside the
sampler (3-micron pore size) collected microbes while air
was pumped through it at 4 liters per minute. The sampling
time was about 15 minutes, which represented the amount of
time some visitors may spend at Winnewissa Falls viewing
area. Because of battery failure, shorter run times using the
button samplers also were conducted.

Post sampling, the filter was removed with sterile
forceps and placed into a 50 mL polypropylene centrifuge
tube to which 1 mL of viral lysis buffer (QIAGEN, Valencia,
Calif.) had been added. The vial was capped, swirled to
dissolve the filter in the buffer, packed in ice, and shipped
to the USGS and USDA Agricultural Research Service
Laboratory for Infectious Disease and the Environment
(LIDE) in Marshfield, Wis. The 1-L water samples were also
packed in ice and shipped to LIDE.

Laboratory Analyses for Mist and Related
Water Samples

In the LIDE, microorganisms were concentrated by adding
magnesium chloride to the water sample, filtering through
nitrocellulose filters, and eluting filters following Katayama and
others (2002) and Haramoto and others (2012). After this step,
the concentrated water samples and the solution containing the
dissolved filter from mist sampling were processed the same.
Nucleic acids were extracted using QlAamp deoxyribonucleic
acid (DNA) blood mini kit with a QIAcube (QIAGEN,
Valencia, Calif.), and virus ribonucleic acid (RNA) was reverse
transcribed using random hexamers (Promega, Madison, Wis.)
and SuperScript III reverse transcriptase (Invitrogen Life
Technologies, Rockville, Md.) following procedures described
in Stokdyk and others (2020).
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Water and air samples were tested for microorganisms
using 31 and 15 qPCR assays, respectively (app. table 1.4).
Sample dilution is increased to test for more organisms, and
as dilution increases, detection probability decreases. Because
establishing the water-air route was a primary objective,
some microorganisms were excluded from analysis of air
samples to reduce the level of dilution. Analysis of air focused
on (1) human pathogens because of their importance for
health risk, and (2) organisms that can be found in bovine
manure, because ruminant Bacteroides was detected in the
water. Specifically, air samples were not analyzed for the
following genetic targets listed in appendix table 1.4: human
polyomavirus, human Bacteroides (HF183), bovine adenovirus,
bovine enterovirus, bovine polyomavirus, MAP 251 and MAP
900 bacteria, pig-1-Bacteroidales, pig-2-Bacteroidales, porcine
adenovirus, hepatitis E virus, pepper mild mottle virus, rotavirus
group A (NSP3 and VP1 genes), and rotavirus group C.

The qPCR analysis was performed using a LightCycler
480 instrument (Roche Diagnostics, Mannheim, Germany)
following procedures described in Stokdyk and others (2020).
Hydrolysis probes were used for quantification, and standard
curves were created from gBlocks and Ultramer DNA Oligos
(Integrated DNA Technologies, Coralville, lowa). Following
Gibson and others (2012), lambda phage DNA and hepatitis G
virus armored RNA were used to evaluate all samples for inhibi-
tion of qPCR and reverse transcription-qPCR, respectively.

Quality Assurance/Quality Control

Quality assurance was achieved by following prescribed
protocols and procedures described in the “National
Field Manual for the Collection of Water-Quality Data”
(USGS, 2015). All sampling equipment including sample
collection bottles, churn, and tubing were cleaned between
sites according to USGS protocols (Wilde, 2004). Equipment
was cleaned using soapy water, tap water, and deionized water.
Capsule filters were rinsed with 2 L of deionized water just
before sample collection. The collection and analysis of quality
control samples composed a valuable part of the overall quality
assurance of this project. In addition to the 21 water-quality
samples (environmental samples) collected during the June and
August sampling events, 1 split replicate sample and 1 field
blank were collected during each sampling event in June and
August for a total of 2 replicate samples and 2 field blanks.

The field blanks consisted of samples of inorganic blank water
processed with the same equipment and procedures as the envi-
ronmental samples. Each quality-control sample was submitted
to the NWQL for identical analyses as the 21 environmental
samples. Field blank samples were collected to identify any
sample contamination that might have been introduced during
any aspect of sample collection, field-processing, preservation,
transportation, and laboratory handling.

For each of the analytes, the average relative percent differ-
ence (RPD) among the two split replicate pairs (environmental
sample and corresponding quality control sample) ranged from
0 to 14.3 percent and had a median RPD of 3 percent, with the
exception of N,N-Diethyl-m-toluamide (DEET) and dimethe-
namid ESA in August (app. tables 1.5 and 1.6). The high RPD

of DEET (148.1 percent) and dimethenamid ESA (28 percent)
in the August replicate sample could be attributed to the use of
bug spray by field personnel and nearby application of dime-
thenamid. The field blank collected in June 2018 and analyzed
for nutrients, major ions, and trace elements had detections of
14 out of the 19 analytes (74 percent; app. table 1.5). These
analyses indicate that the field blank collected in June was
contaminated in one of two ways: (1) during sample processing,
or (2) due to the inorganic blank water used for the blank
analysis. Because that field blank was processed on the day after
the sampling event, any contamination of the blank sample was
not likely to affect the environmental samples. Routine quality
assurance procedures described must be relied on, rather than
quality control, to assume the June environmental samples were
not contaminated. Blank samples were not collected in June;
thus, none could be analyzed for micropollutants. The blank
sample collected in August on the same day as the field replicate
and analyzed for all analytes indicated no contamination.

For the mist and related water samples, all samples and
controls were tested by qPCR in duplicate, and the average
of the positive replicates was reported for each sample and
control. Modified live virus vaccines (Zoetis Inc., Kalamazoo,
Mich.) were used for DNA (bovine herpes virus) and RNA
(bovine respiratory syncytial virus) extraction positive
controls and were evaluated qualitatively. The latter also
served as the reverse transcription positive control. Positive
controls for qPCR were gBlocks or Ultramers (Integrated
DNA Technologies, Inc., Coralville, lowa) of the target
sequence and must be within 0.5 cycles of the expected value.
Negative controls were included in all processing steps and
analyzed using all 31 gPCR assays: sample concentration
(reverse osmosis water processed as a sample), nucleic acid
extraction (AE buffer, QITAGEN, Valencia, Calif., extracted
with samples), reverse transcription (PCR-grade water
reverse-transcribed with samples; RNA organisms only), and
qPCR (PCR-grade water added to master mix). As negative
controls, no fluorescence above the baseline can be exhibited;
all controls were in compliance. For the air samples, an aliquot
of viral lysis buffer (QIAGEN, Valencia, Calif.) from a 50-mL
tube that was transported with the samples was used as a trip
control; it was negative for all microorganisms tested.

Characterization of Creek and Quarry
Water Quality

Streamflow Characteristics

Streamflow measurements (table 2) in Pipestone
Creek indicate streamflow in June (median streamflow of
11 cubic feet per second [{t3/s]) was greater than in August
(median streamflow of 6.2 ft3/s). Despite greater streamflow
in June than August, many water-quality field parameters
(for example, turbidity; table 2) and analytes (for example,
phosphorus; table 2) had similar median sample concentra-
tions in both months.



Water-Quality Characteristics

Samples from Pipestone Creek, pipestone quarries, and
Winnewissa Falls were analyzed for over 250 water-quality
parameters and contaminants. Comparisons were made
to numerous criteria and guidelines. Two field parameters
(dissolved oxygen and turbidity), 3 nutrient forms (total
nitrogen, nitrate, and total phosphorus), and 2 indicators
of fecal bacteria (fecal coliforms and Escherichia coli)
exceeded a criterion or guideline. This water-quality
assessment did not attempt to assess the risk of exposure to
chemical mixtures. Ecosystem and human health effects of
chemical mixtures, which may include any combination of
the more than 250 natural and synthetic chemicals discussed
herein, are poorly understood. Complex chemical mixtures
often persist in streams at concentrations with potential
human health or ecosystem implications (for example,
Barber and others, 2013).

In Minnesota, surface waters are subject to Minnesota
Administrative Rules (Minn. R.) as set forth by the MPCA
(2008). Surface waters are categorized as either listed or
unlisted waters. Pipestone Creek is a listed water and as such
falls under Minn. R. 7050.0470 (MPCA, 2008). All listed
water bodies are classified as to their beneficial uses into one
or more of seven classes.

There are three branches of Pipestone Creek, north,
central (mainstem) and south. PIPE is on the mainstem.

The section of the mainstem from the confluence with the
North Branch of Pipestone Creek to the headwaters, which
includes PIPE, is designated Class 2Bg, 2C, 3C, 4A, 4B, 5,
and 6 waters. The subclass designator “g” added to the Class
2B designator does not replace the Class 2B designator;
rather, all requirements for Class 2B waters also apply in
addition to Class 2Bg waters. This section of the mainstem
of Pipestone Creek is protected for beneficial uses associated
with these designations.

Class 2 waters have a beneficial use designation for
Aquatic Life and Recreation. The beneficial use designation
for Class 2B waters specifically states that the quality of these
surface waters will “permit the propagation and maintenance
of a healthy community of cool or warm water aquatic biota,
and their habitats ...” and “shall be suitable for aquatic
recreation of all kinds, including bathing” (Minn. R. 7050.0222,
Subpart 4, MPCA, 2008). Class 2Bg waters are also designated
for warm water habitats in lakes and streams. Class 3C is
designated for industrial consumption with heavy treatment,
whereas class 4 (for example, 4A, 4B) waters have the designa-
tion for agriculture and wildlife. The difference between the
class 4 designations in PIPE is that A indicates the designation
is for irrigation, whereas B is for livestock and wildlife. Class 5
waters are designated for aesthetic enjoyment and navigation,
whereas class 6 waters have the designation for other uses.

Where there are multiple standards for one parameter,
then the most restrictive should be used (MPCA, 2008). In
the case of Pipestone Creek, it generally should be suited for
all uses except Class 1, drinking water. However, drinking
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water criteria are cited within this document for comparison.
For toxic pollutants, MPCA has adopted the EPA’s national
criteria subject to several modifications as described (Minn. R.
7050.0218, MPCA, 2008). The assessment of the water quality
in Pipestone Creek and the three selected quarries adhered
to these requirements. If there was not a standard associated
with a constituent in the current study for any of the applied
designations, then the standard used, if available, is referenced
in appendix table 1.1.

A total of 21 water-quality samples were collected
and analyzed for field water-quality parameters, nutrients,
major ions, trace elements, micropollutants (pesticides,
pharmaceuticals, and personal-care products), algal toxins,
fecal indicator bacteria (total coliforms, fecal coliform, and E.
coli), and MAP. Water-quality data are available in the USGS
NWIS database (USGS, 2022) by searching for the sites listed
in table 1, except for algal toxins, MAP, and mist sample data,
which are available in Krall and Christensen (2023).

Water-Quality Field Parameters

Field water-quality parameters (temperature, specific
conductance, dissolved oxygen, pH, and turbidity) were
measured immediately after water sample collection from each
site (tables 2 and 3). Except for dissolved oxygen, no field
parameter collected during this study exceeded Minnesota
standards. In June, two dissolved oxygen measurements
from quarries CQ and SQ (0.7 and 4.9 milligrams per liter
[mg/L], respectively; fig. 4) fell below the State’s standard for
dissolved oxygen for class 2B waters (5 mg/L). In general, the
field water-quality parameters measured in Pipestone Creek
were higher than measurements in the quarries and, where
comparable, were similar between the June and August 2018
sampling events (fig. 4).

Nutrients

Nutrients, specifically nitrogen and phosphorus, are
essential for plant growth and found naturally in aquatic
systems. The weathering of rock releases phosphorus to various
degrees, whereas nitrogen is present in the form of plant mate-
rial and other organic debris from riparian areas. Either nitrogen
or phosphorus generally is a limiting factor in plant growth, and
in most freshwater aquatic systems, it typically is phosphorus. A
nationwide study conducted by the USGS indicated background
concentrations of total nitrogen and total phosphorus of about
0.6 and 0.04 mg/L, respectively, in streams (Dubrovsky and
others, 2010). Nationwide nutrient concentrations were about
6 times greater than background concentrations in streams in
agricultural settings and had median concentrations of total
nitrogen and phosphorus of 4.0 and 0.25 mg/L, respectively
(Dubrovsky and others, 2010). High nitrogen and phosphorus
concentrations can indicate anthropogenic sources such as fertil-
izers, animal and human waste, and (or) sewage (Hem, 1985).
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Excess nutrient loads in receiving water bodies can
degrade water quality and harm aquatic life (Robertson and
others, 2006). The increase of nutrients often results in a high
rate of aquatic plant production, including nuisance algae
and cyanobacteria. Cyanobacteria can produce cyanotoxins
that are toxic to aquatic and terrestrial species, including
humans (Loftin and others, 2016).

Ecoregional nutrient criteria for rivers and streams
have been set by the EPA (EPA, 2000) and are recom-
mended reference criteria. These criteria can be used as
a starting point for states developing criteria to identify
rivers and streams affected by nutrient enrichment. PIPE
is within the EPA Aggregate Nutrient Ecoregion VI, which
is further delineated into Level III Ecoregions. PIPE is
within the Western Corn Belt Plains Level III Ecoregion 47
(EPA, 2000). The nutrient criteria values provided are the
medians of the values reported in the database and are used
to compare with the data from this study when no MPCA
standards exist.

Nutrient samples were collected from the eight creek
and three quarry sites within the PIPE boundary in June
and August 2018. The nitrogen and phosphorus compounds
that were analyzed include total nitrogen, nitrate plus
nitrite (dissolved, as nitrogen), nitrate (as nitrogen), nitrite
(as nitrogen), organic nitrogen (as nitrogen), ammonia
(as nitrogen) and un-ionized ammonia (as NH,); the phos-
phorus compounds include total phosphorus (as phosphorus)
and orthophosphate (as phosphorus; tables 2 and 3; fig. 5).

Nitrogen

The primary inorganic forms of nitrogen are ammonia,
ammonium, nitrate, and nitrite. Organic nitrogen is found
in living or dead organisms, such as algae and bacteria,
and decaying plant material. Inorganic and organic forms
of nitrogen are present in surface waters, and they can
transform from one chemical form to another as part of
a biogeochemical nitrogen cycle. The different forms of
nitrogen present in surface water depends on many factors,
including proximity to nitrogen sources, influence of ground-
water input, connection to wetlands, water temperature,
dissolved oxygen, biochemical conditions, and other natural
and anthropogenic factors.

Because of the transformation process from one form
of nitrogen to another, nitrogen often is considered in its
totality as total nitrogen (ammonia plus organic nitrogen
and nitrate plus nitrite). Total nitrogen concentrations were
similar between the June and August sampling events in
Pipestone Creek but were more variable between sampling
events in the quarries (fig. 5). Total nitrogen concentrations
were higher in Pipestone Creek (12.1 to 14.8 mg/L; table 2)
than in the quarries (0.54 to 9.94 mg/L; table 3). The State
of Minnesota does not have a set water quality standard
for total nitrogen, so EPA nutrient ecoregion values were
used as reference values. In all creek samples and in the
August sample collected from the south quarry (SQ), total

nitrogen was elevated above the EPA’s reference condition
(3.26 mg/L) for nutrient criteria in the Level III Ecoregion 47
Western Corn Belt Plains (EPA, 2000) as well as the
Aggregate Ecoregion VI (2.18 mg/L).

The average total nitrogen concentration was 13.8 mg/L
for the creek samples (table 2), whereas the average total
nitrogen concentration in the quarries was 3.04 mg/L
(table 3). Nitrite is a natural intermediate and important
product in the nitrogen cycle in ecosystems, specifically in
the bacterial nitrification/denitrification processes (Jensen,
2003; Kroupova and others, 2005). Nitrite is generally in an
unstable oxidation state and can be oxidized to nitrate, which
has a relatively stable oxidation state. As a result, nitrite
is typically present in much lower amounts than nitrate in
surface waters and is naturally low in unpolluted waters
(Jensen, 2003). Nitrite concentrations in Pipestone Creek
(0.072 to 0.137 mg/L nitrite as nitrogen) were higher than
those in the quarries (less than 0.001 to 0.054 mg/L nitrite as
nitrogen). All nitrite concentrations determined during this
study were below the EPA’s maximum contaminant level of
1 mg/L, and Pipestone Creek is not a designated drinking
water source. Some of the median lethal concentrations that
cause death in 50 percent of test organisms (LC50s) for fish
are low, although still 3—4 times the concentrations detected
in this study (table 2); however, nitrite can accumulate to
very high concentrations in fish and crustaceans (Jensen,
2003). In addition, sublethal effects on aquatic species
can occur at considerably lower concentrations than these.
Concentrations that are considered “safe” for the continuous
exposure of aquatic animals to nitrite are often estimated
as 0.05 or 0.10 of the 96-hour LC50. For warmwater fish
and invertebrate species, these concentrations would be
in the range of 0.5-2.5 mg/L (Boyd, 2014). Based on the
concentrations of nitrite detected in this study, nitrite in PIPE
is not a concern.

Nitrate concentrations in Pipestone Creek and the
quarries, separately, were in close agreement between
sampling events. Nitrate concentrations in Pipestone Creek
range from 11.4 to 13.9 mg/L (table 2). Nitrate concentra-
tions in the quarries were relatively low and ranged from
less than 0.040 to 0.805 mg/L (table 3). Nitrate accounts for
greater than 82 percent of the total nitrogen concentration
in samples from Pipestone Creek but less than 29 percent
of the total nitrogen concentration in samples from the
quarries. The literature search for aquatic toxicity values for
nitrate was not exhaustive. However, some toxicity values
were summarized in Camargo and others (2005) and include
the following: the Lowest Observed Effect Concentration
(30-days) for Oncorhynchus mykiss (rainbow trout) eggs and
fry was 2.3 mg/L; the 96-hour LC50 for Bufo americanus
(American toad) tadpoles was 13.6 mg/L; the 96-hour
lethal concentration that causes death in 10 percent of test
organisms (LC10) for Echinogammarus echinosetosus
(a freshwater amphipod) was 9.5 mg/L; and for early instar
larvae for two caddisfly species (Cheumatopsyche pettiti and
Hydropsyche occidentalis), the 120-hour lethal concentration



that causes death in 0.01 percent of test organisms (LC0.01)
were 6.7 and 4.5 mg/L, respectively. The Minnesota water
quality standard of 10 mg/L for nitrate (app. table 1.1), is the
State of Minnesota’s lowest health risk level. All Pipestone
Creek samples exceeded this level; no quarry samples
exceeded this level.

Organic nitrogen concentrations in Pipestone Creek
and quarries were similar between sampling events and were
relatively low, from 0.21 to 2.4 mg/L, except for a value
of less than 9.9 mg/L in one quarry sample that was not
assigned an exact value by the laboratory (tables 2 and 3).
The next greatest detected organic nitrogen concentration
(2.4 mg/L) was in the June sample collected from creek site
01 (fig. 5). Organic nitrogen accounts for less than 16 percent
of total nitrogen in samples from Pipestone Creek. Organic
nitrogen also was relatively low in the quarries, ranging
from 0.34 to 2.0 mg/L, except possibly for quarry site SQ in
August (less than 9.9 mg/L; table 3; fig. 5). Although organic
nitrogen in Pipestone Creek and the quarries was similar,
organic nitrogen accounts for less than 61 percent of total
nitrogen from the samples collected in the quarries.

Ammonia concentrations in Pipestone Creek were
slightly greater in June (0.12-0.23 mg/L) than August
(0.02—0.18 mg/L; table 2; fig. 5). Ammonia concentrations
in the quarries were similar between sampling events
and ranged from less than 0.02 to 0.11 mg/L. In general,
ammonia concentrations in Pipestone Creek decreased
downstream (fig. 5), except for creek site 07. This site is
just downstream from Indian Lake, which is a shallow
lake (or large wetland complex) surrounded by prairie
(Pipestone Indian State Wildlife Management Area;
fig. 1). Denitrification could potentially account for the
increased ammonia concentrations found at creek site 07.
Generally, ammonia concentrations were similar between
Pipestone Creek, and the quarries and concentrations
account for less than 2 percent and less than 11 percent of
total nitrogen, respectively.

Concentrations of un-ionized ammonia, which is highly
toxic to aquatic organisms, was considerably lower in the
quarries (less than 0.0001 to 0.0031 mg/L; table 3) than in
Pipestone Creek (0.0014 to 0.0156 micrograms per liter
[ng/L]; table 2). Adelman and others (2009) demonstrated
96-hour LC50 values of 0.99 mg/L for adult Topeka shiners
(29 months) and 1.37 and 1.01 mg/L for juvenile Topeka
shiners, ages 16 and 15 months, respectively. The values
detected in this study are below the Minnesota chronic
standard (40 pg/L, or 0.04 mg/L) for class 2B waters as well
as the EPA’s No Observed Effect Concentration (20 pg/L, or
0.02 mg/L) for freshwater aquatic life. The detected concen-
trations in this study also are below those found to affect the
Topeka shiner, at least in comparison to concentrations that
result in mortality.
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Phosphorus

Similar to nitrogen, phosphorus has a biogeochemical
phosphorus cycle in which it can readily transform from
one chemical form to another. Phosphorus exists in water
bodies in two main forms: dissolved and particulate.
Orthophosphate (as phosphorus) is the primary dissolved
form of phosphorus and is readily available to algae and
aquatic plants. The chemical forms of phosphorus present in
surface waters depend on several factors, including prox-
imity to source (for example, wastewater effluent, surface
run-off) and environmental conditions (for example, water
temperature, dissolved oxygen, pH). High concentrations
of phosphorus are associated with high application rates of
fertilizer and manure, wastewater effluent, septic-system
drainage, and runoff from residential and construction sites.
Phosphorus generally is considered in its totality as total
phosphorus (dissolved plus particulate).

Total phosphorus concentrations in Pipestone Creek
were in very close agreement between sampling events and
ranged from 0.028 to 0.066 mg/L and identical medians of
0.040 mg/L for both months (table 2). The EPA’s Level 111
Ecoregion 47, Western Corn Belt Plains (EPA, 2000) and
the Aggregate Ecoregion VI median values are 0.12 mg/L
and 0.08 mg/L (118.13 pg/L and 76.25 pg/L, app. table 1.1),
respectively. The State of Minnesota has a reference
condition (0.21 mg/L) for total phosphorus for its river
nutrient criteria for Ecoregion Western Corn Belt Plains
(Heiskary and Parson, 2019). All the creek samples in June
and August were below the Minnesota total phosphorus
criteria (0.21 mg/L), as well as both the EPA nutrient criteria
(0.12 mg/L for Ecoregion 47 and 0.08 mg/L for Aggregate
Ecoregion VI).

Total phosphorus concentrations in the quarries were
more variable than in Pipestone Creek between sampling
events. In the quarries, total phosphorus concentrations
were lower in June than August and had median values of
0.139 and 0.913 mg/L, respectively (table 3; fig. 5). In June
and August, total phosphorus concentrations in the central
quarry (CQ; fig. 1) were above the Minnesota State reference
condition of 0.21 mg/L (0.28 mg/L in June and 0.49 mg/L
in August, fig. 5). In June, the south quarry (SQ; fig. 1) total
phosphorus concentration (0.139 mg/L) was higher than
the EPA criteria for Ecoregion 47 but not higher than the
Minnesota State reference condition. In August, however,
the south quarry total phosphorus concentration (1.34 mg/L,
fig. 5) was 6 times higher than the Minnesota State reference
condition.

Orthophosphate is the chemical form of phosphorus that
is bioavailable to aquatic plants. Orthophosphate concentra-
tions in Pipestone Creek were similar between the June and
August sampling events and had median values of 0.023
and 0.022 mg/L and ranges of 0.018 to 0.038 and 0.019 to
0.028 mg/L, respectively (table 2). Concentrations in the
quarries were much more variable, particularly in the August
sampling event (table 3; fig. 5).



14 Creek and Quarry Water Quality and Pilot Study of Pathogen Detection Methods, Minnesota, 2018-19

Table 2. Statistical summaries for streamflow, water-quality field parameters, nutrients, major ions, and trace elements in water
samples collected from Pipestone Creek sites at Pipestone National Monument, Minnesota, 2018.

[Data are summarized from the U.S. Geological Survey (USGS) National Water Information System database (USGS, 2022). °C, degree Celsius; ft¥/s, cubic foot
per second; uS/cm, microsiemen per centimeter at 25 degrees Celsius; mg/L, milligram per liter; NTRU, Nephelometric Turbidity Ratio Unit; --, no data; FNU,
Formazin Nephelometric Unit; pg/L, microgram per liter; <, less than]

Parameter Units Median Average Minimum Maximum :;?I?:t?;: t?fo::?izlt?:n: mtla\:lusTrbeen::;ts
All samples
Water temperature °C 18.9 19.0 14.6 25.1 3.1 16.2 15
Streamflow, instantaneous  ft3/s 6.6 8.1 5.9 11.0 2.4 29.6 7
Specific conductance! uS/cm 814 817 769 861 31 3.8 16
Dissolved oxygen mg/L 8.8 8.9 6.7 11.3 1.3 14.7 15
pH! standard 8.20 8.11 7.70 8.30 0.20 2.5 16
pH units
Turbidity? NTRU - - - - - -- -
Turbidity? FNU -- -- -- -- -- -- --
Total suspended solids* mg/L -- - -- -- - -- -
Total dissolved solids mg/L 468 466 428 498 20 43 16
Hardness, as calcium mg/L 427 425 396 451 15 34 16
carbonate
Total nitrogen mg/L 13.9 13.8 12.1 14.8 0.8 5.6 16
Nitrate, as nitrogen mg/L 12.9 12.8 11.4 13.9 0.7 5.5 16
Nitrite, as nitrogen mg/L 0.091 0.092 0.072 0.137 0.016 17.8 16
Organic nitrogen, as mg/L 0.68 0.75 0.21 2.40 0.53 71.4 16
nitrogen
Ammonia, as nitrogen mg/L 0.13 0.13 0.02 0.23 0.06 46.4 16
Un-ionized ammonia'-? mg/L 0.0060 0.0056 0.0014 0.0156 0.0037 66.6 15
Total phosphorus, as mg/L 0.040 0.042 0.028 0.066 0.011 26.1 16
phosphorus
Orthophosphate, as mg/L 0.022 0.024 0.018 0.038 0.005 20.0 16
phosphorus
Bicarbonate!-¢ mg/L 55.6 49.0 17.6 70.1 18.5 37.8 16
Calcium mg/L 91.6 90.4 81.2 95.4 3.6 4.0 16
Magnesium mg/L 48.4 48.4 453 53.5 2.6 54 16
Sodium mg/L 19.9 19.8 16.1 24.0 32 16.0 16
Potassium mg/L 1.17 1.17 0.86 1.36 0.15 13.0 16
Silica mg/L 19.8 20.2 16.6 234 22 10.7 16
Chloride mg/L 26.0 26.0 25.1 27.1 0.8 32 16
Sulfate mg/L 52.6 52.8 39.5 67.1 12.7 24.0 16
Fluoride mg/L 0.65 0.64 0.56 0.71 0.06 9.0 16
Bromide mg/L 0.044 0.044 0.035 0.053 0.005 10.4 16
Iron’ pg/L <10.0 <10.0 <10.0 76.4 -- -- 16
Manganese ng/L 17.0 21.6 2.4 72.1 17.6 81.6 16
June samples
Water temperature °C 16.0 16.5 14.6 18.9 1.9 11.6 7
Streamflow, instantaneous  ft3/s 11.0 10.7 10.0 11.0 0.6 5.4 3
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[Data are summarized from the U.S. Geological Survey (USGS) National Water Information System database (USGS, 2022). °C, degree Celsius; ft¥/s, cubic foot
per second; pS/cm, microsiemen per centimeter at 25 degrees Celsius; mg/L, milligram per liter; NTRU, Nephelometric Turbidity Ratio Unit; --, no data; FNU,
Formazin Nephelometric Unit; pg/L, microgram per liter; <, less than]

Parameter Units Median Average Minimum Maximum :;:?:t?;: ;o:::ii:it?:; m:)irr:;::“s
June samples—Continued
Specific conductance! uS/cm 844 842 814 861 15 1.7
Dissolved oxygen mg/L 9.4 8.8 6.7 9.9 1.2 13.7
pH! standard 8.25 8.25 8.20 8.30 0.05 0.6
pH units

Turbidity? NTRU 5.7 6.6 4.9 12.0 2.7 40.6 6
Turbidity? FNU -- -- -- -- -- -- --
Total suspended solids* mg/L 8.4 9.8 7.3 17.6 3.9 40.1
Total dissolved solids mg/L 474 475 448 498 16 33
Hardness, as calcium mg/L 434 435 426 451 8 1.9 8

carbonate
Total nitrogen mg/L 14.3 14.1 12.2 14.8 0.8 6.0 8
Nitrate, as nitrogen mg/L 13.3 13.0 11.6 13.9 0.8 5.8 8
Nitrite, as nitrogen mg/L 0.086 0.094 0.072 0.137 0.021 22.2 8
Organic nitrogen, as mg/L 0.50 0.79 0.21 2.40 0.73 92.1 8

nitrogen
Ammonia, as nitrogen mg/L 0.15 0.16 0.12 0.23 0.04 24.1 8
Un-ionized ammonial? mg/L 0.0071 0.0083 0.0060 0.0156 0.0036 43.8
Total phosphorus, as mg/L 0.040 0.042 0.033 0.066 0.010 25.1

phosphorus
Orthophosphate, as mg/L 0.023 0.024 0.018 0.038 0.006 24.8 8

phosphorus
Bicarbonate!-¢ mg/L 62.9 62.9 55.6 70.1 7.7 12.2 8
Calcium mg/L 91.4 90.6 87.5 92.2 1.6 1.8 8
Magnesium mg/L 50.3 50.7 49.5 53.5 1.3 2.6 8
Sodium mg/L 22.4 22.8 22.0 24.0 0.8 3.5 8
Potassium mg/L 1.07 1.04 0.86 1.13 0.09 8.2 8
Silica mg/L 18.5 18.2 16.6 18.9 0.7 3.9 8
Chloride mg/L 26.8 26.8 26.6 27.1 0.2 0.7 8
Sulfate mg/L 65.2 65.0 61.9 67.1 1.6 2.5 8
Fluoride mg/L 0.69 0.69 0.68 0.71 0.01 1.6 8
Bromide mg/L 0.043 0.041 0.035 0.044 0.004 9.5 8
Iron’ pg/L <10.0 <10.0 <10.0 <10.0 -- - 8
Manganese ng/L 28.2 31.9 16.1 72.1 17.7 554 8

August samples

Water temperature °C 21.3 21.2 18.6 25.1 2.0 9.4 8
Streamflow, instantaneous  ft3/s 6.2 6.2 5.9 6.6 0.3 5.3 4
Specific conductance! uS/cm 799 792 769 814 20 2.5 8
Dissolved oxygen mg/L 8.8 8.9 6.8 11.3 1.5 16.4 8
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Table 2. Statistical summaries for streamflow, water-quality field parameters, nutrients, major ions, and trace elements in water
samples collected from Pipestone Creek sites at Pipestone National Monument, Minnesota, 2018.—Continued

[Data are summarized from the U.S. Geological Survey (USGS) National Water Information System database (USGS, 2022). °C, degree Celsius; ft¥/s, cubic foot
per second; pS/cm, microsiemen per centimeter at 25 degrees Celsius; mg/L, milligram per liter; NTRU, Nephelometric Turbidity Ratio Unit; --, no data; FNU,
Formazin Nephelometric Unit; pg/L, microgram per liter; <, less than]

Standard Coefficient Number of

Parameter Units Median Average Minimum Maximum .. L
deviation of variation =~ measurements

August samples—Continued

pH! standard 7.95 7.96 7.70 8.20 0.20 2.5 8
pH units
Turbidity? NTRU -- -- -- -- -- - --
Turbidity? FNU 6.0 7.1 0 23.0 6.9 96.8 8
Total suspended solids* mg/L -- -- -- -- -- - --
Total dissolved solids mg/L 458 458 428 486 21 4.6 8
Hardness, as calcium mg/L 421 415 396 428 12 3.0 8
carbonate
Total nitrogen mg/L 13.7 13.5 12.1 13.9 0.6 4.4 8
Nitrate, as nitrogen mg/L 12.6 12.6 11.4 133 0.6 4.9 8
Nitrite, as nitrogen mg/L 0.095 0.091 0.073 0.111 0.012 13.2 8
Organic nitrogen, as mg/L 0.82 0.71 0.34 1.00 0.28 39.4 8
nitrogen
Ammonia, as nitrogen mg/L 0.09 0.09 0.02 0.18 0.06 61.3 8
Un-ionized ammonia'? mg/L 0.0029 0.0032 0.0013 0.0080 0.0021 65.6 8
Total phosphorus, as mg/L 0.040 0.042 0.028 0.066 0.012 28.8 8
phosphorus
Orthophosphate, as phos- mg/L 0.022 0.023 0.019 0.028 0.003 14.1 8
phorus
Bicarbonate!- mg/L 31.5 352 17.6 55.6 15.3 43.5 8
Calcium mg/L 92.7 90.2 81.2 95.4 5.1 5.6 8
Magnesium mg/L 45.7 46.1 453 47.2 0.8 1.7 8
Sodium mg/L 16.8 16.8 16.1 17.7 0.5 32 8
Potassium mg/L 1.31 1.31 1.21 1.36 0.05 3.9 8
Silica mg/L 223 222 20.7 23.4 0.8 3.6 8
Chloride mg/L 252 252 25.1 254 0.1 0.5 8
Sulfate mg/L 39.7 40.6 39.5 433 1.5 3.6 8
Fluoride mg/L 0.58 0.58 0.56 0.61 0.01 2.6 8
Bromide mg/L 0.046 0.047 0.044 0.053 0.003 6.3 8
Iron’ ng/L <10.0 <10.0 <10.0 76.4 -- -- 8
Manganese ng/L 8.7 11.2 2.4 34.1 10.3 91.8 8

IStatistical summary data were computed based on field values except where absent, in which case laboratory values were used.

2Turbidity measured using a HACH 2100Q (HACH, Loveland, Colorado) portable turbidimeter.

3Turbidity measured using a YSI 6820 (Yellow Springs, Ohio) water-quality meter.

“4Total suspended sediment calculated using the turbidity (in NTRU) values regression equation in Pipestone County Conservation and Zoning Office (2008).
SUn-ionized ammonia values were calculated using table 1 from Emerson and others (1975).

%Bicarbonate values were estimated using the equation in Anatolaki and Tsitouridou (2009).

7Values below the detection limit were treated at the detection limit.
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from quarry sites at Pipestone National Monument, Minnesota, 2018.

[Data are summarized from the U.S. Geological Survey (USGS) National Water Information System database (USGS, 2022). °C, degrees Celsius; ft¥/s, cubic
foot per second; uS/cm, microsiemen per centimeter at 25 degrees Celsius; NTRU, Nephelometric Turbidity Ratio Unit; FNU, Formazin Nephelometric Unit;

mg/L, milligram per liter; pg/L, microgram per liter; --, no data; <, less than]
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Parameter Units Median Average Minimum Maximum :;3?:3;: co::'riigit?:; of m::::::’;;:: is
All samples
Water temperature °C 15.1 14.9 9.9 18.2 33 22.3 5
Streamflow, ft3/s - - - - -- - -
instantaneous
Specific conductance uS/cm 355 420 83 909 302 71.8 5
Dissolved oxygen mg/L 5.1 5.3 0.7 9.6 3.2 60.3 S
pH! standard pH 79 7.6 6.7 8.2 0.6 8.5 5
units
Turbidity? NTRU -- -- -- -- -- -- --
Turbidity? FNU - - - - -- - -
Total suspended solids* mg/L - - - - -- - -
Total dissolved solids mg/L 226 306 178 525 157 51.2 5
Hardness, as calcium mg/L 206 277 151 471 142 51.3 5
carbonate
Total nitrogen mg/L 1.0 3.04 0.54 9.94 3.99 131.3 5
Nitrate, as nitrogen® mg/L 0.056 0.226 <0.040 0.805 0.330 146.2 5
Nitrite, as nitrogen mg/L 0.002 0.013 <0.001 0.054 0.023 184.1 5
Organic nitrogen, as mg/L 0.82 2.74 0.34 <9.9 4.05 147.7 5
nitrogen’
Ammonia, as nitrogen®* mg/L 0.05 0.06 <0.01 0.11 0.05 79.9 5
Un-ionized ammonia'®  mg/L 0.0005 0.0011 <0.0001 0.0031 0.0013 120.4 5
Total phosphorus, as mg/L 0.28 0.464 0.074 1.340 0.515 110.9 5
phosphorus
Orthophosphate, as mg/L 0.095 0.113 0.026 0.316 0.118 103.9 5
phosphorus
Bicarbonate’ mg/L 27.9 25.0 1.8 55.6 22.4 89.8 5
Calcium mg/L 58.0 66.1 37.1 106.0 27.5 41.6 5
Magnesium mg/L 14.8 27.1 12.5 50.1 18.3 67.7 5
Sodium mg/L 7.5 10.7 5.0 18.2 6.7 62.2 5
Potassium mg/L 2.14 2.16 1.40 3.06 0.62 28.6 5
Silica mg/L 13.6 16.8 12.3 29.3 7.1 423 5
Chloride mg/L 7.6 11.5 1.4 232 10.8 93.7 5
Sulfate mg/L 14.9 19.9 1.8 52.7 20.9 104.6 5
Fluoride mg/L 0.16 0.28 0.12 0.50 0.19 69.4 5
Bromide® mg/L 0.015 0.034 <0.010 0.084 0.033 96.1 5
Iron® ug/L 19.3 55.8 <10.0 122.0 56.5 101.1 5
Manganese ug/L 155.0 342.8 44.8 1,190.0 476.8 139.1 5
June samples
Water temperature °C 13.7 13.7 9.9 17.5 3.8 27.7 3
Streamflow, ft3/s - - - - -- - -
instantaneous
Specific conductance uS/cm 331 256 83 355 151 58.7 3
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Table 3. Statistical summary for water-quality field parameters, nutrients, major ions, and trace elements in water samples collected
from quarry sites at Pipestone National Monument, Minnesota, 2018.—Continued

[Data are summarized from the U.S. Geological Survey (USGS) National Water Information System database (USGS, 2022). °C, degrees Celsius; ft¥/s, cubic
foot per second; puS/cm, microsiemen per centimeter at 25 degrees Celsius; NTRU, Nephelometric Turbidity Ratio Unit; FNU, Formazin Nephelometric Unit;
mg/L, milligram per liter; pg/L, microgram per liter; --, no data; <, less than]

Parameter Units Median Average Minimum Maximum :;3?:&:: co:::_iigit?:; of m;l;T:]een:::l is
June samples—Continued
Dissolved oxygen mg/L 4.9 3.9 0.7 6.1 2.8 72.7 3
pH! standard pH 8.0 8.0 7.9 8.2 0.2 1.9 3
units
Turbidity? NTRU -- -- -- -- -- -- --
Turbidity3 FNU -- -- -- -- -- -- --
Total suspended solids* mg/L -- -- -- -- -- -- --
Total dissolved solids mg/L 183 259 178 416 136 52.5 3
Hardness, as calcium mg/L 183 259 178 416 136 52.5 3
carbonate
Total nitrogen mg/L 0.70 1.42 0.54 3.01 1.38 97.6 3
Nitrate, as nitrogen’ mg/L 0.187 0.344 <0.040 0.805 0.406 118.0 3
Nitrite, as nitrogen mg/L 0.002 0.019 <0.001 0.054 0.030 159.6 3
Organic nitrogen, as mg/L 0.65 1.00 0.34 2.0 0.88 88.6 3
nitrogen’
Ammonia, as nitrogen®* mg/L 0.05 0.06 0.02 0.11 0.05 76.4 3
Un-ionized ammonia'®  mg/L 0.0016 0.0017 0.0005 0.0031 0.0013 76.3 3
Total phosphorus, as mg/L 0.139 0.165 0.074 0.281 0.106 64.3 3
phosphorus
Orthophosphate, as mg/L 0.095 0.072 0.026 0.095 0.040 55.3 3
phosphorus
Bicarbonate’ mg/L 35.1 39.5 27.9 55.6 14.4 36.5 3
Calcium mg/L 48.5 55.6 37.1 81.1 22.8 41.1 3
Magnesium mg/L 14.1 23.5 12.5 43.8 17.6 75.1 3
Sodium mg/L 7.5 10.1 5.2 17.7 6.6 65.5 3
Potassium mg/L 2.14 2.20 1.40 3.06 0.83 37.8 3
Silica mg/L 13.2 13.7 12.3 15.5 1.7 12.1 3
Chloride mg/L 7.6 11.1 2.5 23.2 10.8 97.3 3
Sulfate mg/L 14.9 23.7 3.6 52.7 25.7 108.3 3
Fluoride mg/L 0.16 0.25 0.12 0.47 0.19 76.6 3
Bromide® mg/L <0.010 0.012 <0.010 0.015 0.003 24.1 3
Iron’ ug/L 19.3 47.4 <10.0 113.0 57.0 120.1 3
Manganese ng/L 130.0 109.9 44.8 155.0 57.8 52.6 3
August samples
Water temperature °C 16.7 16.7 15.1 18.2 2.2 13.2 2
Streamflow, ft3/s - - - - -- - -
instantaneous
Specific conductance uS/cm 667 667 424 909 343 51.5 2
Dissolved oxygen mg/L 7.4 7.4 5.1 9.6 32 43.3 2
pH! standard pH 6.9 6.9 6.7 7.1 0.3 4.1 2
units
Turbidity? NTRU -- - - - - - --
Turbidity? FNU 18.4 18.4 2.7 34.0 22.1 120.6 2



Table 3. Statistical summary for water-quality field parameters, nutrients, major ions, and trace elements in water samples collected
from quarry sites at Pipestone National Monument, Minnesota, 2018.—Continued

[Data are summarized from the U.S. Geological Survey (USGS) National Water Information System database (USGS, 2022). °C, degrees Celsius; ft¥/s, cubic
foot per second; uS/cm, microsiemen per centimeter at 25 degrees Celsius; NTRU, Nephelometric Turbidity Ratio Unit; FNU, Formazin Nephelometric Unit;
mg/L, milligram per liter; pg/L, microgram per liter; --, no data; <, less than]
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Parameter Units Median Average Minimum Maximum :;3?:;;: co:::iigit?:; of m;l;T:]een:::l is
August samples—Continued
Total suspended solids* mg/L -- - - - - - --
Total dissolved solids mg/L 376 376 226 525 211 56.3 2
Hardness, as calcium mg/L 339 339 206 471 187 55.4 2
carbonate
Total nitrogen mg/L 5.47 5.47 0.99 9.94 6.33 115.8 2
Nitrate, as nitrogen® mg/L 0.048 0.048 <0.040 0.056 0.011 23.6 2
Nitrite, as nitrogen mg/L 0.003 0.003 <0.001 0.005 0.003 94.3 2
Organic nitrogen, as mg/L 5.36 5.36 0.82 <9.9 6.42 119.8 2
nitrogen’
Ammonia, as nitrogen® mg/L 0.06 0.06 <0.01 0.11 0.07 117.9 2
Un-ionized ammonia'®  mg/L 0.0001 0.0001 0.0000 0.0002 0.0001 78.4 2
Total phosphorus, as mg/L 0913 0.913 0.485 1.340 0.605 66.3 2
phosphorus
Orthophosphate, as mg/L 0.176 0.176 0.035 0.316 0.199 113.2 2
phosphorus
Bicarbonate’ mg/L 3.1 3.1 1.8 44 1.9 60.6 2
Calcium mg/L 82.0 82.0 58.0 106.0 339 41.4 2
Magnesium mg/L 32.5 32.5 14.8 50.1 25.0 76.9 2
Sodium mg/L 11.6 11.6 5.0 18.2 9.3 80.4 2
Potassium mg/L 2.10 2.10 1.84 2.35 0.36 17.2 2
Silica mg/L 21.5 21.5 13.6 29.3 11.1 51.8 2
Chloride mg/L 12.1 12.1 1.4 22.8 15.1 125.3 2
Sulfate mg/L 14.3 14.3 1.8 26.7 17.6 123.4 2
Fluoride mg/L 0.32 0.32 0.13 0.50 0.26 83.1 2
Bromide® mg/L 0.069 0.069 0.053 0.084 0.022 32.0 2
Iron® ng/L 68.5 68.5 14.9 122.0 75.7 110.6 2
Manganese ng/L 692.0 692.0 194.0 1190.0 704.3 101.8 2

IStatistical summary data were computed based on field values except where absent, in which case laboratory values were used.

2Turbidity measured using a HACH 2100Q (HACH, Loveland, Colorado) portable turbidimeter.

3Turbidity measured using a YSI 6820 (Yellow Springs, Ohio) water-quality meter.

4Total suspended sediment calculated using the turbidity (in NTRU) values regression equation in Pipestone County Conservation and Zoning Office (2008).

SValues below the detection limit were treated at the detection limit.

%Un-ionized ammonia values were calculated using table 1 from Emerson and others (1975).

"Bicarbonate values were estimated using the equation in Anatolaki and Tsitouridou (2009).
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Figure 4. Selected water-quality field parameters measured in Pipestone Creek and quarry sites at Pipestone
National Monument, 2018 (see fig. 1 for site locations). The red line indicates water-quality standards where available
(see app. table 1.1 for details). The exceedance of a water-quality standard indicates that negative effects may be
occurring. A, water temperature. B, streamflow. C, specific conductance. D, dissolved oxygen. E, pH. Fand G, turbidity.
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Figure 5. Nutrient concentrations in water samples collected from Pipestone Creek and quarry sites at Pipestone National Monument,
2018 (see fig, 1 for site locations). The red line indicates water-quality standards where available (see app. table 1.1 for details).

The exceedance of a water-quality standard indicates that negative effects may be occurring. A, total nitrogen. B, nitrate. C, nitrite.

D, organic nitrogen. E, ammonia. F, un-ionized ammonia. G, total phosphorus. H, orthophosphate.

Major lons and Trace Elements

Major ions summarized in this report are common
constituents dissolved in most natural waters and include
calcium, magnesium, sodium, potassium, bicarbonate, chlo-
ride, sulfate, fluoride, and nitrate. Although nitrate is discussed
earlier in this report and is a nutrient, it is also included in
the major ion analysis. Major ions and trace elements were
analyzed in water-quality samples collected from the eight
creek sites and three quarry sites within the PIPE boundary
in June and August 2018. A statistical summary of major ions
and trace elements is included in tables 2 and 3.

Most natural surface waters contain few dissolved
constituents with cations and anions in equilibrium with one
another. The ionic composition of natural surface waters
is generally dominated by four major cations (calcium,
magnesium, sodium, and potassium) and three major anions
(bicarbonate, sulfate, and chloride; Piper, 1944). The natural

concentration and composition of these ions vary consider-
ably and depend upon local geology, precipitation chemistry,
evaporation (Gibbs, 1970), and anthropogenic inputs.

The bicarbonate concentrations presented in this report
are estimated values because they were not measured during
laboratory analyses. Estimated bicarbonate concentrations
were calculated using the equation in Anatolaki and
Tsitouridou (2009) based on measured pH values. The
ratio of major cations (calcium, magnesium, sodium, and
potassium) and major anions (chloride, sulfate, fluoride) plus
nitrate ranged from 0.47 and 0.93, which indicates possible
missing constituents. Other constituents were not considered
in the equation because the oxidation states were unknown
(Anatolaki and Tsitouridou, 2009). Algae and humic
compounds are examples of organic ions. When organic
ions are present in significant quantities, they are usually
indicated by a difference in water color.
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Major lon and Trace Element Variability

For major ion and trace element concentrations in
Pipestone Creek sites, only manganese had high variability
(coefficient of variation greater than 20 percent) during both
sampling events (table 2). Estimated bicarbonate had high
variability during August for creek and quarry sites. Between
sampling events, manganese and sulfate concentrations were
highly variable (table 2). In comparison, major ion and trace
element concentrations in the quarries were highly variable
within each sampling event except for silica in June and
potassium in August (table 3).

Between the June and August sampling events,
most major ions and trace elements in Pipestone Creek
show a decrease in median concentration (fig. 6) except
for potassium, silica, calcium, bromide, and iron. The
largest decreases are observed in bicarbonate, sulfate,
and manganese concentrations between sampling events,
whereas the largest increases are observed in calcium
and silica concentrations.

In contrast, the median concentrations of most major
ions and trace elements in the quarries show an increase
between the June and August sampling events except for
sulfate, potassium, and bicarbonate (fig. 6; table 3). When
comparing concentration changes between the June and
August sampling events for CQ and SQ, an increase occurred
for all major ions except bicarbonate, chloride, and sulfate
in CQ and for all ions except bicarbonate, chloride, sulfate,
iron, potassium, and sodium in SQ.

For calcium, magnesium, potassium and silica, there are
no toxicity standards other than those in appendix table 1.1.
For sodium, potassium, sulfate, and bicarbonate, there are
no aquatic life benchmarks for the ions alone, only for
specific compounds, for example, sodium salt. For chloride,
fluoride, and iron there were no toxicity values found that
are below the concentrations detected in the study. Of the
major ions and trace elements mentioned in this section,
only manganese concentrations exceed the Minnesota water
quality standard (100 pg/L; app. table 1.1). This value for
manganese represents the lowest Minnesota Department of
Health (health risk level and health-based value) chronic
drinking value for infants. No toxicity values were found
in the literature below the concentrations of manganese
observed in this study.

Little variability of major ion and trace element
concentrations was observed between the creek sites,
whereas more variability was observed between the quarries
(fig. 6). Although the major ion concentrations observed in
quarry CQ are more similar to the major ion concentrations
observed in Pipestone Creek, quarries NQ and SQ generally
had lower major ion concentrations during both sampling
events, except for potassium concentrations.

Piper Diagram

To visualize the relative abundance of the principal
ions in water samples, Piper (1944) created the trilinear
Piper diagram. Piper (1944) suggests plotting major ions
in milliequivalents per liter (meq/L) to illustrate the ionic
signature of water samples to uncover the principal ions
controlling the water chemistry. This diagram is comprised
of three components (fig. 74). The ternary plot on the left
represents the cations, the ternary plot on the right represents
the anions, and the diamond represents the combination
of the two ternary plots. The cations and anions in each
water sample are normalized so that the sum of each equals
100 percent, which are graphed on the Piper diagram on
a percentage basis. The Piper diagram is especially useful
because it allows multiple samples to be graphed on the
same plot, allowing for the grouping of samples based
on various criteria.

A Piper diagram (fig. 74) was used to chart the ions
present in the water samples collected in the eight creek
sites and three quarries within the PIPE boundary in June
and August 2018. For both sampling events, water samples
from all sites demonstrated calcium as the dominant cation
type or a lack of a dominant cation. In June, two quarry sites
(NQ and SQ) were in the calcium-type, whereas the rest of
the creek and quarry sites did not have a dominant cation
type. In August, four creek sites (00, 01, 02 and 04) and two
quarry sites (CQ and SQ) were within the calcium dominant
cation-type while the rest of the sites demonstrated no domi-
nant cation. For both sampling events, water samples from
all sites were within the bicarbonate or chloride dominant-
anion type or lacked a dominant anion. In June, two quarry
sites (SQ and NQ) were within the bicarbonate dominant
anion-type, while the remainder of sites did not have a
dominant anion type. In August, one creek site (07) was
within the bicarbonate dominant-anion type and one quarry
site (CQ) was within the chloride dominant-anion type,
whereas the remainder of the sites lacked a dominant anion.

Using the reference Piper diagram provided (fig. 7B;
Manoj and others, 2013), all water samples collected
during this study can be classified as calcium-magnesium-
chloride-sulfate type waters, except two quarry sites (NQ
and SQ) in June and one creek site (07) in August, which are
classified as calcium-magnesium-bicarbonate type waters.
Calcium-magnesium-chloride-sulfate type of water is defined
as greater than 50 percent calcium plus magnesium, and
greater than 50 percent sulfate plus chlorine and nitrate
ions, whereas calcium-magnesium-bicarbonate type water is
defined as greater than 50 percent calcium plus magnesium
and greater than 50 percent bicarbonate plus carbonate ions
(Bradt, 1997). Calcium and magnesium are the two most
prevalent divalent cations in most natural waters and the
combination of the two, expressed as calcium carbonate
(CaCO0s), is used as the water quality standard (500 mg/L)
for hardness in class 3C waters by the State of Minnesota
(Minn. R. 7050.0220, MPCA, 2008). The concentrations



detected in both Pipestone Creek (396451 mg/L CaCOs)
and in the quarries (151-471 mg/L CaCO;) were below this
standard. Water’s hardness does not exert toxicity itself,
instead the effects of hardness on aquatic life is related to the
ions causing the hardness (EPA, 1986). In addition, hardness,
along with pH and temperature, does affect the toxicity of
other contaminants to freshwater organisms. Hardness appar-
ently does not affect the toxicity of organic contaminants, but
metals generally are more toxic in waters with low hardness
(Mayer and others, 2004).

Calcium-magnesium-sulfate water occurs in the
southwest corner of Minnesota, including PIPE (Winter,
1974; Bradt, 1997). In local areas of southwest Minnesota,
the calcium-magnesium-bicarbonate water type also occurs
(Winter, 1974; Bradt, 1997). Based on the analyses of creek
and quarry water samples, the bicarbonate type may be
present within PIPE. Based on the Piper diagram (fig. 74),
there was no change in water type between the June and
August 2018 sampling events for the creek or quarry sites
with respect to bicarbonate, calcium, chloride, fluoride,
magnesium, nitrate, potassium, sodium, and sulfate, except
for one creek site (07) and one quarry site (SQ).

Gibbs Diagram

The Gibbs diagram is used to illustrate three major
natural mechanisms (precipitation, rock-water interaction,
and evaporation) that control global surface water chemistry
(Gibbs, 1970). The use of this diagram to establish the
relation of water composition and aquifer lithological charac-
teristics is widely accepted (Kumar and others, 2015), and it
is created by plotting total dissolved solids (TDS) versus the
weight ratios of Na*+K*/ Na™+K*+Ca?* for cations and TDS
versus the weight ratios of C17/ClI™+HCO;~ for anions (Gibbs,
1970). Surface waters with low TDS (less than 100 mg/L)
tend to be enriched in chloride and sodium relative to
bicarbonate and calcium and this is due to the dominance of
atmospheric inputs (precipitation; Gibbs, 1970). Waters with
intermediate TDS (100 to 1,000 mg/L) tend to be enriched
in calcium and bicarbonate due to the dominance of rock
weathering, whereas waters with high TDS (greater than
1,000 mg/L) tend to be enriched with calcium and sodium
due to the dominance of evaporation (fig. 8; Gibbs, 1970).

Using the ratios of the ions present in the water-quality
samples, Gibbs diagrams (fig. 8) were created to illustrate
the natural mechanisms controlling the water chemistry
in Pipestone Creek and the quarries during the June and
August 2018 sampling events. These diagrams (fig. 8) indi-
cate that the ion chemistry is attributable to local geology.
The samples collected from the south quarry (SQ) in June
and August and the north quarry (NQ) in June are separate
from other quarry samples and Pipestone Creek. These
three samples have lower TDS values (178 to 226 mg/L)
compared to all other samples collected in this study (416
to 525 mg/L). These differences suggest that the samples
collected from SQ and NQ sites were more affected by
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precipitation inputs in comparison to the other samples. The
CQ quarry site, located closest to Pipestone Creek, is more
similar in composition to the Pipestone Creek water samples
than the other two quarry sites, NQ or SQ. Anthropogenic
activities (such as the application of road salt) also can influ-
ence surface water chemistry, and affect the Gibbs diagram,
causing cations and anions to shift from rock dominance
toward evaporation dominance (Varade and others, 2018).

Source Rock Deduction

The Gibbs diagrams (fig. 8) demonstrate that the
water chemistry in Pipestone Creek and the quarries can be
attributed to local geology or more specifically, rock-water
interactions. During rock weathering, the ions of calcium,
magnesium, sulfate, bicarbonate, and silica enter surface
water and groundwater, becoming part of the chemical
composition. The specific ions added are dependent on the
rock types with which the surface water is in contact. To
better understand the contribution of local geology to the
water chemistry in PIPE, a source-rock deduction analysis
was conducted. As part of this analysis, the molar ratios
between dissolved major ions were used to identify the
sources of the ion chemistry. All ion determinations were
converted to meq/L, except for silica, which was converted
to millimoles per liter (fig. 9).

Sodium versus chloride—There are several sources
of salts (chloride and sodium) to water resources, including
the natural weathering of bedrock, surficial materials, and
soils (Mullaney and others, 2009). Atmospheric deposition
and anthropogenic inputs are known sources of chloride and
sodium to surface water bodies. Sodium and chloride deter-
minations in the samples collected from Pipestone Creek
and the three quarries plot on and below the 1:1 equiline
(fig. 94). Water samples collected from Pipestone Creek
during the August sampling event contained roughly equal
determinations of sodium and chloride ions. Values that
plot on the 1:1 equiline indicate the likelihood that chloride
and sodium ions are derived from the dissolution of halite
(Meybeck, 1987; Barzegar and others, 2016). In comparison,
the sodium concentrations present in all other water samples
collected from Pipestone Creek during June and the quarries
during June and August sampling events were slightly higher
than the chloride determinations and subsequently plot below
the 1:1 equiline (fig. 94). This pattern indicates that sodium
ions not solely derived from the dissolution of halite are
likely derived from other sources, such as silicate weathering
(albite plagioclase; Meybeck, 1987; Barzegar and others,
2016) or forward ion exchange (Barzegar and others, 2016).
In the occurrence of forward ion exchange, sodium ions may
have been displaced from clay particles and calcium and (or)
magnesium ions may have been absorbed.

Nonhalite sodium versus nonhalite sodium plus
calcium.—The ratio of nonhalite sodium (sodium plus
potassium minus chloride) over nonhalite sodium plus
calcium can suggest the likelihood of plagioclase weathering
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(fig. 9B; Hounslow, 1995). A ratio that is greater than 0.2
and less than 0.8 suggests plagioclase weathering is possible,
whereas a ratio of less than 0.2 or greater than 0.8 suggests
plagioclase weathering is unlikely (Hounslow, 1995). All
water samples collected from Pipestone Creek and the
quarries have ratios less than 0.2 (fig. 98), which suggest the
weathering of plagioclase is unlikely the mechanism of ion
acquisition in these samples. Sodium ion determinations are
therefore likely attributed to forward ion exchange where
sodium ions are displaced from clay materials by magnesium
or calcium and released into the water.

Silica Versus Nonhalite Sodium—Water samples
collected from Pipestone Creek and the quarries contain
higher silica than nonhalite sodium ions in all samples
collected during this study (fig. 9C). Silica to nonhalite
sodium ratios less than 1 suggest the sodium ion presence in
water is attributed to forward ion exchange. A ratio between
1 and 2 suggests sodium ions and silica presence is the result
of albite weathering. A ratio greater than 2 indicates there are
much greater amounts of silica than sodium plus potassium
and the presence of silica is the result of ferromagnesium
weathering (Hounslow, 1995). Water samples collected
from Pipestone Creek in June and all quarry sites during
both sampling events, except quarry CQ in August, have
ratios between 1 and 2 suggesting silica and sodium ions
were attributed to albite weathering. In comparison, August
water samples collected from Pipestone Creek and quarry
CQ have ratios greater than 2 suggesting attribution of
ferromagnesian weathering.

Bicarbonate versus silica—Bicarbonate is formed when
carbon dioxide and water react with various minerals during
acid hydrolysis. Carbonates dissolve without releasing
silica, whereas other minerals, such as albite plagioclase,

a silicate mineral, releases a considerable amount of silica
into the water. Other silicate minerals release much lower
amounts of silica into the water. A bicarbonate to silica
ratio is used to indicate which process, carbonate or silicate
weathering, is contributing to the ionic composition of the

water, specifically the release of bicarbonate ions and silica.
In general, ratios less than 5 indicate silicate weathering,
whereas ratios greater than 10 indicate carbonate weathering
(Hounslow, 1995). The weathering processes for bicarbonate
to silica ratios between 5 and 10 are indeterminate. All
water samples collected from Pipestone Creek and the
quarries during this study contain higher determination of
bicarbonate ions than silica (fig. 9D), indicating silicate
weathering is contributing to the ionic composition of the
water. When silica determinations are less than those of
bicarbonate ions, the potential production of kaolinite from
anorthite weathering and (or) carbonate (dolomite and (or)
limestone) weathering is suggested (Hem, 1985; Hounslow,
1995). During anorthite weathering, silica is not released into
the water and used in the production of kaolinite, whereas
calcium and carbonate are released into the water. Since
kaolinite acts as a sink of anorthite weathering, silica is not
present in high concentrations in the water.

Magnesium versus calcium plus magnesium.—All
water samples collected during this study contain slightly
higher determinations of calcium ions than magnesium ions,
plotting just above the 1:2 line (fig. 9F). Most of the water
samples have a magnesium to calcium plus magnesium ratio
about equal to 0.5, indicating the weathering of dolomite.
Water samples collected from three creek sites (00, 01,
and 04) in August and all water samples collected from
the quarries, except the June sample collected from CQ,
had ratios less than 0.5, indicating magnesium and calcium
ions are likely derived from the weathering of limestone
and dolomite (Hounslow, 1995). Dolomite weathering
occurs when magnesium ions are removed from dolomite
(containing calcium, magnesium, and carbonate), producing
calcite (containing calcium and carbonate) and periclase
(magnesium oxide) in a process called dedolomitization.
Therefore, dedolomitization increases magnesium ions
while decreasing calcium ions in water, a process that is
common during evaporation.
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Figure 6. Major ion and trace element concentrations in water samples collected from Pipestone Creek and quarry sites at Pipestone
National Monument, 2018 (see fig. 1 for site locations). The red line indicates water-quality standards where available (see app. table 1.1
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EXPLANATION
[CQ, central quarry; NQ, north quarry; SQ, south quarry]
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Figure 7. Piper diagram for A, water samples collected from Pipestone Creek and quarry sites at Pipestone National Monument, 2018,
and B, reference Piper diagram. Left and right triangles designate cations and anions, respectively (after Manoj and others, 2013).
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Micropollutants

A total of 210 micropollutants, including pesticides,
pharmaceuticals, and personal care products, were analyzed in
21 water samples collected from eight creek and three quarry
sites within the PIPE boundary in June and August 2018.
Twenty (or approximately 10 percent) of the analyzed
micropollutants had measurable concentrations. Of the
detected micropollutants, 13 (or 65 percent) were pesticides
(7 herbicides, 5 herbicide degradates, and 1 insecticide), 5
(or 25 percent) were pharmaceuticals, and 2 (or 10 percent)
were categorized as other micropollutants (table 4; fig. 10).
Only micropollutants that were detected are included in
figures and tables except for malathion, which was not
detected in any environmental sample, but was detected in
one replicate sample and is therefore included in appendix
table 1.6. Micropollutant levels in a stream are important due
to their potential human and environmental health risks, such

as endocrine disruption and low-level acute toxicity. These
contaminants are not regulated, but criteria for most have been
developed for guidance (app. table 1.1).

Water-quality benchmarks can be used in screening-
level assessments, in which determinations for a specific
contaminant are compared to water-quality benchmarks. This
is a common approach to help provide an initial perspective on
the potential impact of contaminants on non-target organisms.
Exceedance of a water-quality benchmark indicates that
negative effects may be occurring, and further investigation
may be necessary.

Pesticides

Pesticides, as defined by the United States Federal
Insecticide, Fungicide, and Rodenticide Act, are chemicals
intended to prevent, destroy, repel, or mitigate any pest,
including insects, weeds, fungi, and other organisms (Public
Law 110-246). Pesticides are widely used, such as in



agriculture, home yard care, and veterinary medicine. The
proper selection and application of these chemicals can
minimize pesticide losses to the environment. Once applied,
pesticides may volatilize into the atmosphere, leach into the
soil profile and possibly into groundwater, flow into surface
waters via surface runoff, be taken up by plants, and (or)
undergo degradation (Gilliom and others, 2006). Pesticide fate
is determined by the properties of the pesticide applied (for
example, half-life), properties of the soil and (or) water over or
in which the pesticide is applied, conditions of the application
site, and site management practices. These processes can lead
to potential groundwater and surface-water contamination. The
concentration of a pesticide in groundwater or surface water
can fluctuate daily, seasonally, and yearly.

The 13 detected pesticides and pesticide degradation
products were: 2,4-Dichlorophenoxyacetic acid (2,4-D),
acetochlor, acetochlor oxalamic acid (OA), atrazine, deethyla-
trazine, deisopropylatrazine, bentazon, dimethenamid ESA,
imazethapyr, metolachlor, metolachlor ethane sulfonic acid
(ESA), triclopyr acid, and DEET (fig. 10; table 4). Of these
detected pesticides, all are herbicides or herbicide degradation
products, except DEET, which is an insecticide. Atrazine,
deethylatrazine, and metolachlor ESA were detected in all
21 samples collected during this study (fig. 11). Metolachlor
was detected in all June creek and quarry sites but only
detected in two samples collected in August from two creek
sites (01 and 06).

2.4-Dichlorophenoxyacetic acid (2,4-D)

2,4-D is a widely used herbicide applied for post-
emergent control of broadleaf weeds on agricultural crops,
including wheat, corn, oats, rye, barley, and sugarcane as well
as on non-croplands, including lawns, rangeland, pasture, and
aquatic environments (EPA, 2005). 2,4-D is most commonly
used on rangeland, pasture, and residential lawns (EPA, 2005).
2,4-D is used alone and in combination with other herbicides
for broad spectrum weed control. 2,4-D was one of the most
frequently detected (81 percent) pesticides in this study
(fig. 10). 2,4-D was detected in both June and August at all
creek sites and one quarry site (NQ) in June and had median
concentrations of 30.4 and 49.1 nanograms per liter (ng/L),
respectively (table 4).

2,4-D acid is used as the active ingredient in various
2,4-D products and is the degradate of other 2,4-D formula-
tions (salts, amines, esters; Agency for Toxic Substances
and Disease Registry, 2020). 2,4-D is moderately soluble in
water, is highly to moderately mobile in the soil, and has low
soil adsorption characteristics, all of which indicate a high
potential for leaching to groundwater. This potential for 2,4-D
leaching into the groundwater system may be reduced due to
rapid mineralization rates in soils with higher organic matter
content (Boivin and others, 2005), which is characteristic of
the soil types found in the Pipestone Creek Basin. In soil,
2,4-D is stable to photodegradation, but is subject to oxidative
microbial-mediated mineralization (EPA, 2013). In water,
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2,4-D is stable to hydrolysis but is subject to photodegradation
(half-life is 13 days; EPA, 2013). The aerobic aquatic half-life
of 2,4-D is about 15 days while the half-life varies from 28.5
to 333 days under anaerobic aquatic conditions (EPA, 2013).
In soil, studies indicate that 2,4-D is not highly persistent with
half-lives ranging from a few days to a few weeks depending
on soil conditions, including water content, and the formula-
tion of the pesticide applied (Wilson and others, 1997).

The EPA has found no definitive link between 2,4-D
and cancer in humans and has classified 2,4-D as a category
D chemical, which means it is not classifiable as to human
carcinogenicity (EPA, 2005). However, based on limited
evidence in animals, the International Agency for Research on
Cancer recently classified 2,4-D as “possibly carcinogenic to
humans” (Agency for Toxic Substances and Disease Registry,
2020). In humans, 2,4-D is considered to have low acute
toxicity via oral consumption, dermal exposure, and inhalation
routes of exposure. Whereas 2,4-D is not considered to be
a skin irritant, it is a severe eye irritant (Agency for Toxic
Substances and Disease Registry, 2020). There also is concern
regarding the endocrine disruption potential of 2,4-D given the
demonstrated effects on the thyroid and gonads (EPA, 2005).

2,4-D has two EPA acute aquatic life benchmarks: one
for invertebrates (12,500 pg/L) and one for vascular plants
(299.2 pg/L). Minnesota also has a designated chronic health
risk level of 30 ug/L (app. table 1.1). None of these bench-
marks or risk levels were exceeded by concentrations of 2,4-D
detected during this study.

Acetochlor and Acetochlor OA

Acetochlor is a widely used herbicide applied for
pre-emergent control of grass and broadleaf weeds on
agricultural fields. In Minnesota, acetochlor is primarily used
on corn, soybeans, and sugar beets (Minnesota Department of
Agriculture, 2022). Acetochlor is used alone and in combina-
tion with other herbicides (such as atrazine). Acetochlor was
detected in 24 percent of the 21 water samples analyzed in
this study (fig. 10). Detections occurred at two creek sites,
one in June (creek site 07) and one in August (creek site 05),
at concentrations of 21.8 ng/L and 22.8 ng/L, respectively.
Detections also occurred at all quarry sites in June and had
a median concentration of 20.9 ng/L, although the June
concentration at site NQ was much greater than the other
concentrations (74.8 ng/L; fig. 11).

There are two degradates for acetochlor, one of which,
acetochlor OA, was detected in this study in 90 percent of
samples (fig. 10). Acetochlor OA was also detected at higher
concentrations than acetochlor, which is often the case
in Minnesota waters (fig. 115; Minnesota Department of
Health, 2016a).

Acetochlor is moderately water-soluble, has moderate to
high soil mobility, and is moderately persistent in soil (EPA,
2006a). This mobility allows for the potential of acetochlor
leaching into the groundwater. In water, acetochlor is stable to
hydrolysis and photodegradation; consequently, it is persistent
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in aquatic environments (EPA, 1990). The aerobic aquatic
metabolic half-life of acetochlor is 26.6 days, whereas the
half-life under anaerobic conditions is 251 days (EPA, 2006a).
In soil, acetochlor is stable to photodegradation but is subject
to microbial degradation (half-life is 13.3 days; EPA, 2006a).
This process produces several different degradates, including
acetochlor OA, which is more water soluble and mobile
(Shoemaker, 2003) and less toxic than the parent compound
(Roubeix and others, 2012). Typically, acetochlor degradates
have similar concentrations to acetochlor in surface waters,
but higher concentrations in groundwater (EPA, 2006a; 2020).
The EPA has concluded that acetochlor is likely to be
carcinogenic to humans, whereas acetochlor OA is not (EPA,
2006a). At acute levels, acetochlor has low toxicity to humans
via direct consumption and dermal exposure, but human
health effects from low environmental doses are unknown.
In class 2B waters, Minnesota has developed a chronic and a
maximum standard for acetochlor of 3.6 pg/L and 86 pg/L,
respectively. Minnesota also has a chronic health risk level
of 20 ug/L. Additionally, there are several EPA aquatic life
benchmarks for acetochlor (app. table 1.1). As indicated in
appendix 1, acetochlor is highly toxic to invertebrates with
chronic and acute toxicity values of 22.1 and 4,100 pg/L,
respectively. Acetochlor also is acutely toxic to nonvascular
(1.43 pg/L) and vascular (3.4 pg/L) plants (app. table 1.1). All
concentrations measured in this study were below the aquatic
life benchmarks previously mentioned and the Minnesota
chronic standard for class 2B waters.

Atrazine, Deethylatrazine, and Deisopropylatrazine

Atrazine is applied for pre-emergent control of grasses
and broadleaf weeds on agricultural cropland, including
corn, sorghum, and wheat. It also is used on non-cropland,
including rangeland and turf grasses. Less commonly,
atrazine can be applied post-emergence by direct application
to the target plant. Atrazine is commonly used in combina-
tion with other herbicides. Atrazine was the most commonly
detected pesticide in groundwater and surface water in
regions it is applied (Gilliom and others, 2006). At PIPE,
atrazine also was the most frequently detected pesticide
(100 percent of the 21 water samples analyzed; fig. 10).

Atrazine is moderately water-soluble, has relatively low
soil adsorption, is mildly to moderately persistent in soils
(half-lives are 14 to 109 days), and is highly mobile in soils
(Agency for Toxic Substances and Disease Registry, 2003).
These characteristics lead to a high potential for leaching and
runoff to surface waters and groundwater. Atrazine readily
volatilizes from soils and, due to atmospheric transport, has
been found up to 186 miles from application sites (Agency
for Toxic Substances and Disease Registry, 2003). Atrazine is
more mobile in soils with more organic matter than soils with
less organic matter (McCall and others, 1980). Soils found in
the Pipestone Creek Basin typically have low organic matter.
In soils, atrazine is stable to photodegradation, but may
undergo abiotic hydrolysis, although the process is very slow

unless dissolved organic matter is present (Agency for Toxic
Substances and Disease Registry, 2003). In water, atrazine

is generally stable to photolysis, although it is subject to
hydrolysis. Under aerobic and anaerobic conditions, atrazine
is stable to biodegradation. The combination of these
characteristics results in long residence times in lakes and
streams with half-lives of more than 200 days (Agency for
Toxic Substances and Disease Registry, 2003). There are
four major degradates of concern for atrazine (Agency for
Toxic Substances and Disease Registry, 2003), two of which,
deethylatrazine and deisopropylatrazine, were detected in
this study in 100 and 14 percent of samples, respectively
(fig. 10). The increased degradability of deisopropylatrazine
as compared to atrazine and its decreased persistence under
saturated conditions might explain lower groundwater
concentrations of deisopropylatrazine than atrazine concen-
trations (Kruger, 1992).

At acute levels, atrazine generally has a low toxicity to
humans and is slightly toxic to fish and aquatic invertebrates.
At chronic levels, there is risk to fish, amphibians, and aquatic
invertebrates with sustained average atrazine concentrations
equal or greater than 5 pg/L for several weeks likely to result
in reproductive effects to fish (EPA, 2021). Atrazine is a
known endocrine disruptor (Laws and others, 2000, 2003).
The EPA has classified atrazine as “not likely to be carcino-
genic to humans” (EPA, 2019a).

The State of Minnesota has developed several aquatic
standards for atrazine, and the EPA has developed several
aquatic life benchmarks (app. table 1.1). Minnesota has a
maximum contaminant level-based Health Risk Level of
3 ng/L for atrazine. In class 2B waters, the Minnesota chronic
standard is 10 pg/L, and the maximum standard is 323 pg/L.
In addition, there are several EPA aquatic life benchmarks
for atrazine (app. table 1.1). Atrazine is very toxic to fish
with chronic and acute toxicity values of 5 and 2,650 ng/L,
respectively. It is also acutely toxic to both nonvascular (less
than 1 pg/L) and vascular (4.6 pg/L) plants (app. table 1.1).
The acute and chronic toxicity standards for invertebrates
are 360 and 60 pg/L, respectively. Except for nonvascular
plants, all the detections in PIPE were below the Minnesota
standards and EPA aquatic benchmarks. The acute toxicity
value for nonvascular plants is below 1 pg/L; therefore,
it is possible that some toxicity could be occurring within
Pipestone Creek at the quarries.

Bentazon

Bentazon is applied for post-emergent control of sedges
and broadleaf weeds on agricultural cropland, including
soybeans, corn, and beans and on non-cropland, including
residential lawns and turf (Minnesota Department of Health,
2014). Bentazon is used alone and in combination with other
herbicides, typically atrazine (EPA, 1994). Bentazon was
detected in 33 percent of the water samples analyzed (fig. 10).
In June, bentazon was detected in all creek sites, except creek



site 07 and had a median concentration of 12.1 ng/L (table 4).
Bentazon was not detected at any of the quarries or at any of
the creek and quarry sites during the August sampling.

Bentazon is moderately water-soluble and has relatively
low soil adsorption characteristics, which results in greater
leaching and runoff potential (EPA, 1994). Bentazon is
stable to hydrolysis but degrades by photolysis in the soil
and water (EPA, 1994). The primary degradation mechanism
of bentazon is through microbial degradation in the upper
soil (EPA, 1994). Bentazon biodegradation rates increase
in finer soils with high organic matter (Gaston, and others,
1996), which is typical of the soils within the Pipestone
Creek Basin. The rapid biodegradation of bentazon in the
upper soil reduces the leaching potential of bentazon into the
groundwater (Huber and Otto, 1994) and might explain the
absence of bentazon in the quarries. The detection of bentazon
in creek samples is likely due to runoff from the agricultural
fields in the basin.

Bentazon is classified by the EPA as a group E chemical,
and as such not likely carcinogenic to humans (EPA, 1994). At
acute levels, bentazon is generally slightly toxic to humans via
oral and dermal routes of exposure and practically nontoxic to
both fish and invertebrates (EPA, 1994). Bentazon poses a low
risk to aquatic plants but may pose a hazard to terrestrial and
semi-aquatic plants (EPA, 1994). The State of Minnesota has
assigned a chronic health risk level of 30 ng/L for bentazon,
whereas the EPA has given bentazon a lifetime health advisory
for direct human consumption of 200 pg/L (app. table 1.1).
The maximum bentazon concentration (12.8 ng/L) found in
this study did not exceed any of the aquatic life benchmarks or
the health advisory standards (tables 3 and 4; app. table 1.1).

N, N-diethyl-m-toluamide (DEET)

DEET is the active ingredient in many insecticides
designed for direct application on human skin to repel, but not
kill, biting insects (EPA, 1998b). Products containing DEET,
include sprays, creams, lotions, foams, and impregnated
materials (such as clothing, wipes, towelettes, and wristbands)
and can range from 4 to 100 percent (by weight) of DEET in
the United States (EPA, 2006b; Agency for Toxic Substances
and Disease Registry, 2017). Some products are also
formulated with sunscreens (Agency for Toxic Substances and
Disease Registry, 2017).

DEET can enter aquatic systems through direct and
indirect pathways. Recreational activities, such as swimmers
who have applied DEET to skin and (or) clothing, can
input DEET directly to surface waters (Aronson and others,
2012). Indirectly, showering, human excretion, and clothes
washing results in DEET entering wastewater treatment
plants where it can be applied to land as part of gray water
irrigation systems (Agency for Toxic Substances and Disease
Registry, 2017). DEET typically enters groundwater from
contaminated surface waters or landfill leachate (Cordy and
others, 2004). DEET was one of the most abundantly detected
(81 percent; fig. 10) pesticides and was detected in June
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(median 22.8 ng/L; table 4) and August (median 24.5 ng/L;
table 4). The elevated DEET concentrations at some sites in
August could potentially be explained by contamination from
some study field personnel. However, national monitoring data
indicates that the highest concentrations of DEET in aquatic
environments correlates with increased use during the summer
months (Agency for Toxic Substances and Disease Registry,
2017). Visitor-use data for PIPE also supports this with the
highest use taking place from May to September and peak use
occurring in July (15,078 visitors; Caroline Goughis, NPS,
written commun., December 12, 2022).

DEET is highly water-soluble and has relatively low
soil adsorption characteristics, indicating greater potential
for leaching into groundwater and runoff to surface water.
DEET is stable to hydrolysis and direct photolysis, and
biodegradation under anaerobic conditions is negligible
(Agency for Toxic Substances and Disease Registry, 2017).
The most important degradation processes are indirect
photolysis and biotic degradation under aerobic conditions
(Calza and others, 2011). At acute levels, DEET is slightly
toxic to humans primarily via dermal absorption. Limited
studies also show that DEET is slightly toxic to freshwater
fish and invertebrates (Lawrence and others, 2019). Lawrence
and others point out that there is a paucity of information on
chronic toxicity to aquatic organisms from DEET exposure.
In a microcosm study, they found a significant reduction in
photosynthetic biomass of biofilms, which form the basis of
aquatic food webs.

Because studies have found no evidence of mutagenicity
or carcinogenicity, EPA has classified DEET as a group
D chemical (not classifiable as a human carcinogen; EPA,
2006b). The State of Minnesota has assigned DEET a chronic
health risk level of 200 pg/L and the EPA has assigned DEET
an acute benchmark value of 37,500 pg/L for fish and inver-
tebrates. None of the DEET concentrations measured in this
study (129 ng/L; table 4) exceeded either the State’s standard
or the aquatic life benchmarks.

Dimethenamid ESA

Dimethenamid ESA was one of the most frequently
detected (86 percent) pesticides in this study (fig. 10).
Dimethenamid ESA was detected in June and August at all
creek sites and one quarry (CQ) and had median concentra-
tions of 35.0 and 39.2 ng/L, respectively (table 4).

Although the parent compound, dimethenamid, has
been classified by the EPA as a group C chemical, indicating
it might be a possible human carcinogenic, dimethenamid
ESA has not been classified to its carcinogenic potential to
humans (EPA, 1994; Minnesota Department of Health, 2013).
Minnesota has a chronic risk assessment advice standard
for dimethenamid ESA of 300 pg/L. Additionally, there are
several EPA aquatic life benchmarks for dimethenamid ESA
(app. table 1.1). As indicated in appendix table 1.1, dimethe-
namid ESA is toxic to fish with chronic and acute toxicity
values of 120 and 3,150 pg/L, respectively. Dimethenamid
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ESA is also toxic to invertebrates with chronic and acute
toxicity values of 1,360 and 6,000 ug/L, as well as acutely
toxic to nonvascular (14 pg/L) and vascular (8.9 pg/L) plants
(app. table 1.1). None of the dimethenamid ESA concentra-
tions found in this study (140 ng/L: table 4) exceeded either
the State’s standard or the EPA aquatic life benchmarks.

Imazethapyr

Imazethapyr is used for the pre- and post-emergent
control of grasses, and woody and broadleaf weeds on
agricultural crops, including soybeans, peanuts, dry and
edible beans, peas, and alfalfa. Imazethapyr can be used alone
or in combination with other herbicides. Imazethapyr was one
of the least detected pesticides in this study (fig. 10), detected
only in August at quarry site CQ (67.1 ng/L; table 4).

Imazethapyr is highly water-soluble and has relatively
low soil adsorption characteristics, suggesting greater poten-
tial for leaching into groundwater and runoff to surface water.
Imazethapyr is relatively stable to hydrolysis (Ramezani
and others, 2008) and susceptible to microbial degradation
(Cantwell and others, 1989; Goetz and others, 1990), but
photolysis is likely the primary degradation mechanism of
imazethapyr (Ramezani and others, 2008; Espy and others,
2011). Studies have demonstrated that imazethapyr persists
longer in finer soils with higher organic matter and clay
content and imazethapyr is more susceptible to leaching in
coarser soils (Goetz and others, 1990; Hollaway and others,
2006). In addition, in a study in Minnesota soils, Gan and
others (1994) found that although imazethapyr adsorbed
only to a limited extent to soils, once sorbed, imazethapyr
did not desorb completely or readily. Finer soils with higher
organic matter content are characteristic of the soils found
in the Pipestone Creek Basin. A possible low use rate of
imazethapyr, its persistence in fine soils with high organic
matter content in combination with photolysis as the likely
primary degradation mechanism might explain the single
detection of imazethapyr in a quarry sample and the lack of
detections in all creek samples. The EPA has characterized
imazethapyr as unlikely to be carcinogenic to humans
(40 CFR 180) and has not completed an evaluation for
endocrine disruption. Imazethapyr is expected to be non-
toxic to humans via direct consumption or dermal exposure
(40 CFR 180). The EPA has assigned imazethapyr with a
lifetime chronic non-cancer Human Health Benchmark for
Pesticide (HHBP) of 15,000 pg/L (app. table 1.1). The HHBP
values are not legally enforceable Federal standards that are
provided by the EPA for pesticides that do not have drinking
water standards or health advisories. Imazethapyr is relatively
nontoxic to fish, invertebrates, and nonvascular aquatic
plants (app. table 1.1). The single imazethapyr concentration
(67.1 ng/L) from quarry site CQ did not exceed any of the
aquatic life benchmarks or the health advisory standard
(app. table 1.1).

Metolachlor and Metolachlor ESA

Metolachlor is applied for the pre-emergent control
of grasses and broadleaf weeds on agricultural cropland,
including corn, soybeans, sorghum, and other crops. It is also
applied on non-croplands, such as residential lawns for weed
control (EPA, 1995). Metolachlor was detected in 62 percent
of the 21 water samples analyzed in this study (fig. 10),
including at all creek and quarry sites (median 12 ng/L,
fig. 11; table 4) in June and had higher concentrations found
in the quarry sites, specifically site NQ (43.2 ng/L; fig. 11).
Metolachlor was only detected at three creek sites (01, 05,
and 00) in August (fig. 11). Metolachlor ESA, a soil degrada-
tion product of metolachlor, was one of the most abundantly
detected pesticides or pesticide degradation products and
had a detection rate of 100 percent of the 21 water samples
analyzed in this study (median 515 ng/L; table 4; figs. 10 and
11). Concentrations were similar between all sites, except
quarry sites CQ and SQ in June and site SQ in August, which
had much lower concentrations (fig. 11).

Metolachlor is moderately to highly water-soluble
and, under anaerobic conditions, has relatively low soil
adsorption characteristics (Kanissery and others, 2021),
suggesting greater potential for leaching into the groundwater
and runoff to surface water. Under aerobic soil conditions,
metolachlor has increased soil adsorption characteristics. In
water, metolachlor photodegrades slowly and its hydrolysis
half-life is greater than 200 days (World Health Organization,
2003). In soil, some volatilization occurs; however, the
major degradation pathway of metolachlor in soil (half-lives
of 47 to 107 days) is via microbial activities regardless of
the variances in the soil properties and aerobic conditions
(Braverman and others, 1986; EPA, 1995; Kanissery and
others, 2021). Metolachlor biodegradation rates increase in
finer soils with high organic matter (Braverman and others,
1986; Kanissery and others, 2021), which is typical of the soil
within the Pipestone Creek Basin.

Metolachlor ESA is more water-soluble and more
resistant to biodegradation than the parent compound,
confirmed by a study in tributaries to Lake Greifensee in
Switzerland where metolachlor ESA concentrations were at
least 20 times higher than the parent compound (Huntscha
and others, 2008). These characteristics likely explain the
higher concentrations and higher detection frequencies
of metolachlor ESA than the parent compound (fig. 11)
measured in the current study. Metolachlor ESA is less
toxic than the parent compound (California Environmental
Protection Agency, 2017). Metolachlor is classified by
the EPA as a Group C chemical, indicating that it might
be a possible human carcinogen (EPA, 1995). At acute
levels, metolachlor has a low toxicity to humans via direct
consumption or dermal exposure (EPA, 1995). The EPA has
given a lowest lifetime health advisory for metolachlor of
700 ng/L; however, the Minnesota Department of Health has
assigned metolachlor a more conservative lowest health risk
limit value of 300 ug/L (app. table 1.1). For class 2B waters,



Minnesota has a chronic standard of 23 pg/L and a maximum
standard of 271 pg/L (MPCA, 2008). The State of Minnesota
also has standards for metolachlor ESA, and there are several
EPA aquatic benchmark values. None of the detections for
either metolachlor or metolachlor ESA exceeded any of the
standards (app. table 1.1).

Triclopyr

Triclopyr products (amines, esters) are applied for post
emergent control of woody and broadleaf weeds and are
used on non-cropland, including rangeland, pasture, forests,
and residential lawns (EPA, 1998a). The triclopyr analyte
detected in this study was triclopyr acid (hereinafter referred
to as triclopyr), which is not used as an active ingredient in
commercial herbicide products. Rather, it is the degradate
formed from the breakdown of other triclopyr formulations
(Woodburn and others, 1993; EPA, 1998a). Triclopyr was
not detected during the June sampling event, only during
the August sampling event at three creek sites (01, 04, 06;
median 23.5 ng/L; table 4).

Triclopyr is highly water-soluble and mobile in soil with
low adsorption characteristics, suggesting greater potential
for leaching into the groundwater and runoff to surface water.
In water, triclopyr is stable to hydrolysis and anaerobic
metabolism, but is subject to photodegradation (half-lives
of 0.71 to 1.86 days; EPA, 1998a; USDA, 2011). Under
anaerobic aqueous conditions, triclopyr degrades slowly. In
aquatic field dissipation studies, the half-lives of triclopyr
ranged from 0.5 to 5 days. Factors that slowed degradation
rates included vegetation cover and type, depth of the plot,
and suspended sediment loads (EPA, 1998a). In soil under
aerobic conditions, the primary degradation mechanism of
triclopyr is biodegradation with half-lives ranging from 8 to
18 days (EPA, 1998a). Triclopyr soil sorption has been found
to increase with time and vegetation (Ganapathy, 1997) as
well as with increasing amounts of organic matter content
(Ghassemi and others, 1981), decreasing the potential for
leaching into groundwater. These characteristics might
explain the absence of triclopyr in the quarries. The EPA
(1998a) has classified triclopyr as a group D chemical (not
classifiable as to human carcinogenicity) and no evidence
was found indicating that triclopyr is an endocrine disruptor
(USDA, 2011). At acute levels, triclopyr is generally
slightly toxic to humans via direct consumption or dermal
exposure and practically nontoxic to fish, invertebrates, and
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nonvascular plants (app. table 1.1). The EPA has assigned
triclopyr with a chronic (300 pg/L) noncancer Human Health
Benchmark for Pesticides (app. table 1.1), which was not
exceeded during this study.

Pharmaceuticals

Five pharmaceuticals were detected in June and
August of 2018 and included acetaminophen, gabapentin,
gemfibrozil, metformin, and oxycodone (fig. 11; table 4). At
least one pharmaceutical was detected in 62 percent (13 of
21 samples) of all water samples, whereas at least two phar-
maceuticals were detected in 38 percent (8 of 21 samples). In
August, three pharmaceuticals were detected at Winnewissa
Falls (creek site 02), which was the greatest number detected
at a single site during the study. Pharmaceutical mixtures
(greater than 1 detection per site) were more common in
August (7 sites) than June (1 site). Three sites (creek site 07
and quarry sites NQ and CQ) had pharmaceutical detections
in June, whereas all creek sites and one quarry (site CQ)
had pharmaceutical detections in August. Multiple studies
observed these pharmaceuticals in landfill leachate, waste-
water treatment effluent, and feedlot lagoons and indirect
inputs of these compounds from leaking sewage lines are
also known to occur (Lee and others, 2004; Spongberg and
Witter, 2008; Masoner and others, 2016). The reason for the
increased number of pharmaceutical detections in August is
unknown; however, it could be that the pharmaceuticals were
more highly concentrated due to the reduced flows in August.

Gabapentin and metformin had the greatest number of
detections for pharmaceuticals during this study. Gabapentin
was detected in 48 percent (10 of 21 samples) of all water
samples (fig. 10) ranging from 10.6 to 22.9 ng/L and two
detections (creek site 07 and quarry NQ) in June and eight
detections (all creek sites) in August. Metformin was
detected in 38 percent (8 of 21 samples) of all water samples
(fig. 10) ranging from 12.1 to 49.7 ng/L. One detection
(quarry site CQ) of metformin occurred in June, whereas
seven detections occurred in August (all creek sites, except
00, and quarry site CQ). Acetaminophen, gemfibrozil, and
oxycodone were each detected at one site. Acetaminophen
was detected at CQ in June (10.2 ng/L), gemfibrozil was
detected at Winnewissa Falls (creek site 02) in August
(14.7 ng/L), and oxycodone was detected at creek site 00 in
August (11.4 ng/L).
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Figure 10. Percent of water samples that were positive for micropollutants and their degradation products from Pipestone Creek and
quarry sites at Pipestone National Monument, 2018. Percentages displayed for June (n=11) and August (n=10) are based on 21 total
samples.
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Micropollutant concentrations in water samples collected from Pipestone Creek and quarry sites at Pipestone National
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M, metformin. N, oxycodone. 0, caffeine. P, methylparaben.



36 Creek and Quarry Water Quality and Pilot Study of Pathogen Detection Methods, Minnesota, 2018-19

Table 4. Statistical summaries for micropollutants detected in water samples collected from Pipestone Creek and quarry sites at
Pipestone National Monument, Minnesota, 2018.

[Data are summarized from Krall and Christensen (2023). 2,4-D, 2,4-Dichlorophenoxyacetic acid; OA, oxalamic acid; DEET, N,N-Diethyl-m-toluamide; ESA,
ethane sulfonic acid; --, no data]

. . Concentration, in nanograms per liter Number of
Micropollutant Micropollutant class - — - .
Median Average Minimum Maximum detections
All samples
2,4-D Pesticide 31.7 49.6 18.1 210 17
Acetochlor Pesticide 21.8 322 20.7 74.8 5
Acetochlor OA Pesticide degradate 231.0 250.9 37.6 740 19
Atrazine Pesticide 39.8 43.7 11.5 105 21
Deethylatrazine Pesticide degradate 73.5 76.9 243 169 21
Deisopropylatrazine Pesticide degradate 25.1 34.1 20 573 3
Bentazon Pesticide 12.1 12.0 10.5 12.8 7
DEET Pesticide 22.8 46.0 10.1 129 17
Dimethenamid ESA Pesticide degradate 37.3 43.0 30.9 140 18
Imazethapyr Pesticide 67.1 67.1 67.1 67.1 1
Metolachlor Pesticide 12.0 153 10.3 43.2 13
Metolachlor ESA Pesticide degradate 515.0 471.2 24.5 690 21
Triclopyr Pesticide 23.5 239 21.1 27.1 3
Acetaminophen Pharmaceutical 10.2 10.2 10.2 10.2 1
Gabapentin Pharmaceutical 16.5 15.9 10.6 22.9 10
Gemfibrozil Pharmaceutical 14.7 14.7 14.7 14.7 1
Metformin Pharmaceutical 14.3 18.6 12.1 49.7 8
Oxycodone Pharmaceutical 11.4 11.4 11.4 11.4 1
Caffeine Other 23.5 41.6 18 197 10
Methylparaben Other 77.8 77.8 77.8 77.8 1
June samples

2,4-D Pesticide 30.4 30.7 18.5 46
Acetochlor Pesticide 21.4 34.6 20.7 74.8 4
Acetochlor OA Pesticide degradate 240.5 217.2 37.6 269 10
Atrazine Pesticide 37.0 46.5 34 105 11
Deethylatrazine Pesticide degradate 74.2 85.4 67.1 169 11
Deisopropylatrazine Pesticide degradate 25.1 34.1 20 573 3
Bentazon Pesticide 12.1 12.0 10.5 12.8 7
DEET Pesticide 22.8 42.7 10.1 121 7
Dimethenamid ESA Pesticide degradate 35.0 353 30.9 40.1 9
Imazethapyr Pesticide -- -- -- -- 0
Metolachlor Pesticide 12.0 16.0 10.3 432 11
Metolachlor ESA Pesticide degradate 485.0 417.3 24.5 532 11
Triclopyr Pesticide -- -- -- -- 0
Acetaminophen Pharmaceutical 10.2 10.2 10.2 10.2 1
Gabapentin Pharmaceutical 16.1 16.1 13.7 18.5 2
Gemfibrozil Pharmaceutical -- - -- -- 0
Metformin Pharmaceutical 16.3 16.3 16.3 16.3 1
Oxycodone Pharmaceutical -- -- -- -- 0
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Table 4. Statistical summaries for micropollutants detected in water samples collected from Pipestone Creek and quarry sites at
Pipestone National Monument, Minnesota, 2018.—Continued

[Data are summarized from Krall and Christensen (2023). 2,4-D, 2,4-Dichlorophenoxyacetic acid; OA, oxalamic acid; DEET, N,N-Diethyl-m-toluamide;
ESA, ethane sulfonic acid; --, no data]

. . Concentration, in nanograms per liter Number of
Micropollutant Micropollutant class - — - .
Median Average Minimum Maximum detections
June samples—Continued
Caffeine Other 26.6 47.5 19.1 197 8
Methylparaben Other 77.8 77.8 77.8 77.8 1
August samples
2,4-D Pesticide 49.1 70.8 18.1 210 8
Acetochlor Pesticide 22.8 22.8 22.8 22.8 1
Acetochlor OA Pesticide degradate 229.0 288.3 215 740 9
Atrazine Pesticide 432 40.5 11.5 54.9 10
Deethylatrazine Pesticide degradate 72.9 67.6 243 81.7 10
Deisopropylatrazine Pesticide degradate -- -- -- --
Bentazon Pesticide -- - -- --
DEET Pesticide 24.5 48.3 12.5 129 10
Dimethenamid ESA Pesticide degradate 39.2 50.8 35.6 140 9
Imazethapyr Pesticide 67.1 67.1 67.1 67.1
Metolachlor Pesticide 11.5 11.5 10.9 12 2
Metolachlor ESA Pesticide degradate 573.5 530.5 45.4 690 10
Triclopyr Pesticide 23.5 23.9 21.1 27.1 3
Acetaminophen Pharmaceutical -- - -- -- 0
Gabapentin Pharmaceutical 16.5 15.9 10.6 22.9 8
Gemfibrozil Pharmaceutical 14.7 14.7 14.7 14.7 1
Metformin Pharmaceutical 14.0 18.9 12.1 49.7 7
Oxycodone Pharmaceutical 11.4 11.4 11.4 11.4 1
Caffeine Other 18.1 18.1 18 18.1 2
Methylparaben Other -- -- -- -- 0
A|ga| Toxins fall (Paul, 2008). The presence of cyanobacteria becomes a

Three algal toxin classes (anatoxin-a, microcystin, and

saxitoxin) were analyzed in water samples collected from
eight creek and two quarry sites (CQ and SQ) within the
PIPE boundary during the August 2018 sampling event.
Toxin analyses were not performed in June because toxins
were not expected due to the absence of excess algae early
in the open water season. Anatoxin-a, microcystin, and

saxitoxin are produced by naturally occurring cyanobacteria
(Chorus and Welker, 2021). Cyanobacteria growth typically
requires elevated levels of phosphorus and nitrogen, such as
those from fertilizers and wastewater inputs. Cyanobacteria
can form blooms that can persist for weeks to months
(Chorus and Welker, 2021). Other conditions that affect
cyanotoxin persistence in surface waters include sunlight,
temperature, and pH (Chorus and Welker, 2021). Ideal
conditions generally occur during the late summer and early

human health concern when they release toxins into surface
waters, which can occur with or without a bloom, and typi-
cally during cell death or lysis. Humans and other organisms
can be exposed to cyanotoxins through ingestion of water, as
well as through dermal contact from bathing, swimming, and
other activities in waters with cyanobacteria. Exposure can
also occur through ingestion of contaminated food, such as
fish and shellfish, and inhalation.

Of the cyanotoxins analyzed in water samples during
this study, anatoxin-a and microcystin were detected by
the ELISA method. Anatoxin-a and microcystin also were
detected in these waters during the same sampling event
using the test strip method described by LeDuc and others
(2020). Saxitoxin was not detected in any samples analyzed
by the ELISA method. A table of the measured determina-
tions for anatoxin-a, microcystin, and saxitoxin for this study
are available in more detail in Krall and Christensen (2023).
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Anatoxin-a is a neurotoxic alkaloid and when ingested
it mimics the effects of acetylcholine, which can cause
death due to respiratory paralysis (D’Anglada and others,
2016). Anatoxin-a breaks down by photolysis and this
process is accelerated under alkaline conditions (greater
than 7 pH) when concentrations are low (10 pg/L; Stevens
and Krieger, 1991). Anatoxin-a was detected in 40 percent
of water samples analyzed by ELISA during the August
sampling event (creek sites 02, 03, and 07 and quarry site
CQ) where detections ranged from 0.15 to 0.21 pg/L. Seven
of 10 anatoxin-a test strip results were positive and had
semi-quantitative concentrations of 1.0 pg/L. Currently, the
EPA does not regulate anatoxin-a and the agency has not
collected enough information to support a health advisory
(D’Anglada and others, 2015). However, the State of
Minnesota has established a drinking water guideline of
0.1 pg/L (Minnesota Department of Health, 2016b) and a
new swimming guideline of 7 ug/L (MPCA, 2020).

Globally, microcystin is a frequently occurring cyano-
toxin that is toxic to the liver (Chorus and Bartram, 1999).
Microcystin was detected in 30 percent of water samples
analyzed by ELISA during the August sampling event (creek
sites 01, 02, and 03) where detections ranged from 0.175 to
0.225 pg/L. Five of ten samples analyzed with test strips had
semi-quantitative detections between 0.5 and 2.5 pg/L. The
EPA’s health advisory on microcystin is 1.6 pg/L for drinking
water (EPA, 2020) and 8 pg/L for recreation (EPA, 2019D).
Some of the microcystin test strip results did exceed the
health advisory for microcystin; however, this method may
be less accurate than the ELISA method.

Fecal Indicator Bacteria

Bacteria are single-celled organisms that occur naturally
in water, soil, humans, and other organisms. Fecal-indicator
bacteria, such as total coliforms, fecal coliforms, and E.
coli are present in fecal matter and have been shown to be
associated with some waterborne disease-causing organisms,
or pathogens (Dufour, 1984). Since these bacteria are often
associated with pathogens, they are used as indicators of
fecal contamination in water bodies. Indicator bacteria are
usually harmless and easier to detect than pathogens, so the
detection of fecal-indicator bacteria is the preferred method
of identifying the potential presence of pathogens related to
fecal contamination.

Total Coliform Bacteria

Total coliforms are a group of related bacteria in which
most strains are harmless, however, some cause illness
and disease in humans, most commonly gastrointestinal
illness. High numbers of harmless bacteria can indicate
high numbers of harmful bacteria (Dufour, 1984; Wade
and others, 2003). Total coliform determinations (counts)
are most often used in monitoring potable drinking water.
However, total coliform presence or absence is used

with other specific forms of bacteria, such as E. coli, to
determine the potential source of fecal contamination.

The EPA does not have a guidance value for total coliform
bacteria in freshwater.

Total coliforms were present at all eight creek sites
during the June and August 2018 sampling events (fig. 12).
Total coliform determinations were lower in June than in
August and had geometric means of 20,309 and 21,089 most
probable number (MPN)/100 mL, respectively. Total coli-
form bacteria generally decreased downstream during June
and August (fig. 12).

Fecal Coliform Bacteria

Fecal coliform bacteria are a subgroup of the total
coliform bacteria group. Whereas most of its members are
harmless because fecal coliform is not directly associated
with gastrointestinal illness, fecal coliform bacteria are
normally present in fecal material and, therefore, can be used
to indicate fecal contamination (Dufour, 1984). The EPA
does not regulate fecal coliform bacteria in freshwater.

Fecal coliform bacteria were present at all eight creek
sites during the June and August 2018 sampling events. The
fecal coliform determinations were higher in June than in
August and had geometric means of 334 and 123 colony
forming units per 100 milliliters (CFU/100 mL). Fecal
coliform determinations generally decreased downstream
during June and August (fig. 12).

Fecal coliform data collected during this study were
compared with fecal coliform data collected in an MPCA
study (Zadak and Krier, 2008) to assess long-term trends in
Pipestone Creek. The MPCA conducted this study for total
maximum daily load (TMDL) of fecal coliform bacteria in
Pipestone Creek (table 5) and concluded that fecal coliform
determinations are higher after rain events during the
summer months (June through October) as compared to
spring months (April through May).

The data from the current study were compared to
site 1 of the previous study (Zadak and Krier, 2008), which
provides fecal coliform data from 2002 through 2004. This
site was selected for comparison because it is located just
upstream from creek site 01 of the current study (fig. 1) on
the same branch of Pipestone Creek. The previous study
also splits the 2002 through 2004 data into “dry” and “wet”
sample types. Wet samples were samples collected within
24 hours of a 1.27 cm rain event or within 48 hours of a
greater than or equal to 2.54 cm rain event. Since the current
study’s data were not collected within the wet sample type
requirements specified by the previous report, the current
data were compared to dry samples collected in the summer
at Site 1 of the previous study. In general, this comparison
showed fecal coliform bacteria data collected in the current
study were slightly lower than the fecal coliform data
collected in the previous study and had geometric means of
203 and 240 CFU/100 mL, respectively.



Escherichia coli

E. coli is a member of the fecal coliform bacteria
group and commonly found in the intestinal tract of animals
and humans to aid in the digestion process. Studies have
confirmed E. coli is associated with gastrointestinal illness
and, therefore, a useful indicator of fecal contamination in
freshwater from sewage and animal waste (Priiss, 1998;
Wade and others, 2003; Wiedenmann and others, 2006;
Marion and others, 2010). The EPA recommends the use of
E. coli for identifying fecal contamination in freshwater and
recommends a recreational water-quality criteria geometric
mean of 126 CFU/100 mL (EPA, 2012).

E. coli was present at all eight creek sites during
the June and August 2018 sampling events (fig. 12). The
E. coli determinations were only slightly higher in June
than in August and had geometric means of 194 and
150 CFU/100 mL, respectively. Both June and August means
exceeded the EPA E. coli maximum geometric mean of
126 CFU/100 mL. E. coli determinations generally decreased
downstream in June, except at creek site 02 (Winnewissa
Falls) and August, except creek sites 03 and 04 (just below
Winnewissa Falls).

Mpycobacterium avium ssp. paratuberculosis
(MAP)

MAP is a pathogenic bacterium that is the causative
agent of Johne’s disease, a chronic granulomatous gastroen-
teritis, found mainly in domestic ruminant species, including
cattle, sheep, goats, farmed deer (Malvisi and others,

2016), camelids, water buffalo (Bubalus bubalis), and bison
(Bison bison) (Spickler, 2017). MAP has also been found

in endangered Key deer (Odocoileus virginianus clavium,
Murray and others, 2014), white-tailed deer (Odocoileus
virginianus, Sleeman and others, 2009), bighorn sheep (Ovis
canadensis), Rocky Mountain goats (Oreamnos americanus),
and various other species of deer, antelope, and elk
(Spickler, 2017). MAP also has been reported in numerous
nonruminant species such as European rabbits (Oryctolagus
cuniculus, an invasive species in North America), red foxes
(Vulpes vulpes, Whittington and Sergeant, 2001), dogs,

cats, horses, pigs, wild boar (Sus scrofa), weasels, badgers
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(Meles meles), striped skunks (Mephetis mephetis), brown
bears (Ursus arctos), raccoons (Procyon lotor), armadillos,
coyotes (Canis latrans), opossums (Didelphis virginiana),
various species of nonhuman primates, Australian
marsupials, rodents, and shrews (Spickler, 2017). Infected
hosts can transmit the pathogen directly to the environment
through fecal matter (Rhodes and others, 2014).

MAP can survive for extended periods of time in the
environment, including in agricultural slurry, runoff, and in
the wider environment where it can enter a state of dormancy
(Whittington and others, 2004; McNees and others, 2015).
George and others (1980) demonstrated that MAP can
survive in temperatures ranging from 1 to 45 degrees Celsius
(°C), and Whittington and others (2004) determined that
MAP can survive in fecal material in soil and grass for up to
55 weeks depending on the amount of shade present.

Transmission to humans occurs via two pathways.
Foodborne transmission can occur when infected dairy
cattle transmit the pathogen to humans through milk and
colostrum (Khol and others, 2017) and evidence suggests
that transmission can also occur through the consumption
of contaminated beef (as summarized in Waddell and
others, 2016). Of primary concern in the current study is the
waterborne transmission pathway, which can occur through
agricultural slurry and runoff to surface waters (Waddell
and others, 2016). A detection rate of 32.3 percent of MAP
in freshwaters receiving runoff from farming and domestic
locations in South Wales was reported by Pickup and others
(2005). Beumer and others (2010) reported that MAP DNA
was detected in 81 percent of domestic water samples in
Ohio, and Rhodes and others (2014) demonstrated the pres-
ence of MAP in aerosols from rivers and domestic showers.

Sediment and water samples were collected from
the eight creek sites during the June sampling event and
analyzed for MAP. Only water samples were collected from
creek sites during August because the June soil samples did
not have any MAP detections. However, the conclusion that
MAP is absent from any sample cannot be drawn from an
undetermined/negative result, only that MAP, if present, is
below the detection limit. MAP was present in three water
samples collected from Pipestone Creek (creek site 02 in
June and creek sites 00 and 02 in August).
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Figure 12. Fecal indicator bacteria concentrations in water samples collected from Pipestone Creek sites at Pipestone National
Monument, 2018. The red lines indicate water-quality standards, including geometric mean concentrations (blue and green lines), where
available (see app. table 1.1 for details). The exceedance of a water-quality standard indicates that negative effects may be occurring.
A, total coliform. B, fecal coliform. C, Escherichia coli.
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Fecal indicator bacteria data measured in water samples collected from Pipestone Creek at Pipestone National Monument,
Minnesota, 2018, and reference data from 2002 to 2004.

[Data are summarized from Krall and Christensen (2023). USGS, U.S. Geological Survey; MPN, most probable number; mL, milliliter; mFC, membrane-
filtration method for enumeration of fecal coliforms; CFU, colony-forming unit; mTEC, selective culture medium method used for the enumeration of

Escherichia coli; --, no data; TMDL, total maximum daily load]

USGS station Site i_dentifier Sample date Total coliform by IDEXX Fecal coliform by mFC  Escherichia coliby mTEC
number (fig. 1) method, MPN per 100 mL  method, CFU per 100 mL  method, CFU per 100 mL
06482435 00 6/12/2018 26,130 430 330
06482435 00 8/16/2018 18,500 90 130
0648243501 01 6/12/2018 41,060 460 150
0648243501 01 8/16/2018 34,480 260 220
0648243502 02 6/12/2018 31,300 560 420
0648243502 02 8/15/2018 27,230 180 210
0648243503 03 6/12/2018 18,500 220 160
0648243503 03 8/15/2018 36,540 250 360
0648243504 04 6/12/2018 19,350 410 210
0648243504 04 8/16/2018 34,410 200 390
0648243505 05 6/12/2018 17,820 190 190
0648243505 05 8/16/2018 14,550 90 50
0648243506 06 6/12/2018 17,230 330 80
0648243506 06 8/16/2018 17,820 70 120
0648243507 07 6/12/2018 7,840 250 190
0648243507 07 8/15/2018 6,910 40 50
- TMDL Site 1! 6/11/2002 - 120 -
-- TMDL Site 1! 6/18/2002 -- 78 -
- TMDL Site 1! 7/1/2002 - 1,000 --
-- TMDL Site 1! 7/8/2002 -- 830 --
-- TMDL Site 1! 7/15/2002 -- 540 --
- TMDL Site 1! 7/22/2002 - 110 -
- TMDL Site 1! 8/12/2002 - 1,800 --
-- TMDL Site 1! 8/19/2002 -- 240 -
- TMDL Site 1! 8/26/2002 - 260 --
-- TMDL Site 1! 9/3/2002 -- 180 -
-- TMDL Site 1! 9/10/2002 -- 740 --
- TMDL Site 1! 9/16/2002 - 300 --
- TMDL Site 1! 9/24/2002 - 170 --
-- TMDL Site 1! 10/1/2002 -- 330 -
- TMDL Site 1! 6/4/2003 - 12 --
-- TMDL Site 1! 6/11/2003 -- 28 --
-- TMDL Site 1! 7/2/2003 -- 200 --
- TMDL Site 1! 7/16/2003 - 2,500 --
-- TMDL Site 1! 7/24/2003 -- 490 --
-- TMDL Site 1! 7/31/2003 -- 700 -
- TMDL Site 1! 8/7/2003 - 620 --
-- TMDL Site 1! 8/14/2003 -- 250 --
-- TMDL Site 1! 8/27/2003 -- 170 --
- TMDL Site 1! 9/3/2003 - 100 --
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Table 5.
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Fecal indicator bacteria data measured in water samples collected from Pipestone Creek at Pipestone National Monument,
Minnesota, 2018, and reference data from 2002 to 2004.—Continued

[Data are summarized from Krall and Christensen (2023). USGS, U.S. Geological Survey; MPN, most probable number; mL, milliliter; mFC, membrane-
filtration method for enumeration of fecal coliforms; CFU, colony-forming unit; mTEC, selective culture medium method used for the enumeration of

Escherichia coli; --, no data; TMDL, total maximum daily load]

USGS station Site i_dentifier Sample date Total coliform by IDEXX Fecal coliform by mFC  Escherichia coliby mTEC
number (fig. 1) method, MPN per 100 mL  method, CFU per 100 mL  method, CFU per 100 mL
- TMDL Site 1! 6/2/2004 - 170 -
-- TMDL Site 1! 6/9/2004 -- 110 -
-- TMDL Site 1! 6/14/2004 -- 130 --
- TMDL Site 1! 6/23/2004 - 18 -
-- TMDL Site 1! 6/30/2004 -- 100 --
-- TMDL Site 1! 7/7/2004 -- 140 -
- TMDL Site 1! 7/28/2004 - 550 -
-- TMDL Site 1! 8/3/2004 -- 3,600 --
-- TMDL Site 1! 8/12/2004 -- 9 --
- TMDL Site 1! 8/23/2004 - 880 -
- TMDL Site 1! 9/14/2004 - 1,200 -
1Zadak and Krier (2008).

Pilot Study of Pathogen Detection
Methods in Waterfall Mist at
Winnewissa Falls

Despite the presence of MAP in the June and
August 2018 creek water samples, MAP was not detected
in creek water (creek sites 01 and 02) or waterfall mists on
September 5, 2019. Ruminant Bacteroides, Cryptosporidium
spp., and Legionella pneumophila were detected in water;
and ruminant Bacteroides was detected in mist (table 6).
All samples were negative for adenovirus groups A—F,
enterovirus, norovirus genogroups I and II, Campylobacter
Jjejuni, enteropathogenic E. coli, Giardia lamblia, Salmonella
(invA and ttr genes), Shiga toxin 1- and 2-producing bacteria,
Legionella pneumophila serogroup 1, human polyomavirus,
human Bacteroides (HF183), bovine adenovirus, bovine
enterovirus, bovine polyomavirus, MAP (MAP 251 and MAP
900), pig-1-Bacteroidales, pig-2-Bacteroidales, porcine
adenovirus, hepatitis E virus, pepper mild mottle virus,
rotavirus group A (NSP3 and VP! genes), and rotavirus
group C. However, considering the small sample size and the
small volume of the samples in this pilot study, additional
types of pathogens could have been missed. The use of a
gelatin filter may have caused an underrepresentation or
missed other pathogens in the samples because the filter
could not get too wet. Additionally, the sampling took place
in September, when flow and related mist is generally lower
than in the spring (Seth Hendricks, NPS, written commun.,
December 13, 2022).

The assay specifically testing for the type of Legionella
(serogroup 1) that is most commonly associated with
illness was negative in these samples. Cryptosporidium and
Legionella were detected in creek water but not mist or air,
suggesting airborne transport was not occurring for these
organisms. However, assuming the organisms are heteroge-
neously distributed in the creek spatially and temporally, the
sampled water may not represent the water being aerosolized
in mist. It also is possible that acrosolized pathogens were
not detected because of the amount of mist sampled or the
sensitivity of the methodology. The possibility of airborne
transport may be higher during periods of increased pathogen
concentrations in water. The large difference between mist
and water concentrations for ruminant Bacteroides may
indicate that only a small fraction of the waterborne bacteria
was aerosolized, which is plausible, but the limited sampling
and potential differences in mist and water methodologies
preclude quantifying or confirming this possibility. During
sampling, there was little mist and streamflow was low.
Streamflow throughout the spring and summer generally is
higher and rock surfaces would be completely wet, yet the
button samplers sitting on the rocks remained dry.

The two button sampler controls 1 and 2 ran for 2 and
9 minutes, respectively, due to unexpected battery failure,
resulting in the collection of smaller volumes of sample than
desired. Despite this, the two controls tested positive for
ruminant Bacteroides. The odds of capturing the bacteria in
such a small volume of mist is low and could indicate either
contamination or true detections of airborne microbes.

Bacteroides is a gram-negative, noncoliform, and
nonspore forming group of bacteria that are obligate anaer-
obes in animal intestines. Bacteroides can be used as a fecal
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indicator in water, and it is possible to distinguish between
feces of humans and ruminants, such as cattle, deer, sheep,
and goats (Bernhard and Field, 2000). Although ruminant
Bacteroides does not directly cause illness in humans, its
detection indicates the potential for other fecal bacteria to be
present. There is evidence that Bacteroides in ruminants can
be reservoirs of antibiotic resistance that have the potential
to adversely affect humans by conferring antibiotic resistance
to other pathogens (Wexler, 2007). Although a normal
component of the gut or lower intestine, human strains of
Bacteroides, especially B. fragilis, can cause life-threatening
infections in humans (bacteremia or bacteria in the blood and
other infections) after physical trauma or surgery if bacteria
escape the gut (Wexler, 2007; Patrick, 2015).

Given the detection of ruminant Bacteroides, the
Cryptosporidium detected is likely associated with ruminant
waste, which is a plausible source. However, we cannot
definitively attribute the Cryptosporidium to ruminants
because multiple fecal sources can pollute a water body. It
is possible that human and porcine waste was present and
that the fecal markers were not detected, or that other fecal
sources also contaminated the creek. Cryptosporidium is
common in cattle and humans, but the origin of this pathogen
in Pipestone Creek cannot be established with these data
because some types can infect (and therefore be shed by)
cattle, pigs, humans, or other animals.

Cryptosporidium can cause acute respiratory and
gastrointestinal illness (cryptosporidiosis or “crypto”) in
humans and, although it is generally a short-term infection,
it can cause life-threatening illness in those with a compro-
mised immune system. According to the U.S. Centers for
Disease Control and Prevention (CDC), water is the most

common means of transmission to people, and the parasite is
a leading cause of waterborne disease in the United States. In
the environment, Cryptosporidium can form a hardy cyst that
can survive outside an animal host for long periods of time
and resist control attempts with chlorination (CDC, 2019).

Legionella pneumophila is a bacterium that lives in
fresh water in natural environments and in human-made
water systems that can be transmitted through water droplets
in air. Although L. pneumophila rarely causes illness in
healthy people, in poorly maintained human-made water
systems it can grow and cause an acute respiratory infection
(Legionnaires’ disease), particularly in people with compro-
mised immune systems (CDC, 2016). Although the waterfall
is a natural feature, Pipestone Creek has been channelized
and the basin includes many other human alterations, such
as tile drains. Therefore, L. pneumophila is potentially a
concern for visitors to the waterfall.

Overall, the main results of the pilot study include
the following: (1) fecal waste, including a pathogen, was
detected in Pipestone Creek, which flows through PIPE
indicating a potential public health risk, and (2) ruminant
waste was identified as a fecal source contaminating the
water, whereas human and porcine waste were not detected.
The pilot sampling demonstrated that mist analysis for a
broad array of pathogens and multiple microbial source
tracking (MST) markers was feasible using this equip-
ment. Battery-operated pumps made gasoline generators
unnecessary, and portable equipment made it amenable to
sampling in remote locations. The pilot field experience
showed that aseptic technique, use of controls, and verifica-
tion that pump batteries are charged are important for
successful mist sampling.
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Table 6. Pathogens and fecal markers detected by quantitative polymerase chain reaction (qPCR) assay in water and waterfall mists
at Winnewissa Falls, Pipestone National Monument, Minnesota, September 5, 2019.

[Data are summarized from Krall and Christensen (2023)]

Sample ideSnilti(:ier Sample volume, Microorganism concentration, in gene copies per liter?
type (fig. 1) in liters Ruminant Bacteroides Cryptosporidium spp. Legionella pneumophila
Water 01 1 0 4,440 1,686
Water 01 1 0 236 759
Water 01 1 0 236 1,153
Water 01 1 0 94 0
Water 02 1 7,104 472 1,517
Water 02 1 1,292 86 282
Water 02 1 0 236 759
Water 02 1 3,506 236 759
Mistb 02 60 1 0 0
Mist 02 240 0.3 0 0
Mist 02 44 0 0 0
Mist 02 120 0.5 0 0
Mist 02 120 0.5 0 0
Air® 01 8 7.8 0 0
Air 01 36 1.7 0 0
Air 01 120 0.5 0 0

aSamples were negative for adenovirus groups A—F, enterovirus, norovirus genogroups I and II, Campylobacter jejuni, enteropathogenic Escherichia coli,
Giardia lamblia, Salmonella (invA and #tr genes), Shiga toxin 1- and 2-producing bacteria, Legionella pneumophila serogroup 1, human polyomavirus, human
Bacteroides (HF183), bovine adenovirus, bovine enterovirus, bovine polyomavirus, Mycobacterium avium ssp. paratuberculosis (MAP 251 and MAP 900), pig-
1-Bacteroidales, pig-2-Bacteroidales, porcine adenovirus, hepatitis E virus, pepper mild mottle virus, rotavirus group A (NSP3 and VP1 genes), and rotavirus
group C.

bAir and mist samples were not tested for all 30 microorganisms (app. table 1.4); see “Laboratory Analyses for Mist and Related Water Samples.”



Summary

Pipestone National Monument (PIPE) was established
by Congress to protect Winnewissa Falls, which is formed by
Pipestone Creek, and historical pipestone quarries, which are
sacred to many Native American Tribes. Native Americans
bathe in the pool below the falls as part of their annual Sacred
Pipes Sun Dance Ceremony that is held in late summer each
year. However, three reaches of Pipestone Creek, including
the section flowing through PIPE, are on the Environmental
Protection Agency’s (EPA) 303(d) list of impaired waters for
turbidity and fecal coliform bacteria in high enough numbers
to indicate a potential health hazard.

Therefore, the U.S. Geological Survey (USGS) and
the National Park Service (NPS) collaborated on a study
to identify water-quality issues within the monument and
summarize potential methods for evaluation of waterfall mist
at Winnewissa Falls, which may be a concern for the respira-
tory health of visitors and staff. This report outlines the results
of sampling water from Pipestone Creek and three pipestone
quarries, and mist from Winnewissa Falls. A total of 21 water
samples were collected and analyzed for field water-quality
parameters, including nutrients, major ions, trace elements,
micropollutants (pesticides, pharmaceuticals, and personal-
care products), algal toxins, fecal indicator bacteria (total
coliforms, fecal coliform, and Escherichia coli [E. coli]), and
Mycobacterium avium spp. paratuberculosis (MAP).

Field water-quality parameters (water temperature,
specific conductance, dissolved oxygen, pH, and turbidity)
were measured immediately after water sample collection
from each site. Except for dissolved oxygen, no field
water-quality parameter collected during this study exceeded
Minnesota Pollution Control Agency (MPCA) standards.
Two dissolved-oxygen concentrations from quarry sites in
June fell below Minnesota’s standard for dissolved oxygen
for class 2B waters.

Nitrogen and phosphorus concentrations greater than 10
and 0.1 mg/L, respectively, can indicate anthropogenic sources
such as fertilizers, animal and human waste, or sewage. Total
nitrogen concentrations were higher in Pipestone Creek than
in the quarries, ranging from 12.1 to 14.8 milligrams per liter
(mg/L) and 0.54 to 9.94 mg/L, respectively. The data collected
in this study suggest nitrate is the dominant form of nitrogen
in Pipestone Creek, whereas organic nitrogen is the dominant
form in the quarries. Total phosphorus concentrations in
Pipestone Creek were similar between sampling events,
whereas concentrations in the quarries were more variable
and had lower concentrations in June than August (median
values of 0.139 and 0.913 mg/L, respectively). Total nitrogen
and total phosphorus concentrations indicate the samples were
likely affected by agricultural inputs.

The ionic composition of natural surface waters is gener-
ally dominated by four major cations (calcium, magnesium,
sodium, and potassium) and three major anions (bicarbonate,
sulfate, and chloride). In terms of cation and anion concentra-
tions, the central quarry (CQ) was more similar to Pipestone
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Creek than either the north or south quarry (NQ and SQ,
respectively). Most major ion concentrations in the quarries
were variable among sites, and samples collected in June
generally had lower major ion concentrations than in August.
Conversely, most major ion concentrations from Pipestone
Creek samples collected in June were higher than in August.

Piper diagrams generally classified all water samples
collected during this study to calcium-magnesium-chloride-
sulfate and calcium-magnesium-bicarbonate type waters,

a common water type in southwestern Minnesota and
throughout Minnesota. In Pipestone Creek, there were

no changes in water type between June and August 2018
sampling events, except for creek site 07, which changed
from calcium-magnesium-chloride-sulfate water type in June
to calcium-magnesium-bicarbonate water type in August.
Quarries CQ and SQ changed from calcium-magnesium-
bicarbonate water type in June to calcium-magnesium-
chloride-sulfate water type in August.

A total of 210 micropollutants, including pesticides,
pesticide degradates, pharmaceuticals, and personal care
products, were analyzed with 20 (about 10 percent) having
measurable concentrations. Of the detected micropollutants
13 (65 percent) were pesticides or pesticide degradates,

5 (25 percent) were pharmaceuticals, and 2 (10 percent) were
other micropollutants. Micropollutants were compared to
water-quality benchmarks where available. Of the 13 detected
pesticides, all were herbicides or herbicide degradation
products, except DEET, which is an insecticide. Atrazine,
deethylatrazine, and metolachlor ESA were detected in all

21 samples collected during the study. Metolachlor was
detected in all June samples and two August samples.

The five pharmaceuticals detected were acetaminophen,
gabapentin, gemfibrozil, metformin, and oxycodone. At
least one pharmaceutical was detected in 62 percent (13 of
21) of water samples. Gabapentin and metformin had the
greatest number of detections. Gabapentin was detected in
48 percent (10 of 21 samples) and metformin was detected in
38 percent (8 of 21 samples) of the samples. In August, three
pharmaceuticals (gabapentin, gemfibrozil, and metformin)
were detected at Winnewissa Falls, which was the greatest
number of pharmaceutical detections observed at a single site
during the study. Other micropollutants detected during the
study were caffeine (10 of 21 samples) and methylparaben
(1 of 21 samples).

Anatoxin-a¢ and microcystin were cyanotoxins detected
by the enzyme-linked immunosorbent assay method (40 and
30 percent of samples, respectively; detections ranged
from 0.15 to 0.21 and 0.175 to 0.225 micrograms per liter
[ng/L], respectively). Both anatoxin-a (7 of 10 samples) and
microcystin (5 of 10 samples) were detected by the test strip
method. None of the algal toxin concentrations exceeded
existing recreational guidelines.

Total coliforms were present in all eight creek sites
during the June and August 2018 sampling events and
had geometric means of 20,309 and 21,089 most probable
number/100 milliliters (MPN/100 mL), respectively, generally
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decreasing downstream. Fecal coliform also generally
decreased downstream and was present at all eight creek
sites during June and August (geometric means of 334 and
123 colony forming units per 100 milliliters (CFU/100 mL),
respectively). Like the other bacteria, E. coli was present

at all eight creek sites generally decreasing downstream
except in June at creek site 02 (Winnewissa Falls), and in
August at creek sites 03 and 04 (just below Winnewissa
Falls). The E. coli determinations were only slightly higher
in June than in August and had geometric means of 194 and
150 CFU/100 mL, respectively, which exceeded the EPA E.
coli maximum geometric mean of 126 CFU/100 mL.

Soil and water samples were collected in June and water
samples were collected in August from the creek sites and
analyzed for MAP. MAP is a pathogenic bacterium and the
causative agent of Johne’s disease in cattle and other animals,
which can survive for an extended period in the environment.
MAP can be transmitted to humans and other animals through
food and water. There were no detections in the soil samples,
but MAP was present in three water samples collected from
Pipestone Creek (creek site 02 in June and creek sites 00 and
02 in August).

This report also outlined various sampling methods to
identify human pathogens that may become aerosolized in
the waterfall mist at Winnewissa Falls (creek site 02). One of
these methods, button sampler, was tested in the pilot study
described here. Both creek water (control sites) and mists were
sampled on September 5, 2019.

Three organisms were detected, two that can cause
illness in humans (Cryptosporidium and Legionella) and a
third (ruminant Bacteroides), all of which are indicators of
manure contamination. Cryptosporidium and Legionella were
detected in water but not mist. The lack of detection of these
two pathogens in the mist could be due to aerosolization
not occurring, low pathogen concentrations in the water, air
sample volumes being too small, or the methodology. The type
of Legionella, (L. pneumophila serogroup 1), which is most
commonly associated with illness, was not detected.

Despite few samples analyzed using only a single
method, the pathogen-positive water samples and successful
air sampling demonstrate the feasibility and utility of this
sampling approach for addressing the project objectives.
Moreover, the strength of this pilot study is that these data
include a broad array of pathogens and multiple microbial
source tracking (MST) markers. Many water quality studies
rely solely on microbial indicators or a narrow class of
pathogens for microbiological assessments, whereas these data
include human and zoonotic viral, bacterial, and protozoan
pathogens and MST markers. The microbial indicators
commonly used (for example, E. coli, total coliforms) provide
a limited characterization of microbiological water quality, and
they often cannot directly address important questions, like
pathogen presence and health risk. Pathogen measurements
from air sampling can be used with other exposure data, like
time spent at Winnewissa Falls, to determine risk. Additional
sampling with more samples and larger mist volumes, and

potentially one or more alternate mist collection methods,
would provide greater confidence in a determination of risk to
the public from human pathogens at PIPE.

The results in this report will provide PIPE managers
with the tools to: (1) establish health protection measures for
park staff, visitors, and Native American quarriers; (2) develop
and implement appropriate remediation strategies; (3) engage
other stakeholders in the area regarding health concerns; and
(4) protect cultural and natural resources within PIPE. The
waterfall mist pilot part of the study can be used by USGS and
NPS as an initial screening assessment of pathogen risk and
for planning possible additional sampling.
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Appendix 1. Supplementary Data Tables

Selected information and data are provided in tables 1.1,
1.2, 1.3, 1.4, 1.5, and 1.6. Except where other references are
cited, all data are summarized from Krall and Christensen
(2023) and the U.S. Geological Survey National Water
Information System database (U.S. Geological Survey, 2022).



Table 1.1. Standard values for select water-quality field parameters, nutrients, major ions, trace elements and micropollutants.

[°F; degree Fahrenheit; --, no data; uS/cm, microsiemen per centimeter at 25 degrees Celsius; IR, Minnesota agriculture irrigation standard; mg/L, milligram per liter; DM, Minnesota daily mean standard;
EPA, U.S. Environmental Protection Agency; TSS, total suspended solids; NTU, Nephelometric Turbidity Unit; CS, Minnesota chronic standard; NC, U.S. EPA nutrient criteria; RNC, Minnesota river nutrient
criteria; MPCA, Minnesota Pollution Control Agency; MN, Minnesota; DC, Minnesota domestic consumption standard; TN, total nitrogen; HRL, Minnesota or EPA health risk limit; LOEC, lowest observed

effect concentration; LC0.01, lethal concentration that causes death in 0.01 percent of test organisms; LC10, lethal concentration that causes death in 10 percent of test organisms; LC50, lethal concentration that

causes death in 50 percent of test organisms; MCL, maximum contaminant level; pg/L, microgram per liter; HA, EPA health advisory; DEET, N,N-Diethyl-m-toluamide; NOEC, no observed effect concen-
tration; ES, Minnesota eutrophication standard; Ca, calcium; +, plus; Mg, magnesium; CaCOj, calcium carbonate; %, percent; =, equals; Na, sodium; K, potassium; MS, Minnesota maximum standard; kg,

kilogram; meq/L, milliequivalent per liter; HBV, Minnesota health-based value; TOX, EPA aquatic life benchmark; OA, oxalamic acid; <, less than; ESA, ethane sulfonic acid; RAA, Minnesota risk assessment

advice standard; HHBP, EPA human-health benchmark for pesticides; EC50, half maximal effective concentration; >, greater than; USDA, U.S. Department of Agriculture; SL, Minnesota screening level; mL,

milliliter]
Parameter Parameter class Standard Units Standard Standard type explanation
value type
Water temperature Physical 86 °F MS Minnesota standard for class 2B streams (MPCA, 2021)
Specific conductance  Physical 1,000 uS/cm IR Minnesota standard for class 4A waters (MPCA, 2021)
Dissolved oxygen Physical 5 mg/L DM Minnesota standard for class 2B waters (MPCA, 2021)
pH Physical 6.5-9 pH units -- Minnesota standard range for class 2B waters (MPCA, 2021); EPA aquatic life criteria
(EPA, 2022)
Turbidity as TSS Physical 25 NTU CS Minnesota standard for class 2B waters (MPCA, 2021)
9.89 NTU NC EPA nutrient criteria (Aggregate Ecoregion VI) (EPA, 2000)
14 NTU RNC MPCA river nutrient criteria [MN Ecoregion, Western Corn Belt Plains] (Heiskary and
Parson, 2019)
Total dissolved solids ~ Physical 500 mg/L DC Minnesota secondary standard for class 1B waters (MPCA, 2021)
Total nitrogen Nutrient 2.18 mg/L NC EPA nutrient criteria (Aggregate Ecoregion VI; median based on reported values for TN
from the database) (EPA, 2000)
3.26 mg/L NC EPA nutrient criteria (Level III Ecoregion 47, Western Cornbelt Plains; median based
on reported values for TN from the database) (EPA, 2000)
Nitrate, as nitrogen Nutrient 10 mg/L DC; HRL?  Minnesota standard for class 1B and 1C waters?; Minnesota Department of Health
drinking water standard (Minnesota Department of Health, 2022)
2.3 mg/L LOEC 30-days for rainbow trout (Oncorhynchus mykiss) eggs and fry (Camargo and others,
2005)
4.5 mg/L LC0.01 120-hour for early instar larvae (Camargo and others, 2005)
6.7 mg/L LC0.01 120-hour for two caddisfly species (Cheumatopsyche pettiti and Hydropsyche occiden-
talis) (Camargo and others, 2005)
9.5 mg/L LC10 96-hour for freshwater amphipod (Echinogammaruss echinosetosus) (Camargo and
others, 2005)
13.6 mg/L LC50 96-hour for American toad tadpoles (Camargo and others, 2005)
Nitrite, as nitrogen Nutrient 1 mg/L DC; MCLP  Minnesota standard for class 1B and 1C waters (MPCA, 2021); EPA drinking water
standard (Minnesota Department of Health, 2022)
0.05-0.10 mg/L LC50 96-hour for aquatic animals (Boyd, 2014)
0.5-2.5 mg/L LC50 96-hour for warmwater fish and invertebrate species (Boyd, 2014)
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Table 1.1. Standard values for select water-quality field parameters, nutrients, major ions, trace elements and micropollutants.—Continued

[°F; degree Fahrenheit; --, no data; uS/cm, microsiemen per centimeter at 25 degrees Celsius; IR, Minnesota agriculture irrigation standard; mg/L, milligram per liter; DM, Minnesota daily mean standard;

EPA, U.S. Environmental Protection Agency; TSS, total suspended solids; NTU, Nephelometric Turbidity Unit; CS, Minnesota chronic standard; NC, U.S. EPA nutrient criteria; RNC, Minnesota river nutrient
criteria; MPCA, Minnesota Pollution Control Agency; MN, Minnesota; DC, Minnesota domestic consumption standard; TN, total nitrogen; HRL, Minnesota or EPA health risk limit; LOEC, lowest observed
effect concentration; LCO0.01, lethal concentration that causes death in 0.01 percent of test organisms; LC10, lethal concentration that causes death in 10 percent of test organisms; LC50, lethal concentration that
causes death in 50 percent of test organisms; MCL, maximum contaminant level; ug/L, microgram per liter; HA, EPA health advisory; DEET, N,N-Diethyl-m-toluamide; NOEC, no observed effect concen-
tration; ES, Minnesota eutrophication standard; Ca, calcium; +, plus; Mg, magnesium; CaCOj, calcium carbonate; %, percent; =, equals; Na, sodium; K, potassium; MS, Minnesota maximum standard; kg,
kilogram; meq/L, milliequivalent per liter; HBV, Minnesota health-based value; TOX, EPA aquatic life benchmark; OA, oxalamic acid; <, less than; ESA, ethane sulfonic acid; RAA, Minnesota risk assessment
advice standard; HHBP, EPA human-health benchmark for pesticides; EC50, half maximal effective concentration; >, greater than; USDA, U.S. Department of Agriculture; SL, Minnesota screening level; mL,
milliliter]

Parameter Parameter class Standard Units Standard Standard type explanation
value type
Organic nitrogen, as Nutrient -- -- -- No available standard
nitrogen
Ammonia, as nitrogen  Nutrient 3,000 ng/L HA¢ EPA drinking water standard (Minnesota Department of Health, 2022)
Un-ionized ammonia ~ Nutrient 40 pg/L CS Minnesota standard for class 2B waters (MPCA, 2021)
20 ng/L NOEC EPA for freshwater aquatic life (EPA, 2013)
0.99 mg/L LC50 96-hour for adult Topeka shiner (Adelman and others, 2009)
1.01-1.37 mg/L LC50 96-hour for juvenile Topeka shiner (Adelman and others, 2009)
Total phosphorus, as Nutrient 150 ng/L ES Minnesota for class 2B rivers and streams in the south river nutrient region (MPCA,
phosphorus 2021)
76.25 ng/L NC EPA nutrient criteria (Aggregate Ecoregion VI) (EPA, 2000)
118.13 ug/L NC EPA nutrient criteria (Level III Ecoregion 47, Western Cornbelt Plains) (EPA, 2000)
0.21 mg/L NC MPCA river nutrient criteria (MN Ecoregion, Western Corn Belt Plains) (Heiskary and
Parson, 2019)
Orthophosphate, as Nutrient -- -- -- No available standard
phosphorus
Calcium Major ion -- -- -- No available standard
Magnesium Major ion -- -- - No available standard
Hardness, as calcium Major ion 500 mg/L -- Minnesota standard for Class 3C waters (defined as Ca + Mg as CaCO,) (MPCA, 2021)
carbonate
Sodium Major ion 60 % total cations -- Minnesota standard for Class 4A and 2B waters (total cations = Na + Ca + Mg + K)
(MPCA, 2021)
Potassium Major ion -- -- -- No available standard
Silica Major ion -- -- - No available standard
Chloride Major ion 230 mg/L CS Minnesota standard for class 2B waters (MPCA, 2021)
860 mg/L MS Minnesota standard for class 2B waters (MPCA, 2021)

Sulfate Major ion 250 mg/L DC Minnesota secondary standard for class 1B waters (MPCA, 2021)
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Table 1.1. Standard values for select water-quality field parameters, nutrients, major ions, trace elements and micropollutants.—Continued

[°F; degree Fahrenheit; --, no data; uS/cm, microsiemen per centimeter at 25 degrees Celsius; IR, Minnesota agriculture irrigation standard; mg/L, milligram per liter; DM, Minnesota daily mean standard;

EPA, U.S. Environmental Protection Agency; TSS, total suspended solids; NTU, Nephelometric Turbidity Unit; CS, Minnesota chronic standard; NC, U.S. EPA nutrient criteria; RNC, Minnesota river nutrient
criteria; MPCA, Minnesota Pollution Control Agency; MN, Minnesota; DC, Minnesota domestic consumption standard; TN, total nitrogen; HRL, Minnesota or EPA health risk limit; LOEC, lowest observed
effect concentration; LCO0.01, lethal concentration that causes death in 0.01 percent of test organisms; LC10, lethal concentration that causes death in 10 percent of test organisms; LC50, lethal concentration that
causes death in 50 percent of test organisms; MCL, maximum contaminant level; ug/L, microgram per liter; HA, EPA health advisory; DEET, N,N-Diethyl-m-toluamide; NOEC, no observed effect concen-
tration; ES, Minnesota eutrophication standard; Ca, calcium; +, plus; Mg, magnesium; CaCOj, calcium carbonate; %, percent; =, equals; Na, sodium; K, potassium; MS, Minnesota maximum standard; kg,
kilogram; meq/L, milliequivalent per liter; HBV, Minnesota health-based value; TOX, EPA aquatic life benchmark; OA, oxalamic acid; <, less than; ESA, ethane sulfonic acid; RAA, Minnesota risk assessment
advice standard; HHBP, EPA human-health benchmark for pesticides; EC50, half maximal effective concentration; >, greater than; USDA, U.S. Department of Agriculture; SL, Minnesota screening level; mL,
milliliter]

Parameter Parameter class Standard Units Standard Standard type explanation
value type

Fluoride Major ion 1.5 mg/L -- World Health Organization guideline for drinking-water quality (epidemiological
evidence that concentrations above this guideline value carry an increasing risk of
dental fluorosis and that progressively higher concentrations lead to increasing risks
of skeletal fluorosis; artificial fluoridation of water supplies is usually 0.5-1.0 mg/L)
(World Health Organization, 2017)

mg/L DC Minnesota standard for class 1B and 1C waters (MPCA, 2021)
mg/L DC Minnesota secondary standard for class 1B and 1C waters (MPCA, 2021)

Bromide Major ion 2 mg/L -- World Health Organization guideline for drinking-water quality [present in freshwater
from trace amounts to about 0.5 mg/L; 2 mg/L limit in water for a 10-kg child; how-
ever, no formal guideline established because it occurs in drinking water at concen-
trations well below those of health concern] (World Health Organization, 2017)

Bicarbonate Major ion 5 meq/L IR Minnesota standard for class 4A waters (MPCA, 2021)

Iron Trace element 300 pg/L DC Minnesota secondary standard for class 1B waters (MPCA, 2021)

1,000 ng/L CS EPA aquatic life criteria (EPA, 2022)

Manganese Trace element 50 pg/L DC Minnesota secondary standard for class 1B and 1C waters (MPCA, 2021)

100 pg/L HRLY; Minnesota Department of Health drinking water standard (Minnesota Department of
HBWe Health, 2022)
300 pg/L HA® EPA drinking water standard (Minnesota Department of Health, 2022)

2,4-D Pesticide 30 ng/L HRL4 Minnesota Department of Health drinking water standard (Minnesota Department of
Health, 2022)

70 mg/L DC Minnesota standard for class 1B and 1C waters (MPCA, 2021)
12,500 pg/L TOX2 EPA aquatic life benchmark—Invertebrates (EPA, 2021a)
299.2 ng/L TOX2 EPA aquatic life benchmark—Vascular plants (EPA, 2021a)
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Table 1.1. Standard values for select water-quality field parameters, nutrients, major ions, trace elements and micropollutants.—Continued

[°F; degree Fahrenheit; --, no data; uS/cm, microsiemen per centimeter at 25 degrees Celsius; IR, Minnesota agriculture irrigation standard; mg/L, milligram per liter; DM, Minnesota daily mean standard;

EPA, U.S. Environmental Protection Agency; TSS, total suspended solids; NTU, Nephelometric Turbidity Unit; CS, Minnesota chronic standard; NC, U.S. EPA nutrient criteria; RNC, Minnesota river nutrient
criteria; MPCA, Minnesota Pollution Control Agency; MN, Minnesota; DC, Minnesota domestic consumption standard; TN, total nitrogen; HRL, Minnesota or EPA health risk limit; LOEC, lowest observed
effect concentration; LCO0.01, lethal concentration that causes death in 0.01 percent of test organisms; LC10, lethal concentration that causes death in 10 percent of test organisms; LC50, lethal concentration that
causes death in 50 percent of test organisms; MCL, maximum contaminant level; ug/L, microgram per liter; HA, EPA health advisory; DEET, N,N-Diethyl-m-toluamide; NOEC, no observed effect concen-
tration; ES, Minnesota eutrophication standard; Ca, calcium; +, plus; Mg, magnesium; CaCOj, calcium carbonate; %, percent; =, equals; Na, sodium; K, potassium; MS, Minnesota maximum standard; kg,
kilogram; meq/L, milliequivalent per liter; HBV, Minnesota health-based value; TOX, EPA aquatic life benchmark; OA, oxalamic acid; <, less than; ESA, ethane sulfonic acid; RAA, Minnesota risk assessment
advice standard; HHBP, EPA human-health benchmark for pesticides; EC50, half maximal effective concentration; >, greater than; USDA, U.S. Department of Agriculture; SL, Minnesota screening level; mL,
milliliter]

Parameter Parameter class s‘::lt:lzrd Units Sta::::rd Standard type explanation
Acetochlor Pesticide 3.6 ng/L CS Minnesota standard for class 2B waters (MPCA, 2021)
86 pg/L MS Minnesota standard for class 2B waters (MPCA, 2021)
130 pg/L TOXd EPA aquatic life benchmark—Fish (EPA, 2021a)
190 ng/L TOX® EPA aquatic life benchmark—Fish (EPA, 2021a)
22.1 pg/L TOXd EPA aquatic life benchmark—Invertebrates (EPA, 2021a)
4,100 pg/L TOX® EPA aquatic life benchmark—Invertebrates (EPA, 2021a)
1.43 ng/L TOX® EPA aquatic life benchmark—Nonvascular plants (EPA, 2021a)
34 pg/L TOX? EPA aquatic life benchmark—Vascular plants (EPA, 2021a)
20 pg/L HRL4 Minnesota Department of Health drinking water standard (Minnesota Department of
Health, 2022)
Acetochlor OA Pesticide degradate -- -- -- No available standard for degradate, refer to Acetochlor standards (MPCA, 2021)
Atrazine Pesticide 3 pg/L HRLd Minnesota Department of Health drinking water standard (Minnesota Department of
Health, 2022)
10 pg/L CS Minnesota standard for class 2B waters (MPCA, 2021)
323 pg/L MS Minnesota standard for class 2B waters (MPCA, 2021)
700 ng/L HAf EPA drinking water standard (Minnesota Department of Health, 2022)
5 pg/L TOXd EPA aquatic life benchmark—Fish (EPA, 2021a)
2,650 ng/L TOX® EPA aquatic life benchmark—Fish (EPA, 2021a)
60 ng/L TOX! EPA aquatic life benchmark—Invertebrates (EPA, 2021a)
360 pg/L TOX® EPA aquatic life benchmark—Invertebrates (EPA, 2021a)
<1 ng/L TOX® EPA aquatic life benchmark—Nonvascular plants (EPA, 2021a)
4.6 ng/L TOX® EPA aquatic life benchmark—Vascular plants (EPA, 2021a)
Deethylatrazine Pesticide degradate -- -- - No available standard for degradate, refer to Atrazine standards (MPCA, 2021)

Deisopropylatrazine Pesticide degradate -- -- - No available standard for degradate, refer to Atrazine standards (MPCA, 2021)
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Table 1.1. Standard values for select water-quality field parameters, nutrients, major ions, trace elements and micropollutants.—Continued

[°F; degree Fahrenheit; --, no data; uS/cm, microsiemen per centimeter at 25 degrees Celsius; IR, Minnesota agriculture irrigation standard; mg/L, milligram per liter; DM, Minnesota daily mean standard;

EPA, U.S. Environmental Protection Agency; TSS, total suspended solids; NTU, Nephelometric Turbidity Unit; CS, Minnesota chronic standard; NC, U.S. EPA nutrient criteria; RNC, Minnesota river nutrient
criteria; MPCA, Minnesota Pollution Control Agency; MN, Minnesota; DC, Minnesota domestic consumption standard; TN, total nitrogen; HRL, Minnesota or EPA health risk limit; LOEC, lowest observed
effect concentration; LCO0.01, lethal concentration that causes death in 0.01 percent of test organisms; LC10, lethal concentration that causes death in 10 percent of test organisms; LC50, lethal concentration that
causes death in 50 percent of test organisms; MCL, maximum contaminant level; ug/L, microgram per liter; HA, EPA health advisory; DEET, N,N-Diethyl-m-toluamide; NOEC, no observed effect concen-
tration; ES, Minnesota eutrophication standard; Ca, calcium; +, plus; Mg, magnesium; CaCOj, calcium carbonate; %, percent; =, equals; Na, sodium; K, potassium; MS, Minnesota maximum standard; kg,
kilogram; meq/L, milliequivalent per liter; HBV, Minnesota health-based value; TOX, EPA aquatic life benchmark; OA, oxalamic acid; <, less than; ESA, ethane sulfonic acid; RAA, Minnesota risk assessment
advice standard; HHBP, EPA human-health benchmark for pesticides; EC50, half maximal effective concentration; >, greater than; USDA, U.S. Department of Agriculture; SL, Minnesota screening level; mL,
milliliter]

Parameter Parameter class s‘::lt:lzrd Units Sta::::rd Standard type explanation
Bentazon Pesticide 30 ng/L HRL4 Minnesota Department of Health drinking water standard (Minnesota Department of
Health, 2022)
400 pg/L HRLs Minnesota Department of Health drinking water standard (Minnesota Department of
Health, 2022)
200 pg/L HRLe EPA drinking water standard (Minnesota Department of Health, 2022)
9,830 pg/L TOXd EPA aquatic life benchmark—Fish (EPA, 2021a)
95,000 pg/L TOX® EPA aquatic life benchmark—Fish (EPA, 2021a)
31,150 pg/L TOX® EPA aquatic life benchmark—Invertebrates (EPA, 2021a)
101,200 pg/L TOXd EPA aquatic life benchmark—Invertebrates (EPA, 2021a)
4,500 pg/L TOX® EPA aquatic life benchmark—Nonvascular plants (EPA, 2021a)
5,350 pg/L TOX® EPA aquatic life benchmark—Vascular plants (EPA, 2021a)
DEET Pesticide 200 pg/L HRL4 Minnesota Department of Health drinking water standard (Minnesota Department of
Health, 2022)
37,500 ng/L TOX2 EPA aquatic life benchmark—Fish and Invertebrates (EPA, 2021a)
Dimethenamid ESA Pesticide degradate 300 pg/L RAAd Minnesota Department of Health drinking water standard (Minnesota Department of
Health, 2022)
120 pg/L TOXd EPA aquatic life benchmark—Fish (EPA, 2021a)
3,150 pg/L TOX® EPA aquatic life benchmark—Fish (EPA, 2021a)
1,360 pg/L TOX! EPA aquatic life benchmark—Invertebrates (EPA, 2021a)
6,000 pg/L TOX® EPA aquatic life benchmark—Invertebrates (EPA, 2021a)
14 pg/L TOX® EPA aquatic life benchmark—Nonvascular plants (EPA, 2021a)
8.9 pg/L TOX® EPA aquatic life benchmark—Vascular plants (EPA, 2021a)
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Table 1.1. Standard values for select water-quality field parameters, nutrients, major ions, trace elements and micropollutants.—Continued

[°F; degree Fahrenheit; --, no data; uS/cm, microsiemen per centimeter at 25 degrees Celsius; IR, Minnesota agriculture irrigation standard; mg/L, milligram per liter; DM, Minnesota daily mean standard;

EPA, U.S. Environmental Protection Agency; TSS, total suspended solids; NTU, Nephelometric Turbidity Unit; CS, Minnesota chronic standard; NC, U.S. EPA nutrient criteria; RNC, Minnesota river nutrient
criteria; MPCA, Minnesota Pollution Control Agency; MN, Minnesota; DC, Minnesota domestic consumption standard; TN, total nitrogen; HRL, Minnesota or EPA health risk limit; LOEC, lowest observed
effect concentration; LCO0.01, lethal concentration that causes death in 0.01 percent of test organisms; LC10, lethal concentration that causes death in 10 percent of test organisms; LC50, lethal concentration that
causes death in 50 percent of test organisms; MCL, maximum contaminant level; ug/L, microgram per liter; HA, EPA health advisory; DEET, N,N-Diethyl-m-toluamide; NOEC, no observed effect concen-
tration; ES, Minnesota eutrophication standard; Ca, calcium; +, plus; Mg, magnesium; CaCOj, calcium carbonate; %, percent; =, equals; Na, sodium; K, potassium; MS, Minnesota maximum standard; kg,
kilogram; meq/L, milliequivalent per liter; HBV, Minnesota health-based value; TOX, EPA aquatic life benchmark; OA, oxalamic acid; <, less than; ESA, ethane sulfonic acid; RAA, Minnesota risk assessment
advice standard; HHBP, EPA human-health benchmark for pesticides; EC50, half maximal effective concentration; >, greater than; USDA, U.S. Department of Agriculture; SL, Minnesota screening level; mL,
milliliter]

Parameter Parameter class Standard Units Standard Standard type explanation
value type
Imazethapyr Pesticide 15,000 ng/L HHBP! EPA human health benchmarks for pesticides (EPA, 2021b)

1.05 mg/L ECS50 72-hour growth inhibition for Pseudokirchneriella subcapitata (Magdaleno and others,
2015)

97,000 ng/L TOXd EPA aquatic life benchmark—Fish (for the ammonium salt of Imazethapyr) (EPA,
2021a)

120,000 ng/L TOX2 EPA aquatic life benchmark—Fish (for the ammonium salt of Imazethapyr) (EPA,
2021a)

103,000 ng/L TOXd EPA aquatic life benchmark—Invertebrates (for the ammonium salt of Imazethapyr)
(EPA, 2021a)

>500,000 ng/L TOX? EPA aquatic life benchmark—Invertebrates (for the ammonium salt of Imazethapyr)
(EPA, 2021a)

4,770 pg/L TOX? EPA aquatic life benchmark—Nonvascular plants (for the ammonium salt of
Imazethapyr) (EPA, 2021a)

8.1 pg/L TOX® EPA aquatic life benchmark—Vascular plants (for the ammonium salt of Imazethapyr)
(EPA, 2021a)

Malathion Pesticide 200 pg/L HAP EPA drinking water standard (Minnesota Department of Health, 2022)

0.1 ng/L @S EPA aquatic life criteria (EPA, 2022)

2.05 pg/L TOX? EPA aquatic life benchmark—Fish (EPA, 2021a)

8.6 pg/L TOXd EPA aquatic life benchmark—Fish (EPA, 2021a)

0.49 ng/L TOX2 EPA aquatic life benchmark—Invertebrates (EPA, 2021a)

0.06 pg/L TOX! EPA aquatic life benchmark—Invertebrates (EPA, 2021a)

2,040 pg/L TOX® EPA aquatic life benchmark—Nonvascular plants (EPA, 2021a)

2,400 ng/L TOX2 EPA aquatic life benchmark—Vascular plants (EPA, 2021a)
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Table 1.1. Standard values for select water-quality field parameters, nutrients, major ions, trace elements and micropollutants.—Continued

[°F; degree Fahrenheit; --, no data; uS/cm, microsiemen per centimeter at 25 degrees Celsius; IR, Minnesota agriculture irrigation standard; mg/L, milligram per liter; DM, Minnesota daily mean standard;

EPA, U.S. Environmental Protection Agency; TSS, total suspended solids; NTU, Nephelometric Turbidity Unit; CS, Minnesota chronic standard; NC, U.S. EPA nutrient criteria; RNC, Minnesota river nutrient
criteria; MPCA, Minnesota Pollution Control Agency; MN, Minnesota; DC, Minnesota domestic consumption standard; TN, total nitrogen; HRL, Minnesota or EPA health risk limit; LOEC, lowest observed
effect concentration; LCO0.01, lethal concentration that causes death in 0.01 percent of test organisms; LC10, lethal concentration that causes death in 10 percent of test organisms; LC50, lethal concentration that
causes death in 50 percent of test organisms; MCL, maximum contaminant level; ug/L, microgram per liter; HA, EPA health advisory; DEET, N,N-Diethyl-m-toluamide; NOEC, no observed effect concen-
tration; ES, Minnesota eutrophication standard; Ca, calcium; +, plus; Mg, magnesium; CaCOj, calcium carbonate; %, percent; =, equals; Na, sodium; K, potassium; MS, Minnesota maximum standard; kg,
kilogram; meq/L, milliequivalent per liter; HBV, Minnesota health-based value; TOX, EPA aquatic life benchmark; OA, oxalamic acid; <, less than; ESA, ethane sulfonic acid; RAA, Minnesota risk assessment
advice standard; HHBP, EPA human-health benchmark for pesticides; EC50, half maximal effective concentration; >, greater than; USDA, U.S. Department of Agriculture; SL, Minnesota screening level; mL,
milliliter]

Parameter Parameter class s‘::lt:lzrd Units Sta::::rd Standard type explanation
Metolachlor Pesticide 700 ng/L HA¢ EPA drinking water standard (Minnesota Department of Health, 2022)
300 pg/L HRLe; Minnesota Department of Health drinking water standard (Minnesota Department of
HBW Health, 2022)
23 ng/L CS Minnesota standard for class 2B waters (MPCA, 2021)
271 ng/L MS Minnesota standard for class 2B waters (MPCA, 2021)
0.5 pg/L LOEC total chlorophyll content for Lemna minor (Fekete-Kertész and others, 2015)
30 pg/L TOXd EPA aquatic life benchmark—Fish (EPA, 2021a)
1,600 ng/L TOX2 EPA aquatic life benchmark—Fish (EPA, 2021a)
1 pg/L TOX! EPA aquatic life benchmark—Invertebrates (EPA, 2021a)
550 pg/L TOX® EPA aquatic life benchmark—Invertebrates (EPA, 2021a)
8 ng/L TOX2 EPA aquatic life benchmark—Nonvascular plants (EPA, 2021a)
21 pg/L TOX? EPA aquatic life benchmark—Vascular plants (EPA, 2021a)
Metolachlor ESA Pesticide degradate 800 pg/L HRL4 Minnesota Department of Health drinking water standard (Minnesota Department of
Health, 2022)
1,000 ng/L HBV4 Minnesota Department of Health drinking water standard (Minnesota Department of
Health, 2022)
1,000 ng/L HBV4 Minnesota Department of Health drinking water standard (Minnesota Department of
Health, 2022)
24,000 pg/L TOX? EPA aquatic life benchmark—Fish (EPA, 2021a)
>54,000 ug/L TOX2 EPA aquatic life benchmark—Invertebrates (EPA, 2021a)
>99,450 ng/L TOX2 EPA aquatic life benchmark—Nonvascular plants (EPA, 2021a)
13,000 pg/L TOX? EPA aquatic life benchmark—Vascular plants (EPA, 2021a)
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Table 1.1. Standard values for select water-quality field parameters, nutrients, major ions, trace elements and micropollutants.—Continued

[°F; degree Fahrenheit; --, no data; uS/cm, microsiemen per centimeter at 25 degrees Celsius; IR, Minnesota agriculture irrigation standard; mg/L, milligram per liter; DM, Minnesota daily mean standard;

EPA, U.S. Environmental Protection Agency; TSS, total suspended solids; NTU, Nephelometric Turbidity Unit; CS, Minnesota chronic standard; NC, U.S. EPA nutrient criteria; RNC, Minnesota river nutrient
criteria; MPCA, Minnesota Pollution Control Agency; MN, Minnesota; DC, Minnesota domestic consumption standard; TN, total nitrogen; HRL, Minnesota or EPA health risk limit; LOEC, lowest observed
effect concentration; LCO0.01, lethal concentration that causes death in 0.01 percent of test organisms; LC10, lethal concentration that causes death in 10 percent of test organisms; LC50, lethal concentration that
causes death in 50 percent of test organisms; MCL, maximum contaminant level; ug/L, microgram per liter; HA, EPA health advisory; DEET, N,N-Diethyl-m-toluamide; NOEC, no observed effect concen-
tration; ES, Minnesota eutrophication standard; Ca, calcium; +, plus; Mg, magnesium; CaCOj, calcium carbonate; %, percent; =, equals; Na, sodium; K, potassium; MS, Minnesota maximum standard; kg,
kilogram; meq/L, milliequivalent per liter; HBV, Minnesota health-based value; TOX, EPA aquatic life benchmark; OA, oxalamic acid; <, less than; ESA, ethane sulfonic acid; RAA, Minnesota risk assessment
advice standard; HHBP, EPA human-health benchmark for pesticides; EC50, half maximal effective concentration; >, greater than; USDA, U.S. Department of Agriculture; SL, Minnesota screening level; mL,
milliliter]

Parameter Parameter class Standard Units Standard Standard type explanation
value type
Triclopyr Pesticide 300 ng/L HHBP4 EPA human health benchmarks for pesticides (EPA, 2021b)
1,000 pg/L HHBPs EPA human health benchmarks for pesticides (EPA, 2021b)
2.3 mg/L LC50 USDA study (24-h, fathead minnow [Pimephales promelas]) (USDA, 2011)
58,500 ng/L TOX? EPA aquatic life benchmark—Fish (EPA, 2021a)
66,450 ug/L TOX2 EPA aquatic life benchmark—Invertebrates (EPA, 2021a)
32,500 ng/L TOX2 EPA aquatic life benchmark—Nonvascular plants (EPA, 2021a)
Acetaminophen Pharmaceutical 200 pg/L HRLd Minnesota Department of Health drinking water standard (Minnesota Department of
Health, 2022)
14,750 pg/L TOX? EPA aquatic life benchmark—Invertebrates (EPA, 2021a)
Gabapentin Pharmaceutical 300 pg/L SL Minnesota Department of Health pharmaceutical screening level (Minnesota
Department of Health, 2018)
Gemfibrozil Pharmaceutical 10 ng/L SL Minnesota Department of Health pharmaceutical screening level (Minnesota
Department of Health, 2018)
Metformin Pharmaceutical 4 ng/L SL Minnesota Department of Health pharmaceutical screening level (Minnesota
Department of Health, 2018)
Oxycodone Pharmaceutical 0.02 pg/L SL Minnesota Department of Health pharmaceutical screening level (Minnesota
Department of Health, 2018)
Caffeine Emerging contami- -- -- -- No available standard
nant
Methylparaben Emerging contami- -- -- - No available standard
nant
E. coli Biological 126 Organisms/100 CS Minnesota standard for class 2B waters (geometric mean of no less than 5 samples
mL representative of conditions within any calendar month) (MPCA, 2021)
1,260 Organisms/100 CS Minnesota standard for class 2B waters (less than 10% of all samples collected within
mL any calendar month shall individually exceed this standard) (MPCA, 2021)
Microcystin Algal toxin 1.6 ng/L -- EPA drinking water guideline (EPA, 2020)
8 pg/L -- EPA recreation guideline (EPA, 2020)
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Table 1.1. Standard values for select water-quality field parameters, nutrients, major ions, trace elements and micropollutants.—Continued

[°F; degree Fahrenheit; --, no data; uS/cm, microsiemen per centimeter at 25 degrees Celsius; IR, Minnesota agriculture irrigation standard; mg/L, milligram per liter; DM, Minnesota daily mean standard;

EPA, U.S. Environmental Protection Agency; TSS, total suspended solids; NTU, Nephelometric Turbidity Unit; CS, Minnesota chronic standard; NC, U.S. EPA nutrient criteria; RNC, Minnesota river nutrient
criteria; MPCA, Minnesota Pollution Control Agency; MN, Minnesota; DC, Minnesota domestic consumption standard; TN, total nitrogen; HRL, Minnesota or EPA health risk limit; LOEC, lowest observed
effect concentration; LCO0.01, lethal concentration that causes death in 0.01 percent of test organisms; LC10, lethal concentration that causes death in 10 percent of test organisms; LC50, lethal concentration that
causes death in 50 percent of test organisms; MCL, maximum contaminant level; ug/L, microgram per liter; HA, EPA health advisory; DEET, N,N-Diethyl-m-toluamide; NOEC, no observed effect concen-
tration; ES, Minnesota eutrophication standard; Ca, calcium; +, plus; Mg, magnesium; CaCOj, calcium carbonate; %, percent; =, equals; Na, sodium; K, potassium; MS, Minnesota maximum standard; kg,
kilogram; meq/L, milliequivalent per liter; HBV, Minnesota health-based value; TOX, EPA aquatic life benchmark; OA, oxalamic acid; <, less than; ESA, ethane sulfonic acid; RAA, Minnesota risk assessment
advice standard; HHBP, EPA human-health benchmark for pesticides; EC50, half maximal effective concentration; >, greater than; USDA, U.S. Department of Agriculture; SL, Minnesota screening level; mL,
milliliter]

Parameter Parameter class Standard Units Standard Standard type explanation
value type

Anatoxin-a Algal toxin 0.1 ng/L -- Minnesota Department of Health drinking water guideline (Minnesota Department of
Health, 2016)

2Acute duration of exposure.
®One-day duration of exposure.
cLifetime duration of exposure.
dChronic duration of exposure.
eShort-term duration of exposure.
Drinking water equivalent.

2Subchronic duration of exposure.
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Table 1.2. Select water-quality field parameters, nutrient, major ion, trace element, and micropollutant parameters and reporting limits for water samples collected from
Pipestone Creek and quarry sites at Pipestone National Monument, Pipestone, Minnesota, 2018.

[USGS, U.S. Geological Survey; CASRN, Chemical Abstracts Service registry number; --, no data; °C, degree Celsius; ft¥/s, cubic foot per second; uS/cm, microsiemen per centimeter at 25 degrees Celsius;
NWQL, U.S. Geological Survey National Water Quality Laboratory; mg/L, milligram per liter; NTRU, Nephelometric Turbidity Ratio Unit; FNU, Formazin Nephelometric Unit; lab, laboratory; pg/L, micro-
gram per liter; ng/L, nanogram per liter; 2,4-D, 2,4-Dichlorophenoxyacetic acid; EPA, U.S. Environmental Protection Agency; OA, oxalamic acid; DEET, N,N-Diethyl-m-toluamide; ESA, ethane sulfonic acid]

99

USGS .
Parameter Parameter class parameter CASRN Reporting limit Units Analyzing Analysis method
code! laboratory
Water temperature Physical 00010 -- -- °C -- --
Streamflow, instantaneous Physical 00061 - - ft3/s - --
Specific conductance, field Physical 00095 -- -- uS/cm -- --
Specific conductance, laboratory Physical 90095 -- -- uS/cm NWQL --
Dissolved oxygen Physical 00300 -- -- mg/L -- --
pH, field Physical 00400 -- -- standard pH units -- --
pH, laboratory Physical 00403 -- 0.1 standard pH units NWQL --
Turbidity? Physical 63676 -- -- NTRU -- -
Turbidity? Physical 63680 -- -- FNU -- --
Total suspended solids* Physical -- -- -- mg/L -- --
Total dissolved solids Physical 70300 -- 20 mg/L NWQL USGS lab schedule 2750
Hardness, as calcium carbonate Major ion 00900 -- -- mg/L NWQL USGS lab schedule 2750
Total nitrogen Nutrient 62855 17778-88-0 0.05 mg/L NWQL USGS lab schedule 2711
Nitrate, as nitrogen Nutrient 00618 14797-55-8 0.040 mg/L NWQL USGS lab schedule 2711
Nitrite, as nitrogen Nutrient 00613 14797-65-0 0.001 mg/L -- USGS lab schedule 2711
Organic nitrogen, as nitrogen Nutrient 00605 -- -- mg/L NWQL USGS lab schedule 2711
Ammonia, as nitrogen Nutrient 00608 7664-41-7 0.01 mg/L NWQL USGS lab schedule 2711
Un-ionized ammonia’ Nutrient -- -- -- mg/L -- --
Total phosphorus, as phosphorus ~ Nutrient 00665 7723-14-0 0.004 mg/L NWQL USGS lab schedule 2711
Orthophosphate, as phosphorus Nutrient 00671 14265-44-2 0.004 mg/L NWQL USGS lab schedule 2711
Bicarbonate® Major ion -- 71-52-3 -- mg/L -- --
Calcium Major ion 00915 7440-70-2 0.022 mg/L NWQL USGS lab schedule 2750
Magnesium Major ion 00925 7439-95-4 0.01 mg/L NWQL USGS lab schedule 2750
Sodium Major ion 00930 7440-23-5 0.4 mg/L NWQL USGS lab schedule 2750
Potassium Major ion 00935 7440-09-7 0.3 mg/L NWQL USGS lab schedule 2750
Silica Major ion 00955 7631-86-9 0.05 mg/L NWQL USGS lab schedule 2750
Chloride Major ion 00940 16887-00-6 0.02 mg/L NWQL USGS lab schedule 2750
Sulfate Major ion 00945 14808-79-8 0.02 mg/L NWQL USGS lab schedule 2750
Fluoride Major ion 00950 16984-48-8 0.01 mg/L NWQL USGS lab schedule 2750
Bromide Major ion 71870 24959-67-9 0.01 mg/L NWQL USGS lab schedule 2750
Iron Trace element 01046 7439-89-6 10 ug/L NWQL USGS lab schedule 2750
Manganese Trace element 01056 7439-96-5 0.2 ug/L NWQL USGS lab schedule 2750

2,4-D Pesticide -- 94-75-7 10 ng/L EPA EPA Region 8
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Table 1.2. Select water-quality field parameters, nutrient, major ion, trace element, and micropollutant parameters and reporting limits for water samples collected from
Pipestone Creek and quarry sites at Pipestone National Monument, Pipestone, Minnesota, 2018.—Continued

[USGS, U.S. Geological Survey; CASRN, Chemical Abstracts Service registry number; --, no data; °C, degree Celsius; ft¥/s, cubic foot per second; uS/cm, microsiemen per centimeter at 25 degrees Celsius;
NWQL, U.S. Geological Survey National Water Quality Laboratory; mg/L, milligram per liter; NTRU, Nephelometric Turbidity Ratio Unit; FNU, Formazin Nephelometric Unit; lab, laboratory; pg/L, micro-
gram per liter; ng/L, nanogram per liter; 2,4-D, 2,4-Dichlorophenoxyacetic acid; EPA, U.S. Environmental Protection Agency; OA, oxalamic acid; DEET, N,N-Diethyl-m-toluamide; ESA, ethane sulfonic acid]

USGS .
Parameter Parameter class parameter CASRN Reporting limit Units Analyzing Analysis method
code! laboratory
Acetochlor Pesticide -- 34256-82-1 20 ng/L EPA EPA Region 8
Acetochlor OA Pesticide degradate -- 194992-44-4 20 ng/L EPA EPA Region 8
Atrazine Pesticide -- 1912-24-9 10 ng/L EPA EPA Region 8
Deethylatrazine Pesticide degradate -- 6190-65-4 20 ng/L EPA EPA Region 8
Deisopropylatrazine Pesticide degradate -- 1007-28-9 20 ng/L EPA EPA Region 8
Bentazon Pesticide -- 25057-89-0 10 ng/L EPA EPA Region 8
DEET Pesticide -- 134-62-3 10 ng/L EPA EPA 1694
Dimethenamid ESA Pesticide degradate -- 205939-58-8 20 ng/L EPA EPA Region 8
Imazethapyr Pesticide -- 81335-77-5 50 ng/L EPA EPA Region 8
Malathion Pesticide -- 121-75-5 50 ng/L EPA EPA Region 8
Metolachlor Pesticide -- 51218-45-2 10 ng/L EPA EPA Region 8
Metolachlor ESA Pesticide degradate -- 947601-85-6 20 ng/L EPA EPA Region 8
Triclopyr Pesticide -- 55335-06-3 20 ng/L EPA EPA Region 8
Acetaminophen Pharmaceutical -- 103-90-2 10 ng/L EPA EPA 1694
Gabapentin Pharmaceutical -- 60142-96-3 10 ng/L EPA EPA 1694
Gemfibrozil Pharmaceutical -- 25812-30-0 10 ng/L EPA EPA 1694
Metformin Pharmaceutical -- 657-24-9 10 ng/L EPA EPA 1694
Oxycodone Pharmaceutical -- 76-42-6 10 ng/L EPA EPA 1694
Caffeine Other emerging contaminant -- 58-08-2 10 ng/L EPA EPA 1694
Methylparaben Other emerging contaminant -- 99-76-3 10 ng/L EPA EPA 1694

TUSGS parameter codes are only provided for those analytes entered into the USGS National Water Information System database (USGS, 2022) and analyzed by the USGS National Water Quality

Laboratory.

2Turbidity measured using a HACH 2100Q (HACH, Loveland, Colorado) portable turbidimeter.

3Turbidity measured using a YSI 6820 (Yellow Springs, Ohio) water-quality meter.

“Total suspended sediment calculated using the turbidity values (from USGS parameter code 63676) and regression equation in Pipestone County Conservation and Zoning Office (2008).

SUn-ionized ammonia values were calculated using ammonia values (USGS parameter code 00608) and table 1 from Emerson and others (1975).

°Bicarbonate values were estimated using pH values (USGS parameter codes 00400 and 00400) and the equation from Anatolaki and Tsitouridou (2009).
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68 Creek and Quarry Water Quality and Pilot Study of Pathogen Detection Methods, Minnesota, 2018-19

Table 1.3. Summary of potential methods considered for use in sampling air/mist for pathogens at Winnewissa Falls, Pipestone
National Monument, Minnesota, September 5, 2019.

[This is not meant to be a comprehensive list of all available products or options. L/min, liter per minute; Ib, pound; $, U.S. dollar; ”, inch; <, less than; mL, mil-
liliter; mm, millimeter; NA, not applicable; --, no data]

Unit

Sampler type

Manufacturer

Vendor (contact)

Approximate

Approximate

Approximate sample

cost (2019) size volume/capacity
Button sampler (SKC Impinger SKC SKC $275 plus filter  1.25" by 0.75" <2 mL
225-360); gelatin and pump
filters
BioSampler (SKC Impinger SKC SKC $550 plus 1.25" by 8.25" 5 mL and 20 mL
225-9595) or media and options
Swirling Aerosol pump
Collector
AGI-30 imping- Impinger Ace Glass Ace Glass $110 Unknown 125 mL
er/7540 impinger
BioStage single-stage Impactor SKC SKC $400 plus 4.25" by 1.75"  90-100 mm petri
impactor sampler media plates dish
(SKC 225-9611) and pump
Andersen N-6 single- Impactor Andersen Tisch Environmental ~Variable, plus ~ 4.25" by 1.75” 81 mm petri dish
stage impactor media plates
sampler and pump
Total Suspended Impactor Various Tisch Environmental ~ $500/month Unknown 90—100 mm petri
Particulate (TSP) rental dish
Sampler, High
volume
Spot (Series 110A Impactor Aerosol Aerosol Devices $25,000 20" by 12" by  0.5t0 0.7 mL vial
Liquid sampler) Devices 10"
CASCC Fog col- Impactor Contract fabri- Unknown $650 7" by 7" 40 mL
lector (Caltech cator
Active-Strand
Cloudwater
Collector), 'mini'
Passive cloudwater Impactor Contract fabri- Unknown $900 13" by 8" Varies

detector

cator
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Table 1.3. Summary of potential methods considered for use in sampling air/mist for pathogens at Winnewissa Falls, Pipestone
National Monument, Minnesota, September 5, 2019. —Continued

[This is not meant to be a comprehensive list of all available products or options. L/min, liter per minute; Ib, pound; $, U.S. dollar; ”, inch; <, less than; mL, mil-
liliter; mm, millimeter; NA, not applicable; --, no data]

Maximum flow
rate with pump Weight (Ib)
(L/min)

4 0.007 Yes Small size sampler, powered by battery, relatively inexpensive, small volume
sampled; if sampler gets too wet, filter will dissolve and may lose sample. Other
information: https://www.skcinc.com/search/results?Terms=225-360; gelatin
filters (SKC 225-9551). Citations for use: Burton and others, 2007; Burch and
others, 2017. Website: https://www.skcinc.com/

Separate pump

. Notes
required?

12 0.4 Yes Relatively large sample volume collected; potentially long sampling time possible
(<8-hours), per manufacturer, Glass (fragile); sonic-flow pump can be expen-
sive; variable efficiency. Other information: https://www.skcinc.com/media/
documents/KnowledgeCenter/Technical%20Information/Product%20Publica-
tions/Operating%20Instructions/BioSampler%20Bioaerosol%20Collection%20
Device%20225%20Series%2001.pdf; similar to AGI-30 sampler. Citations for
use: Willeke and others, 1998; Hogan and others, 2005; Kesavan and Sagripanti,
2015; Evans and others, 2019. Website: https://www.skcinc.com/

13 Unknown Yes Relatively large volume of air can be filtered, glass (fragile); variable efficiency.
Other information: https://aceglass.com/results.php?t=7540. Citations for use:
Willeke and others, 1998; Hogan and others, 2005; Ko and others, 2008; Kesavan
and Sagripanti, 2015. Website: https://aceglass.com/

28 0.7 Yes Sturdy aluminum construction, simple setup; high capacity (in other words, a
relatively large volume of air can be filtered); problems noted in literature include
particle bounce, cell impaction/desiccation stress (Xu and others, 2013); may
require electrical connection. Other information: https://www.skcinc.com/media/
documents/KnowledgeCenter/Technical%20Information/Product%20Publica-
tions/Operating%20Instructions/BioStage%20Impactor%20225-9611%2001.pdf.
Citation for use: Xu and others, 2013. Website: https://www.skcinc.com/

28 1.25 Yes Sturdy aluminum construction, simple set up; relatively large volume of air can be
filtered; high capacity; Similar to SKC BioStage; water-tight; problems noted in
literature include particle bounce, cell impaction/desiccation stress (Xu and oth-
ers, 2013); may require electrical connection. Other information: monthly rentals
may be available from https://tisch-env.com/impactors. Citations for use: Burch
and others, 2017. Website: tisch-env.com

28 50 to 75, No Relatively large volume of air can be filtered; requires electrical connection; heavy;
including per Tisch, sampler cannot get wet. Other information: https://tisch-env.com/
case high-volume-air-sampler/TSP. Citation for use: Cheng and others, 2005. Website:
https://tisch-env.com/

1.5 23 No Maintains biological viability, can collect for DNA/qPCR; no particle bounce;
requires electrical connection; needs a separate case to keep instrument dry; not
very portable. Other information: https://www.aerosoldevices.com/wp-content/
uploads/2019/05/Series-110A-Spot-Sampler-Brochure.pdf. Website:
https://aerosoldevices.com/

NA Unknown No; uses fan Can be made to desired specifications by a fabricator; efficiency is not known;
requires electrical connection or large 12-volt batteries; size and tripod contribute
to large footprint for a public space. Other information: Larger sample volumes
are possible with longer deployment times. Citations for use: Daube and others,
1987; Demoz and others, 1996. Sampler description and cost estimate from
Martha A. Scholl, USGS Reston, Virginia, written commun., July 12, 2019.

NA Unknown No Can be made to desired specifications by a fabricator; disadvantages: passive
sampler; efficiency not known. Citation for use: Mohnen and Kadlecek, 1989.
Sampler description and cost estimate from Martha A. Scholl, USGS Reston,
Virginia, written commun., July 12, 2019.
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Table 1.3. Summary of potential methods considered for use in sampling air/mist for pathogens at Winnewissa Falls, Pipestone
National Monument, Minnesota, September 5, 2019. —Continued

[This is not meant to be a comprehensive list of all available products or options. L/min, liter per minute; 1b, pound; $, U.S. dollar; ”, inch; <, less than; mL, mil-
liliter; mm, millimeter; NA, not applicable; --, no data]

Unit Samplertype  Manufacturer Vendor (contact) Approximate Approximate  Approximate sample

cost (2019)? size volume/capacity
BioSpot (Series 300  Impactor Aerosol Aerosol Devices $38,000 30" by 19" by 35 mm petri dish
BioSpot) Devices 14"
SASS-2300 wet air Cyclone Research Research $16,000 13.5" by 7.2" 3 mL vial
sampler (Smart Air International International by 8.4”
Sampler System)
SpinCon II Air Cyclone Evogen Evogen -- 25" by 20" by 10-13 mL
Sampler 12"
ACD-200 Bobcat Electrostatic Innovaprep Innovaprep $13,000 12" by 7" by 6" 6 to 7 mL with dry
filter processed
Rain gage (RG-200) NA Stratus Various $40 15" by 5" by 5"  --
Remote-operated Dependent on ~ Clearpath Clearpath Robotics Unknown 51.2" by 38.6”  Dependent on
unit as sampling sampling unit Robotics by 13" sampler used

platform used

2Cost exclusive of pump and other accessories.
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Table 1.3. Summary of potential methods considered for use in sampling air/mist for pathogens at Winnewissa Falls, Pipestone
National Monument, Minnesota, September 5, 2019. —Continued

[This is not meant to be a comprehensive list of all available products or options. L/min, liter per minute; 1b, pound; $, U.S. dollar; ”, inch; <, less than; mL, mil-
liliter; mm, millimeter; NA, not applicable; --, no data]

Maximum flow
rate with pump
(L/min)

Weight (Ib)

Separate pump

required?

Notes

325

450

100 and 200

NA

Dependent on
sampler used

50

10

58, with case

62, without
microbe
sampler

No

No

Dependent on
sampling
unit used

Maintains biological viability, can collect for DNA/qPCR; requires electrical con-
nection; heavy; needs a separate case to keep instrument dry; not very portable.
Other information: https://aerosoldevices.com/bioaerosol-samplers/. Website:
https://aerosoldevices.com/

Dry particle or wet aerosol sampling; no electrical connection required; can sample
for long time periods because it runs on rechargeable batteries (6-hours); can
get wet; can be controlled wirelessly; an internal fluid sensor continuously adds
liquid to collection bottle, so bottle could overflow if no evaporation (mist). Other
information: https://resrchintl.com/SASS 2300 air sampler.html. Citations for
use: Dungan and others, 2010; Dungan, 2012. Website: https://resrchintl.com/
index.html

Relatively large volume of air can be sampled; designed for bio-aerosols, particu-
late matter, and soluble vapors; requires electrical connection; not waterproof so
cannot sample by waterfall or in rain; avoid high dust areas. Other information:
SpinCon II (InnovaPrep LLC, Inc., https://www.innovaprep.com/blog/spincon-
ii-advanced-air-sampler-is-now-available; SpinCon-II-tech-sheet.pdf (http://uni-
science.co.kr/). Citation for use: Kesavan and Sagripanti, 2015. Formerly Sceptor
Industries.

Lightweight, runs on battery (12 hour); disposable sampling components so no need
for decontaminating sampler in between samples or sites; can trigger sampling
remotely; ok for outdoor use; must purchase one filter elution kit per sample;
replacement cost for lithium battery is significant ($950, as of 2019). Other
information: Sample is collected onto a dry filter; built-in tripod. https://www.
innovaprep.com/search?query=ACD-200+Bobcat. Citation for use: King and oth-
ers, 2016. Website: https://www.innovaprep.com/

Very inexpensive; small size; light weight; made for outdoor use; can be sterilized;
4” top opening for collection into enclosed calibrated receptacle with overflow
into larger enclosed receptacle; no electrical connection needed; not made for
sampling aerosolized microbes so efficiency is not known; small air/mist volume
is sampled because sample is not pumped through sampler.

Because the vessel as sampling platform can be deployed onto a water surface and
moved remotely into position, air/mist can be measured from centers of lakes or
ponds that might otherwise require a boat; remote vessel platform is an additional
expense to the actual sampling unit. Citation for use: Powers and others, 2018.
Website: https://clearpathrobotics.com/robots/
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Table 1.4. Gene target and references for quantitative polymerase chain reaction assays use in water and waterfall mist at
Winnewissa Falls, Pipestone National Monument, Minnesota, September 2019.

[E. coli, Escherichia coli]

Microorganism (gene)

Reference

Human adenovirus groups A—F (Hexon)*

Human enterovirus (5' UTR)*

Human polyomavirus (T antigen region)

Norovirus genogroup [ (ORF1-ORF2 junction)*
Norovirus genogroup II (ORF1-ORF2 junction)
HF183 human Bacteroides (16S TRNA)

Bovine adenovirus (Hexon)

Bovine enterovirus (5' non-coding region)

Bovine polyomavirus (VP1)

Ruminant Bacteroides (16s TRNA)*
Cryptosporidium spp. (18s rRNA)*

Giardia lamblia (beta-giardin)*

Hepatitis E virus (ORF-1)

Pepper mild mottle virus (Replication)

Rotavirus group A (VP7)

Rotavirus group A (NSP3)

Rotavirus group C (VP6)

Campylobacter jejuni (mapA)*

Enteropathogenic E. coli (eae)*

Shiga toxin 1-producing bacteria (stx-1)*

Shiga toxin 2-producing bacteria (stx-2)*
Legionella pneumophila serogroup 1 (LPS- cluster)*
Legionella pneumophila (16s IRNA)*

Salmonella spp. (invA)*

Salmonella spp. (ttr)*

Pig-1-Bacteroidales (16S rRNA)
Pig-2-Bacteroidales (16S TRNA)

Porcine adenovirus (Hexon)

Mycobacterium avium ssp. Paratuberculosis (MAP 251)
Mpycobacterium avium ssp. Paratuberculosis (MAP 900)

Jothikumar and others (2005a)
De Leon and others (1990)
McQuaig and others (2009)
Jothikumar and others (2005b)
Kageyama and others (2003)
Green and others (2014)
Wong and Xagoraraki (2010)
Gibson and Schwab (2011)
Wong and Xagoraraki (2011)
Mieszkin and others (2010)
Mary and others (2013)
Baque and others (2011)
Jothikumar and others (2006)
Rosario and others (2009)
Chang and others (1999)
Zeng and others (2008)
Meleg and others (2008)
Best and others (2003)
Ibekwe and others (2004)
Derzelle and others (2011)
Derzelle and others (2011)
Donohue and others (2014)
Donohue and others (2014)
Hoorfar and others (2000)
Malorny and others (2004)
Mieszkin and others (2009)
Mieszkin and others (2009)
Hundesa and others (2009)
Beumer and others (2010)
Beumer and others (2010)




Table 1.5. Quality control data for nutrient, major ion, and trace elements in field replicate and blank water samples collected at Pipestone National Monument, Minnesota,
2018.

[USGS, U.S. Geological Survey; QC, quality control; mg/L, milligram per liter; png/L, microgram per liter; <, less than, --, no data]

USGS _ June August
Parameter parameter code QcC type Units Quality control Reference Relative percent Quality control Reference  Relative percent
sample result sample result difference sample result  sample result difference

Total dissolved solids 70300 Replicate mg/L 471 468 0.6 416 442 6.1
Total nitrogen 62855 Replicate mg/L 14.3 14.1 1.4 13.3 13.5 1.5
Nitrate, as nitrogen 00618 Replicate mg/L 13.4 13.3 0.7 12.4 12.5 0.8
Nitrite, as nitrogen 00613 Replicate mg/L 0.106 0.105 0.9 0.098 0.095 3.1
Ammonia, as nitrogen 00608 Replicate mg/L 0.124 0.125 0.8 0.0229 0.0215 6.3
Total phosphorus, as 00665 Replicate mg/L 0.0429 0.0424 1.2 0.0321 0.0313 2.5

phosphorus
Orthophosphate, as 00671 Replicate mg/L 0.0252 0.0238 5.7 0.0213 0.021 1.4

phosphorus
Calcium 00915 Replicate mg/L 90.2 89.7 0.6 86.8 86.2 0.7
Magnesium 00925 Replicate mg/L 49.9 49.8 0.2 45.8 453 1.1
Hardness, as calcium 00900 Replicate mg/L 431 429 0.5 405 402 0.7

carbonate
Sodium 00930 Replicate mg/L 22.6 22.3 1.3 16.3 16.2 0.6
Potassium 00935 Replicate mg/L 1.04 1.1 5.6 1.31 1.27 3.1
Silica 00955 Replicate mg/L 18.9 18.4 2.7 22 22 0.5
Chloride 00940 Replicate mg/L 26.9 26.9 0 25.2 25.2 0
Sulfate 00945 Replicate mg/L 65.2 65.2 0 39.5 39.5 0
Fluoride 00950 Replicate mg/L 0.679 0.683 0.6 0.569 0.570 0.2
Bromide 71870 Replicate mg/L 0.045 0.044 2.2 0.044 0.046 4.4
Iron 01046 Replicate ng/L <10 <10 -- <10 <10 --
Manganese 01056 Replicate pg/L 17.6 18 2.2 2.56 2.40 6.5
Total dissolved solids 70300 Blank mg/L 46 489 - <20 473 --
Total nitrogen 62855 Blank mg/L 3.03 14.8 -- <0.05 13.8 --
Nitrate, as nitrogen 00618 Blank mg/L <0.040 12.2 - <0.040 12.5 --
Nitrite, as nitrogen 00613 Blank mg/L <0.001 0.072 -- <0.001 0.077 --
Ammonia, as nitrogen 00608 Blank mg/L 0.216 0.149 -- 0.0101 0.135 --
Total phosphorus, as 00665 Blank mg/L 10.5 0.0349 -- <0.004 0.0532 --

phosphorus
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Table 1.5. Quality control data for nutrient, major ion, and trace elements in field replicate and blank water samples collected at Pipestone National Monument, Minnesota,
2018.—Continued

[USGS, U.S. Geological Survey; QC, quality control; mg/L, milligram per liter; pg/L, microgram per liter; <, less than, --, no data]

vL

June August
USGS parameter . - - - -
Parameter code QC type Units Quality control Reference Relative per-  Quality control Reference Relative percent
sample result sample result  cent difference  sample result  sample result difference

Orthophosphate, as 00671 Blank mg/L 10.5 0.0225 -- <0.004 0.0284 --

phosphorus
Calcium 00915 Blank mg/L 0.037 92 - <0.022 95.4 -
Magnesium 00925 Blank mg/L 132 51.3 -- <0.011 455 --
Hardness, as calcium 00900 Blank mg/L 54.6 441 -- <0.10 425 --

carbonate
Sodium 00930 Blank mg/L 2.6 22.8 -- <0.4 16.8 --
Potassium 00935 Blank mg/L 3.8 0.86 -- <0.3 1.36 --
Silica 00955 Blank mg/L 0.043 18.5 -- <0.05 234 --
Chloride 00940 Blank mg/L 18.8 27.1 - <0.02 25.1 --
Sulfate 00945 Blank mg/L 0.031 67.1 - <0.02 39.7 --
Fluoride 00950 Blank mg/L <0.01 0.714 - <0.01 0.591 --
Bromide 71870 Blank mg/L <0.01 0.044 - <0.01 0.044 -
Iron 01046 Blank pg/L <10 <10 -- <10 <10 --
Manganese 01056 Blank ng/L 0.244 31.1 -- <0.2 14.7 --
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Table 1.6. Quality control data for select micropollutants in field replicate and blank water samples collected at Pipestone National Monument, 2018.

[QC, quality control; 2,4-D, 2,4-Dichlorophenoxyacetic acid; ng/L, nanogram per liter; <, less than; --, no data; OA, oxalamic acid; DEET, N,N-Diethyl-m-toluamide; ESA, ethane sulfonic acid; NA, not appli-

cable because no data collected]

June August
Parameter QcC type Units Quality control  Reference sample Relative percent Quality control Reference sample Relative percent
sample result result difference sample result result difference
2,4-D Replicate ng/L 28 28.3 0.5 216 210 2.8
Acetochlor Replicate ng/L <20 <20 -- 26.3 22.8 14.3
Acetochlor OA Replicate ng/L 274 258 3.0 261 256 1.9
Atrazine Replicate ng/L 34.6 37.1 3.5 44.1 39.8 10.3
Deethylatrazine Replicate ng/L 72.7 74.9 1.5 64.7 66.7 3.0
Deisopropylatrazine Replicate ng/L <20 <20 -- <20 <20 --
Bentazon Replicate ng/L 13 12.8 0.8 <10 <10 --
DEET Replicate ng/L 13.4 10.1 14.0 400 59.6 148.1
Dimethenamid ESA Replicate ng/L 42.7 34.1 11.2 28.9 38.3 28.0
Imazethapyr Replicate ng/L <50 <50 -- <50 <50 --
Malathion Replicate ng/L <50 <50 -- 58.9 <50 --
Metolachlor Replicate ng/L 10.7 11.7 4.5 10.7 <10 --
Metolachlor ESA Replicate ng/L 521 504 1.7 607 585 3.7
Triclopyr Replicate ng/L <20 <20 -- <20 <20 --
Acetaminophen Replicate ng/L <10 <10 -- <10 <10 --
Gabapentin Replicate ng/L <10 <10 -- 20.1 19.1 5.1
Gemfibrozil Replicate ng/L <10 <10 -- <10 <10 --
Metformin Replicate ng/L <10 <10 -- 11.8 12.1 2.5
Oxycodone Replicate ng/L <10 <10 - <10 <10 --
Caffeine Replicate ng/L 22 22.9 2.0 <10 <10 --
Methylparaben Replicate ng/L <10 <10 -- <10 <10 --
2,4-D Blank ng/L NA NA -- <10 80.1 --
Acetochlor Blank ng/L NA NA -- <20 <20 --
Acetochlor OA Blank ng/L NA NA -- <20 230 --
Atrazine Blank ng/L NA NA -- <10 42.8 --
Deethylatrazine Blank ng/L NA NA -- <20 74.1 --
Deisopropylatrazine Blank ng/L NA NA -- <20 <20 --
Bentazon Blank ng/L NA NA -- <10 <10 --
DEET Blank ng/L NA NA -- <10 26.4 --
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Table 1.6. Quality control data for select micropollutants in field replicate and blank water samples collected at Pipestone National Monument, 2018.—Continued

[QC, quality control; 2,4-D, 2,4-Dichlorophenoxyacetic acid; ng/L, nanogram per liter; <, less than; --, no data; OA, oxalamic acid; DEET, N,N-Diethyl-m-toluamide; ESA, ethane sulfonic acid; NA, not appli-
cable because no data collected]

9L

June August
Parameter QcC type Units  Quality control  Reference sample Relative percent Quality control Reference sample Relative percent
sample result result difference sample result result difference
Dimethenamid ESA Blank ng/L NA NA -- <20 39 -
Imazethapyr Blank ng/L NA NA -- <50 <50 --
Malathion Blank ng/L NA NA -- <50 <50 -
Metolachlor Blank ng/L NA NA -- <10 12 --
Metolachlor ESA Blank ng/L NA NA -- <20 565 -
Triclopyr Blank ng/L NA NA -- <20 21.1 --
Acetaminophen Blank ng/L NA NA -- <10 <10 -
Gabapentin Blank ng/L NA NA -- <10 17.4 --
Gemfibrozil Blank ng/L NA NA -- <10 <10 -
Metformin Blank ng/L NA NA -- <10 14.6 --
Oxycodone Blank ng/L NA NA -- <10 <10 --
Caffeine Blank ng/L NA NA -- <10 <10 --
Methylparaben Blank ng/L NA NA -- <10 <10 -
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