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Conversion Factors and Datum

Multiply By To obtain

foot (ft) 0.3048 meter (m)

inch (in.) 2.54 centimeter (cm)

inch (in.) 254 millimeter (mm)

acre 4,047 square meter (m?)

acre 0.4047 hectare (ha)

square mile (mi?) 259.0 hectare (ha)

square mile (mi?) 2.590 square kilometer (km?)
pound, avoirdupois (Ib) 0.4536 kilogram (kg)

Temperature in degrees Celsius (°C) may be converted to degrees Fahrenheit (°F) as follows:

°F=(1.8x°C) + 32

Horizontal coordinate information is referenced to the North American Datum of 1983 (NAD 83).

Specific conductance is given in microsiemens per centimeter at 25 degrees Celsius (pS/cm).

Concentrations of chemical constituents in water are given in milligrams per liter (mg/L),

micrograms per liter (pg/L), or nanograms per liter (ng/L).

Concentrations of chemical constituents in bottom sediment are given in nanograms per gram

(ng/g).

Definition of Acronyms

pm micron

< less than

AMPA  Aminomethylphosphonic acid
EPTC  S-ethyl dipropylcarbomothiate
MCL  Maximum Contaminant Level

MCPA  (4-chloro-2-methylphenoxy) acetic acid

NWIS U.S. Geological Survey National Water Information System

NWQL U.S. Geological Survey National Water Quality Laboratory

OGRL U.S. Geological Survey Organic Geochemistry Research Laboratory

PEMC Palustrine, emergent, seasonally flooded wetland

USEPA U.S. Environmental Protection Agency
USGS U.S. Geological Survey

YST Yankton Sioux Tribe

WDML Wisconsin District Mercury Laboratory






Reconnaissance-Level Assessment of Water and Bottom-
Sediment Quality, including Pesticides and Mercury, in
Yankton Sioux Tribe Wetlands, Charles Mix County, South

Dakota, June—July 2005

By Bryan D. Schaap and Roy C. Bartholomay

Abstract

During June and July 2005, water and bottom-sediment
samples were collected from selected Yankton Sioux Tribe
wetlands within the historic Reservation area of eastern
Charles Mix County as part of a reconnaissance-level assess-
ment by the U.S. Geological Survey and Yankton Sioux Tribe.
The water samples were analyzed for pesticides and mercury
species. In addition, the water samples were analyzed for
physical properties and chemical constituents that might help
further characterize the water quality of the wetlands. The
bottom-sediment samples were analyzed for mercury species.

During June 2005, water samples were collected from
19 wetlands and were analyzed for 61 widely used pesticide
compounds. Many pesticides were not detected in any of the
water samples and many others were detected only at low
concentrations in a few of the samples. Thirteen pesticides
were detected in water samples from at least one of the wet-
lands. Atrazine and de-ethyl atrazine were detected at each
of the 19 wetlands. The minimum, maximum, and median
dissolved atrazine concentrations were 0.056, 0.567, and
0.151 microgram per liter (ug/L), respectively. Four pesticides
(alachlor, carbaryl, chlorpyrifos, and dicamba) were detected
in only one wetland each. The number of pesticides detected
in any of the 19 wetlands ranged from 3 to 8, with a median
of 6. In addition to the results for this study, recent previous
studies have frequently found atrazine in Lake Andes and the
Missouri River, but none of the atrazine concentrations have
been greater than 3 ug/L, the U.S. Environmental Protection
Agency’s Maximum Contaminant Level for atrazine in drink-
ing water.

During June and July 2005, water and bottom-sediment
samples were collected from 10 wetlands. Water samples
from each of the wetlands were analyzed for major ions,
organic carbon, and mercury species, and bottom-sediment
samples were analyzed for mercury species. For the whole-
water samples, the total mercury concentrations ranged from
1.11 to 29.65 nanograms per liter (ng/L), with a median of
10.56 ng/L. The methylmercury concentrations ranged from

0.45 to 14.03 ng/L, with a median of 2.28 ng/L. For the bot-
tom-sediment samples, the total mercury concentration ranged
from 21.3 to 74.6 nanograms per gram (ng/g), with a median
of 54.2 ng/g. The methylmercury concentrations ranged from
<0.11 to 2.04 ng/g, with a median of 0.78 ng/g. The total mer-
cury concentrations in the water samples were all much less
than 2 ug/L (2,000 ng/L), the U.S. Environmental Protection
Agency’s Maximum Contaminant Level for mercury in drink-
ing water. However, water samples from four of the wetlands
had concentrations larger than 0.012 pg/L (12 ng/L), the State
of South Dakota’s chronic standard for surface waters, includ-
ing wetlands. Maximum methylmercury concentrations for
this study are larger than reported concentrations for wetlands
in North Dakota and concentrations reported for the Cheyenne
River Indian Reservation in South Dakota.

Introduction

After 1858, the Yankton Sioux Reservation consisted
of the eastern part of Charles Mix County (fig. 1). Currently
(2006), Yankton Sioux Tribal lands are distributed throughout
the historic Yankton Sioux Reservation, which is referred to
as the study area. The area is relatively poorly drained, and
numerous wetlands provide valuable wildlife habitat. Surface
and ground water on the Reservation are used for domestic,
stock-water, recreation, and irrigation purposes (Amundson,
2002).

More than 91 percent of the land within the study area
is used for row crops, pasture, or hay, and about 6 percent of
the area is covered by surface water in the form of wetlands,
lakes, and streams (Schaap, 2004). The predominant use of
pesticides (including herbicides, insecticides, fungicides, and
nematocides) is for row crops (primarily corn and soybeans)
that cover about 316 mi? or about 46 percent of the Reserva-
tion (Schaap, 2004). Estimates of pesticide use in the United
States developed by Battaglin and Goolsby (1994) indicated
that in 1987, at least 31 different herbicides (table 1) were
being used in Charles Mix County with 2,4-D, alachlor, atra-
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Figure 1. Location of the historic Yankton Sioux Reservation area, sample collection sites from previous studies, the Wagner
precipitation site, and the CM-57B observation well.



Table 1.

Estimated use of 31 pesticides in Charles Mix County, South Dakota, in 1987.

Introduction

[Data in columns 3 and 4 from Battaglin and Goolsby (1994). Shaded cells indicate pesticides detected in selected Yankton Sioux Tribe wetlands (fig. 2).
YST, Yankton Sioux Tribe; EPTC, s-ethyl dipropylcarbomothiate; MCPA, (4-chloro-2-methylphenoxy) acetic acid; --, not applicable.]

3

Analy.zed Ran!( of Rank of Pounds? Pounds*
for in Rank Pount_lsz . actlv_e active ingre- applied used per

Pesticide selected Acres' acres _of act!ve lngret!lent dient applied per square mile

YST treated ingredient applied of

wetlands treated applied (all (YS.T treated Charles Mix
(table 7) pesticides) pesticides) acre County
2,4-D Yes 55,921 1 23,831 5 5 0.426 21.145
2,4-DB No 357 29 357 23 - 1.000 317
Acifluorfen No 1,149 25 287 24 - 250 255
Alachlor Yes 35,042 3 54,636 1.559 48.479
Atrazine Yes 21,102 5 19,505 .924 17.307
Bentazon No 4,135 14 3,473 14 - .840 3.082
Bromoxynil No 13,502 8 4,402 13 - 326 3.906
Butylate Yes 2,087 21 8,349 10 10 4.000 7.408
Chloramben No 763 26 1,756 18 - 2.301 1.558
Chlorsulfuron No 1,861 22 33 30 -- .018 .029
Cyanazine Yes 9,393 10 11,178 9 9 1.190 9918
Dicamba Yes 51,220 2 13,709 .268 12.164
Diclofop No 1,607 23 1,206 20 - 750 1.070
Difenzoquat No 203 31 152 25 -- 749 135
EPTC Yes 26,273 4 115,516 1 1 4.397 102.498
Ethalfluralin Yes 2,519 16 2,291 16 13 .909 2.033
Fluazifop No 230 30 46 28 -- .200 .041
Glyphosate Yes 4,595 13 2,365 15 12 515 2.098
Imazethapyr No 2,297 19 115 26 - .050 102
MCPA No 20,846 7,921 12 - .380 7.028
Metolachlor Yes 12,915 27,052 4 4 2.095 24.003
Metribuzin Yes 2,482 17 953 21 16 384 .846
Metsulfuron No 2,355 18 24 31 -- .010 .021
Pendimethalin Yes 5,931 12 8,018 11 11 1.352 7.114
Picloram Yes 2,532 15 1,266 19 15 .500 1.123
Propachlor Yes 6,338 11 30,571 3 3 4.823 27.126
Sethoxydim No 459 28 92 27 - .200 .082
Simazine Yes 1,333 24 1,999 17 14 1.500 1.774
Thiameturon No 2,217 20 44 29 - .020 .039
Triallate Yes 542 27 542 22 17 1.000 481
Trifluralin Yes 20,056 7 15,714 7 7 784 13.943

' Rounded to the nearest acre.

2 Rounded to the nearest pound.

3 Calculated for Schaap (2004) from columns 3 and 5.

* Rounded to three decimal places.
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zine, dicamba, s-ethyl dipropylcarbomothiate (EPTC),
(4-chloro-2-methylphenoxy) acetic acid (MCPA), and triflura-
lin all applied to more than 20,000 acres of cropland (Schaap,
2004). Although recent pesticide-use data are scarce, based on
current agricultural practices, it is certain that pesticides are
still widely used in the study area.

Pesticides can persist in natural aquatic systems and
have long-term effects on biota (Gilliom and others, 2006).
Some water-quality pesticide data have been collected by the
Yankton Sioux Tribe and the U.S. Geological Survey (USGS)
on Lake Andes and the Missouri River (fig. 1), but no data
are available for other water bodies within the Reservation.
Data collected on Lake Andes indicate that several pesti-
cides, including 2,4-D, atrazine, cyanazine, metolachlor, and
simazine, have been detected at concentrations above labora-
tory reporting levels for multiple samples (Sando and Neitzert,
2003; Schaap, 2004). Some of the pesticides that are applied in
the study area (including atrazine, alachlor, and trifluralin) are
known endocrine disruptors (Danzo, 1997; Wilson and others,
1996; Rawlings and others, 1998), whereas others (includ-
ing glyphosate and 2,4-D) have various levels of toxicity to
aquatic organisms (U.S. Forest Service, 1997, 1995).

Mercury has long been known to be a health hazard, and
recent research has determined that it is commonly found in
natural waters, including wetlands. In addition to local sources
of mercury, atmospheric mercury emissions from volcanoes
and the burning of coal can be transported long distances to
make almost all aquatic systems potentially susceptible to
mercury contamination. Atmospheric mercury that is intro-
duced to aquatic ecosystems typically occurs in inorganic
form, which is not particularly toxic to aquatic organisms.
However, under certain conditions that are restricted to aquatic
environments, inorganic mercury can be converted to organic
mercury (methylmercury; a potent neurotoxin and endocrine
disruptor) as a by-product of bacterially mediated sulfate
reduction. Methylmercury can then be assimilated by aquatic
organisms and biomagnified in the food chain (Krabbenhoft
and Rickert, 1995; Sando and others, 2003; Sando, 2004).

Certain aquatic ecosystems (for example, wetlands,
newly flooded reservoirs, and seasonal impoundments) are
particularly sensitive to mercury inputs due to the presence
of favorable conditions for mercury methylation (Ware and
others, 1991; Spry and Wiener, 1991; Bodaly and others,
1997; Wiener and others 2002). Conditions that favor mercury
methylation include (1) presence of adequate organic carbon;
(2) anoxia at the sediment/water interface; (3) presence of
sulfate within a specific concentration range; and (4) presence
of inorganic mercury in bio-available form. Based on research
in North Dakota (Sando and others, 2003; Sando, 2004) in
areas that are physiographically similar to the Yankton Sioux
Reservation, it is likely that some wetlands on the Reservation
may have favorable conditions for mercury methylation.

To address the concerns about the quality of water in
Yankton Sioux Tribe wetlands, the U.S. Geological Survey, in
cooperation with the Yankton Sioux Tribe, conducted a recon-
naissance-level study of water and bottom-sediment quality of

selected wetlands. The samples were analyzed for 61 widely
used pesticides and for mercury species to determine the
occurrence and concentrations of these constituents. Also,
information was collected about various physical properties
and other water-quality constituents, such as major ions and
organic carbon, which might further help to characterize the
water quality of the wetlands. The locations of the selected
Yankton Sioux Tribe wetlands from which samples were col-
lected are shown in figure 2.

Purpose and Scope

The purpose of this report is to present the results of a
reconnaissance-level assessment of water and bottom-sedi-
ment quality in Yankton Sioux Tribe wetlands during June—
July 2005 in Charles Mix County, South Dakota. Specifically,
this report presents (1) a summary of sample collection and
analytical methods; (2) concentrations of selected constituents
for selected wetlands in the study area; and (3) a synopsis of
the atrazine and mercury results. Analytical results for water
samples include physical properties and pesticide concentra-
tions from 19 wetlands; mercury, major ions, and organic
carbon concentrations from 10 wetlands; and concentrations
of chlorophyll @ and pheophytin a (Supplemental Informa-
tion section A) and nitrogen and phosphorus (Supplemental
Information section B) from 2 wetlands. Analytical results
for bottom-sediment samples include mercury concentrations
and characteristics from 10 wetlands. The quality of water and
bottom sediment in all Yankton Sioux Tribe wetlands can-
not be thoroughly characterized with such a limited sampling
program. The results may be used to assess the effects of land-
management practices on the aquatic resources and identify
possible water-quality problems that could be the focus of
more comprehensive investigations in the future.

Description of the Study Area

The study area is about 686 mi?, which includes the
westernmost extent of continental glaciation and the eastern
edge of the Great Plains (Bryce and others, 1998). This area
includes parts of the Southern Missouri Coteau, Southern
Missouri Coteau Slope, and Southern River Breaks ecoregions
(fig. 2), which are distinguished on the basis of topography,
soil types, and plant types. The Southern Missouri Coteau
ecoregion is characterized by gradual changes in elevation
and small areas of high density wetlands. The Southern Mis-
souri Coteau Slope ecoregion is a transitional area between
the Southern Missouri Coteau ecoregion to the north and the
Southern River Breaks ecoregion to the south. The Southern
River Breaks ecoregion, located along the Missouri River, is
characterized by deciduous forest in the draws and northern
aspects (Bryce and others, 1998).

The quality of water and sediment in wetlands may be
affected by the source of the water and the sediment and by
their transport to the wetlands. The water in the individual
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wetlands may be from a combination of precipitation, surface-
water runoff, and ground-water recharge, and the relative con-
tributions of each source may vary with time and conditions.
The nature of the sediment in the individual wetlands may be
most affected by local geology.

The contributions from precipitation and surface-water
runoff to the wetlands are affected by the amount and the time
of precipitation. The samples described in this report were
collected within a few days or weeks after large rainfall events.
The mean annual precipitation at Wagner (fig. 1) during 1971—
2000 was 25.64 in. (South Dakota State University, 2005a).
Annual precipitation during the 3 years prior to sampling
(2002-2004), had been 5.55, 5.65, and 0.53 in. less than the
30-year average, respectively (South Dakota State University,
2005b), and many of the wetlands that were sampled had little
or no water in them during the end of 2004. During the first
few months of 2005, precipitation was close to the average
(fig. 3), but above-average precipitation during June and July
provided enough water so that water-quality samples could be
collected from several wetlands. On 8 of the 11 days during
June 3-13, measurable precipitation was recorded at Wagner
for a total of 4.78 in. during this period. After water-quality
samples were collected from 19 wetlands during June 13-17,
2005, additional precipitation recorded at Wagner within the
next few weeks included 3.30 in. on June 21 and 0.43 in. on
July 6 (National Oceanic and Atmospheric Administration,
2005). This precipitation was sufficient to allow water-quality
samples to be collected from 10 wetlands during July 11-13,
2005.

Ground-water recharge to the wetlands is affected by
the hydraulic connection between the wetlands and the local

ground-water system and relative water levels. Characterizing
the hydraulic connection between the individual wetlands

and the local ground-water system is beyond the scope of

this report, but some information about local hydrogeology
and historical ground-water levels may help to explain why a
wide range of conditions might be represented by the sampled
wetlands.

The general geology of the study area consists of glacial
drift of varying thickness on top of a bedrock shale (Kume,
1977). The Quaternary-age deposits of alluvium, outwash,
loess, and till overlie Cretaceous-age deposits of Pierre Shale
and Niobrara Marl (Hedges, 1975). The till and the bedrock
shale may have very low hydraulic conductivity, and wetlands
in these areas may be essentially isolated from the ground-
water system. Other wetlands may be hydraulically connected
to surficial aquifers such as the Choteau, Corsica, Geddes,
Tower, Greenwood, or Delmont aquifers, which are composed
of Quaternary-age sand and gravel deposits (Kume, 1977).
For those wetlands with a hydraulic connection to the local
ground-water system, movement of water between the wet-
lands and the surficial aquifers would be affected by the water
levels in the wetlands and in the surficial aquifers.

No water-level records are available for the Yankton
Sioux Tribe wetlands, but periodic measurements of ground-
water levels at observation well CM-57B (fig. 1) may provide
a range for water-depth fluctuations that may occur in some of
the wetlands. Well CM-57B is part of a statewide monitoring
network supported by the State of South Dakota and is com-
pleted in the Delmont aquifer in the eastern part of the study
area. From November 7, 1957, to October 5, 2005, ground-
water levels at CM-57B were measured more than 400 times

20 T T T T T T
- === Average, 1971-2000 (South Dakota State University, 2005a)
2005 (National Oceanic and Atmospheric Administration, 2005)
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Figure 3. Cumulative average and 2005 daily precipitation at Wagner, Charles Mix County, South Dakota, January—July.



(Randy Anderson, South Dakota Department of Environment
and Natural Resources, written commun., 2005). Water levels
varied more than 9 ft during the period of record, from 0.8 ft
above land surface on April 22, 1986, to 8.6 ft below land
surface on October 24, 1991 (fig. 4). The number of measure-
ments per year ranged from 1 in 1957 and 1959 to 18 in 1971.
Based on a simple averaging of the individual water-level
measurements per year, the average annual water level varied
more than 6 feet during the period of record, from 1.6 ft below
land surface in 1986 to 7.7 ft below land surface during 1991.

Previous Investigations

Although little information is available about the water
and sediment quality in wetlands of the Yankton Sioux Tribe,
the findings of five previous investigations were useful in
developing the study described in this report. Two of these
previous investigations examined surface-water quality in the
study area, and the other three examined the distribution of
mercury in wetlands in North Dakota and South Dakota.

The water and sediment quality of the Lake Andes and
Choteau Creek Basins were studied during 1983-2002 (Sando
and Neitzert, 2003; U.S. Geological Survey, 2002, 2003).
During the study, the distributions of many constituents were
examined, but the pesticide information was based on water-
quality samples collected during 1990-2002 from three loca-
tions in Lake Andes and one location in Owens Bay, a large
marshy area that drains into Lake Andes (fig. 1). The samples
analyzed for pesticides were collected in April, May, or June.

Previous Investigations 7

During 1990-2000, samples were analyzed for dissolved pesti-
cides (Sando and Neitzert, 2003). During 2001-2002, samples
were analyzed for total pesticides (dissolved and suspended
sediment) (U.S. Geological Survey, 2002, 2003). The atrazine
concentrations from this previous study are compared to the
atrazine concentrations in the wetlands described in this report
in the “Synopsis of Atrazine and Mercury Results” section
later in this report.

As part of an on-going data collection effort begun in
2002, water-quality samples have been collected throughout
the year, about once every 2 months, from Lake Francis Case,
the Missouri River at Fort Randall Dam, and the Missouri
River below Choteau Creek (fig. 1) and analyzed for many
constituents. During 2002-2005, samples collected in April,
May, or June at these sites also were analyzed for selected
pesticides (U.S. Geological Survey, 2003—2006). Analytical
results from the Missouri River samples for 7 of the 13 pes-
ticides detected in the Yankton Sioux Tribe wetlands are
presented in table 2. The atrazine concentrations from this
previous study are compared to the atrazine concentrations
in the wetlands in the “Synopsis of Atrazine and Mercury
Results” section later in this report.

The distribution of mercury in the surface water of the
Red River of the North Basin in North Dakota, Minnesota,
and Manitoba was studied by Sando and others (2003) during
March—August, 2001. The highest whole-water total mercury
concentration was found in the single wetland from which
samples were collected. For both the winter and summer sam-
pling periods, the whole-water total mercury and whole-water
methylmercury concentrations found in the wetland were
higher than those detected in Devils Lake or Lake Ashtabula.
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Figure 4. Ground-water levels at Charles Mix County observation well CM-57B, 1957-2005.
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The distribution of mercury in the atmosphere, water, and
bottom sediments from wetlands in the Lostwood National
Wildlife Refuge along the Missouri River in North Dakota
was studied by Sando (2004) during 2003-2004. The Lost-
wood National Wildlife Refuge is located in an area where
several coal-combustion plants are in operation. This study
found a wide range of mercury concentrations in the wetlands
with the largest whole-water methylmercury concentration of
9.56 ng/L. Analyses indicate that the methylmercury concen-
trations appeared to be related to various physical properties,
such as pH, organic carbon, and sulfate (Sando, 2004).

A study performed by the U.S. Environmental Protection
Agency (USEPA) in cooperation with the Cheyenne River
Sioux Tribe examined mercury concentrations in fish, water,
and sediment from several sites on the Cheyenne River Indian
Reservation during 2003-2004. Concentrations of methylmer-
cury for water samples at Lee Dam (an earthen dam on Virgin
Creek) ranged from 0.4 to 2.9 ng/L, and total mercury ranged
from 0.5 to 100 ng/L (U.S. Environmental Protection Agency,
2005).

Methods of Investigation

The study was designed to provide a reconnaissance-level
assessment of water and bottom-sediment quality of wetlands
within the historic Yankton Sioux Reservation area. Water-
quality samples were collected for pesticide analyses from
19 wetlands during June 2005. Water-quality samples for other
constituents and sediment-quality samples were collected from
10 of the 19 wetlands during June—July 2005. Site selection,
sample collection, analytical methods, reporting levels, and
quality assurance and quality control are described in this sec-
tion.

Sampled Wetlands

Samples were collected from 19 Yankton Sioux Tribe
wetlands. Every effort was made to sample a broad range of
wetlands in terms of geography, size, and type (as indicated by
the U.S. Fish and Wildlife Service National Wetlands Inven-
tory; table 3). Unfortunately, few wetlands were available for
sampling because of below-average precipitation in preceding
years. Nevertheless, the wetlands from which samples were
collected were fairly well distributed throughout the study
area (fig. 2). The area of the sampled wetlands ranged from a
few acres (several sites) to a few hundred acres (site D; Goose
Lake), but in most cases the area covered by water at the time
of sampling was considerably less than the area covered by
wetlands vegetation. The small number of wetlands available
for sampling also affected the types of wetlands that could be
sampled. Eighteen of the sampled wetlands had a wetlands
inventory code (U.S Fish and Wildlife Service, 2004), and
10 of these were of the type PEMC (Palustrine, Emergent,

Seasonally Flooded; for more information see Supplemental
Information section C).

Sample Collection

In general, sampling procedures followed guidelines
described by Wilde and others (2004) using two-person ultra-
clean procedures, but these procedures were adapted to the
conditions encountered at the different sites. For each set of
samples, this process involved some combination of collect-
ing water in the bottles, directly or after filtering, or collecting
several liters of water in a large container and later transferring
it to the appropriate bottles in the laboratory.

For determination of dissolved constituents, filtering
was performed using precleaned 0.45-micron (wm) capsule
filters for inorganic constituents or precleaned baked glass-
fiber 142-mm filters for organic constituents. Preservatives of
nitric acid, hydrochloric acid, and sulfuric acid were added as
needed to the samples with regards to analytical methodology
requirements. All samples were chilled according to sample
specifications and then sent to the appropriate laboratory so
that they arrived the day after they had been collected.

For analysis of mercury species, two-person ultra-clean
sampling procedures (U.S. Environmental Protection Agency,
1996; Olson and DeWild, 1999; Wilde and others, 2004) were
used to collect all water and bottom-sediment samples. Whole-
water samples were collected by hand grab from about mid-
depth in the water column near the centroid of the wetland.
Samples were chilled with ice and sent by overnight carrier to
the USGS Wisconsin District Mercury Laboratory (WDML)
in Middleton, Wisconsin, where they were passed through
an ultra-clean, 0.7-nominal-pore-size, quartz-fiber filter. The
filtered sample is operationally referred to as “dissolved” in
this report. To determine particulate concentrations of mercury
constituents, known volumes of sample water were passed
through the ultra-clean quartz-fiber filters. The remaining
particulate material and filter were digested, and the resulting
solution was analyzed. Mass/volume concentrations of particu-
late mercury constituents then were determined on the basis of
the original known volume of sample water that was filtered
(Sando and others, 2003). The whole-water total mercury
concentration was obtained by summing the concentrations of
the dissolved and particulate fractions of the sample. The bot-
tom-sediment samples were collected using rigorously cleaned
plastic scoops from depositional zones where the surficial sed-
iments consisted primarily of fine-grained material. Sampling
equipment was rinsed three times with wetland water prior to
sample collection. For each wetland, subsamples of the top 1
to 2 in. of the sediment were collected at 5 to 10 locations near
where the water samples were collected. The subsamples were
composited into double polyethylene bags, homogenized, and
a single sample was collected of the homogenized material
and placed in a vial contained inside the double polyethylene
bags. The bottom-sediment samples were chilled with dry ice
and shipped to the WMDL for analyses.
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Analytical Methods

Standard methods were used to analyze samples for
physical properties, major ions, organic carbon, chlorophyll a,
pheophytin a, and nitrogen and phosphorus species (table 3)
at the USGS National Water Quality Laboratory (NWQL) in
Denver, Colorado (information on specific analytical methods
can be accessed at http://nwql.usgs.gov/Public/ref_list.html).
Samples for pesticides were analyzed at NWQL and the USGS
Organic Geochemistry Research Laboratory (OGRL) in Law-
rence, Kansas. Analyses for most of the 61 pesticides were
performed at NWQL using methods described in Wershaw
and others (1987) and Zaugg and others (1995). Analyses for
the pesticides aminomethylphosphonic acid (AMPA), glufos-
inate, and glyphosate were performed at OGRL using methods
described in Lee and others (2001). Analyses for the mercury
samples were performed at WDML using methods and proce-
dures described in Olson and DeWild (1999) and DeWild and
others (2002).

Reporting Levels

The presence of some constituents, even at very low con-
centrations, is of interest because of the potential health effects
of these constituents. Childress and others (1999) provides
details about the approach used by the USGS regarding detec-
tion levels and reporting levels.

The method detection limit is the minimum concentra-
tion of a substance that can be measured and reported with
99-percent confidence that the concentration is greater than
zero. The laboratory reporting level is the concentration at
which the false negative error rate is minimized to be no more
than 1 percent of the reported results. The laboratory reporting
level generally is equal to twice the yearly determined long-
term method detection level, which is a detection level derived
by determining the standard deviation of a minimum of
24 method detection limit spike-sample measurements over an
extended time. The long-term method detection level controls
false positive error and is the concentration at which the false
positive risk is minimized to be no more than 1 percent of the
reported values (Childress and others, 1999). These reporting
levels may be described as preliminary for a developmental
method if the levels have been based on a small number of
analytical results. Also, these levels may vary from sample to
sample for the same constituent and the same method if matrix
effects or other factors arise that interfere with the analysis.
Concentrations measured between the method detection limit
and the laboratory reporting level are described as estimated
values. For most of the constituents in this report, reported
concentrations generally are greater than laboratory reporting
levels. Reported concentrations for mercury are greater than
the method detection limit as described in Dewild and others
(2002).

The minimum reporting level is defined by the NWQL as
the smallest measured concentration of a substance that can be

Methods of Investigation 1"

reliably measured by using a given analytical method (Timme,
1995) and is used to indicate detection for chlorophyll a and
pheophytin a in this report. The minimum reporting level does
not have the same sort of specific definition as the method
detection limit and is based on the reliability of the measure-
ments and the specific uses of the data (Childress and others,
1999).

Quality Assurance and Quality Control

Analytical results should describe the environmental con-
ditions at the time the samples were collected. Unfortunately,
problems such as sampling error, contamination, degradation,
and analytical error can affect the process and ultimately lead
to analytical results that are not representative of the natural
conditions. Several techniques, collectively known as quality
assurance and quality control, were used to evaluate the preci-
sion and accuracy of the reported analytical results for this
study. Quality-assurance samples collected during the study
included field equipment blank samples and replicate samples.
Analytical results for the quality-assurance samples are
presented in the tables along with the analytical results for the
environmental samples.

During the June 2005 sampling, three quality-assurance
water samples were collected, including one field equipment
blank sample and two replicate samples. During the July 2005
sampling, one field equipment blank sample (water only) and
one replicate sample (water and bottom sediment) were collec-
ted.

In addition to the quality-assurance samples collected
during the study, matrix spike samples were prepared by the
WDML as part of method performance for mercury concentra-
tions to test for internal precision and accuracy of the method
as described in DeWild and others (2002). The percent recov-
eries for both the matrix spike and matrix spike duplicates
for the results for methylmercury concentrations dissolved
in water did not meet the data-quality objectives of percent
recoveries between 75 percent and 125 percent; thus, actual
dissolved methylmercury concentrations may be greater than
25 percent higher or lower than the reported values.

Field Equipment Blank Samples

Field equipment blank samples are used to assess the pos-
sible contamination of samples or analytical error. The blank
samples were collected in the field by processing laboratory-
grade blank water and using the same procedures and equip-
ment used to collect the environmental samples. The blank
samples were collected at the same location as the environ-
mental sample and just before the environmental samples were
collected. If no contamination of the sample is introduced
during the collection, processing, transport, and analysis of the
blank sample, and the analytical results are accurate, then none
of the constituents should be detected. If the analytical results
indicate that the field equipment blank has constituent concen-
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trations greater than the laboratory-grade blank water, then it
may be an indication that the sample was contaminated during
the process or that the analytical technique is overestimating
the analyte of interest.

One set of field equipment blank samples was collected
during both June and July for water samples (table 3). The
June field equipment blank was collected at wetland G on
June 16, the last day of the June sampling. The July field
equipment blank was collected at wetland Q on July 11, the
first day of the July sampling. The June blank sample was
analyzed for pesticides. The July blank sample was analyzed
for major ions, organic carbon, and mercury species.

With only a few field equipment blank samples collec-
ted, comparisons are difficult. A few minor detections were
reported in the blank samples, but the reported concentrations
were fairly small. No pesticides or major ions were detected
in blank samples. Some organic carbon and mercury species
were detected in blank samples, but at concentrations one to
two orders of magnitude less than environmental samples. The
results for the blank samples indicate that the sampling and
analytical methods did not contaminate the samples or produce
false detections.

Replicate Samples

A replicate sample is intended to be an exact copy of the
environmental sample. It is collected soon after the environ-
mental sample using the same equipment, uncleaned, and it is
processed and transported with the environmental sample. Any
differences in the analytical results between the environmental
sample and the replicate sample may indicate some combina-
tion of inconsistency of sample collection, the natural variabil-
ity in the sampled water, and the variability of the analytical
method.

During the June sampling, a pair of samples was col-
lected at two sites, wetlands J and N (table 3). At each site,
the first sample collected is referred to as the environmental
sample, and the second sample is referred to as the replicate
sample. During the July sampling, environmental and replicate
samples were collected at wetland F. With only a few replicate
samples collected, comparisons are difficult. Some minor dif-
ferences in concentrations between the environmental and rep-
licate samples were reported for major ions, organic carbon,
pesticides, and mercury species, but reported results are fairly
consistent. Most pesticides detected in paired samples were
detected in both the environmental and replicate samples. The
general agreement between the results for the environmental
and replicate samples indicates consistency in the sampling
methods and in the analytical methods.

Quality of Water in Wetlands

The samples collected for this study were analyzed for
more than 100 physical properties and chemical constituents.
The quality of the water in the Yankton Sioux wetlands in

eastern Charles Mix County cannot be thoroughly character-
ized with the few samples collected within a 2-month period,
but selected water-quality characteristics are described in this
section.

Physical Properties

Samples collected for this study were analyzed for the
physical properties presented in table 4. The results show that
a wide range of conditions were represented by the wetlands
and that properties such as specific conductance varied greatly
from wetland to wetland during the June and July sampling.
Specific conductance for the June 2005 samples ranged from
188 uS/cm (wetland J) to 6,420 uS/cm (wetland B), with a
median of 499 uS/cm.

For the eight wetlands at which samples were collected
during both June and July 2005, properties such as specific
conductance and temperature varied greatly for some of the
individual wetlands. Specific conductance ranged from
354 uS/cm (wetland K) to 4,977 uS/cm (wetland C), with
a median of 807 uS/cm in June, and from 284 uS/cm
(wetland K) to 5,540 uS/cm (wetland C), with a median of
1,420 uS/cm in July. Water temperature ranged from 15.4°C
(wetlands Q and R) to 23.9°C (wetland C), with a median of
18.5°C in June, and from 22.1°C (wetland O) to 34.6°C
(wetland N), with a median of 26.6°C in July.

Major lons

Samples from 10 selected Yankton Sioux Tribe wetlands
were collected during June—July 2005 and analyzed for dis-
solved concentrations of eight major ions (table 5). The results
show that some major ion concentrations varied greatly from
wetland to wetland and that the wetlands represent a wide
range of conditions. For example, dissolved calcium concen-
trations ranged from 27.4 to 506 mg/L; dissolved magnesium
concentrations ranged from 7.92 to 491 mg/L; dissolved
sodium concentrations ranged from 1.63 to 660 mg/L; and dis-
solved sulfate concentrations ranged from 3.13 to 3,610 mg/L
(table 5).

Sulfate concentrations are particularly important in
mercury chemistry because methylation of mercury occurs as
a by-product of sulfate reduction. Very high rates of sulfate
reduction can result in an accumulation of sulfide, which
can strongly bind mercury ions and make them unavailable
for methylation of mercury (Sando and others, 2003). Thus,
although sulfate concentrations must be greater than about
2 mg/L for sulfate reduction to occur (Gilmour and Krabben-
hoft, 2001), relatively large sulfate concentrations of greater
than about 50 mg/L (National Oceanic and Atmospheric
Administration, 1996) can sometimes provide accumulation
of sulfide and inhibit methylation of mercury. For this study,
sulfate concentrations generally were much greater than the
minimum concentration required for sulfate reduction and
generally were greater than the concentrations reported to
inhibit methylation of mercury.
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Organic Carbon

The presence of organic carbon is one of the factors
needed for the methylation of mercury to occur. Samples from
10 selected Yankton Sioux Tribe wetlands were collected dur-
ing June—July 2005 and analyzed for the total organic carbon
and dissolved organic carbon (table 6). Concentrations for
total organic carbon ranged from 25.1 mg/L (wetland N) to an
estimated 210 mg/L (wetland C), with a median of 41.2 mg/L.
Concentrations for dissolved organic carbon ranged from
8.8 mg/L (wetland F) to 72 mg/L (wetland Q), with a median
of 30 mg/L.

Pesticides

Water samples collected from 19 Yankton Sioux Tribe
wetlands in June 2005 were analyzed for dissolved concen-
trations of 61 pesticides (table 7). All of the samples were
filtered in the field. Of the 61 pesticides, 48 were not detected
in any of the samples. Of the 13 detected pesticides (fig. 5),
many were detected only at low concentrations in a few of the
samples.

Atrazine and the atrazine metabolite, de-ethyl atrazine,
were detected at each of the wetlands. The minimum dissolved

atrazine concentration of 0.056 ug/L was found at wetland N,
as was the minimum dissolved de-ethyl atrazine concentration
of 0.018 ug/L. The maximum dissolved atrazine concentra-
tion of 0.567 ug/L was found in wetland L, as was the maxi-
mum dissolved de-ethyl atrazine concentration of 0.377 ug/L
(tables 7 and 8). The median dissolved atrazine and de-ethyl
atrazine concentrations were 0.151 and 0.051 pg/L, respec-
tively (table 8). Four of the pesticides (alachlor, carbaryl,
chlorpyrifos, and dicamba) were detected in only one wetland
each, but the wetlands in which those pesticides were detected,
P, K, O, and R, respectively, had 5 to 8 pesticides detected in
them (fig. 6).

The minimum number of pesticides detected in any
wetland was three (wetlands E and N) (fig. 6). Atrazine and
de-ethyl atrazine were detected in every wetland, so they
account for 2 of the 3 pesticides detected in wetlands E and N,
but for wetland E, the third pesticide was glyphosate and for
wetland N, the third pesticide was metolachlor. The maximum
number of pesticides detected in any wetland was eight
(wetlands P and R). Six pesticides (2,4-D, acetochlor, AMPA,
atrazine, de-ethyl atrazine, and metolachlor) were detected in
both wetlands P and R. The 2 other pesticides detected in wet-
lands P were alachlor and picloram, and the other 2 pesticides
detected in wetland R were dicamba and glyphosate. A median
of six pesticides was detected in the individual wetlands.

Table 6. Organic carbon concentrations in water samples from selected Yankton Sioux Tribe wetlands,

June—July 2005.

[mg/L, milligrams per liter; E, estimated. Number in parenthesis below constituent is U.S. Geological Survey National Water Infor-

mation System parameter code.]

Total organic carbon,

Dissolved organic carbon,

('?;l.ez) Station number Date Time inmg/L inmg/L
(00680) (00681)
A 431907098321000 06-14-2005 0955 49.6 29
B 431853098322600 06-14-2005 0830 49.9 44
C 431759098334000 07-13-2005 1200 E210 37
F 430735098193000 07-11-2005 1315 27.1 8.8
F! 430735098193000 07-11-2005 1320 29.7 9.0
H 430500098064000 07-12-2005 0925 44.9 34
K 430311098253000 07-12-2005 1145 27.1 24
N 430226098281400 07-12-2005 1330 25.1 17
(0] 430202098230300 07-13-2005 0950 37.5 30
P 430125098120600 07-12-2005 1035 34.4 21
Q? 425941098173400 07-11-2005 1125 E.39 .6
Q 425941098173400 07-11-2005 1130 E191 72

! Replicate sample.

2 Blank sample.
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Figure 5. Number of Yankton Sioux Tribe wetlands at which selected pesticides were detected, June 2005.
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Table 8. Statistical summary of dissolved pesticide concentrations in water samples collected from selected Yankton Sioux Tribe
wetlands, June 2005.

[NWIS, U.S. Geological Survey National Water Information System; pg/L, micrograms per liter; NA, not applicable. Shaded rows indicate those pesticides

detected in at least one wetland.]

NWIS Laboragory Number Number Detection Mlnlmun_1 Ma"'"‘“'f‘ Medlan_
. reporting concentration  concentration concentration
Constituent parameter of of frequency, . . .
code level samplos detections _in percent of detections of detections of detections
(na/L) (na/L) (na/L) (ng/L)
2,4,5-T 39742 0.03 19 0 0 NA NA NA
2,4-D 39732 .02 19 12 63 0.02 0.85 0.06
2,6-Diethylani- 82660 .006 19 0 0 NA NA NA
line
Acetochlor 49260 .006 19 9 47 011 .039 .019
.007
.009
.010
.014
Alachlor 46342 .005 19 1 .009 .009 .009
alpha-HCH 34253 .005 19 0 NA NA NA
AMPA 62649 .1 19 47 1 1.5 3
Atrazine 39632 .007 19 19 100 .056 .567 151
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Table 8. Statistical summary of dissolved pesticide concentrations in water samples collected from selected Yankton Sioux Tribe
wetlands, June 2005.—Continued

[NWIS, U.S. Geological Survey National Water Information System; ug/L, microgram per liter; NA, not applicable. Shaded rows indicate those pesticides
detected in at least one wetland.]

NWIS Labora?ory Number Number Detection Mlmmun.1 Mammun_l Medlan_
. reporting concentration  concentration  concentration
Constituent parameter of of frequency, . . .
code level samplos  detections _in percent of detections of detections of detections
(ng/L) (ng/L) (ng/L) (ng/L)
Azinphos- 82686 0.050 19 0 0 NA NA NA
methyl .060
Benfluralin 82673 .010 19 0 0 NA NA NA
Butylate 04028 .004 19 0 0 NA NA NA
Carbaryl 82680 .041 19 1 5 13 13 .13
Carbofuran 82674 .020 19 0 0 NA NA NA
Chlorpyrifos 38933 .005 19 1 5 .043 .043 .043
cis-Permethrin 82687 .006 19 0 0 NA NA NA
Cyanazine 04041 .018 19 0 0 NA NA NA
Dacthal 82682 .003 19 0 0 NA NA NA
De-ethyl 04040 .006 19 19 100 .018 377 .051
atrazine
Desulfinyl- 62170 012 19 0 0 NA NA NA
fipronil
Desulfinyl- 62169 .029 19 0 0 NA NA NA
fipronilamide
Diazinon 39572 .005 19 0 0 NA NA NA
.017
Dicamba 38442 .03 19 1 5 .05 .05 .05
Dichlorprop 82356 .02 19 16 .02 13 .02
Dieldrin 39381 .009 19 0 0 NA NA NA
.080
.050
Disulfoton 82677 .02 19 0 0 NA NA NA
EPTC 82668 .004 19 0 0 NA NA NA
Ethalfluralin 82663 .009 19 0 0 NA NA NA
Ethoprophos 82672 .005 19 0 0 NA NA NA
Fipronil 62166 .016 19 0 0 NA NA NA
Fipronil sulfide 62167 .013 19 0 0 NA NA NA
Fipronil sulfone 62168 .024 19 0 0 NA NA NA
Fonofos 04095 .003 19 0 0 NA NA NA
011
Glufosinate 62721 1 19 0 0 NA NA NA
Glyphosate 62722 1 19 42 1 i 2
Lindane 39341 .004 19 0 0 NA NA NA
.005
Linuron 82666 .035 19 NA NA NA
Malathion 39532 .027 19 NA NA NA
159

414
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Table 8. Statistical summary of dissolved pesticide concentrations in water samples collected from selected Yankton Sioux Tribe
wetlands, June 2005.—Continued

[NWIS, U.S. Geological Survey National Water Information System; ug/L, microgram per liter; NA, not applicable. Shaded rows indicate those pesticides
detected in at least one wetland.]

NWIS Labora?ory Number Number Detection Mlmmun.1 Mammun_l Medlan_
. reporting concentration  concentration  concentration
Constituent parameter of of frequency, . . .
code level samplos  detections _in percent of detections of detections of detections
(ng/L) (ng/L) (ng/L) (ng/L)
Metolachlor 39415 0.009 19 17 89 0.006 1.89 0.032
.028
Metribuzin 82630 .006 19 0 0 NA NA NA
Molinate 82671 .003 19 0 0 NA NA NA
Napropamide 82684 .007 19 0 0 NA NA NA
p.p’-DDE 34653 .003 19 0 0 NA NA NA
.004
.007
.026
Parathion 39542 010 19 0 0 NA NA NA
Parathion- 82667 015 19 0 NA NA NA
methyl
Pebulate 82669 .004 19 0 NA NA NA
Pendimethalin 82683 .022 19 0 NA NA NA
Phorate 82664 011 19 0 NA NA NA
Picloram 49291 .04 19 9 47 .01 .88 .07
.20
Prometon 04037 .01 19 0 NA NA NA
Propyzamide 82676 .004 19 0 0 NA NA NA
.005
.009
Propachlor 04024 .025 19 0 0 NA NA NA
Propanil 82679 011 19 0 0 NA NA NA
Propargite 82685 .02 18 0 0 NA NA NA
.05
.08
Silvex 39762 .03 19 0 0 NA NA NA
Simazine 04035 .005 19 0 0 NA NA NA
Tebuthiuron 82670 .02 19 0 0 NA NA NA
Terbacil 82665 .034 19 0 0 NA NA NA
.040
.046
.051
Terbufos 82675 .02 19 0 0 NA NA NA
Thiobencarb 82681 010 19 0 0 NA NA NA
Triallate 82678 .006 19 0 0 NA NA NA
Trifluralin 82661 .009 19 0 0 NA NA NA
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Samples were analyzed for 61 pesticides (see tables 7 and 8)

NUMBER OF PESTICIDES DETECTED

0 I I I I I I I I I
A B C D E F G H |
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YANKTON SIOUX TRIBE WETLAND SAMPLED DURING JUNE 2005

Figure 6. Number of pesticides detected in water samples from selected Yankton Sioux Tribe wetlands, June 2005.

Mercury

Whole-water samples from 10 selected Yankton Sioux
Tribe wetlands were collected during June—July 2005. For
each sample, the concentrations of both mercury and methyl-
mercury dissolved in the water and in the suspended particu-
late in the water were determined (table 9). The concentra-
tion for whole-water total mercury was calculated by adding
together the concentration of the dissolved mercury in the
water and the concentration of the mercury in the suspended
particulate. The concentration for whole-water methylmer-
cury was calculated in the same way using the methylmercury
concentration dissolved in the water and in the suspended
particulate. The matrix spike recoveries for the results for the
methylmercury concentrations dissolved in water indicate that
concentrations may be 25 percent higher or lower than the
concentration reported.

The whole-water total mercury and methylmercury con-
centrations in the water samples for each of the Yankton Sioux
Tribe wetlands are shown in figure 7A. The whole-water total
mercury concentrations for the samples ranged from 1.11 ng/L
(wetland C) to 29.65 ng/L (wetland Q), with a median of
10.56 ng/L. The whole-water methylmercury concentra-
tions for the samples ranged from 0.45 ng/L (wetland F) to
14.03 ng/L (wetland P), with a median of 2.28 ng/L.

Quality of Bottom Sediment in
Wetlands

Bottom-sediment samples from 10 selected Yankton
Sioux Tribe wetlands were collected during June—July 2005
in conjunction with collection of the water samples from the
same wetlands. The bottom-sediment samples were analyzed
for mercury, methylmercury, the ratio of dry weight to wet
weight, and loss-on-ignition (table 9).

The total mercury concentrations for the bottom-sedi-
ment samples ranged from 21.3 ng/g (wetland K) to 74.6 ng/g
(wetland N), with a median of 54.2 ng/g. The methylmercury
concentrations ranged from <0.11 ng/g (wetland K) to
2.04 ng/g (wetland Q), with a median of detected concentra-
tions of 0.78 ng/g. The total mercury and methylmercury
concentrations in the bottom-sediment samples for each of the
Yankton Sioux Tribe wetlands are shown in figure 7B.

The ratio of dry weight to wet weight is a indication of
how much of the sediment was not liquid. The higher the num-
ber, the greater the fraction of the sediment that was composed
of solids. The values ranged from 20.6 percent (wetland B)
to 69.9 percent (wetland K), with a median of 37.8 percent
(table 9).

Loss-on-ignition is an indication of the organic content
of the sediment. The burning process leaves behind the non-
organic fraction of the sediment and the higher the number,
the greater the fraction of the sediment that was organic. The
values ranged from 6.6 percent (wetland K) to 29.4 percent
(wetland B), with a median of 14.4 percent (table 9).
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B. Bottom-sediment samples

Yankton Sioux Tribe wetlands, June—July 2005.
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Synopsis of Atrazine and Mercury
Results

The analytical results from this study show that some
pesticides (table 7) and mercury species (table 9) were present
in selected Yankton Sioux Tribe wetlands. Comparing these
results to those from previous studies and to established water-
quality standards may provide useful information relative
to the quality of the water and sediments in Yankton Sioux
Tribe wetlands. Rather than compare the results for all of the
pesticides and all of the mercury species, this synopsis will
focus on the results for atrazine and total mercury and methyl-
mercury in water.

The U.S. Environmental Protection Agency has estab-
lished drinking-water standards for some compounds that
may cause adverse health effects from long-term exposure.
These standards are known as Maximum Contaminant Levels
(MCLs) (U.S. Environmental Protection Agency, 2002).
Because MCLs apply only to drinking water from public-
water supplies, the MCLs do not apply to any of the wetlands
in the study area. However, these are national standards based
on minimizing human-health risks and comparison to the
respective MCLs provides for a common basis for different
constituents.

Atrazine

Atrazine has been widely used in the study area (table 1).
Atrazine was one of the 31 pesticides for which Battaglin and
Goolsby (1994) estimated use in Charles Mix County in 1987.
Of the 31 pesticides, atrazine was ranked fifth in the number of
acres treated and sixth in pounds of active ingredient applied
in Charles Mix County (table 1). Of the 17 pesticides for
which Battaglin and Goolsby (1994) provided estimates and
were analyzed for in selected Yankton Sioux Tribe wetlands,
atrazine ranked sixth in pounds of active ingredient applied.

Atrazine has been detected more frequently than any
other pesticide in the surface waters of the study area. The
atrazine concentrations for the Yankton Sioux wetlands, Lake
Andes/Owens Bay, and Lake Francis Case/Missouri River are
shown in figure 8. The order of presentation is based on the
drainage basin size, from the smallest drainage basins of the
individual Yankton Sioux wetlands, of which many are less
than a square mile, to the largest drainage basin of the Mis-
souri River, which includes hundreds of thousands of square
miles upstream from Charles Mix County.

Atrazine was detected in water samples from all 19 of
the wetlands from which samples were collected for this
study. The samples from June 2005 had minimum, maximum,
and median dissolved concentrations of 0.056, 0.567, and
0.151 pg/L, respectively (table 8).

Atrazine was detected in almost all of the samples from
Lake Andes and Owens Bay (Sando and Neitzert, 2003; U.S.
Geological Survey, 2002, 2003). Of the 85 water samples

collected during 1990-2000, total atrazine was detected in
62 of the samples with a minimum concentration of 0.1 ug/L,
a maximum concentration of 2.0 ug/L, and a median concen-
tration of 0.3 ug/L. Of the 15 water samples collected during
2001-2002, dissolved atrazine was detected in all 15 samples
with a minimum concentration of 0.011 pg/L, a maximum
concentration of 0.286 ug/L, and a median concentration of
0.100 pg/L.

Atrazine has been detected in all of the samples collected
from Lake Francis Case, the Missouri River at Fort Randall
Dam, and the Missouri River below Choteau Creek (U.S.
Geological Survey, 2003-2006) (table 2). Of the 24 water
samples collected during 2002-2005 from the Missouri River,
dissolved atrazine was detected in all 24 samples with a mini-
mum concentration of 0.012 ug/L, a maximum concentration
of 0.040 ug/L, and a median concentration of 0.021 ug/L.

The samples for all three studies were collected in April,
May, or June, when it was considered to be most likely to
detect atrazine and at its highest concentrations. Although
the detection frequency has been high, none of the atrazine
concentrations have been greater than 3 ug/L (fig. 8), which is
the MCL for atrazine for drinking water (U.S. Environmental
Protection Agency, 2002). Field and laboratory studies have
shown that atrazine may be associated with endocrine-disrup-
tion in aquatic organisms (Hayes and others, 2003; Spano and
others, 2004). Atrazine exposure has been reported to result in
reproductive abnormalities in frogs at concentrations as small
as 0.1 ug/L (Hayes and others, 2003), but reported effect levels
for fish are substantially larger (Sando and others, 2006). The
atrazine concentrations found in water samples from selected
Yankton Sioux Tribe wetlands (table 6) are smaller than those
generally suspected of affecting the development of fish, but
could have some effect on the reproduction of some aquatic
organisms. Further research is needed to fully assess the
potential for endocrine disruption of aquatic organisms.

Mercury

The occurrence of mercury and methylmercury in natural
wetlands is affected by many factors. An investigation of those
factors is beyond the scope of this report, but a more extensive
study of wetlands in the same physiographic region (Missouri
River Coteau) in North Dakota found pH, specific conduc-
tance, sulfate concentrations, and other properties to be related
to mercury and methylmercury concentrations (Sando, 2004).

The 10 samples collected for this study show that mer-
cury and methylmercury occur at a broad range of concentra-
tions in the water and bottom sediment of selected Yankton
Sioux Tribe wetlands. The results show that higher total
mercury concentrations in the water samples are not necessar-
ily associated with higher methylmercury concentrations in
the water or higher total mercury concentrations in the bottom
sediment (table 9, fig. 7).
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Figure 8. Atrazine concentrations in water samples from
selected Yankton Sioux Tribe wetlands, Lake Andes/Owens Bay,
and Lake Francis Case/Missouri River.

The drinking water MCL for total mercury in water is
2 ug/L (U.S. Environmental Protection Agency, 2002) or
2,000 ng/L. The concentrations found in this study are all
much less than the MCL. The State of South Dakota has estab-
lished water-quality standards for wetlands based on a variety
of uses including fish and wildlife propagation. The chronic
standard for total recoverable mercury is 0.012 ug/L (South
Dakota Department of Environment and Natural Resources,
2004) or 12 ng/L. Four of the wetlands (wetlands H, O, P, and
Q) had whole-water total mercury concentrations greater than
this standard in July 2005 (table 9). Compliance with chronic
criteria is based on a 30-day average (South Dakota Depart-
ment of Environment and Natural Resources, 2004), which
indicates the importance of knowing average mercury concen-
trations over longer periods of time. Additional study of Yank-
ton Sioux Tribe wetlands may indicate that bioaccumulation of
mercury may be affecting the aquatic species of the wetlands,
which may result in human-health concerns if aquatic species
are consumed.

The largest whole-water total mercury concentration in
a study of the Red River of the North Basin in North Dakota,
Minnesota, and Manitoba (Sando and others, 2003) was found
in a wetland site from which samples were collected. For the
summer sampling periods, the whole-water total mercury
(7.02 ng/L) and whole-water methylmercury (3.53 ng/L)
concentrations found in the wetland were larger than those

detected in the lakes and rivers sampled for the study. Results
from this study of Yankton Sioux Tribe wetlands indicate that
maximum whole-water total mercury (29.65 ng/L) and whole-
water methylmercury concentrations (14.03 ng/L) are larger
than concentrations in the Red River of the North Basin.

The largest whole-water total mercury and whole-water
methylmercury concentrations in a study of wetlands in the
Lostwood National Wildlife Refuge along the Missouri River
in North Dakota (Sando, 2004) were 17.2 and 9.56 ng/L,
respectively (Steve Sando, USGS, written commun., 2005).
Results from this study of Yankton Sioux Tribe wetlands
indicate that the maximum whole-water total mercury
(29.65 ng/L) and whole-water methylmercury concentration
(14.03 ng/L) are somewhat larger than those in the Lostwood
National Wildlife Refuge area.

The largest whole-water total mercury and whole-water
methylmercury concentrations at Lee Dam in the Cheyenne
River Indian Reservation in north-central South Dakota
(U.S. Environmental Protection Agency, 2005) were 100 and
2.9 ng/L, respectively. Results from this study of Yankton
Sioux Tribe wetlands indicate that the maximum whole-water
total mercury concentration (29.65 ng/L) was smaller and
the maximum whole-water methylmercury concentration
(14.03 ng/L) was larger than concentrations at Lee Dam.

Summary

During June and July 2005, water and bottom-sedi-
ment samples were collected from selected Yankton Sioux
Tribe wetlands within the historic Reservation area of eastern
Charles Mix County as part of a reconnaissance-level assess-
ment by the U.S. Geological Survey and Yankton Sioux Tribe.
The water samples were analyzed for pesticides and mercury
species. In addition, the water samples were analyzed for
physical properties and chemical constituents that might help
characterize the wetlands. The bottom-sediment samples were
analyzed for mercury species.

During June 2005, water samples were collected from
19 wetlands and were analyzed for 61 widely used pesticide
compounds. During June and July 2005, water and bottom-
sediment samples were collected from 10 wetlands. Water
samples from each of the wetlands were analyzed for major
ions, organic carbon, and mercury species, and bottom-sedi-
ment samples were analyzed for mercury species.

Samples for major ions had dissolved calcium concentra-
tions ranging from 27.4 to 506 mg/L; dissolved magnesium
concentrations ranging from 7.92 to 491 mg/L; dissolved
sodium concentrations ranging from 1.63 to 660 mg/L;
and dissolved sulfate concentrations ranging from 3.13 to
3,610 mg/L. Concentrations for total organic carbon ranged
from 25.1 to 210 mg/L, with a median of 41.2 mg/L. Con-
centrations for dissolved organic carbon ranged from 8.8 to
72 mg/L, with a median of 30 mg/L.



Many pesticides were not detected in any of the water
samples and many others were detected only at low concentra-
tions in a few of the samples. Thirteen of the pesticides were
detected in water samples from at least one of the wetlands.
Atrazine and de-ethyl atrazine were detected at each of the
19 wetlands. The minimum, maximum, and median dissolved
atrazine concentrations were 0.056, 0.567, and 0.151 ug/L,
respectively. Four pesticides (alachlor, carbaryl, chlorpyrifos,
and dicamba) were detected in only one wetland each. The
number of pesticides detected in any of the 19 wetlands ranged
from 3 to 8, with a median of 6. In addition to the results
for this study, recent previous studies have frequently found
atrazine in Lake Andes and the Missouri River, but none of
the atrazine concentrations have been greater than 3 ug/L, the
USEPA’s MCL for atrazine. The atrazine concentrations found
in water samples from selected Yankton Sioux Tribe wetlands
are smaller than those generally suspected of affecting the
development of fish, but could have some effect on the repro-
duction of some aquatic organisms.

For the whole-water samples, the total mercury concen-
trations ranged from 1.11 to 29.65 ng/L, with a median of
10.56 ng/L. The methylmercury concentrations ranged from
0.45 to 14.03 ng/L, with a median of 2.28 ng/L. For the
bottom-sediment samples, the total mercury concentration
ranged from 21.3 to 74.6 ng/g, with a median of 54.2 ng/g.
The methylmercury concentrations ranged from <0.11 to
2.04 ng/g, with a median of 0.78 ng/g. The total mercury
concentrations in the water samples were all much less than
2 ug/L (2,000 ng/L), the U.S. Environmental Protection
Agency’s Maximum Contaminant Level for mercury, but four
of the wetlands had concentrations greater than 0.012 ug/L
(12 ng/L), the State of South Dakota’s chronic standard for
surface waters, including wetlands. Maximum methylmercury
concentrations for this study are greater than reported concen-
trations for wetlands in North Dakota and concentrations
reported for the Cheyenne River Indian Reservation in South
Dakota.

Selected References

Amundson, F.D., 2002, Estimated use of water in South
Dakota: U.S. Geological Survey Open-File Report 02440,
17 p.

Battaglin, W.A., and Goolsby, D.A., 1994, Spatial data in
geographic information systems format on agricultural
chemical use, land use, and cropping practices in the United
States: U.S. Geological Survey Water-Resources Investiga-
tions Report 94-4176, 87 p. (available online at http://water.
usgs.gov/pubs/wri/wri944176/).

Selected References 31

Bodaly, R.A., St. Louis, V.L., Paterson, M.J., Fudge, RJ.P.,
Hall, B.D., Rosenberg, D.M., and Rudd, J. WM., 1997,
Bioaccumulation of mercury in the aquatic food chain in
newly flooded areas, in Sigel, A., and Sigel, H., eds., Metal
ions in biological systems, v. a34, Mercury and its effects on
environment and biology: New York, Marcel Dekker, Inc.,
p- 259-287.

Bryce, S.A.; Omernik, J.M.; Pater, D.E.; Ulmer, Michael;
Schaar, Jerome; Freeouf, Jerry; Johnson, Rex; Kuck, Pat;
and Azvedo, S.H., 1998, Ecoregions of North Dakota and
South Dakota: Dynamac Corporation, 1 sheet.

Childress, C.J.O., Foreman, W.T., Connor, B.F., and Malo-
ney, T.J., 1999, New reporting procedures based on long-
term method detection levels and some considerations for
interpretations of water-quality data provided by the U.S.
Geological Survey National Water Quality Laboratory: U.S.
Geological Survey Open-File Report 99-193, 19 p.

Cowardin, L.M., Carter, Virginia, Golet, F.C., and LaRoe,
E.T., 1979, Classification of wetlands and deepwater habi-
tats of the United States: Washington, D.C., U.S. Fish and
Wildlife Service, FWS/OBS-79/31, 131 p.

Danzo, B.J., 1997, Environmental xenobiotics may disrupt
normal endocrine function by interfering with the binding
of physiological ligands to steroid receptors and binding
proteins: Environmental Health Perspectives, v. 105, no. 3,
p- 294-301.

DeWild, J.E,, Olson, M.L., and Olund, S.F., 2002, Determina-
tion of methylmercury by aqueous phase ethylation, fol-
lowed by gas chromatographic separation with cold vapor
atomic fluorescence detection: U.S. Geological Survey
Open-File Report 01-445, 14 p.

Gilliom, R.J., Barbash, J.E., Crawford, C.G., Hamilton, P.A.,
Martin, J.D., Nakagaki, Naomi, Nowell, L.H., Scott, J.C.,
Stackelberg, P.E., Thelin, G.P., and Wolock, D.M., 2006,
The quality of our Nation’s waters—Pesticides in the
Nation’s streams and ground water, 1992-2001: U.S. Geo-
logical Survey Circular 1291, 184 p.

Gilmour, C.C., and Krabbenhoft, D.P., 2001, 2001 Everglades
consolidated report, Appendix 7—4, Status of methylmer-
cury production studies: accessed April 4, 20006, at http://
www.sfwmd.gov/org/ema/everglades/consolidated_01/
chapter%2007/chapter%207 %20appendices/A07-04.pdf

Hayes, Tyrone; Haston, Kelly; Tsui, Mable; Hoang, Anthu;
Haeffele, Cathryn; and Vonk, Aaron, 2003, Atrazine-
induced hermaphroditism at 0.1 ppb in American leopard
frogs (Rama pipiens)—Laboratory and field evidence: Envi-
ronmental Health Perspectives, v. 111, no. 4, p. 568-575.



32 Water and Bottom-Sediment Quality, including Pesticides and Mercury, In Yankton Sioux Trihe Wetlands, SD, 2005

Hedges, L.S., 1975, Geology and water resource of Charles
Mix and Douglas Counties, South Dakota—~Part 1, Water
resources: South Dakota Geological Survey Bulletin 22,
43 p.

Kolpin, D.W., Burkart, M.R., and Thurman, E.M., 1994, Her-
bicides and nitrate in near-surface aquifers in the midconti-
nental United States, 1991: U.S. Geological Survey Water-
Supply Paper 2413, 34 p.

Krabbenhoft, D.P., and Rickert, D.A., 1995, Mercury contami-
nation of aquatic ecosystems: U.S. Geological Survey Fact
Sheet FS-216-95, 4 p.

Kume, Jack, 1972, Major aquifers in Charles Mix and Douglas
Counties, South Dakota: South Dakota Geological Survey
Information Pamphlet No. 2, 6 p.

Kume, Jack, 1977, Geology and water resources of Charles
Mix and Douglas Counties, South Dakota—Part 2, Water
resources: South Dakota Geological Survey Bulletin 22,
31 p.

Lee, E.A., Straham, A.P., and Thurman, E.M., 2001, Methods
of analysis by the U.S. Geological Survey organic geo-
chemistry research group—Determination of glyphosate,
aminomethylphosphonic acid, and glufosinate in water
using online solid-phase extraction and high-performance
liquid chromatography/mass spectrometry: U.S. Geological
Survey Open-File Report 01-454, 13 p.

Neitzert, K.M., 1995, Records of wells and chemical analy-
ses of ground water in Charles Mix and Douglas Counties,
South Dakota: U.S. Geological Survey Open-File Report
95-153, 129 p.

National Center for Food and Agricultural Policy, 2001,
NCFAP Pesticide Use Database: accessed July 31, 2001, at
http://pestdata.ncsu.edu/ncfap/search.cfim

National Oceanic and Atmospheric Administration, 1996,
Contaminants in aquatic habitats at hazardous waste sites—
Mercury: U.S. Department of Commerce, National Ocean
Service, NOAA Technical Memorandum NOS ORCA 100,
64 p.

National Oceanic and Atmospheric Administration, 2005,
Climatological data, South Dakota, 2005 monthly summary
(January—July): Asheville, N.C., National Climatic Data
Center, v. 110, no. 01-05.

Olson, M.L., and DeWild, J.F., 1999, Techniques for the
collection and species-specific analysis of low levels of
mercury in water, sediment, and biota, in Morganwalp,
D.W.,, and Buxton, H.T., eds., U.S. Geological Survey Toxic
Substances Hydrology Program, Proceedings of the Techni-
cal Meeting, Charleston, South Carolina, March 8-12,
1999, Volume 2 of 3, Contamination of hydrologic systems
and related ecosystems: U.S. Geological Survey Water-
Resources Investigations Report 99—4018B, p. 191-200.

Rawlings, N.C., Cook, S.J., and Waldbillig, D., 1998, Effects
of the pesticides carbofuran, chlorpyrifos, dimethoate, lin-
dane, triallate, trifluralin, 2,4-D, and pentachlorophenol on
the metabolic endocrine and reproductive endocrine system
in ewes: Journal of Toxicology and Environmental Health,
v. 54, p. 21-36.

Sando, S.K., 2004, Mercury in wetlands on the Lostwood
National Wildlife Refuge, North Dakota: in Proceedings
of the U.S. Geological Survey Mercury Workshop, Reston,
Va., August 17-19, 2004.

Sando, S.K., Furlong, E.T., Gray, J.L., Meyer, M.T., and
Bartholomay, R.C., 2006, Occurrence of organic wastewa-
ter compounds in wastewater effluent and the Big Sioux
River in the Upper Big Sioux River Basin, South Dakota,
2003-2004: U.S. Geological Survey Scientific Investiga-
tions Report 2005-5249, 108 p.

Sando, S.K., and Neitzert, K.M., 2003, Water and sediment
quality of the Lake Andes and Choteau Creek Basins, South
Dakota: U.S. Geological Survey Water-Resources Investiga-
tions Report 034148, 114 p.

Sando, S.K., Wiche, G.J., Lundgren, R.F., and Sether, B.A.,
2003, Reconnaissance of mercury in lakes, wetlands, and
rivers in the Red River of the North Basin, North Dakota,
March through August 2001: U.S. Geological Survey
Water-Resources Investigations Report 03—4078, 52 p.

Schaap, B.D., 2004, Compilation of data to support develop-
ment of a pesticide management plan by the Yankton Sioux
Tribe, Charles Mix County, South Dakota: U.S. Geological
Survey Open-File Report 2004-1032, 23 p.

South Dakota Agricultural Statistics Service, 2001, South
Dakota 2000 agricultural chemical usage: U.S. Department
of Agriculture, accessed August 28, 2003, at http://www.
nass.usda.gov/sd/releases/agchemO1.pdf



South Dakota Agricultural Statistics Service, 2001, South
Dakota 2000 agricultural chemical usage: U.S. Department
of Agriculture, accessed July 30, 2000, at http.//www.nass.
usda.gov/sd/releases/agchemO1.pdf

South Dakota Department of Environment and Natural
Resources, 2004, Surface water quality—Administra-
tive Rules of South Dakota 74:51: accessed February 10,
2006, at http://legis.state.sd.us/rules/DisplayRules.
aspx?Rule=74:51

South Dakota State University, 2005a, South Dakota climate
and weather—precipitation normals (1971-2000): accessed
October 14, 2005, at http://climate.sdstate.edu/data/
pptnormals.shtm

South Dakota State University, 2005b, South Dakota climate
and weather—NCDC monthly query results (2002-2004):
accessed December 20, 2005, at http://climate.sdstate.edu//
w_info/Query/ncdcmonthlynew.asp

Spry, D.J., and Wiener, J.G., 1991, Metal bioavailability and
toxicity to fish in low-alkalinity lakes—A critical review:
Environmental Pollution, v. 71, p. 243-304.

Timme, P.J., 1995, National Water Quality Laboratory 1995
Services Catalog: U.S. Geological Survey Open-File Report
95-352,92 p.

Spano, Laura; Tyler, C.R.; van Aerle, Ronny; Devos, Pierre;
Mandiki, S.N.M.; Silvestre, Frederic; Thome, J.P.; and
Kestemont, Patrick, 2004, Effects of atrazine on sex steroid
dynamics, plasma vitellogenin concentration and gonad
development in adult goldfish (Carassius auratus): Aquatic
Toxicology, v. 66, p. 369-379.

U.S. Environmental Protection Agency, 1996, Method 1669—
Sampling ambient water for trace metals at EPA water-
quality criteria levels: Washington, D.C., Office of Water,
Engineering and Analysis Division (4303), EPA Report
821/R-96-011, 37 p.

U.S. Environmental Protection Agency, 2002, List of contami-
nants & their MCLs: accessed February 8, 2006, at
http://www.epa.gov/safewater/mcl.html

U.S. Environmental Protection Agency, 2005, Regulatory
impact analysis of the clean air mercury rule—Final Report:
Office of Air Quality Planning and Standards Air Quality
Strategies and Standards Division, Research Triangle Park,
N.C., EPA-452/R-05-003, 566 p.

U.S. Fish and Wildlife Service, 2004, Wetlands information:
accessed October 21, 2004, at http://wetlandsfws.er.usgs.gov

Selected References 33

U.S. Forest Service, 1995, 2,4-D pesticide fact sheet: Tech-
nical report of the U.S. Forest Service, 10 p., accessed
March 17, 2004, at http://infoventures.com/e-hlth/pesticide/
24d.html

U.S. Forest Service, 1997, Glyphosate herbicide information
profile: Technical report of the Pacific Northwest Region,
U.S. Forest Service, 16 p., accessed March 19, 2004, at
http:/fwww.fs.fed.us/r6/nr/fid/pubsweb/gly.pdf

U.S. Geological Survey, 2002-2006, Water resources data,
South Dakota, water years, 2001-2005 U.S. Geological Sur-
vey Water-Data Reports SD-01-1 to SD-05-1 (published
annually).

Ware, FJ., Royals, H., and Lange, T., 1991, Mercury con-
tamination in Florida largemouth bass: Proceedings of the
Annual Conference of Southeastern Association of Fish and
Wildlife Agencies, v. 44 (1990), p. 5-12.

Wershaw, R.L., Fishman, M.J., Grabbe, R.R., and Lowe, L.E.,
1987, Methods for the determination of organic substances
in water and fluvial sediments: U.S. Geological Survey

Techniques of Water-Resources Investigations, book 5,
chap. A3, 80 p.

Wiener, J.G., Krabbenhoft, D.P., Heinz, G.H., and Scheuham-
mer, A.M., 2002, Ecotoxicology of mercury, chapter 16 in
Hoffman, D.J., Rattner, B.A., Burton, G.A., Jr., and Cairns,
J., Jr., eds., Handbook of ecotoxicology (2d ed.): Boca
Raton, Fla., CRC Press, p. 407-461.

Wilde, FE.D., Radtke, D.B., Gibs, Jacob, and Iwatsubo, R.T.,
eds., 2004, Processing of water samples (version 2.1): U.S.
Geological Survey Techniques of Water-Resources Investi-
gations, book 9, chap. A5, accessed May 24, 2006, at
http://pubs.water.usgs.gov/twri9A5/ (Separate update for
5.6.4.B, “Low-level mercury” provided on the Web page.)

Wilson, A.G., Thake, D.C., Heydens, W.C., Brewster, D.W.,
and Hotz, K.J., 1996, Mode of action of thyroid tumor for-
mation in the male Long-Evans rat administered high doses
of alachlor: Fundamental and Applied Toxicology, v. 33,

p. 16-23.

Zaugg, S.D., Sandstrom, M.W., Smith, S.G., and Fehlberg,
K.M., 1995, Methods of analysis by the U.S. Geological
Survey National Water Quality Laboratory—Determina-
tion of pesticides in water by C-18 solid-phase extraction
and capillary-column gas chromatography/mass spectrom-
etry with selected-ion monitoring: U.S. Geological Survey
Open-File Report 95181, 60 p.






Supplemental Information







Supplemental Information 37

Section A. Chlorophyll a and Pheophytin a in Water Samples from Yankton Sioux
Tribe Wetlands A and B

Supplemental Information section A provides informa- The chlorophyll a concentration was larger in wetland A
tion about water-quality samples collected on June 14, 2005, (14.8 ug/L) than in wetland B (2.44 ug/L). For pheophytin a,
at Yankton Sioux Tribe wetlands A and B and analyzed for the relation was reversed with a higher concentration in
chlorophyll @ and pheophytin a. These were the only two wetland B (15.3 pug/L) than in wetland A (12.5 ug/L). These
wetlands in this study from which samples were analyzed for results, presented in table A1, show that samples collected
chlorophyll @ and pheophytin a, and the samples were col- from these two wetlands with sampling intervals less than

lected to obtain general information for algae growth for some 2 hours apart have distinctly different values for these con-
wetlands that could be used in comparison with concentrations  stituents.

of other water bodies in the area. The two wetlands are close

together (fig. 2), in areas with similar land uses, and both have

been assigned PEMC wetland inventory codes (table 3).

Table A1. Chlorophyll a and pheophytin a concentrations in water samples from Yankton
Sioux Tribe wetlands A and B, June 2005.

[ug/L, micrograms per liter. Number in parenthesis below constituent is U.S. Geological Survey National
Water Information System parameter code.]

Chlorophyll a, Pheophytin a,

Wgtland Station number Date Time phyt?plankton, phythIankton,
(fig. 2) in pg/L in pg/L
(70953) (62360)
A 431907098321000  06-14-2005 0955 14.8 12.5

B 431853098322600  06-14-2005 0830 2.44 15.3
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Section B. Nitrogen and Phosphorus in Water Samples from Yankton Sioux Tribe
Wetlands A and B

Supplemental Information section B provides informa- in wetland A was an order of magnitude less than the concen-
tion about water-quality samples collected on June 14, 2005, tration (3.23 mg/L) in wetland B. For the fifth nitrogen spe-
at Yankton Sioux Tribe wetlands A and B and analyzed for cies, dissolved nitrogen as nitrite plus nitrate, concentrations at
nitrogen and phosphorus species. These were the only two both wetlands A and B were less than 0.060 mg/L (table B1).
wetlands in this study from which samples were analyzed For all three phosphorus species (dissolved phosphorus,
for these constituents (table B1). The two wetlands are close dissolved phosphorus as orthophosphate, and total phos-
together (fig. 2), in areas with similar land uses, and both have ~ phorus), concentrations were greater in wetland A than in
been assigned PEMC wetland inventory codes (table 3). wetland B (table B1). More than twice as much total phos-

For four of the nitrogen species, concentrations in wet- phorus was found in wetland A (2.19 mg/L) than in wetland B

land A were less than those in wetland B (table B1). For dis- (1.05 mg/L).
solved nitrogen as ammonia, the concentration (0.337 mg/L)

Table B1. Nitrogen and phosphorus concentrations in water samples from Yankton Sioux Tribe wetlands A and B,
June 2005.

[mg/L, milligrams per liter; <, less than laboratory reporting level. Number in parenthesis below constituent is U.S. Geological Survey
National Water Information System parameter code.]

Dissolved

. . Total nitro- Dissolved
Dissolved nitrogen, . .
. . gen, ammonia nitrogen,
Wetland . . nitrogen, as ammonia . o
. Station number Date Time L . plus organic, as nitrite,
(fig. 2) ammonia, in  plus organic, in mg/L in mg/L
mg/L (00608) in mg/L
(00623) (00625) (00613)
A 431907098321000 06-14-2005 0955 0.337 3.6 7.5 0.008
B 431853098322600 06-14-2005 0830 3.23 7.7 8.0 .009
Dissolved Dissolved
nitrogen, Dissolved phosphorus, Total
Wetland . . as nitrite phosphorus, as ortho- phosphorus,
(fig. 2) Station number Date Time plus nitrate, in mg/L phosphate, in mg/L
in mg/L (00666) in mg/L (00665)
(00631) (00671)
A 431907098321000 06-14-2005 0955 <0.060 1.15 1.1 2.19

B 431853098322600 06-14-2005 0830 <.060 .96 1.0 1.05




Supplemental Information 39

Section C. U.S. Fish and Wildlife Service wetlands inventory codes and

definitions

Supplemental Information section C provides information
about U.S. Fish and Wildlife Service wetlands inventory codes
and definitions for the selected Yankton Sioux Tribe wetlands
at which water and bottom-sediment samples were collected
during June—July 2005. The U.S. Fish and Wildlife Service
wetlands inventory for Charles Mix County, South Dakota,
was accessed on October 21, 2004, at http://wetlandsfws.
er.usgs.gov/. The inventory is in the form of a geographic
information system shapefile for individual U.S. Geologi-
cal Survey quadrangles consisting of delineated wetlands
and attributes of the wetlands. One of the attributes for each
wetland is a code that indicates how the wetland has been clas-
sified in terms of various factors including geomorphology,
water quality, vegetation, and the duration of the presence of
standing water.

Of the 19 wetlands from which water-quality samples
were collected, only wetland D (Goose Lake), did not have
an associated wetland inventory code. The remaining 18 wet-
lands are all classified as palustrine. Ten of the wetlands have
been assigned the PEMC code, four have been assigned the
PEM/ABF code, and one each have been assigned the PABF,
PEMCd, PEMEFd, or PFOC codes (table C1).

The following attribute classification definitions listed
were derived from Cowardin and others (1979). These are
the “short” definitions provided by the U.S. Fish and Wildlife
Service at http://enterprise.nwi.fws.gov/atx/atx. html.

[P] Palustrine - The Palustrine System includes all non-
tidal wetlands dominated by trees, shrubs, emergents, mosses
or lichens, and all such wetlands that occur in tidal areas
where salinity due to ocean derived salts is below 0.5 part per

Table C1.

thousand. Wetlands lacking such vegetation also are included
if they exhibit all of the following characteristics:

1. are less than 8 hectares (20 acres);

2. do not have an active wave-formed or bedrock shoreline
feature;

3. have at low water a depth less than 2 m (6.6 ft) in the
deepest part of the basin; and

4. have a salinity due to ocean-derived salts of less than
0.5 part per thousand.

[AB] Aquatic Bed - Includes wetlands and deepwater
habitats dominated by plants that grow principally on or below
the surface of the water for most of the growing season in
most years. Aquatic beds generally occur in water less than
2 m (6.6 ft) deep and are placed in the Littoral Subsystem (if
in Lacustrine System).

[EM] Emergent - Characterized by erect, rooted, herba-
ceous hydrophytes, excluding mosses and lichens. This vege-
tation is present for most of the growing season in most years.
These wetlands are usually dominated by perennial plants.

[F] Semi-permanently Flooded - Surface water persists
throughout the growing season in most years. When surface
water is absent, the water table is usually at or very near the
land’s surface.

[FO] Forested - Characterized by woody vegetation that
is 6 m tall or taller.

[C] Seasonally Flooded - Surface water is present for
extended periods especially early in the growing season, but

U.S. Fish and Wildlife Service wetlands inventory codes for selected Yankton Sioux Tribe wetlands

at which water-quality samples were collected during June—July 2005.

Code . Sampling sites' Total
(table 3) Definition (fig. 2) number
' of sites
PABF Palustrine, Aquatic Bed, Semi-permanently Flooded C 1
PEM/ABF  Palustrine, EMergent, Aquatic Bed, Semi-permanently Flooded J,LPR,S 4
PEMC Palustrine, EMergent, Seasonally Flooded A,B.E,F, G, K, 10
L,M,0,Q
PEMCd Palustrine, EMergent, Seasonally Flooded, partially drained/ditched I 1
PEMFd Palustrine, EMergent, Semi-permanently Flooded, partially H 1
drained/ditched
PFOC Palustrine, FOrested, Seasonally Flooded N 1

"There was no wetland inventory code for Goose Lake (sampling site D).
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is absent by the end of the growing season in most years. The
water table after flooding ceases is variable, extending from
saturated to the surface to a water table well below the ground
surface.

[d] Partly Drained/Ditched - The water level has been
artificially lowered, but the area is still classified as wetland
because soil moisture is sufficient to support hydrophytes.
Drained areas are not considered wetlands if they can no lon-
ger support hydrophytes. This modifier also is used to indi-
cate extensive ditch networks in wetlands where, due to the
extreme number and narrow width of the ditches, individual
delineation is impossible. Individual ditches shall be broken
out as linears (with Excavated modifier) when they approxi-
mate the pen line width on the photography and if the area is
not overly complex.



For more information concerning the research in this report, contact:
U.S. Geological Survey
South Dakota Water Science Center
1608 Mt. View Road
Rapid City, SD 57702

This publication is available online at
http://pubs.water.usgs.gov/sir2006-5132

Information regarding the water resources in South Dakota is
available at http://sd.water.usgs.gov/
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