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Sediment Quality and Comparison to Historical Water
Quality, Little Arkansas River Basin, South-Central

Kansas, 2007

By Kyle E. Juracek and Patrick P. Rasmussen

Abstract

The spatial and temporal variability in streambed-sed-
iment quality and its relation to historical water quality was
assessed to provide guidance for the development of total
maximum daily loads and the implementation of best-man-
agement practices in the Little Arkansas River Basin, south-
central Kansas. Streambed-sediment samples were collected
at 26 sites in 2007, sieved to isolate the less than 63-micron
fraction (that is, the silt and clay), and analyzed for selected
nutrients (total nitrogen and total phosphorus), organic and
total carbon, 25 trace elements, and the radionuclides berylli-
um-7, cesium-137, lead-210, and radium-226. At eight sites,
streambed-sediment samples also were collected and analyzed
for bacteria.

Particulate nitrogen, phosphorus, and organic carbon
concentrations in the streambed sediment varied substantially
spatially and temporally, and positive correlations among the
three constituents were statistically significant. Along the
main-stem Little Arkansas River, streambed-sediment concen-
trations of particulate nitrogen and phosphorus generally were
larger at and downstream from Alta Mills, Kansas. The largest
particulate nitrogen concentrations were measured in samples
collected in the Emma Creek subbasin and may be related to
livestock and poultry production. The largest particulate phos-
phorus concentrations in the basin were measured in samples
collected along the main-stem Little Arkansas River down-
stream from Alta Mills, Kansas. Particulate nitrogen, phospho-
rus, and organic carbon content in the water and streambed-
sediment samples typically decreased as streamflow increased.
This inverse relation may be caused by an increased contribu-
tion of sediment from channel-bank sources during high flows
and (or) increased particle sizes transported by the high flows.

Trace element concentrations in the streambed sediment
varied from site to site and typically were less than threshold-
effects guidelines for possible adverse biological effects. The
largest copper, lead, silver, and zinc concentrations, mea-
sured for a sample collected from Sand Creek downstream
from Newton, Kansas, likely were related to urban sources
of contamination.

Radionuclide activities and bacterial densities in the
streambed sediment varied throughout the basin. Variability
in the former may be indicative of subbasin differences in the
contribution of sediment from surface-soil and channel-bank
sources.

Streambed sediment may be useful for reconnais-
sance purposes to determine sources of particulate nitrogen,
phosphorus, organic carbon, and other sediment-associated
constituents in the basin. If flow conditions prior to stream-
bed-sediment sampling and during water-quality sampling
are considered, it may be possible to use streambed sediment
as an indicator of water quality for nitrogen, phosphorus, and
organic carbon. Flow conditions affect sediment-associated
constituent concentrations in streambed-sediment and water
samples, in part, because the sources of sediment (surface
soils, channel banks) can vary with flow as can the size of the
particles transported.

Introduction

Nationally, water bodies that are impaired with respect
to water quality are listed under Section 303(d) of the Federal
Clean Water Act of 1972. The 303(d) list is a priority list that
identifies water bodies that do not meet water-quality stan-
dards that are based on the use of the water bodies. For each
impaired water body on the 303(d) list, a State is required to
develop a total maximum daily load (TMDL). A TMDL is an
estimate of the maximum pollutant load (material transported
during a specified time period) from point and nonpoint
sources that a receiving water can accept without exceed-
ing water-quality standards (U.S. Environmental Protection
Agency, 1991). Whereas progress has been made in improving
water quality through the reduction of point-source contribu-
tions to impairment (for example, reductions achieved through
the National Pollutant Discharge Elimination System process),
nonpoint sources have proven more difficult to address.

The Little Arkansas River Basin in south-central Kansas
(fig. 1) is listed as a high priority TMDL basin. Within the
basin, several stream segments are on the 303(d) list for one
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or more constituents including sediment, ammonia, fecal coli-
form bacteria, dissolved oxygen, and atrazine (Kansas Depart-
ment of Health and Environment, 2007). Impaired streams

in the basin include the Little Arkansas River, Sand Creek,
and Turkey Creek (fig. 2). To achieve TMDL objectives for
improving water quality, best-management practices (BMPs)
may be implemented to reduce nonpoint-source contributions
to impairment. Ideally, BMP implementation within the basin
focuses on identified high priority subbasins to increase the
likelihood of achieving water-quality improvements.

Sediment quality is an important environmental concern
because many water-quality constituents preferentially sorb
to, and are transported with, sediment in the fluvial environ-
ment. Sediment is an important determinant of water quality
because it serves as a substantial, if not dominant, carrier of
various water-quality constituents including nutrients and trace
elements (Feltz, 1980; Horowitz, 1991; Vaithiyanathan and
Correll, 1992; Miller and Orbock Miller, 2007). Deposited
sediment may act as a sink for various constituents and, under
certain conditions, as a source of constituents to the overly-
ing water column and biota (Forstner and Wittmann, 1981;
Baudo and others, 1990; Zoumis and others, 2001; Brower and
Cecchine, 2002). Previous studies have provided evidence for
a relation between the concentration of constituents (phos-
phorus, selected trace elements) in stream water and stream-
bed sediment (Feltz, 1980; Klotz, 1991; Haggard and others,
2007). Thus, streambed sediment may provide an indication
of water quality for certain constituents. Moreover, streambed
sediment may provide a means of identifying priority subba-
sins for TMDL development and BMP implementation.

A 2-year study by the U.S. Geological Survey (USGS),
in cooperation with the Kansas Department of Health and
Environment (KDHE), was begun in 2006 to investigate
streambed-sediment quality throughout the Little Arkansas
River Basin and assess its relation to historical water quality.
The specific study objectives were to:

1. Determine streambed-sediment quality for selected main-
stem and tributary sites throughout the Little Arkansas
River Basin;

2. Assess and interpret the spatial and temporal variability in
streambed-sediment quality in relation to basin character-
istics;

3. Investigate the use of streambed-sediment quality to esti-
mate surface-water quality (for selected constituents) for
all sites for which both types of data were available; and

4. Identify contaminant source areas in the basin to help
guide BMP implementation.

Purpose and Scope

The purpose of this report is to present the results of the
USGS study to assess streambed-sediment quality and its
relation to historical water quality in the Little Arkansas River
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Basin. In 2007, streambed-sediment samples were collected
at 26 main-stem and tributary sites throughout the basin and
analyzed for selected chemical constituents. The sediment-
chemical data were compared to historical water-quality data,
available from KDHE and USGS at eight sites, to investigate
the possibility of using sediment quality to estimate surface-
water quality. Results presented in this report will assist
KDHE in the development, evaluation, and implementation of
TMDLs for constituents determined to contribute to water-
quality impairment in the Little Arkansas River Basin. From

a national perspective, the methods and results presented
provide guidance and perspective for future studies concerned
with the issues of sediment-quality variability, the relation
between sediment and water quality, and source determination
for sediment and sediment-associated constituents.

Description of Little Arkansas River Basin

The Little Arkansas River Basin is an area of about
1,420 square miles (mi?) that drains part of south-central
Kansas (fig. 1). Major tributaries to the Little Arkansas River
include Black Kettle, Blaze Fork, Emma, Jester, Kisiwa, Sand,
and Turkey Creeks (fig. 2). The Little Arkansas River is a
tributary to the Arkansas River, with the confluence located
within the city of Wichita.

Physiographically, the basin can be characterized with
reference to physical divisions as defined by Fenneman (1946)
and Schoewe (1949) (fig. 1). Most of the basin is located
within the Central Lowland Province of the Interior Plains
(Fenneman, 1946). Within the Central Lowland Province,
most of the basin is located within the Arkansas River Low-
lands Section. Exceptions include the extreme eastern part
of the basin which is located within the Flint Hills Upland
division of the Osage Plains Section, and some of the extreme
northwest part of the basin which is located within the Smoky
Hills division of the Dissected High Plains Section (Great
Plains Province). Within the Arkansas River Lowlands Sec-
tion, the basin is located partly in the Great Bend Lowland and
partly in the McPherson Lowland divisions (fig. 1). The Great
Bend and McPherson Lowlands are similar in that both have
generally flat terrain with little relief. Surface materials mostly
consist of unconsolidated deposits of gravel, sand, silt, and
clay of Tertiary or Quaternary age (Schoewe, 1949).

Long-term, mean annual precipitation in the Little Arkan-
sas River Basin is about 30 inches (in.) at both McPherson,
Kansas (period of record 1900-2006), in the northern part
of the basin, and Sedgwick, Kansas (period of record 1948—
2006), in the south (High Plains Regional Climate Center,
2007) (fig. 2). Most of the annual precipitation occurs during
the growing season (generally April-September).

Land use (1988-90) in the Little Arkansas River Basin
is mostly agricultural with cropland and grassland accounting
for about 77 and 20 percent of the basin, respectively. Urban
land use occupies about 2 percent of the basin. Cities located
partly or completely within the basin include Hutchinson,
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A. Little Arkansas River at Alta Mills, Kansas (gaging station 07143665), October 2006—September 2007
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B. Little Arkansas River at Valley Center, Kansas (gaging station 07144200), October 2006—September 2007
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Figure 3. Mean daily streamflow from October 1, 2006 to September 30, 2007 for (A) Little Arkansas River at Alta Mills, Kansas,

and (B) Little Arkansas River at Valley Center, Kansas.
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McPherson, Newton, and Wichita. Woodland accounts for
about 1 percent of the basin (fig. 2) (Kansas Applied Remote
Sensing Program, 1993).

Methods

The objectives of this study were accomplished using his-
torical and newly collected information. Historical information
included water-quality data previously collected by KDHE
and USGS for eight sites within the Little Arkansas River
Basin (water-quality data from two other KDHE sites were
not used because of an insufficient number of samples). New
information was obtained through the collection and analysis
of streambed-sediment samples, the methods for which are
described in this section.

Site Selection

Sites for streambed-sediment sampling were selected to
be representative of conditions in the subbasins throughout the
Little Arkansas River Basin. Also, sites were selected that had
available water-quality data from KDHE (sites LA-11, LA-13,
LA-17, LA-18, LA-24, LA-26, LA-29, and LA-30) or USGS
(sites LA-14 and LA-27). Four sites (LA-13, LA-14, LA-27,
and LA-29) are located at currently (2008) active USGS
stream-gaging stations. The location of the sampling sites is
provided in figure 2. The latitude and longitude for all sam-
pling sites, obtained using global positioning system (GPS)
technology, are provided in table A1 in the “Supplemental
Information” section at the back of this report.

Sample Collection and Preparation

Within the Little Arkansas River Basin, streambed-
sediment samples were collected at 26 sites (fig. 2) during
low-flow conditions. The initial samples, hereafter referred
to as the winter samples, were collected in either January or
March of 2007 (table A1). Also, to assess temporal variability
in sediment quality, eight sites (LA-11, LA-13, LA-14, LA-23,
LA-24, LA-26, LA-27, and LA-29) were resampled in August
2007. These eight samples are hereafter referred to as the
summer samples. Whereas streamflow in the basin was low
with minimal variability before and between the two winter
sampling dates, several large flows occurred between the last
winter sampling date and the summer sampling date (fig. 3).
Simultaneous water-quality samples were not collected with
the streambed-sediment samples because information on
historical water-quality for a range of flow conditions already
was available and assumed to be representative.

At each site, streambed sediment was collected to a
depth of about 0.4 in. at about 10 locations within the chan-
nel to obtain a composite sample of recently deposited bed
material. The material was collected using a handheld plas-
tic scoop, placed in a plastic bag, and transported back to
the USGS laboratory in Lawrence, Kansas, for subsequent
sample preparation.

Each sample was emptied from the plastic bag into a
clean glass bowl for examination and removal of unwanted
components (for example, grass, sticks, leaves, and rocks).
Following homogenization, each sample was placed in a small
plastic jar for subsequent shipment to other laboratories for
additional preparation and constituent analyses.

All samples were sieved to isolate the less than 63-mi-
cron (um) fraction (that is, the silt and clay) for chemical
analyses. This step was required to minimize potential bias in
constituent concentrations that could be attributable to differ-
ences in the amount of coarse particles (for example, sand) in
the samples. Also, the less than 63-um fraction is important
because it is the most chemically active fraction of sediment
(Horowitz, 1991). The samples were wet sieved at the USGS
Sediment Trace Element Partitioning Laboratory in Atlanta,
Georgia, according to the methods presented in Guy (1969).
Additionally, the sieved samples were analyzed for clay con-
tent at the USGS Earth Surface Processes Soils Laboratory in
Denver, Colorado, using a laser analyzer (Harland Goldstein,
USGS, written commun., 2007). Clay was defined as particles
less than or equal to 3.9 um in size (Wentworth, 1922).

For bacteria analyses, streambed-sediment samples were
collected from eight sites (LA-8A, LA-11, LA-13, LA-14,
LA-24, LA-26, LA-27, and LA-29) during low-flow condi-
tions in September 2007 (table A1). At each site, streambed
sediment was sampled to a depth of less than 0.4 in. at about
10 locations within the channel to obtain a composite sample
of recently deposited bed material (Myers and others, 2007).
The sample was collected using a handheld plastic scoop.
Each sample was placed in a 1-liter, autoclaved plastic bottle
and transported back to the USGS laboratory in Lawrence,
Kansas, for subsequent shipment to another USGS laboratory
for preparation and analyses.

Constituent Analyses

The streambed-sediment samples were analyzed for nutri-
ents (total nitrogen and total phosphorus), organic and total
carbon, 25 trace elements, the radionuclides beryllium-7 ('Be),
cesium-137 (*¥7Cs), lead-210 (*'°Pb), and radium-226 (***Ra),
and bacteria (eight sites only). A complete list of the constitu-
ents for which analyses were performed is provided in table 1.
Analyses of sediment samples for nutrients, carbon, and trace
elements were performed at the USGS Sediment Trace Ele-
ment Partitioning Laboratory in Atlanta, Georgia. Analyses
for total nitrogen and carbon concentrations were performed
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Analyses performed on streambed-sediment samples from the Little Arkansas River Basin, south-central Kansas.

[Number in parentheses is the method reporting limit for each constituent. mg/kg, milligrams per kilogram; %, percent dry weight; dpm/g, disintegrations per
minute per gram; pCi/g, picocuries per gram; col/g,, colonies per gram (dry weight)]

Nutrients

Total nitrogen (100 mg/kg) Total phosphorus (50 mg/kg)

Carbon

Carbon, total organic (0.1%) Carbon, total (0.1%)

Trace elements

Aluminum (0.1%)
Antimony (0.1 mg/kg)
Arsenic (0.1 mg/kg)
Barium (1.0 mg/kg)

Cobalt (1.0 mg/kg)
Copper (1.0 mg/kg)
Iron (0.1%)

Lead (1.0 mg/kg)
Beryllium (0.1 mg/kg) Lithium (1.0 mg/kg)
Cadmium (0.1 mg/kg) Manganese (10.0 mg/kg)

Chromium (1.0 mg/kg) Molybdenum (1.0 mg/kg)

Nickel (1.0 mg/kg)
Selenium (0.1 mg/kg)

Titanium (0.01%)
Uranium (50 mg/kg)

Silver (0.5 mg/kg) Vanadium (1.0 mg/kg)
Strontium (1.0 mg/kg) Zinc (1.0 mg/kg)
Sulfur (0.01%)

Thallium (50 mg/kg)

Tin (1.0 mg/kg)

Radionuclides

Beryllium-7 (0.4 dpm/g) Cesium-137 (0.03 pCi/g)

Lead-210 (0.25 dpm/g) Radium-226 (0.06 dpm/g)

Bacteria’

Enterococci (col/g, ) Escherichia coli (col/g)

Fecal coliform (col/g,,) Total coliform (col/g )

"Method reporting limit not available.

using the methods described by Horowitz and others (2001).
Analyses for total phosphorus and trace elements were per-
formed using the methods described by Fishman and Friedman
(1989), Arbogast (1996), and Briggs and Meier (1999).

Radionuclide analyses were performed at a USGS labora-
tory in Menlo Park, California. Analyses for 'Be, '*’Cs, 2'°Pb,
and 2*°Ra were performed using the methods described by
Robbins and Edgington (1975), Olsen and others (1986), and
Fuller and others (1999).

Bacteria analyses were performed at the USGS micro-
biology laboratory in Columbus, Ohio. In the methods used,
the sediment was isolated from the original pore water to the
extent possible. The remaining pore water had an unknown
affect on the results. Specifically, the streambed-sediment
samples were analyzed for enterococci, Escherichia coli
(E. coli), fecal coliform, and total coliform according to the
methods described by Britton and Greeson (1989), Eaton and
others (2005), and Myers and others (2007).

Quality Control

Quality control for the chemical analyses of streambed-
sediment samples was provided by an evaluation of analytical
and spatial variability. Analytical variability was evaluated
through the split-replicate analysis of a single sediment sample
collected at two sites (LA-14 and LA-30) (fig. 2). Each sample
was homogenized and sampled twice to obtain the split-rep-
licate samples. Spatial (within-site) variability was evaluated

by the collection and analysis of sequential-replicate samples
at two sites (LA-2 and LA-27) (fig. 2). That is, the sequential-
replicate samples were obtained by collecting two separate
samples at each site. Individual sequential-replicate samples
were homogenized prior to analysis. All split- and sequential-
replicate samples were analyzed for the various chemical
constituents.

For each pair of samples, the relative percentage differ-
ence between the replicate sample concentrations or activities
was computed as:

D, =[IC1-C2|/(Cl +C2)] * 100, (1)

where D is the relative percentage difference, C1 is the first
replicate sample concentration or activity, and C2 is the sec-
ond replicate sample concentration or activity.

The relative percentage differences computed for all con-
stituents detected in the split- and sequential-replicate samples
are provided in table 2. With the exception of selenium, tin,
and cesium-137, analytical variability for the split-replicate
samples was minimal with mean relative percentage differ-
ences less than 6 percent. Selenium, tin, and cesium-137
had mean relative percentage differences of 8.4, 10, and
16.4 percent, respectively. With the exception of total organic
carbon, cadmium, selenium, and tin, spatial variability for
the sequential-replicate samples also was minimal with mean
relative percentage differences of about 9 percent or less. Total
organic carbon, cadmium, selenium, and tin had respective
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mean relative percentage differences of 11.3, 19.3, 10.1, and
16.7 percent.

Quality control for the bacteria analyses was provided
by the analysis of split-replicate samples for site LA-24 and
sequential-replicate samples for site LA-13 (fig. 2). The rela-
tive percentage differences (determined for E. coli and fecal
coliform) averaged about 28 percent for the split-replicate
samples and about 23 percent for the sequential-replicate
samples (table 2).

Sediment-Quality Guidelines

The U.S. Environmental Protection Agency (USEPA)
has adopted nonenforceable sediment-quality guidelines
(SQGs) for freshwater systems in the form of level-of-concern
concentrations for several trace elements (U.S. Environmental
Protection Agency, 1997). These level-of-concern concentra-
tions were derived from biological-effects correlations made
on the basis of paired onsite and laboratory data to relate the
incidence of adverse biological effects in aquatic organisms
to dry-weight sediment concentrations. Two such level-of-
concern guidelines adopted by USEPA are referred to as the
threshold-effects level (TEL) and the probable-effects level
(PEL). The TEL is assumed to represent the concentration
below which toxic biological effects rarely occur. In the range
of concentrations between the TEL and PEL, toxic effects
occasionally occur. Toxic effects usually or frequently occur at
concentrations above the PEL.

USEPA cautions that the TEL and PEL guidelines are
intended for use as screening tools for possible hazardous
levels of chemicals and are not regulatory criteria. This cau-
tionary statement is made because, although biological-effects
correlation identifies level-of-concern concentrations associ-
ated with the likelihood of adverse organism response, the
comparison may not demonstrate that a particular chemical is
solely responsible. In fact, biological-effects correlations may
not indicate direct cause-and-effect relations because sedi-
ments may contain a mixture of chemicals that contribute to
the adverse effects to some degree. Thus, for any given site,
these guidelines may be over- or underprotective (U.S. Envi-
ronmental Protection Agency, 1997).

MacDonald and others (2000) developed consensus-
based SQGs for freshwater systems that were computed as the
geometric mean of several previously published SQGs. The
consensus-based SQGs consist of a threshold-effect concen-
tration (TEC) and a probable-effect concentration (PEC).

The TEC represents the concentration below which adverse
effects are not expected to occur, whereas the PEC represents
the concentration above which adverse effects are expected
to occur more often than not. An evaluation of the reliability
of the SQGs indicated that most of the individual TECs and
PECs provide an accurate basis for predicting the presence or
absence of sediment toxicity (MacDonald and others, 2000).

A comparison of the two SQGs indicated that the
differences generally were small (table 3). The largest

difference was for the zinc PEL and PEC. In this case, the
PEC (459 mg/kg) was about 69 percent larger than the PEL
(271 mg/kg). For this study, the SQGs used were selected

to provide a less-stringent assessment. Thus, for each trace
element for which SQGs were available, the larger of the two
options for threshold effects and probable effects was selected
for the purpose of assessing sediment quality (table 3). In

this report, the options used to assess sediment quality are
referred to as the threshold-effects guideline and the probable-
effects guideline.

Statistical Analyses

Correlation analyses were used to assess relations
between constituents and between constituents and basin
characteristics. Measures of correlation are dimensionless and
scaled to be in the range of -1.0 to 1.0. A value of 0 indicates
no relation between two variables. A value between 0 and -1.0
indicates a negative correlation (that is, one variable decreases
as the other variable increases) whereas a value between
0 and 1.0 indicates a positive correlation (that is, one vari-
able increases as the other variable increases). In this study,
Spearman’s rho correlation coefficients were computed with a
0.10 level of significance. An advantage of Spearman’s rho is
that, because it is based on ranks, it is more resistant to outlier
effects than the more commonly used Pearson’s r correla-
tion coefficient (Helsel and Hirsch, 1992). Correlations were
considered to be significantly positive or negative if the prob-
ability (two-sided p-value) of rejecting a correct hypothesis (in
this case, no relation) was less than or equal to 0.10.

Comparison of Water Quality to Sediment
Quality

Investigation of the relation of water quality to stream-
bed-sediment quality in the Little Arkansas River Basin
involved a comparison for sites where both types of data were
available (sites LA-11, LA-13, LA-14, LA-24, LA-26, LA-27,
LA-29, and LA-30; fig. 2). As part of the analysis, water qual-
ity and sediment quality also were compared with streamflow.
In this study, the comparison was focused on nitrogen (N),
phosphorus (P), and organic carbon (OC).

Historical water-quality data from KDHE were avail-
able for six sampling sites (LA-11, LA-13, LA-24, LA-26,
LA-29, and LA-30; fig. 2). Only KDHE sites with at least
10 samples analyzed were included (sites LA-17 and LA-18
were excluded because they only had six and one sample(s)
analyzed, respectively). Available data used for the six KDHE
sites date back to 1995. The number of samples analyzed per
site ranged from 10 to 58 (table 4). Historical water-quality
data from the USGS were available for sampling sites LA-14
and LA-27 (fig. 2). Available data used for the USGS sites
date back to 1995. The number of samples analyzed per site
ranged from 59 to 73 (table 4).
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Table 2. Relative percentage differences for constituent concentrations or activities and bacteria densities in split-replicate and
sequential-replicate streambed-sediment samples from the Little Arkansas River Basin, south-central Kansas.

[Location of sampling sites shown in figure 2. --, not available or not calculated because constituent was not detected in one or both of the samples]

Relative percentage difference

Constituent Split-replicate samples’ Sequential-replicate samples?
Site LA-14 Site LA-30 Mean Site LA-2 Site LA-27 Mean
Nutrients
Total nitrogen 1.6 7.5 4.6 43 12.6 8.5
Total phosphorus 0 0 0 32 2.2 2.7
Carbon
Carbon (total organic) 0 34 1.7 8.3 14.3 11.3
Carbon (total) 3.8 1.5 2.7 3.7 12.3 8.0
Trace elements

Aluminum 0 1.1 .6 34 2.7 3.1
Antimony 0 0 0 0 9.1 4.6
Arsenic 2.6 0 1.3 4.8 34 4.1
Barium 0 .8 4 0 1.6 .8
Beryllium 0 0 0 2.7 0 1.4
Cadmium 6.7 0 34 0 38.5 19.3
Chromium 1.9 1.3 1.6 1.1 0 .6
Cobalt 0 0 0 43 43 43
Copper 0 0 0 6.3 0 32
Iron 1.6 24 2.0 4.3 2.2 33
Lead 0 0 0 4.5 4.5 4.5
Lithium 0 2.0 1.0 7.1 43 5.7
Manganese 0 5 3 0 2.4 1.2
Molybdenum -- -- -- -- -- --
Nickel 0 0 0 5.0 3.0 4.0
Selenium 16.7 0 8.4 14.3 5.9 10.1
Silver -- -- -- -- -- --
Strontium 2.9 1.3 2.1 0 0 0

Sulfur -- 0 - 0 - --
Thallium -- -- -- -- -- --
Tin 0 20.0 10.0 0 333 16.7
Titanium 1.2 0 .6 1.3 1.2 1.3
Uranium -- -- -- -- -- --
Vanadium .6 9 .8 4.1 2.2 32

Zinc .6 0 3 8.1 2.0 5.1
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Table 2. Relative percentage differences for constituent concentrations or activities and bacteria densities in split-replicate and
sequential-replicate streambed-sediment samples from the Little Arkansas River Basin, south-central Kansas.—Continued

[Location of sampling sites shown in figure 2. --, not available or not calculated because constituent was not detected in one or both of the samples]

Relative percentage difference

Constituent Split-replicate samples’ Sequential-replicate samples?
Site LA-14 Site LA-30 Mean Site LA-2 Site LA-27 Mean
Radionuclides
Beryllium-7 9.3 1.9 5.6 -- 1.5 --
Cesium-137 11.1 21.7 16.4 7.7 11.1 9.4
Lead-210 2.2 2.4 23 3.5 5 2.0
Radium-226 1.1 2.9 2.0 2.6 1.7 2.2
Bacteria®
Escherichia coli 25.7 -- -- 10.3 -- --
Fecal coliform 30.2 -- -- 36.0 -- --

ISplit-replicate samples were obtained by homogenizing the sediment collected at each site and sampling it twice.
2Sequential-replicate samples were obtained by collecting two separate sediment samples at each site.

3Split-replicate samples were analyzed for site LA-24 and sequential-replicate samples were analyzed for site LA-13. Relative percentage differences were
not computed for total coliform and enterococci because the density for one or both samples was reported as “greater than” for each site. See table 7.

The KDHE and USGS water-quality samples differed particulate concentrations in this report. Organic carbon con-
with respect to the sampling and analytical techniques used. centrations in the water and sediment samples were considered
Samples collected by KDHE typically were single-point to be particulate concentrations.
samples dipped near the surface of the water column. Samples Before a comparison between the water-quality and
collected by USGS were either single-point dip samples or sediment-quality data for each site was attempted, addi-
composite samples collected by equal-width interval or equal-  tional modification of the data sets was necessary to make
discharge increment techniques (U.S. Geological Survey, the data sets more directly comparable. Particulate N, P, and
2006). Samples collected by KDHE were analyzed for total OC concentrations for the KDHE and USGS water-quality
suspended solids concentration (TSS), whereas the USGS samples were normalized by dividing by TSS to correct for
samples were analyzed for TSS and suspended sediment differing amounts of TSS in the samples. Particulate N, P, and
concentration (SSC). TSS and SSC are not interchangeable OC concentrations for the streambed-sediment samples were
and there can be a large difference between the two for a given  normalized by dividing by the percentage of clay to correct
sample (Gray and others, 2000). for differing amounts of clay in the samples. This correction

Water-quality samples collected by KDHE were analyzed  required the assumption that most of the particulate N, P,
using the methods described by the U.S. Environmental Pro- and OC were contained in the clay fraction of the sediment

tection Agency (1982, 1983) and the American Public Health  samples. A graphical comparison for each site was achieved
Association (1998). Water-quality samples collected by USGS by plotting the normalized water-quality and sediment-quality
were analyzed using the methods described by Guy (1969), data in relation to discharge.

Fishman and Friedman (1989), Patton and Truitt (1992), Fish-
man (1993), and Patton and Kryskalla (2003).

To enable the comparison, particulate N concentration - PR -
was computed by subtracting the ammonia (dissolved nitro- Sedlment Quallty in the thtle Arkansas
gen) concentration from the total Kjeldahl nitrogen concentra- ~ Rjver Basin
tion for each water-quality sample. Also, particulate P con-
centration was computed by subtracting the ortho-phosphorus In this section, the spatial and temporal variability in
(dissolved) concentration from the total phosphorus concentra-  gireambed-sediment concentrations of selected chemical
tion for each water-quality sample. The resultant estimates of  ¢onstituents is discussed. A constituent was selected if it was
particulate N and P concentrations for the water samples were  getected in the sediment samples collected by USGS and

more d?rectly comparable with thc? N and P concentrations it frequently or typically was detected in the water samples
determined for the streambed-sediment samples. Because the collected by KDHE. On the basis of these criteria, particulate
N and P concentrations in the sediment samples essentially N, particulate P, particulate OC, and 14 trace elements were

represent particulate concentrations, they are referred to as evaluated. Radionuclides and bacteria also are discussed.
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Table 3. Sediment-quality guidelines for selected trace elements and associated bioaccumulation index.

[Values in milligrams per kilogram. Shading represents guidelines to which sediment concentrations were compared in this report. USEPA, U.S. Environmen-
tal Protection Agency; TEL, threshold-effects level; PEL, probable-effects level; TEC, threshold-effects concentration; PEC, probable-effects concentration;

--, not available]

USEPA (1997) MacDonald and others (2000) Bio-accumulation
Trace element .

TEL PEL TEC PEC index'
Arsenic 7.24 41.6 9.79 33.0 moderate
Cadmium .676 4.21 .99 4.98 moderate
Chromium 52.3 160 43.4 111 moderate
Copper 18.7 108 31.6 149 high
Lead 30.2 112 35.8 128 moderate
Nickel 15.9 42.8 22.7 48.6 moderate
Silver 733 1.77 -- -- moderate
Zinc 124 271 121 459 high

'Bioaccumulation index information for trace elements from Pais and Jones (1997).

Table 4. Water-quality sampling sites included in this study.

[N, nitrogen; P, phosphorus; OC, organic carbon]

Sampling Number of samples analyzed
. L Dates of sample
site number Sampling site name .
. N P oc collection
(fig. 2)
Kansas Department of Health and Environment sampling sites
LA-11 Turkey Creek near Buhler 12 12 12 2002, 2006
LA-13 Little Arkansas River at Alta Mills 41 58 36 1995-1997, 2000-2006
LA-24 Emma Creek near Sedgwick 10 10 10 2002, 2006
LA-26 Sand Creek near Sedgwick 13 13 13 2002, 2006
LA-29 Little Arkansas River at Valley Center 40 56 36 1995-1997, 2000-2006
LA-30 Little Arkansas River at Wichita 38 38 35 20002006
U.S. Geological Survey' sampling sites

LA-14 Little Arkansas River at Highway 50 near Halstead 71 67 60 1995-2006
LA-27 Little Arkansas River near Sedgwick 73 73 59 1995-2006

Dates of sample collection for N and P were 2000—2006.

Nutrients and Organic Carbon

Site-to-site variability in constituent concentrations was
substantial for the winter sediment samples, and order-of-mag-
nitude differences were measured for particulate N (tables 5,
A?2). Particulate N concentrations in the winter samples
ranged from 700 milligrams per kilogram (mg/kg) (site LA-7)
to 8,000 mg/kg (site LA-23). Particulate P concentrations
in the winter samples also varied considerably with a range
of 330 mg/kg (site LA-11) to 2,300 mg/kg (sites LA-27 and
LA-29) (tables 5, A2; fig. 44,D).

The particulate nutrient concentrations in the win-
ter samples exhibited several spatial patterns within the
basin. For the purposes of this discussion, the follow-

ing concentration classes were established for particulate

N on the basis of natural breaks in the data set: low (less

than 1,000 mg/kg), moderate (1,000 to 2,500 mg/kg),

high (2,600 to 4,000 mg/kg), and very high (greater than
4,000 mg/kg). Along the main-stem Little Arkansas River,
particulate N concentrations were moderate upstream from
Alta Mills (sites LA-1, LA-2, LA-5) and high to very high at
and downstream from Alta Mills (sites LA-13, LA-14, LA-27,
LA-29, LA-30) (fig. 44, table A2). Among the tributaries
sampled, particulate N concentrations were low for Blaze
Fork (site LA-7), moderate for Black Kettle (site LA-17)

and Jester (site LA-28) Creeks, low to high for Turkey Creek
(sites LA-8A, LA-8B, LA-9, LA-10, LA-11, LA-12), moder-
ate to high for Sand Creek (sites LA-25, LA-26, LA-31), high
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Table 5. Concentration and activity ranges for selected constituents in streambed-sediment samples collected in the Little Arkansas

River Basin, south-central Kansas, January and March 2007.

[mg/kg, milligrams per kilogram; %, percent; dpm/g, disintegrations per minute per gram; pCi/g, picocuries per gram]

Concentration

Constituent and unit of measurement

Minimum (site(s), fig. 2)

Maximum (site(s), fig. 2)

Nutrients
Total nitrogen, mg/kg 700 (LA-7) 8,000 (LA-23)
Total phosphorus, mg/kg 330 (LA-11) 2,300 (LA-27, LA-29)
Carbon
Total organic carbon, % 0.7 (LA-7) 5.8 (LA-23)
Trace elements
Aluminum, % 4.7 (LA-30) 7.1 (LA-5)
Antimony, mg/kg .5 (LA-27) .9 (LA-8B)
Arsenic, mg/kg 3.6 (LA-11) 20 (LA-14)
Barium, mg/kg 610 (LA-30) 940 (LA-22)
Chromium, mg/kg 37 (LA-11, LA-30) 65 (LA-8B)
Copper, mg/kg 11 (LA-11) 60 (LA-31)
Iron, % 1.4 (LA-11) 3.1 (LA-5,LA-29)
Lead, mg/kg 16 (LA-11) 51 (LA-31)
Manganese, mg/kg 200 (LA-11) 6,000 (LA-27)
Nickel, mg/kg 14 (LA-11) 25 (LA-23)
Selenium, mg/kg .2 (LA-7, LA-17) 2.5 (LA-22)
Strontium, mg/kg 120 (LA-21) 400 (LA-30)
Vanadium, mg/kg 54 (LA-11) 89 (LA-5)
Zinc, mg/kg 43 (LA-11) 180 (LA-31)
Radionuclides
Beryllium-7, dpm/g <4 (LA-2,LA-8A, LA-9, 19.5 (LA-23)
LA-11, LA-17)
Cesium-137, pCi/g <.03 (LA-11, LA-13) .32 (LA-18)
Lead-210, dpm/g 3.20 (LA-2) 9.86 (LA-23)
Radium-226, dpm/g 1.90 (LA-22, LA-23) 3.30 (LA-12)

for Kisiwa Creek (site LA-18), and moderate to very high for
Emma Creek (sites LA-20, LA-21, LA-22, LA-23, LA-24).
Within the Emma Creek subbasin, sites LA-22 and LA-23 had
the largest particulate N content of all the sites sampled with
respective concentrations of 5,600 and 8,000 mg/kg (fig. 44,
table A2).

Likewise, to facilitate the discussion of particulate P vari-
ability, the following concentration classes were set: low (less
than 1,000 mg/kg), moderate (1,000 to 1,500 mg/kg), and high
(greater than 1,500 mg/kg). Along the main-stem Little Arkan-
sas River, particulate P concentrations were low upstream
from Alta Mills and typically high at and downstream from
Alta Mills (fig. 4D, table A2). Among the tributaries sampled,
particulate P concentrations were low for Black Kettle, Blaze
Fork, and Jester Creeks, low to moderate for Turkey Creek,

low to high for Emma and Sand Creeks, and moderate for
Kisiwa Creek (fig. 4D, table A2).

Overall, the spatial patterns of particulate N and P vari-
ability within the Little Arkansas River Basin were similar
(fig. 44,D) and the correlation between the particulate N and
P concentrations was statistically significant (Spearman’s rho
= (.87, two-sided p-value = 0.000). The correlation indicated
that particulate N and P sediment concentrations likely were
affected by the same factors within the basin. Variability of
nutrient concentrations in sediment is due partly to the vari-
ability in natural sources (that is, soils and bedrock) within and
between subbasins and also to the effects of human activity
(for example, fertilizer application, septic systems, wastewa-
ter-treatment facilities, crop production, and livestock and
poultry production).
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Figure 4. Original, clay-normalized, and organic-carbon-normalized concentrations of particulate nitrogen and phosphorus in
streambed-sediment samples collected in the Little Arkansas River Basin, south-central Kansas, January and March 2007.
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Figure 4. Original, clay-normalized, and organic-carbon-normalized concentrations of particulate nitrogen and
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D. Particulate phosphorus
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To further account for differences in the particle-size
composition of the sieved streambed-sediment samples, and
thereby make the samples more directly comparable, a clay
normalization was done in which the constituent concentra-
tions were divided by the clay content for each sample. Clay
content in the samples ranged from 10 percent (site LA-12)
to 30 percent (sites LA-7, LA-18, LA-31) (table A2). The
magnitudes of the particulate N and P concentrations were
increased substantially as a result of the clay normalization
(table A2); however, spatial patterns for the clay-normalized
particulate N and P concentrations (fig. 4B, E) generally were
consistent with the spatial patterns for the original concentra-
tions (fig. 44, D) with some variations evident. For example,
along the main-stem Little Arkansas River, the average clay-
normalized particulate N and P concentrations upstream from
Alta Mills (sites LA-1, LA-2, LA-5) remained low compared
to the average concentrations at and downstream from Alta
Mills (sites LA-13, LA-14, LA-27, LA-29, LA-30). However,
increasing trends (in the downstream direction) for particulate
N and P upstream from Alta Mills were more pronounced for
the clay-normalized concentrations. The relation between the
original and clay-normalized concentrations was statistically
significant for both particulate N (Spearman’s rho = 0.84, two-
sided p-value = 0.000) and particulate P (Spearman’s rho =
0.82, two-sided p-value = 0.000) (table A2).

A statistical comparison of the original and clay-normal-
ized particulate N and P concentrations for the sampling sites
with land use (that is, percentage of cropland, grassland, and
urban; fig. 2) in the respective sampling-site subbasins indi-
cated that none of the correlations were strong (for example,
rho > 0.70) and statistically significant (table 6). The absence
of a strong correlation between nutrient concentrations in
sediment and land use also was reported by Juracek (2004a) in
a study of 10 small reservoirs in eastern Kansas. In a national
study of the effects of land use on sediment chemistry, Horo-
witz and Stephens (2008) determined that agricultural land use
(cropland and pasture) had little or no effect on downstream
sediment concentrations of several constituents including
phosphorus and carbon. Several factors may, in part, explain
why rural land use alone is not an effective predictor of nutri-
ent concentrations in sediment. For example, a general land-
use classification provides little or no information on such
important factors as land-management practices (for example,
tillage practices, grazing intensity), fertilizer application, and
livestock and poultry production.

Examination of the distribution of concentrated animal
feeding operations (CAFOs) in the basin as of June 2007
(fig. 5), compared to the spatial variability in original par-
ticulate N and P concentrations in the streambed sediment
(fig. 44,D, table A2), indicated that livestock and poultry
production might, in part, be responsible for some of the spa-
tial differences in nutrient concentrations. For example, note
that the streambed-sediment sampling sites with the largest
particulate N concentrations (that is, sites LA-22 and LA-23
in the Emma Creek subbasin) are located in an area that has
a relatively greater density of CAFOs. Likewise, along the

Sediment Quality in the Little Arkansas River Basin 19

main-stem Little Arkansas River, the increase in particulate

N and P concentrations from site LA-2 to LA-5 may, in part,
be caused by the multiple CAFOs located in the intervening
drainage area (fig. 5). In addition to livestock and poultry
production, the variability of nutrient concentrations may be
caused by other factors for which information is not read-

ily available. Such information includes background nutrient
availability from the soils and bedrock in the subbasins, his-
torical land-management practices, and historical fertilizer use.

The possible relation between original particulate N and
P concentrations for the streambed-sediment sampling sites
and livestock and poultry production in the sampling-site sub-
basins was investigated statistically. To enable the analysis,
livestock and poultry production in each subbasin (as of June
2007) was standardized by dividing the number of animal
units by the size of the subbasin. An animal unit is defined as
a measurement used to make comparable the waste generated
by different species of livestock and poultry (Robert Gavin,
Kansas Department of Health and Environment, written
commun., 2007). A statistically significant positive correla-
tion (Spearman’s rtho = 0.44, two-sided p-value = 0.025) was
indicated for the relation between particulate N concentra-
tions in the streambed-sediment samples and the number of
animal units per square mile in the subbasins; however, the
correlation was not particularly strong. The relation between
particulate P concentrations and animal units per square mile
was not statistically significant (Spearman’s rho = 0.23, two-
sided p-value = 0. 255). Thus, whereas livestock and poultry
production may be contributors of N and P to streambed sedi-
ments, they apparently are not the sole contributors, and their
importance likely varies from site to site in the Little Arkansas
River Basin. Factors that determine the importance of a CAFO
as a source of N and P to a stream channel include proximity
of the CAFO to the stream channel, number of animals, type
of animal (amount of N and P in its waste), method of waste
management employed (for example, land application), soil
type, and topography. Non-CAFO livestock production also
may be important as a nutrient source.

Effluent from wastewater-treatment facilities is a poten-
tial source of nutrients to streambed sediment. In the Little
Arkansas River Basin, the ability to assess its importance as a
source was limited by the locations of the streambed-sediment
sites sampled. Within the basin, the two largest sources of
effluent were the cities of McPherson and Newton, which each
discharged about 2 million gallons per day in 2007 (Rance
Walker, Kansas Department of Health and Environment,
written commun., 2008). However, upstream and downstream
sediment data were available only for Newton. Along Sand
Creek, the original winter particulate N and P concentrations
in the streambed sediment increased about 33 and 130 percent,
respectively, from site LA-25 (upstream from Newton) to
site LA-31 (downstream from Newton) (fig. 44,D, table A2).
The observed increases may be a result of effluent from the
Newton wastewater-treatment facility located between the two
streambed-sampling sites. Nutrients in effluent typically are
dissolved and therefore bioavailable. The fates of dissolved
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Table 6. Results of correlation analyses for original and clay-
normalized particulate nitrogen and phosphorus concentrations
for streambed-sediment sampling sites as compared to land use
in the sampling-site subbasins.

[TN,, original particulate nitrogen concentration; TN , clay-normalized
particulate nitrogen concentration; TP, original particulate phosphorus
concentration; TP , clay-normalized particulate phosphorus concentration;
%, percentage of subbasin]

Correlation test at 0.10 level

Variables compared Spe::irlr:an's of significance
(two-sided p-value)

TN, and cropland % -0.35 negative correlation (0.076)
TN, and grassland % 37 positive correlation (0.060)
TN, and urban % 17 no correlation (0.401)
TN, and cropland % -.24 no correlation (0.235)
TN, and grassland % .19 no correlation (0.345)
TN_ and urban % 15 no correlation (0.468)
TP and cropland % -.38 negative correlation (0.058)
TP, and grassland % .33 no correlation (0.105)
TP, and urban % 27 no correlation (0.177)
TP, and cropland % -.28 no correlation (0.161)
TP, and grassland % .19 no correlation (0.360)
TP, and urban % 28 no correlation (0.167)

nutrients in a stream include downstream transport, trans-
formation, uptake by plants and algae, and accumulation in
streambed sediment (Allan, 1995).

The site-to-site variability in original particulate OC con-
centrations (fig. 6, table A2) for the winter samples paralleled
the spatial patterns observed for the original particulate N and
P concentrations (fig. 44,D, table A2) and the correlations
between particulate OC and particulate N and P were statis-
tically significant (two-sided p-value = 0.000). The Spear-
man’s rho correlation coefficients for the relation between
particulate OC and N and between particulate OC and P were
0.96 and 0.83, respectively (fig. 7). Particulate OC content in
the samples ranged from 0.7 percent (site LA-7) to 5.8 percent
(site LA-23) (table A2). The relation between particulate OC
and clay content was not statistically significant (Spearman’s
rho = 0.29, two-sided p-value = 0.154) for the winter samples.

Temporal variability in original nutrient concentrations
was assessed by a comparison of the winter and summer sedi-
ment samples. With the exception of site LA-11 (for which
particulate N and P concentrations in the summer sample were
substantially larger), particulate N and P concentrations in the
summer samples were substantially smaller with respective
mean decreases of 63 and 51 percent (fig. 8). Among the eight
sites that were resampled, the largest particulate N concen-
trations for both time periods were measured for site LA-23

(fig. 8, tables A2, A3). The change in nutrient concentrations
does not appear to be clearly related to the percentage of clay
in the samples as the decreases occurred regardless of whether
the clay content increased or decreased. For example, similar
decreases in particulate N and P concentrations were deter-
mined for sites LA-27 and LA-29 despite the fact that clay
content in the summer sample was 100 percent larger for the
former and 48 percent smaller for the latter (tables A2, A3).

However, the change in original nutrient concentrations
does appear to be related to particulate OC content in the
samples. For site LA-11, a modest increase in particulate OC
content for the summer sample was accompanied by sub-
stantial increases in particulate N and P relative to the winter
sample. Conversely, large decreases in particulate OC content
for the remaining summer samples were accompanied by
substantial decreases in particulate N and P (tables A2, A3).
Thus, given that OC provides an approximate determination of
total organic material in a sediment sample (Horowitz, 1991),
a likely explanation is that particulate N and P preferentially
sorb to organic matter in the sediment (Neal and others, 1997).
Another possible explanation is a change in particle size. For
example, an increase in particle size (that is, more silt) could
account, in part, for decreases in N, P, and OC content.

Several possible explanations may account, in part,
for the typically lower particulate OC concentrations (and
associated particulate N and P concentrations) in the sum-
mer samples. One possible contributing factor is a change in
particle size as previously discussed. A second possibility is
the series of high flows that occurred between the last winter
sampling date (March 2007) and the summer sampling date
(August 2007) (fig. 3). The high flows may have flushed out
organic matter that had accumulated on the streambeds dur-
ing the preceding prolonged period of low flows. Also, the
high flows may have delivered an increased load of sediment
derived from channel-bank sources that typically are low in
OC content (and N and P content) compared to surface soils
(Walling and Woodward, 1995; Jobbagy and Jackson, 2000;
Juracek, 2004b; Juracek and Ziegler, 2007). Another possibil-
ity is that the lower OC content in the summer samples was
caused, in part, by warmer waters which typically have higher
decomposition rates of organic matter (Smol, 2002).

Given the apparent relation between particulate N and
P and particulate OC (fig. 7), it was decided to normalize
the original nutrient concentrations in the winter samples by
dividing by the particulate OC content. The magnitudes of the
particulate N and P concentrations were increased as a result
of the OC normalization. A statistically significant correla-
tion was determined for the relation between the original and
OC-normalized particulate N concentrations (Spearman’s
rho = 0.82, two-sided p value = 0.000) and the spatial patterns
generally were consistent (figs. 44,C, table A2). For example,
along the main-stem Little Arkansas River, the average OC-
normalized particulate N concentration upstream from Alta
Mills (sites LA-1, LA-2, LA-5) remained low compared to
the average concentration at and downstream from Alta Mills
(sites LA-13, LA-14, LA-27, LA-29, LA-30).
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A. Particulate organic carbon
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Figure 7. Variation in particulate nitrogen (A) and phosphorus
(B) concentrations in relation to particulate organic carbon
concentrations for streambed-sediment samples collected in
the Little Arkansas River Basin, south-central Kansas, January,
March, and August 2007.

In contrast, the relation between the original and OC-
normalized particulate P concentrations for the winter samples
was not statistically significant (Spearman’s rho = 0.16, two-
sided p value = 0.433) (figs. 4D, F, table A2). Nevertheless,
with one exception, the main-stem pattern of lower concentra-
tions upstream from Alta Mills was evident. The exception
was site LA-30 (Little Arkansas River at Wichita, Kansas)
for which the OC-normalized particulate P concentration was
similar to or less than the concentrations for the sites upstream
from Alta Mills.

Trace Elements

Site-to-site variability in particulate trace element con-
centrations was substantial for the winter samples, though
typically less than for the nutrients. Exceptions were manga-
nese and selenium for which order-of-magnitude differences
were measured (tables 5, A2).

Urban sources of contamination (for example, indus-
try, vehicular traffic, wastewater-treatment facilities) likely

9,000A' Pamcullate nltroglen

8,000~ 3
7,000 - 3
6,000~ b
5,000 B
4,000 - B
3,000 3
2,000 3

IN MILLIGRAMS PER KILOGRAM

1,000 b
0

PARTICULATE NITROGEN CONCENTRATION,

2,500

2,000 gl

1,500 |- 4

1,000 E

IN MILLIGRAMS PER KILOGRAM

500 _

PARTICULATE PHOSPHORUS CONCENTRATION,

LA-11 LA-13 LA-14 LA-23 LA-24 LA-26 LA-27 LA-29
SITES

EXPLANATION

Streambed-sediment sample
== \Winter sample collected January or March 2007
== Summer sample collected August 2007

Figure 8. Variation in particulate nitrogen (A) and phosphorus
(B) concentrations for streambed-sediment samples collected in
the Little Arkansas River Basin, south-central Kansas, January,
March, and August 2007.

accounted for relatively large trace element concentrations
at some sites. For example, downstream from the city of
McPherson, Kansas, along Turkey Creek, relatively large
concentrations of copper, lead, and zinc were measured at
sites LA-8A and LA-8B. The largest concentrations of copper
(60 mg/kg), lead (51 mg/kg), silver (0.9 mg/kg), and zinc
(180 mg/kg) were measured at site LA-31, which is located
along Sand Creek downstream from the city of Newton, Kan-
sas (fig. 2, table A2). In a national study of the effects of land
use on sediment chemistry, Horowitz and Stephens (2008)
determined that urban land use typically caused substantial
increases in the downstream sediment concentrations of sev-
eral trace elements including cadmium, copper, lead, mercury,
silver, and zinc.

Sediment quality was assessed with respect to the eight
trace elements for which SQGs were available (table 3).
For the 26 streambed sites sampled, sediment concentra-
tions of the eight trace elements generally were less than the
threshold-effects guidelines; that is, for each trace element,
15 percent or less of the winter samples had concentrations
that exceeded the threshold-effects guideline (table A2). None
of the samples had concentrations that exceeded the probable-



effects guidelines. Sampling sites for which two or more

trace element concentrations exceeded the threshold-effects
guidelines were LA-5 (chromium, nickel), LA-8B (chromium,
lead, zinc), LA-18 (chromium, zinc), LA-23 (nickel, zinc), and
LA-31 (copper, lead, silver, zinc) (fig. 2, table A2).

Temporal variability, assessed by a comparison of the
winter and summer samples for eight sites, indicated that trace
element concentrations for the summer samples typically were
either similar to or smaller than concentrations for the winter
samples (tables A2, A3). This pattern was evident despite the
fact that the percentage of clay in the summer samples ranged
from 100 percent more to 48 percent less than the winter
samples. Thus, a consistent relation between trace element
concentrations and percentage of clay was not observed. As
with the nutrients, trace element concentrations appeared to
be more closely related to changes in particulate OC content,
which decreased substantially for all resampled sites with the
exception of site LA-11 (tables A2, A3). The relation between
copper and zinc concentrations and particulate OC concentra-
tions for all samples is shown in figure 9.
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Radionuclides

The radionuclides "Be, *’Cs, 2!°Pb, and ?*°Ra were ana-
lyzed to investigate variability throughout the basin and assess
the potential for use in a sediment-source study. Overall,
substantial site-to-site variability was indicated for "Be, '*’Cs,
and 2!°Pb (tables 5, A2). Site-to-site variability in original and
clay-normalized '*’Cs is shown in figure 10. The variability
may be indicative of differences in the relative importance
of sediment sources (for example, channel banks and surface
soils) among the sampling sites. Potentially, radionuclides
(perhaps in combination with other constituents) could be
used to determine sediment sources in the basin. Such a study
would involve a comparison of the composition of streambed
or suspended sediments with potential sediment sources to
determine the relative importance of the sources throughout
the basin. Recently, Juracek and Ziegler (2007) used *’Cs and
other constituents to estimate sediment sources in the Perry
Lake and Lake Wabaunsee Basins of northeast Kansas.

Temporally, a comparison of the winter and summer
samples for the eight resampled sites indicated that '*’Cs activ-
ity was characterized by minimal or inconsistent variability
with respect to substantial changes in clay percentage and par-
ticulate OC content. Conversely, ‘Be and ?!°Pb activities in the
summer samples typically were substantially smaller than in
the winter samples (tables A2, A3). Thus, 'Be and ?'°Pb activi-
ties appear to be more directly related to particulate OC con-
tent, which was substantially smaller in the summer samples
with the exception of site LA-11. The relation between 'Be,
137Cs, and 2'°Pb activities and particulate OC concentrations
for all samples is shown in figure 11.

Bacteria

Enterococci, E. coli, and fecal coliform are the three most
common indicator bacteria used to provide a measure of the
pathogenicity of surface water. Currently (2008), there are no
USEPA guidelines or typical background densities published
for these bacteria in freshwater streambed sediment.

Bacteria densities in the streambed sediment were vari-
able. Respectively, the density ranges for enterococci, E. coli,
and fecal coliform were 160 to greater than 6,500 col/g
(colonies per gram, dry weight), 45 to 320 col/g, and 150 to
680 col/g, (table 7). The largest densities of E. coli and fecal
coliform bacteria were determined for sites LA-8A (Turkey
Creek south of McPherson, Kansas), LA-11 (Turkey Creek
near Buhler, Kansas), and LA-13 (Little Arkansas River
at Alta Mills, Kansas) (fig. 2). In comparison, the density
ranges for enterococci, E. coli, and fecal coliform in stream-
bed-sediment samples collected in Johnson County, Kansas,
in 2003 were 11 to 9,100 col/g, less than 11 to 850 col/g,,
and less than 10 to 820 col/g,, respectively (Lee and oth-
ers, 2005).
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Comparison of Historical Water Quality
to Streamflow and Sediment Quality

Historical water quality was compared with streamflow
and streambed-sediment quality for eight selected sites in the
Little Arkansas River Basin. In general, particulate N, P, and
OC content in the water samples decreased as streamflow
increased. Restated, as flow increased, the TSS concentration
in the water samples increased at a faster rate than did the

content of particulate N, P, and OC in the TSS. The relation
between particulate N, P, and OC content in the water samples
and streamflow was less certain for sites LA-11 (Turkey Creek
near Buhler, Kansas), LA-24 (Emma Creek near Sedgwick,
Kansas), and LA-26 (Sand Creek near Sedgwick, Kansas)
because of a lack of samples collected during high-flow condi-
tions (figs. 12, 13, 14).

Previous studies indicated that the relation between
nutrient content in the water and streamflow may be location
specific. For example, reported relations between P content
and streamflow have been both direct (Vaithiyanathan and
Correll, 1992; Vanni and others, 2001) and inverse (Preston
and others, 1989). Rosensteel and Strom (1991) reported that
P content was directly related to flow during storm conditions
but inversely related to flow during non-storm conditions.
Most P transported in streamflow is in the particulate phase
(Holtan and others, 1988; Vanni and others, 2001; Pierzynski
and others, 2005).

The particulate N, P, and OC content in the streambed-
sediment samples also indicated a relation with streamflow.
That is, with the exception of site LA-11 (Turkey Creek near
Buhler, Kansas), the winter samples plotted higher than the
summer samples (figs. 12, 13, 14). The winter samples were
collected during an extended period of low streamflow with
minimal variability, whereas the summer samples were col-
lected following a period that included several high flows
(fig. 3). For site LA-11, the summer sample plotted higher for
particulate N and P. A summer sample was not collected for
site LA-30 (Little Arkansas River at Wichita, Kansas).

Table 7. Densities of total coliform, Escherichia coli, fecal
coliform, and enterococci for streambed-sediment samples
collected from the Little Arkansas River Basin, south-central
Kansas, September 2007.

[>, greater than; E, estimated]

Samlin Total Escheri- Fecal Entero-
site mI:mbst]er coliform, chia coli, coliform, cocci,
(fig. 2) colonies colonies colonies colonies
g- per gram per gram per gram per gram
LA-8A >3,200 260 E 330 >320
LA-11 >4,400 280 410 >4,400
LA-13 >4,400 E 320 320 >4,400
LA-13- >4,100 260 E 680 >4,100
replicate
LA-14 >4,200 45 E 170 >4,200
LA-24 >3,000 130 150 >300
LA-24- >3,100 220 280 E 160
replicate
LA-26 >4.100 160 E 240 >410
LA-27 >5,300 120 150 >5,300
LA-29 >6,500 73 E 220 >6,500
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A couple of possibilities may account, in part, for the
tendency of particulate N, P, and OC content in the water
and streambed-sediment samples to decrease as streamflow
increases. One possibility is that the decreased contents associ-
ated with the higher flows may be a result of a change in sedi-
ment source. During high flows the contribution of sediment
from channel banks may increase (Knighton, 1998). Channel
banks often have smaller concentrations of N, P, and OC as
compared to surface soils (Walling and Kane, 1984; Walling
and Woodward, 1995; Juracek and Ziegler, 2007). A second
possibility is that the decreased contents may be indicative of a
change in the particle-size composition of the less than 63-um
fraction being transported by the higher flows. For example,

P concentrations typically are inversely related to particle size
(Pierzynski and others, 2005). Thus, the decrease in particulate
P content associated with the higher flows may be indicative
of an increase in particle size (that is, an increase in silt con-
tent) (Sharpley and Smith, 1993).

The results described above indicated that it may be
possible to use streambed sediment as an indicator of water
quality for N, P, and OC. Such an application needs to take
into account flow conditions (that is, preceding streambed-
sediment sampling and during water-quality sampling) as there
appears to be a generally consistent relation between flow con-
ditions and particulate N, P, and OC content in the water and
streambed-sediment samples. However, the use of particulate
N to estimate water quality may not be appropriate because
most of the N in streamflow draining agricultural basins is
transported in the dissolved phase (Vanni and others, 2001).

Summary and Conclusions

The spatial and temporal variability in streambed-sed-
iment quality and its relation to historical water quality was
assessed to provide guidance for the development of total
maximum daily loads and the implementation of best-man-
agement practices in the Little Arkansas River Basin, south-
central Kansas. Streambed-sediment samples were collected
at 26 sites in 2007, sieved to isolate the less than 63-micron
fraction (that is, the silt and clay), and analyzed for selected
nutrients (total nitrogen and total phosphorus), organic and
total carbon, 25 trace elements, and the radionuclides berylli-
um-7, cesium-137, lead-210, and radium-226. The sediment-
chemical data were compared to historical water-quality data,
available from KDHE and USGS at eight sites, to investigate
the possibility of using sediment quality to estimate surface-
water quality. At eight sites, streambed-sediment samples also
were collected and analyzed for bacteria. The major results of
this study are listed below:

1. Particulate nitrogen, phosphorus, and organic carbon con-
centrations in the streambed sediment varied substantially
both spatially and temporally, and positive correlations
among the three constituents were statistically significant.

2. Along the main-stem Little Arkansas River, streambed-
sediment concentrations of particulate nitrogen and
phosphorus generally were larger at and downstream from
Alta Mills, Kansas.

3. The largest particulate nitrogen concentrations, possibly
related to livestock and poultry production, were mea-
sured for two streambed-sediment samples collected in
the Emma Creek subbasin.

4. The largest particulate phosphorus concentrations in the
basin were measured for streambed-sediment samples col-
lected along the main-stem Little Arkansas River down-
stream from Alta Mills, Kansas.

5. Generally, particulate nitrogen, phosphorus, and organic
carbon content in the water and streambed-sediment
samples decreased as streamflow increased at a site.

6. The inverse relation of particulate nitrogen, phospho-
rus, and organic carbon content with streamflow may
be indicative of an increased contribution of sediment
from channel-bank sources during high flows and (or) an
increase in the particle size transported.

7. If flow conditions prior to sampling are taken into
account, it may be possible to use streambed sediment as
an indicator of water quality for nitrogen, phosphorus, and
organic carbon.

8. Trace element concentrations in the streambed sedi-
ment varied from site to site and typically were less than
threshold-effects guidelines for possible adverse biologi-
cal effects.

9. The largest copper, lead, silver, and zinc concentrations,
likely related to urban sources of contamination, were
measured for a streambed-sediment sample collected from
Sand Creek downstream from Newton, Kansas.

10. Radionuclide activities in the streambed sediment varied
throughout the basin and may be indicative of subbasin
differences in sediment sources.

11. Bacteria densities in the streambed sediment were
variable.
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Table A1. Dates sampled and latitude and longitude coordinates for streambed-sediment sampling sites in the Little Arkansas River
Basin, south-central Kansas.

Sampling site identifier U.S. Geological Survey Date(s) sampled’ Latitude Longitude
(fig. 2) identification number (month/day/year) (decimal degrees) (decimal degrees)
LA-1 07143600 03/06/07 38.41322 98.0169%4
LA-2 07143620 03/06/07 38.28967 97.93247
LA-5 380912097503000 03/06/07 38.15333 97.84156
LA-7 07143635 03/06/07 38.12369 97.66569
LA-8A 07143642 03/06/07 38.33336 97.65617
09/05/07
LA-8B 07143646 03/06/07 38.30439 97.65200
LA-9 07143654 03/06/07 38.28786 97.61181
LA-10 381723097354300 03/06/07 38.28978 97.59531
LA-11 07143660 01/10/07 38.15125 97.62911
08/20/07
09/05/07
LA-12 381447097384900 03/06/07 38.24650 97.64706
LA-13 07143665 01/10/07 38.11358 97.59319
08/20/07
09/05/07
LA-14 07143672 01/10/07 38.02861 97.54025
08/20/07
09/05/07
LA-17 07143700 01/10/07 38.02850 97.52039
LA-18 07143928 01/10/07 37.95722 97.50050
LA-20 381447097260800 03/06/07 38.24650 97.43561
LA-21 07143965 03/06/07 38.04306 97.45911
LA-22 07143985 03/06/07 38.17350 97.39244
LA-23 07144000 03/06/07 38.02828 97.42897
08/20/07
LA-24 07144035 03/06/07 37.97056 97.44272
08/20/07
09/05/07
LA-25 07144070 03/06/07 38.08604 97.33600
LA-26 07144090 01/10/07 37.94139 97.41425
08/20/07
09/05/07
LA-27 07144100 01/10/07 37.88317 97.42456
08/20/07
09/05/07
LA-28 07144140 03/06/07 37.88819 97.37222
LA-29 07144200 01/10/07 37.83217 97.38861
08/20/07
09/05/07
LA-30 374224097205800 03/06/07 37.70672 97.34942
LA-31 07144075 03/06/07 37.99936 97.37467

!Sampling dates for chemical analyses shown in regular font. Sampling dates for bacteria analyses shown in bold font.
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Table A2. Percentage of silt and clay and constituent concentrations or activities for streambed-sediment samples collected from
the Little Arkansas River Basin, south-central Kansas, January and March 2007.

[Location of sampling sites shown in figure 2. Values in parentheses are clay normalized. Values in brackets are organic-carbon normalized. Shading indicates
concentration greater than threshold-effects guideline listed in table 3. mg/kg, milligrams per kilogram; %, percent dry weight; dpm/g, disintegrations per
minute per gram; pCi/g, picocuries per gram; <, less than; --, not determined]

Constituent and unit of Constituent concentration or activity
measurement Site LA-1 Site LA-2 Site LA-5 Site LA-7
Percentage of silt and clay' 47 55 17 46
Percentage of clay? 19 12 12 30
Nutrients
Particulate nitrogen, mg/kg 1,400 1,100 1,800 700
(7,400) (9,200) (15,000) (2,300)
[108,000] [100,000] [90,000] [100,000]
Particulate phosphorus, mg/kg 610 610 840 630
(3,200) (5,100) (7,000) (2,100)
[46,900] [55,500] [42,000] [90,000]
Carbon
Particulate organic carbon, % 1.3 1.1 2.0 0.7
Carbon (total), % 1.5 1.3 2.3 .8
Trace elements
Aluminum, % 5.5 5.7 7.1 6.1
Antimony, mg/kg .6 .6 i 7
Arsenic, mg/kg 4.9 59 7.3 7.3
Barium, mg/kg 660 660 740 740
Beryllium, mg/kg 1.7 1.8 2.2 1.8
Cadmium, mg/kg 2 2 4 3
Chromium, mg/kg 42 47 58 48
Cobalt, mg/kg 8 11 14 13
Copper, mg/kg 14 15 22 17
Iron, % 2.1 2.2 3.1 24
Lead, mg/kg 21 21 35 23
Lithium, mg/kg 24 26 35 28
Manganese, mg/kg 440 800 1,200 630
Molybdenum, mg/kg <1 1 <1 <1
Nickel, mg/kg 16 19 24 21
Selenium, mg/kg 3 3 4 2
Silver, mg/kg <5 <5 <5 <5
Strontium, mg/kg 150 160 180 150
Sulfur, % .03 .03 .05 .02
Thallium, mg/kg <50 <50 <50 <50
Tin, mg/kg 1 2 2 2
Titanium, % .39 40 41 .40
Uranium, mg/kg <50 <50 <50 <50
Vanadium, mg/kg 66 70 89 79
Zinc, mg/kg 61 62 93 68
Radionuclides
Beryllium-7, dpm/g 1.1 <4 2.7 1.5
Cesium-137, pCi/g 14 .06 .16 .05
Lead-210, dpm/g 4.95 3.20 4.44 3.70

Radium-226, dpm/g 2.34 2.61 2.18 2.47
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Table A2. Percentage of silt and clay and constituent concentrations or activities for streambed-sediment samples collected from
the Little Arkansas River Basin, south-central Kansas, January and March 2007.—Continued

[Location of sampling sites shown in figure 2. Values in parentheses are clay normalized. Values in brackets are organic-carbon normalized. Shading indicates
concentration greater than threshold-effects guideline listed in table 3. mg/kg, milligrams per kilogram; %, percent dry weight; dpm/g, disintegrations per
minute per gram; pCi/g, picocuries per gram; <, less than; --, not determined]

Constituent and unit of Constituent concentration or activity
measurement Site LA-8A Site LA-8B Site LA-9 Site LA-10
Percentage of silt and clay' 76 49 47 23
Percentage of clay? 11 20 14 12
Nutrients
Particulate nitrogen, mg/kg 2,000 3,200 1,400 1,500
(18,200) (16,000) (10,000) (12,500)
[105,000] [110,000] [77,800] [107,000]
Particulate phosphorus, mg/kg 850 1,300 840 660
(7,700) (6,500) (6,000) (5,500)
[44,700] [44,800] [46,700] [47,100]
Carbon
Particulate organic carbon, % 1.9 29 1.8 1.4
Carbon (total), % 2.1 3.2 1.9 1.6
Trace elements
Aluminum, % 5.9 6.2 6.5 5.9
Antimony, mg/kg i 9 i i
Arsenic, mg/kg 4.5 4.2 6.6 8.6
Barium, mg/kg 690 660 690 740
Beryllium, mg/kg 1.7 1.9 2.0 1.8
Cadmium, mg/kg 4 .5 3 3
Chromium, mg/kg 60 65 52 46
Cobalt, mg/kg 7 8 13 13
Copper, mg/kg 23 27 18 16
Iron, % 2.1 2.5 2.6 2.4
Lead, mg/kg 34 36 26 28
Lithium, mg/kg 25 30 28 28
Manganese, mg/kg 380 450 680 690
Molybdenum, mg/kg 1 1 <1 <1
Nickel, mg/kg 16 18 21 19
Selenium, mg/kg .8 2.1 4 3
Silver, mg/kg <5 <5 <5 <5
Strontium, mg/kg 150 150 140 200
Sulfur, % .04 .09 .03 .03
Thallium, mg/kg <50 <50 <50 <50
Tin, mg/kg 3 5 1 2
Titanium, % .40 .40 43 .38
Uranium, mg/kg <50 <50 <50 <50
Vanadium, mg/kg 69 77 81 77
Zinc, mg/kg 110 140 80 69
Radionuclides
Beryllium-7, dpm/g <4 2.1 <4 1.6
Cesium-137, pCi/g 12 .14 .14 11
Lead-210, dpm/g 4.82 5.84 5.51 5.12

Radium-226, dpm/g 2.35 2.50 232 2.34
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Table A2. Percentage of silt and clay and constituent concentrations or activities for streambed-sediment samples collected from
the Little Arkansas River Basin, south-central Kansas, January and March 2007.—Continued

[Location of sampling sites shown in figure 2. Values in parentheses are clay normalized. Values in brackets are organic-carbon normalized. Shading indicates
concentration greater than threshold-effects guideline listed in table 3. mg/kg, milligrams per kilogram; %, percent dry weight; dpm/g, disintegrations per
minute per gram; pCi/g, picocuries per gram; <, less than; --, not determined]

Constituent and unit of

Constituent concentration or activity

measurement Site LA-11 Site LA-12 Site LA-13 Site LA-14
Percentage of silt and clay' 81 36 7 26
Percentage of clay? 20 10 16 28
Nutrients
Particulate nitrogen, mg/kg 800 1,100 4,000 3,000
(4,000) (11,000) (25,000) (10,700)
[100,000] [100,000] [148,000] [143,000]
Particulate phosphorus, mg/kg 330 630 1,500 2,200
(1,700) (6,300) (9,400) (7,900)
[41,300] [57,300] [55,600] [105,000]
Carbon
Particulate organic carbon, % 8 1.1 2.7 2.1
Carbon (total), % .8 1.3 3.5 2.5
Trace elements
Aluminum, % 5.0 5.5 5.9 6.6
Antimony, mg/kg .6 i 8 i
Arsenic, mg/kg 3.6 4.7 10 20
Barium, mg/kg 660 700 740 880
Beryllium, mg/kg 1.4 1.6 1.8 1.9
Cadmium, mg/kg 4 4 9 i
Chromium, mg/kg 37 45 47 52
Cobalt, mg/kg 5 11 18 13
Copper, mg/kg 11 16 16 17
Iron, % 1.4 2.0 2.5 3.0
Lead, mg/kg 16 28 24 24
Lithium, mg/kg 20 24 25 29
Manganese, mg/kg 200 440 2,100 2,900
Molybdenum, mg/kg <1 1 <1 <1
Nickel, mg/kg 14 17 22 20
Selenium, mg/kg 1.0 .6 1.1 i
Silver, mg/kg <5 <5 <5 <5
Strontium, mg/kg 150 170 200 180
Sulfur, % - .03 - -
Thallium, mg/kg <50 <50 <50 <50
Tin, mg/kg 2 2 <1 2
Titanium, % 43 39 41 41
Uranium, mg/kg <50 <50 <50 <50
Vanadium, mg/kg 54 66 79 82
Zinc, mg/kg 43 68 76 80
Radionuclides
Beryllium-7, dpm/g <4 2.7 10.8 5.6
Cesium-137, pCi/g <.03 .09 <.03 .05
Lead-210, dpm/g 3.45 6.11 6.95 4.94
Radium-226, dpm/g 2.64 3.30 2.59 2.21
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Table A2. Percentage of silt and clay and constituent concentrations or activities for streambed-sediment samples collected from
the Little Arkansas River Basin, south-central Kansas, January and March 2007.—Continued

[Location of sampling sites shown in figure 2. Values in parentheses are clay normalized. Values in brackets are organic-carbon normalized. Shading indicates
concentration greater than threshold-effects guideline listed in table 3. mg/kg, milligrams per kilogram; %, percent dry weight; dpm/g, disintegrations per
minute per gram; pCi/g, picocuries per gram; <, less than; --, not determined]

Constituent and unit of Constituent concentration or activity
measurement Site LA-17 Site LA-18 Site LA-20 Site LA-21
Percentage of silt and clay' 70 35 4 70
Percentage of clay? 14 30 21 26
Nutrients
Particulate nitrogen, mg/kg 1,000 3,900 3,800 1,700
(7,100) (13,000) (18,100) (6,500)
[90,900] [115,000] [112,000] [94,400]
Particulate phosphorus, mg/kg 610 1,200 1,100 630
(4,400) (4,000) (5,200) (2,400)
[55,500] [35,300] [32,400] [35,000]
Carbon
Particulate organic carbon, % 1.1 34 34 1.8
Carbon (total), % 1.2 3.8 4.0 2.0
Trace elements
Aluminum, % 5.9 6.8 5.5 5.6
Antimony, mg/kg .6 i .6 7
Arsenic, mg/kg 4.7 4.8 5.6 5.1
Barium, mg/kg 690 680 830 650
Beryllium, mg/kg 1.7 2.0 1.6 1.7
Cadmium, mg/kg 3 i 4 3
Chromium, mg/kg 45 53 40 44
Cobalt, mg/kg 8 9 11 9
Copper, mg/kg 15 25 16 21
Iron, % 2.1 2.9 2.1 2.1
Lead, mg/kg 21 27 22 23
Lithium, mg/kg 25 31 24 25
Manganese, mg/kg 460 380 1,900 480
Molybdenum, mg/kg <1 1 <1 <1
Nickel, mg/kg 17 21 16 17
Selenium, mg/kg 2 2.0 1.2 3
Silver, mg/kg <5 <5 <5 <5
Strontium, mg/kg 150 170 160 120
Sulfur, % .02 .07 .09 .03
Thallium, mg/kg <50 <50 <50 <50
Tin, mg/kg 1 2 2 2
Titanium, % 38 .39 35 38
Uranium, mg/kg <50 <50 <50 <50
Vanadium, mg/kg 69 88 70 69
Zinc, mg/kg 75 130 73 70
Radionuclides
Beryllium-7, dpm/g <4 2.9 3.9 1.3
Cesium-137, pCi/g .09 32 .16 11
Lead-210, dpm/g 4.81 8.81 6.30 5.32

Radium-226, dpm/g 241 2.30 2.21 1.96
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Table A2. Percentage of silt and clay and constituent concentrations or activities for streambed-sediment samples collected from
the Little Arkansas River Basin, south-central Kansas, January and March 2007.—Continued

[Location of sampling sites shown in figure 2. Values in parentheses are clay normalized. Values in brackets are organic-carbon normalized. Shading indicates
concentration greater than threshold-effects guideline listed in table 3. mg/kg, milligrams per kilogram; %, percent dry weight; dpm/g, disintegrations per
minute per gram; pCi/g, picocuries per gram; <, less than; --, not determined]

Constituent and unit of Constituent concentration or activity
measurement Site LA-22 Site LA-23 Site LA-24 Site LA-25
Percentage of silt and clay' 21 10 26 12
Percentage of clay? 17 17 15 20
Nutrients
Particulate nitrogen, mg/kg 5,600 8,000 2,400 2,100
(32,900) (47,100) (16,000) (10,500)
[117,000] [138,000] [109,000] [105,000]
Particulate phosphorus, mg/kg 1,500 2,000 830 740
(8,800) (11,800) (5,500) (3,700)
[31,300] [34,500] [37,700] [37,000]
Carbon
Particulate organic carbon, % 4.8 5.8 2.2 2.0
Carbon (total), % 6.5 6.6 24 3.0
Trace elements
Aluminum, % 5.4 6.1 6.1 5.6
Antimony, mg/kg .6 i .6 i
Arsenic, mg/kg 8.7 5.1 4.4 7.2
Barium, mg/kg 940 730 770 770
Beryllium, mg/kg 1.6 1.8 1.8 1.8
Cadmium, mg/kg 4 .6 3 3
Chromium, mg/kg 43 49 47 45
Cobalt, mg/kg 11 11 10 11
Copper, mg/kg 17 23 17 16
Iron, % 2.7 2.7 24 2.3
Lead, mg/kg 21 31 24 24
Lithium, mg/kg 28 31 28 34
Manganese, mg/kg 1,500 1,500 670 1,100
Molybdenum, mg/kg <1 1 <1 <1
Nickel, mg/kg 18 25 19 19
Selenium, mg/kg 2.5 1.0 .6 8
Silver, mg/kg <5 <5 <5 <5
Strontium, mg/kg 190 150 140 370
Sulfur, % .14 13 .05 11
Thallium, mg/kg <50 <50 <50 <50
Tin, mg/kg 2 3 2 2
Titanium, % 31 33 .38 33
Uranium, mg/kg <50 <50 <50 <50
Vanadium, mg/kg 77 75 76 70
Zinc, mg/kg 82 160 82 73
Radionuclides
Beryllium-7, dpm/g 4.8 19.5 5.7 1.9
Cesium-137, pCi/g 18 18 11 .04
Lead-210, dpm/g 8.33 9.86 7.72 5.10

Radium-226, dpm/g 1.90 1.90 2.00 1.99



44 Sediment Quality and Comparison to Historical Water Quality, Little Arkansas River Basin, South-Central Kansas, 2007

Table A2. Percentage of silt and clay and constituent concentrations or activities for streambed-sediment samples collected from
the Little Arkansas River Basin, south-central Kansas, January and March 2007.—Continued

[Location of sampling sites shown in figure 2. Values in parentheses are clay normalized. Values in brackets are organic-carbon normalized. Shading indicates
concentration greater than threshold-effects guideline listed in table 3. mg/kg, milligrams per kilogram; %, percent dry weight; dpm/g, disintegrations per
minute per gram; pCi/g, picocuries per gram; <, less than; --, not determined]

Constituent and unit of Constituent concentration or activity
measurement Site LA-26 Site LA-27 Site LA-28 Site LA-29
Percentage of silt and clay’ 10 5 15 37
Percentage of clay? 23 13 18 27
Nutrients
Particulate nitrogen, mg/kg 3,300 4,900 1,700 4,000
(14,300) (37,700) (9,400) (14,800)
[132,000] [175,000] [106,000] [148,000]
Particulate phosphorus, mg/kg 1,200 2,300 600 2,300
(5,200) (17,700) (3,300) (8,500)
[48,000] [82,100] [37,500] [85,200]
Carbon
Particulate organic carbon, % 2.5 2.8 1.6 2.7
Carbon (total), % 3.0 4.1 2.0 34
Trace elements
Aluminum, % 5.8 5.4 6.1 6.4
Antimony, mg/kg .6 5 7 .6
Arsenic, mg/kg 4.4 7.0 6.5 11
Barium, mg/kg 710 920 720 890
Beryllium, mg/kg 1.6 1.6 1.8 1.8
Cadmium, mg/kg .6 9 2 5
Chromium, mg/kg 46 43 50 49
Cobalt, mg/kg 9 11 11 12
Copper, mg/kg 23 16 16 20
Iron, % 2.2 2.2 2.5 3.1
Lead, mg/kg 28 23 21 22
Lithium, mg/kg 29 22 35 29
Manganese, mg/kg 1,500 6,000 790 3,100
Molybdenum, mg/kg <1 <1 <1 <1
Nickel, mg/kg 16 16 21 19
Selenium, mg/kg 9 8 4 1.1
Silver, mg/kg <5 <5 <5 <5
Strontium, mg/kg 180 220 180 240
Sulfur, % - - .05 -
Thallium, mg/kg <50 <50 <50 <50
Tin, mg/kg 3 1 2 2
Titanium, % 42 43 .38 .38
Uranium, mg/kg <50 <50 <50 <50
Vanadium, mg/kg 61 66 74 76
Zinc, mg/kg 94 74 70 91
Radionuclides
Beryllium-7, dpm/g 54 12.2 34 5.9
Cesium-137, pCi/g 11 .10 .08 .09
Lead-210, dpm/g 5.64 7.08 4.70 5.78

Radium-226, dpm/g 2.31 2.90 2.27 2.42
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Table A2. Percentage of silt and clay and constituent concentrations or activities for streambed-sediment samples
collected from the Little Arkansas River Basin, south-central Kansas, January and March 2007.—Continued

[Location of sampling sites shown in figure 2. Values in parentheses are clay normalized. Values in brackets are organic-carbon normal-
ized. Shading indicates concentration greater than threshold-effects guideline listed in table 3. mg/kg, milligrams per kilogram; %, percent
dry weight; dpm/g, disintegrations per minute per gram; pCi/g, picocuries per gram; <, less than; --, not determined]

Constituent and unit of Constituent concentration or activity
measurement Site LA-30 Site LA-31
Percentage of silt and clay’ 7 26
Percentage of clay? 23 30
Nutrients
Particulate nitrogen, mg/kg 4,900 2,800
(21,300) (9,300)
[117,000] [100,000]
Particulate phosphorus, mg/kg 1,800 1,700
(7,800) (5,700)
[42,900] [60,700]
Carbon
Particulate organic carbon, % 42 2.8
Carbon (total), % 6.7 3.4
Trace elements
Aluminum, % 4.7 5.7
Antimony, mg/kg .6 8
Arsenic, mg/kg 6.0 4.4
Barium, mg/kg 610 730
Beryllium, mg/kg 1.4 1.7
Cadmium, mg/kg .6 3
Chromium, mg/kg 37 51
Cobalt, mg/kg 6 9
Copper, mg/kg 19 60
Iron, % 2.0 2.5
Lead, mg/kg 30 51
Lithium, mg/kg 24 34
Manganese, mg/kg 940 1,200
Molybdenum, mg/kg <1 <1
Nickel, mg/kg 15 21
Selenium, mg/kg 1.2 1.2
Silver, mg/kg <5 9
Strontium, mg/kg 400 210
Sulfur, % 17 .10
Thallium, mg/kg <50 <50
Tin, mg/kg 3 4
Titanium, % 28 35
Uranium, mg/kg <50 <50
Vanadium, mg/kg 56 64
Zinc, mg/kg 120 180
Radionuclides
Beryllium-7, dpm/g 10.3 5.1
Cesium-137, pCi/g .14 13
Lead-210, dpm/g 8.63 6.87
Radium-226, dpm/g 1.93 2.11

"Percentage of silt and clay in bulk sample.

*Percentage of clay in the less than 63-pm fraction. Values rounded to nearest whole number.
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Table A3. Percentage of silt and clay and constituent concentrations or activities for streambed-sediment samples collected from
the Little Arkansas River Basin, south-central Kansas, August 2007.

[Location of sampling sites shown in figure 2. Shading indicates concentration greater than threshold-effects guideline listed in table 3. mg/kg, milligrams per
kilogram; %, percent dry weight; dpm/g, disintegrations per minute per gram; pCi/g, picocuries per gram; <, less than]

Constituent and unit of Constituent concentration or activity
measurement Site LA-11 Site LA-13 Site LA-14 Site LA-23
Percentage of silt and clay! 77 17 83 10
Percentage of clay? 21 23 20 26
Nutrients
Particulate nitrogen, mg/kg 1,100 1,300 1,000 2,900
Particulate phosphorus, mg/kg 550 800 720 1,100
Carbon
Particulate organic carbon, % 9 1.0 i 2.2
Carbon (total), % 1.1 1.3 1.0 2.7
Trace elements
Aluminum, % 5.4 6.2 5.9 5.8
Antimony, mg/kg 8 9 .8 9
Arsenic, mg/kg 4.7 7.4 53 5.0
Barium, mg/kg 680 720 700 800
Beryllium, mg/kg 1.6 1.9 1.7 1.8
Cadmium, mg/kg 3 3 3 4
Chromium, mg/kg 43 52 46 48
Cobalt, mg/kg 7 12 9 10
Copper, mg/kg 13 16 14 17
Iron, % 1.7 24 2.1 2.3
Lead, mg/kg 20 20 19 23
Lithium, mg/kg 23 29 26 28
Manganese, mg/kg 440 1,200 600 850
Molybdenum, mg/kg 1 <1 <1 <1
Nickel, mg/kg 14 19 16 18
Selenium, mg/kg 5 5 3 5
Silver, mg/kg <5 <5 <5 <5
Strontium, mg/kg 160 160 160 130
Sulfur, % A1 .05 .03 .06
Thallium, mg/kg <50 <50 <50 <50
Tin, mg/kg 2 2 1 2
Titanium, % 38 38 .36 37
Uranium, mg/kg <50 <50 <50 <50
Vanadium, mg/kg 58 75 65 66
Zinc, mg/kg 61 78 69 95
Radionuclides

Beryllium-7, dpm/g 1.1 1.8 3.7 5.6
Cesium-137, pCi/g .03 .06 .06 15
Lead-210, dpm/g 3.10 3.92 3.29 5.34

Radium-226, dpm/g 2.18 2.38 1.90 2.03
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Table A3. Percentage of silt and clay and constituent concentrations or activities for streambed-sediment samples collected from
the Little Arkansas River Basin, south-central Kansas, August 2007.—Continued

[Location of sampling sites shown in figure 2. Shading indicates concentration greater than threshold-effects guideline listed in table 3. mg/kg, milligrams per
kilogram; %, percent dry weight; dpm/g, disintegrations per minute per gram; pCi/g, picocuries per gram; <, less than]

Constituent and unit of Constituent concentration or activity

measurement Site LA-24 Site LA-26 Site LA-27 Site LA-29
Percentage of silt and clay! 13 33 36 24
Percentage of clay? 20 26 26 14

Nutrients
Particulate nitrogen, mg/kg 1,500 1,600 1,200 1,100
Particulate phosphorus, mg/kg 660 650 810 710
Carbon
Particulate organic carbon, % 1.2 1.3 1.1 9
Carbon (total), % 1.5 1.6 1.3 1.1
Trace elements
Aluminum, % 5.7 5.7 5.9 5.7
Antimony, mg/kg .8 9 .8 .8
Arsenic, mg/kg 5.8 6.3 6.0 5.5
Barium, mg/kg 720 650 720 730
Beryllium, mg/kg 1.8 1.7 1.8 1.7
Cadmium, mg/kg 3 3 3 2
Chromium, mg/kg 47 48 48 43
Cobalt, mg/kg 10 8 11 9
Copper, mg/kg 15 17 16 14
Iron, % 2.1 2.1 2.2 2.0
Lead, mg/kg 21 22 20 21
Lithium, mg/kg 25 29 27 25
Manganese, mg/kg 520 540 670 520
Molybdenum, mg/kg <1 <1 <1 <1
Nickel, mg/kg 17 17 17 15
Selenium, mg/kg 5 4 5 4
Silver, mg/kg <5 <5 <5 <5
Strontium, mg/kg 130 160 160 170
Sulfur, % .03 .03 .05 .06
Thallium, mg/kg <50 <50 <50 <50
Tin, mg/kg 2 2 2 1
Titanium, % .38 .38 38 .36
Uranium, mg/kg <50 <50 <50 <50
Vanadium, mg/kg 67 67 69 63
Zinc, mg/kg 71 97 78 68
Radionuclides

Beryllium-7, dpm/g 6.0 1.5 6.7 3.6
Cesium-137, pCi/g .14 .10 .10 .09
Lead-210, dpm/g 4.88 2.85 4.78 3.40
Radium-226, dpm/g 2.22 2.22 2.39 2.06

"Percentage of silt and clay in bulk sample.

Percentage of clay in the less than 63-pm fraction. Values rounded to nearest whole number.
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