WATER-QUALITY ASSESSMENT OF THE OZARK
PLATEAUS STUDY UNIT, ARKANSAS, KANSAS,
MISSOURI, AND OKLAHOMA--ORGANIC
COMPOUNDS IN SURFACE WATER, BED SEDIMENT,
AND BIOLOGICAL TISSUE, 1992-95

by Richard W. Bell, Jerri V. Davis, Suzanne R. Femmer, and Robert L. Joseph

U.S. GEOLOGICAL SURVEY
Water-Resources Investigations Report 97-4031

National Water-Quality Assessment Program

Little Rock, Arkansas
1997




U.S. DEPARTMENT OF THE INTERIOR
BRUCE BABBITT, Secretary

U.S. GEOLOGICAL SURVEY
Gordon P. Eaton, Director

The use of firm, trade, and brand names in this report is for identification purposes
only and does not constitute endorsement by the U.S. Geological Survey.

For additional information Copies of this report can be
write to: purchased from:

District Chief U.S. Geological Survey

U.S. Geological Survey, WRD Branch of Information Services
401 Hardin Road Box 25286

Little Rock, Arkansas 72211 Denver Colorado 80225

Information regarding the National Water-Quality Assessment (NAWQA) Program is available on the
Internet via the World Wide Web. You may connect to the NAWQA Home Page using the Universal
Resource Locator (URL) at:

<URL:http//wwwrvares.er.usgs.gov/nawga_home.htmi>



FOREWORD

The mission of the U.S. Geological Survey
(USGS) is to assess the quantity and quality of the earth
resources of the Nation and to provide information that
will assist resource managers and policymakers at Fed-
eral, State, and local levels in making sound decisions.
Assessment of water-quality conditions and trends is an
important part of this overall mission.

One of the greatest challenges faced by water-
resources scientists is acquiring reliable information that
will guide the use and protection of the Nation’s water
resources. That challenge is being addressed by Federal,
State, interstate, and local water-resource agencies and
by many academic institutions. These organizations are
collecting water-quality data for a host of purposes that
include: compliance with permits and water-supply stan-
dards; development of remediation plans for a specific
contamination problem; operational decisions on indus-
trial, wastewater, or water-supply facilities; and research
on factors that affect water quality. An additional need
for water-quality information is to provide a basis on
which regional and national-level policy decisions can
be based. Wise decisions must be based on sound infor-
mation. As a society we need to know whether certain
types of water-quality problems are isolated or ubiqui-
tous, whether there are significant differences in condi-
tions among regions, whether the conditions are
changing over time, and why these conditions change
from place to place and over time. The information can
be used to help determine the efficacy of existing water-
quality policies and to help analysts determine the need
for and likely consequences of new policies.

To address these needs, the Congress appropriated
funds in 1986 for the USGS to begin a pilot program in
seven project areas to develop and refine the National
Water-Quality Assessment (NAWQA) Program. In
1991, the USGS began full implementation of the pro-
gram. The NAWQA Program builds upon an existing
base of water-quality studies of the USGS, as well as
those of other Federal, State, and local agencies. The
objectives of the NAWQA Program are to:

«Describe current water-quality conditions for a
large part of the Nation’s freshwater streams, riv-
ers, and aquifers.

*Describe how water quality is changing over
time.
«Improve understanding of the primary natural

and human factors that affect water-quality
conditions.

This information will help support the develop-
ment and evaluation of management, regulatory, and
monitoring decisions by other Federal, State, and local
agencies to protect, use, and enhance water resources.

The goals of the NAWQA Program are being
achieved through investigations of 60 of the Nation’s
most important river basins and aquifer systems, which
are referred to as study units. These study units are dis-
tributed throughout the Nation and cover a diversity of
hydrogeologic settings. More than two-thirds of the
Nation’s freshwater use occurs within the 60 study units
and more than two-thirds of the people served by public
water-supply systems live within their boundaries.

National synthesis of data analysis, based on
aggregation of comparable information obtained from
the study units, is a major component of the program.
This effort focuses on selected water-quality topics using
nationally consistent information. Comparative studies
will explain differences and similarities in observed
water-quality conditions among study areas and will
identify changes and trends and their causes. The first
topics addressed by the national synthesis are pesticide-.
nutrients, volatile organic compounds, and aquatic bio'-
ogy. Discussions on these and other water-quality topics
will be published in periodic summaries of the quality of
the Nation’s ground and surface water as the information
becomes available.

This report is an element of the comprehensive
body of information developed as part of the NAWQA
Program. The program depends heavily on the advice,
cooperation, and information from many Federal, State,
interstate, Tribal, and local agencies and the public. Th=
assistance and suggestions of all are greatly appreciate-.

Robert M. Hirsch
Chief Hydrologist
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WATER-QUALITY ASSESSMENT OF THE OZARK PLATEAUS
STUDY UNIT, ARKANSAS, KANSAS, MISSOURI, AND
OKLAHOMA--ORGANIC COMPOUNDS IN SURFACE WATER,
BED SEDIMENT, AND BIOLOGICAL TISSUE, 1992-95

By Richard W. Bell, Jerri V. Davis, Suzanne R. Femmer, and Robert L. Joseph

ABSTRACT

Organic-compound samples, including pes-
ticides and semi-volatiles, were collected from
1992-95 at 43 surface-water and 27 bed-sediment
and biological-tissue sampling sites within the
Ozark Plateaus National Water-Quality Assess-
ment Program study unit. Most surface-water,
bed-sediment, and biological-tissue sites have
drainage basins predominantly in the Springfield
and Salem Plateaus. At most surface-water sam-
pling sites, one to three pesticide samples were
collected in the spring and early summer of 1994
and 1995; two sites had additional samples col-
lected either weekly, biweekly, or monthly from
February 1994 through December 1994. At most
bed-sediment and biological-tissue sampling sites,

a single organic-compounds sample was collected.

Agricultural pesticide use was approxi-
mately 4.9 million pounds of active ingredients
per year from 1987-91 in the study unit and was
generally greatest in the Springfield and Salem
Plateaus pasturelands and in the Osage Plains and
Mississippi Alluvial Plain cropland areas. The
most frequently applied pesticide in the study unit
was 2,4-D. Atrazine was the second most fre-
quently applied pesticide. Corn, pasture, rice, sor-
ghum, and soybeans received approximately 85
percent of the pesticides applied within the study
unit. The highest pesticide application rate
occurred on these crops in the Mississippi Alluvial
and Osage Plains. Pastureland was the crop type
that received the greatest amount of pesticides in
53 of the 96 counties in the study unit.

The most commonly detected herbicide (63
samples) in surface water was atrazine. Five other
pesticides--desethylatrazine, tebuthiuron, prcme-
ton, metolachlor, and simazine--were detecte in
15 or more samples. The most commonly detected
insecticide (13 samples) was p,p’-DDE. Two other
insecticides, diazinon and cis-permethrin, were
detected in seven or more samples. Pesticides
were detected at 39 surface-water sites; samgles
collected at Yocum Creek near Oak Grove, Ark.
had the most pesticide detections (13). Seventeen
other sites had samples with six or more pesticide
detections.

Analysis of pesticide data collected at sur-
face-water sites indicates that the largest varie*y of
different pesticides detected (18) was in small,
agricultural drainage basins; the largest percertage
of detections of a single pesticide (about 80) was
in medium, agricultural basins. Pesticide con~en-
trations were small, and in most cases, at or rear
the detection limit. Maximum concentrations
ranged from 0.001 to 0.007 micrograms per liter
(ug/L) at small, forest sites; 0.001 to 0.029 ug/L at
medium, forest sites; 0.001 to 0.079 pg/L at small,
agricultural sites; and 0.003 to 0.29 pg/L at
medium, agricultural sites. Pesticides were
detected significantly more often in medium, agri-
cultural basins in the Springfield Plateau.

The most commonly detected (13 samples)
organic compound in bed sediment, in concentra-
tions noticeably above background levels, wes
2,6-dimethylnaphthalene; the maximum concen-
tration of 2,6-dimethylnaphthalene was 130
micrograms per kilogram. Seventeen or more

Abstract 1



compounds were detected in bed-sediment sam-
ples collected at three sites.

Four compounds were detected in biologi-
cal-tissue samples: p,p’-DDT in Corbicula flu-
minea (Asiatic clam) tissue collected at the Osage
River near St. Thomas, Mo. and cis-chlordane,
trans-chlordane, and trans-nonachlor in C. flu-
minea tissue collected at the James River near
Boaz, Mo.

Organic compounds collected at surface-
water, bed-sediment, or biological-tissue sampling
sites were not detected in concentrations that
exceeded any health criteria or standards. Based
on this information, organic compounds do not
pose any widespread or persistent problems in the
study unit.

INTRODUCTION

In 1991, the U.S. Geological Survey (USGS)
began full implementation of the National Water-Qual-
ity Assessment (NAWQA) Program to provide a
nationally consistent description of water-quality con-
ditions for a large part of the Nation’s water resources.
The long-term goals of the NAWQA Program are to
describe the status and trends in the quality of the
Nation’s surface- and ground-water resources and to
provide a better understanding of the natural and
human factors that affect the quality of these resources.
Investigations will be conducted on a rotational basis in
60 river basins or aquifer systems (referred to as study
units) throughout the Nation.

The Ozark Plateaus NAWQA study unit was
among the first 20 study units selected in 1991 for
assessment under the full implementation plan. The
study unit investigation consists of 5 years (1991-95)
of intensive assessment, followed by 5 years (1996-
2000) of low-level monitoring, and then the cycle will
be repeated. Each 5-year assessment period will
include about 2 years of retrospective analysis and
planning and 3 years of intensive data collection.

The purpose of this report is to summarize
organic-compound information for the study unit. In
this report, organic compounds refer both to pesticide
and semi-volatile compounds. The information sum-
marized includes: pesticide-use data, description of the
sampling network, and an assessment of recent (1992-
95) conditions. This information will be used as a guide

for future data-collection activities. Also, information
provided in this report will contribute to national syn-
thesis activities that will compare and contrast water
quality in similar and different environments through-
out the Nation.

This report includes (1) a brief overview of the
environmental setting of the study unit; (2) a summary
of pesticide-use data for 1987-91; (3) a description of
the surface-water, bed-sediment, and biological-tissue
sampling networks; and (4) an assessment of condi-
tions using statistical summaries of organic-compound
data collected during water years (October 1 through
September 30) 1992-95.

DESCRIPTION OF THE OZARK
PLATEAUS STUDY UNIT

This section of the report provides a brief
description of the environmental setting of the Ozark
Plateaus study unit. For more detail, the reader is
referred to the environmental setting report for the
study unit (Adamski and others, 1995).

The Ozark Plateaus study unit area encompasses
approximately 48,000 square miles (mi?) and includes
parts of northern Arkansas, southeastern K ansas,
southern Missouri, and northeastern Oklahoma (fig. 1).
The study unit includes most of the Ozark Plateaus
Province as well as part of the surrounding Central
Lowland Province known as the Osage Pleins section,
and a small portion of the Mississippi Alluvial Plain
section of the Coastal Plain Province (Fenneman,
1938).

The Ozark Plateaus Province consis*< of a struc-
tural dome of sedimentary and igneous rocks. Sedi-
mentary rocks gently dip away from the igneous core
of the St. Francois Mountains in southeastern Missouri
to form three distinct physiographic sections (Fenne-
man, 1938)--the Salem Plateau (includes the St. Fran-
cois Mountains), the Springfield Plateau, and the
Boston Mountains (fig. 1). Topography varies from
mostly gently rolling hills in the Springfield Plateau, to
rugged with relief up to 500 feet (ft) in the Salem Pla-
teau, to extremely rugged with relief as much as 1,000
ft in the Boston Mountains. The Osage Plains of the
Central Lowland Province in the west-northwestern
part of the study unit has gently rolling topography
with relief rarely exceeding 250 ft. The Mississippi
Alluvial Plain of the Coastal Plain Provinc= along the
extreme southeastern boundary of the stud unit has
flat to gently rolling topography with little relief.

2 Water-quality assessment of the Ozark Plateaus study unit, Arkansas, Kansas, Missourl, and Louislana-Organic compounds

in surface water, bed sediment, and biological tissue, 1992-95







































significant. The spiked samples had recoveries that
ranged from 5 to 490 percent with a median value of 58
percent for samples analyzed using a high-performance
liquid chromatograph method and 94 percent for sam-
ples analyzed using a gas chromatography/mass spec-
trometry method; concentrations of pesticides in
surface-water samples were not adjusted based on
these percent recoveries.

In addition to the analyses for pesticides, water
samples from all the sites were analyzed for major ions
(calcium, magnesium, sodium, potassium, chloride,
fluoride, bromide, and silica), nutrients (nitrite plus
nitrate, nitrite, ammonia, ammonia plus organic nitro-
gen, orthophosphate, and phosphorus), organic carbon,
selected trace elements, and indicator bacteria (fecal
coliform, fecal streptococcus, and Escherichia coli).
Field measurements at each site included water and air
temperatures, alkalinity, dissolved oxygen, pH, and
specific conductance. Water-quality data collected dur-
ing water years 1994-95 at the 43 basic-fixed, inten-
sive-fixed, and synoptic sites are available in the
Arkansas, Missouri, and Oklahoma annual data reports
(U.S. Geological Survey, 1995-96a; 1995-96b; 1995-
96c¢).

The pesticide data were analyzed to determine
factors affecting pesticide occurrence in streams in the
study unit. Data were grouped according to physio-
graphic area (Boston Mountains, Salem, or Springfield
Plateaus), land use (forest or agricultural), drainage
area (small, medium, or large), and number of pesticide
detections. The Kruskal-Wallis test was used to deter-
mine whether the proportion of pesticide detections
was significantly different among the groups at a sig-
nificance level of 0.05. If a statistically significant dif-
ference was detected among groups, Tukey’s Multiple
Comparison Test (MCT) on the ranks of the data was
performed to determine which group differed from the
others (Helsel and Hirsch, 1992). Seasonal variations
in pesticide detections at the two intensive-fixed sites
also were considered.

Results

Of the 54 herbicides and 28 insecticides ana-
lyzed, 19 herbicides and 7 insecticides were detected in
at least 1 sample (fig. 6). The most commonly detected
herbicides (figs. 6 and 7) were atrazine (63 samples),
desethylatrazine (a metabolite of atrazine; 46 samples),
tebuthiuron (33 samples), prometon (20 samples),
metolachlor (20 samples), and simazine (15 samples);
the most commonly detected insecticides were

p.p’ -DDE (a metabolite of DDT; 13 samples), diazinon
(8 samples), and cis-permethrin (7 samples). (C =sethy-
latrazine was not included in figure 7 because, in most
cases, it was detected only when atrazine also was
detected.) The other 13 herbicides and 4 insecticides
detected were found in less than five samples.

Pesticides were detected at 39 of the 43 sites
sampled (fig. 8 and table 4). The largest number of
compounds detected was 13 at Yocum Creek near Oak
Grove, Ark. (site 18), an intensive-fixed site located in
a small agricultural basin in the Springfield Plateau
where poultry and beef cattle are raised. The largest
number of compounds detected in a single sample was
10 in a sample collected at Woods Fork near Hertville,
Mo. (site 30), a synoptic site located in a small agricul-
tural basin in the Salem Plateau where dairy ca‘tle are
raised.

Some differences in pesticide detections at indi-
vidual sites appear to be related to land use and drain-
age area. The four sites where no detections oc-urred
(fig. 8 and table 4; sites 1, 6, 32, and 46) varied in drain-
age-area categories, but had predominantly forest 1land
use and are located in either the Boston Mountains or
Salem Plateau. Only 3 sites had greater than 15 pesti-
cide detections, including the 2 intensive-fixed sites
(sites 18 and 40) where 24 to 26 samples were col-
lected. The 4 samples collected at the Illinois River
near Tahlequah, Okla. (site 4), had a total of 20 pesti-
cide detections. Land use in the Illinois River F asin is
about 59 percent agricultural, which includes poultry,
beef cattle, and a large number of landscape nurseries.
Seventeen sites had 6 or more pesticide detections. Of
these, 11 have greater than 50 percent agricultural land
use, 4 have 30 to 50 percent agricultural land u-e, and
2 have less than 30 percent agricultural land use (table
4). The James River near Boaz, Mo. (site 25; 10 pesti-
cide detections) also has about 10 percent urban land
use. The Current River at Van Buren, Mo. (site 24), a
large, predominantly forest basin, had 12 pesticide
detections in four samples. This is the only bas'n with
less than 20 percent agricultural 1and use that hes more
than four pesticide detections. The number of detec-
tions probably is related to the drainage area, which is
atleast twice as large as any of the other basins sampled
(table 4). Nine basins with greater than 30 percent agri-
cultural 1and use had five or less pesticide detections.

After considering the pesticide data resulls at the
individual sites, the data were grouped according to
land use (forest or agricultural) and drainage area
(small or medium; tables 4 and 5) for further analysis.

Assessment of Conditlons 15
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For the two intensive-fixed sites (sites 18 and 40), only
data collected in May 1994 and April, May, and June
1995 were included. These data coincide with the pes-
ticide data collected at all the other basic-fixed and syn-
optic sites. Site 25, which has about 68 percent
agricultural land use, was included with the medium,
agricultural sites. Big Creek near Big Flat, Ark. (site 9),
Water Creek near Evening Star, Ark. (site 12), War
Eagle Creek near Hindsville, Ark. (site 15), Kings
River near Berryville, Ark. (site 17), Mikes Creek at
Powell, Mo. (site 19), Current River at Van Buren, Mo.
(site 24), Big Piney River near Big Piney, Mo. (site 41),
and Big River near Richwoods, Mo. (site 47), were not
included in the analysis. These sites have multiple land
uses with no predominant land use, much less percent
forest land use, or larger drainage area.

The percent detections and median and maxi-
mum concentrations of the 21 detected pesticides for
the data grouped by land use and drainage area are
shown in table 5. The largest variety of pesticides
detected (18) was in small, agricultural basins, and the
largest percentage (about 80) of detections of a single
pesticide (atrazine) was in medium, agricultural basins.
Pesticide concentrations were small, and in most cases,
at or near the MDL. (table 5). Maximum concentrations
ranged from 0.001 (cis-permethrin) to 0.007 micro-
grams per liter (ug/L; tebuthiuron) at small, forest
sites; 0.001 (cis-permethrin) to 0.029 pg/L (tebuthiu-
ron) at medium, forest sites; 0.001 (cis-permethrin and
dachtal) to 0.079 pg/L (carbaryl) at small, agricultural
sites; and 0.003 (EPTC) to 0.29 pug/L (prometon) at
medium, agricultural sites. No pesticide concentration
exceeded the maximum contaminant level (MCL) or
the lifetime health-advisory (HA) level for drinking
water or the ambient water-quality criteria for the pro-
tection of aquatic life, set by the U.S. Environmental
Protection Agency (USEPA), described in Nowell and
Resek (1994).

The Kruskal-Wallis test was used to determine
whether the proportion of pesticide detections was sig-
nificantly different among groups at a significance
level of 0.0S. The data were divided into nine groups:
(1) small Boston Mountains forest, (2) small Spring-
field Plateau forest, (3) small Salem Plateau forest, (4)
medium Springfield Plateau forest, (5) medium Salem
Plateau forest, (6) small Springfield Plateau agricul-
ture, (7) small Salem Plateau agriculture, (8) medium
Springfield Plateau agriculture, and (9) medium Salem
Plateau agriculture. The Kruskal-Wallis test indicated
that the proportion of pesticide detections was signifi-

cantly different among the groups (p-value was 0.03).
The data were further analyzed using Tukey’s MCT on
the ranks of the data to determine which group’s) dif-
fered from the others. Tukey’s MCT indicated that pes-
ticides were detected significantly more often in
streams in medium Springfield Plateau agricultural
basins. This does not mean that the other treatment
groups had the same proportion of pesticide detections,
but the evidence is insufficient to determine if the dif-
ference was statistically significant.

As described previously, pesticide sampling was
done at an increased frequency at the two intensive-
fixed sites, Dousinbury Creek near Wall Street, Mo.
(site 40; 24 samples), and Yocum Creek near C 3k
Grove, Ark. (site 18; 26 samples), to look at variations
in the number of pesticide detections and concentra-
tions through the time of most intense pesticide usage
and to determine if pesticides were present throughout
the year in detectable concentrations. Althougt sam-
ples were collected during a 1-year period (Fetuary
1994 through January 1995), most pesticide det=ctions
and maximum concentrations (fig. 9) occurred in the
spring (April, May, and June). This coincides with the
time of most intense pesticide usage, as well as maxi-
mum precipitation and runoff. The sample colle~ted at
site 18 in September had five pesticide detections and
four maximum concentrations. This sample wa< col-
lected during a rainfall-runoff event after an extended
period of dry weather.

Bed Sediment

Study approach

Bed-sediment samples were collected in
1992-95 at 27 sites during the low-flow season, in late
summer or early fall, to avoid effects of seasonal vari-
ability. The sample-collection design targeted fine sed-
iments found in depositional zones of the samp'ing
reach. No attempt was made to collect a representative
cross-sectional bed-sediment sample. At least five sub-
samples were collected from at least 5 to 10 deposi-
tional zones at each site. These subsamples were
collected using a Teflon scoop to remove the top 1 to 10
millimeters (mm) of fine sediments. All subsamples
were then composited in a glass bowl for proce-sing
onsite. The composited sample was then thoroughly
mixed and sieved through a stainless steel 2-mm sieve
into a baked glass jar. Duplicate sediment samples were
collected at three sites to assess quality control of sam-
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Table 5. Occurrence of selected pesticides in small and medium, forest and agricultural basins, 1994-95

[IMDL, method detection limit, in micrograms per liter; --, herbicide or insecticide not detected; <, less than; all concentrations expressed in micrograms per

liter]
Small forest basins Medium forest basins
(9 basins; 24 samples)! (7 basins; 19 samples)?

Compound Percent detections Concentration Percent detections Concentration

Herbicides MDL !O 50 100] Median Maximum |0 50 100| Med'an Maximum
Atrazine .001 <0.001 0.003 <0.001 0.022
Atrazine, Desethyl .002 <.002 004 <.002 004
Benfluralin 002 - - -- -
Butylate 002 - - - -
Cyanazine .004 - - - -
Dacthal (DCPA) 002 - - - -
EPTC 002 - - - -
Metolachlor 002 . <.002 002 <002 005
Prometon .018 - - - -
Propanil 004 - - <.004 006
Simazine 005 - - - -
Tebuthiuron 01 <.01 .007 <01 029
Terbacil .007 - -- -~ --
Trifluralin 002 <.002 .004 -- -

Insecticides
Carbaryl 003 - - - -
Chlorpyrifos 004 - - - -
p.p’-DDE .006 <.006 005 - <.006 004
Diazinon .002 <.002 .003 -- --
Dieldrin .001 <.001 .004 -- -
cis-Permethrin 005 <.005 .001 - <.005 001
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Table 5. Occurrence of selected pesticides in small and medium, forest and agricultural basins, 1994-95—Continued
[MDL, method detection limit, in micrograms per liter; --, herbicide or insecticide not detected; <, less than; all concentrations expressed in micrograms per

liter]
Small agricultural basins Medium agricultural basins
(8 basins; 26 samplt:s)3 (11 basins; 32 samples)4
Compound Percent detections Concentration Percent detections Concentration
Herbicides MDL 50 100  Median Maximum O 50 100 Median Maximum
Atrazine .001 0.002 0.033 0.012  0.086
Atrazine, Desethyl 002 <.002 .009 .002 .017
Benfluralin .002 <.002 .009 - -
Butylate 002 <.002 .022 - -
Cyanazine 004 <.004 .005 - -
Dacthal (DCPA) .002 <.002 .001 - -
EPTC .002 - - <.002 .003
Metolachlor .002 <.002 .003 <.002 .047
Prometon .018 <018 .006 <018 29
Propanil .004 - - - -
Simazine .005 <005 .014 <.005 .14
Tebuthiuron .01 <.01 .026 <.01 .04
Terbacil .007 <.007 .004 - -
Trifluralin .002 <.002 .008 - -
Insecticides
Carbaryl .003 <003 .079 <.003 .044
Carbofuran .003 <.003 .008 -- -
Chlorpyrifos .004 <.004 .007 <.004 .009
p.p’-DDE .006 <.006 .003 - -
Diazinon .002 <.002 .026 <.002 017
Dieldrin .001 - - - -
cis-Permethrin .005 <.005 .001 -- --
! These basins have greater than 90 percent forest land use.
2 These basins have greater than 70 percent forest land use.
3 These basins have greater than 50 percent agricultural land use.
4 These basins have greater than 40 percent agricultural land use.
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Figure 9. Pesticide detections by month at intensive-fixed sites, 1994-95.
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ple collection and laboratory procedures. Organic-
compound concentrations in the duplicate samples
were mostly below, or so close to, the MDL that differ-
ences were not practically significant. The bed-sedi-
ment collection strategy and methods are described in
Shelton and Capel (1994).

Results

Bed-sediment samples were analyzed for 95
organic compounds (tables 6 and 7). Forty-six organic
compounds were detected in 30 samples from the 27
sampling sites (table 6); 49 compounds had concentra-
tions below the method detection limit for all samples
(table 7). Two compounds, bis-2-ethylhexyl-phthalate
and di-n-butylphathalate, were detected in every sam-
ple and are probably laboratory or field processing con-
taminants, except for the samples that had concentra-
tions well above background levels: sample having a
bis-2-ethylhexyl-phthalate concentration of 260 micro-
grams per kilogram (pg/kg) collected at the Illinois
River near Tahlequah, Okla. (site 4) and samples hav-
ing a bis-2-ethylhexyl-phthalate concentration of 230
pg/kg and a di-n-butylphathalate concentration of 120

pg/kg collected at the Marmaton River near Marmaton,
Kans. (site 44).

Most of the organic compounds (63 percent)
detected at the sites had maximum concentrations less
than 100 pg/kg. Eleven of the 18 compounds detected
at five or more sites were polycyclic aromatic hydro-
carbons (PAH). The compound 2,6-dimethylnarhtha-
lene, one of the PAH having the greatest numbe~ of
detections, was detected in samples from 12 of 27 sites.
The maximum concentration of 2,6-dimethylnaphtha-
lene was 130 pg/kg, collected in a sample from site 4.
Three compounds detected in samples from site 4 had
concentrations that exceeded 250 pg/kg: p-cresol
(2,800 pg/kg), butylbenzylphthalate (420 pg/kg), and
bis-2-ethylhexyl-phthalate (260 pg/kg). These com-
pounds are generally found in coal tar, crude oils,
incomplete combustion products of fossil fuels or for-
est fires, or in machinery such as vacuum pumps.

Sites with detected compounds show no appar-
ent systematic distribution, with respect to both physi-
ography and land use, throughout the study unit. Sites
with 12 or more organic compounds detected (fig. 10)
are located in each physiographic area and major land-
use category. Seventeen or more compounds were

Table 6. Summary of organic compounds detected at bed-sediment sampling sites for water years 1992-95
[pg/kg, micrograms per kilogram; MAH, monocyclic aromatic hydrocarbon; PAH, polycyclic aromatic hydrocarbon; OC, organochlorine; E, estimated

value]
Compound Number of Maximum
sltes with a method
Name Class sites eot:leo}:::: aI:::n oon(c;o;/\'t:ga)tlon deltlmttl‘on
1,2 Dimethylnaphthalene PAH 27 2 E6.0 50
1,6 Dimethylnaphthalene PAH 27 3 160 50
1, Methyl 9H fluorene PAH 27 1 E20 50
1, Methylphenanthrene PAH 27 5 150 50
1, Methylpyrene PAH 27 2 E47 50
2,3,6 Trimethylnaphthalene =~ PAH 27 3 E22 50
2,6 Dinitrotoluene MAH 27 1 El4 500
2,6 Dimethylnaphthalene PAH 27 12 130 50
2, Ethylnaphthalene PAH 27 3 El2 50
2, Methylanthracene PAH 27 2 E32 50
4,5 Methylenephenanthrene =~ PAH 27 2 63 50
4, Bromophenyl phenylether Brominated ether 27 1 E26 50
4, Chloro-3,methylphenol Phenol 27 1 E30 50
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Table 6. Summary of organic compounds detected at bed-sediment sampling sites for water years 1992-95--Ccntinued

[pg/kg, micrograms per kilogram; MAH, monocyclic aromatic hydrocarbon; PAH, polycyclic aromatic hydrocarbon; OC, organochlorine; E, estimated
value]

Compound Number of Maximum
sites with a
Name Class sltes co:‘::::; t:::n oonm::)tion d';:l::"c':ts::n
4, Chlorophenyl-phenylether ~ Chlorinated ether, OC 27 1 E24 50
9H, Carbazole PAH 27 1 E20 50
9H, Fluorene PAH 27 2 E20 50
Acenaphthene PAH 27 2 Ell 50
Acenaphthylene PAH 27 2 E22 50
Anthracene PAH 27 5 50 50
Anthraquinone PAH 27 1 E44 50
Azobenzene Mono-aromatic nitrogen 27 1 E29 50
Benzo(a) anthracene PAH 27 9 84 50
Benzo(b) fluoranthene PAH 27 10 110 50
Benzo(g,h,i) perylene PAH 27 1 88 50
Benzo(k) fluoranthene PAH 27 8 94 50
Benzo(a) pyrene PAH 27 5 180 50
Bis-2-ethylhexyl-phthalate Phthalate 27 27 260 50
Butylbenzylphthalate Phthalate ester 27 16 420 50
Cis-chlordane (0.8 27 1 11 1.0
Trans-chlordane oC 27 1 1.1 1.0
Chrysene PAH 27 9 130 1.0
Dibenzothiophene PAH 27 3 60 50
Di-n-butylphthalate Phthalate ester 27 27 120 50
Dibenzo(a,h) anthracene PAH 27 1 64 50
Diethyl phthalate Phthalate ester 27 8 E23 50
Dimethyl phthalate Phthalate ester 27 2 E7 50
Di-n-octyl phthalate Phthalate ester 27 2 120 50
Fluoranthene PAH 27 12 130 50
Indeno(1,2,3-c,d) pyrene PAH 27 6 110 50
N-nitrosodiphenylamine Nitrosoamine 27 2 E27 50
Nitrobenzene MAH 27 1 E14 50
Trans-nonachlor oC 27 1 1.7 1.0
p-Cresol Phenol 27 15 2,800 50
Phenanthrene PAH 27 9 190 50
Phenol Phenol 27 19 140 5.0
Pyrene PAH 27 12 120 50

The method detection limit (MDL) is the smallest concentration of a compound that can be reliably detected by a particular analytica’
method.
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Table 7. Organic compounds analyzed for, but not detected in samples collected at bed-material sampling sites for water
years 1992-95

[MAH, monocyclic aromatic hydrocarbon; PAH, polycyclic aromatic hydrocarbon; OC, organochlorine; PCB, polychlorinated biphenyl}

Compound Compound

Name Class Name Class
1,2 Dichlorobenzene MAH o,p’-DDT ocC
1,3 Dichlorobenzene MAH Dieldrin oC
1,4 Dichlorobenzene MAH Endosulfan I oC
1,2,4 Trichlorobenzene MAH Endrin oC
2,2’ Biquinoline PAH Heptachlor epoxide oC
2,4 Dinitrotoluene MAH Heptachlor ocC
2, Chlorophenol Phenol Isoquinoline Araarene
2, Chloronaphthalene PAH Isodrin ocC
3,5 Dimethylphenol Phenol Isophorone Base neutral acid
Acridine Araarene Lindane ocC
Aldrin oC o,p’-Methoxychlor oC
c8, Alkyl phenol Phenol p,p’-Methoxychlor ocC
Bis (2, chloroethoxy) methane  Ether, OC Mirex oC
Benzo(c) quinoline PAH N-nitroso-di-n-propylamine  Nitrosoamine
Alpha BHC ocC Naphthalene PAH
Beta BHC ocC Cis-nonachlor ocC
Chlomeb oC Cis-permethrin ocC
Pentachloronitrobenzene Aromatic, MAH, OC Trans-permethrin ocC
Hexachlorobenzene Aromatic, OC Oxychlordane ocC
Dachtal (DCPA) ocC PCB’s, total PCB
p.p'-DDD" ocC Pentachloroanisole Aromatic, MAH, OC
o,p’-DDD oC Phenanthridine PAH
o,p’-DDE oC Quinoline Araarene
p.p’-DDE ocC Toxaphene ocC
p.p’-DDT oC
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throughout southern and western United States, was
selected as the target organism for the NAWQA Pro-
gram biological-tissue study. If C. fluminea was not
found at a site, a fish species was selected for tissue
sampling. Fish species on the NAWQA national target
list (Crawford and Luoma, 1993) are not widespread or
abundant at most sites in the study unit; therefore, the
longear sunfish (an abundant and widespread inverti-
vore) was sampled at several sites. C. fluminea tissue
samples were collected at 11 sampling sites, whole-fish
tissue samples from Lepomis megalotis (longear sun-
fish), Micropterus dolomieu (smallmouth bass), and
Hypentelium nigricans (northern hog sucker), were
collected at 17 sites, and a tissue sample from Amblema
plicata (three-ridge mussel) was collected at 1 site.
Samples using both C. fluminea and fish were collected
at three sites to assess species-to-species variation at a
site. No compounds exceeded their detection limits at
the sites where both C. fluminea and fish were col-
lected; therefore, the data were not sufficient to assess
species-to-species variation. Duplicate tissue samples
were collected at three sites to assess quality control of
sample collection and laboratory procedures. No com-
pounds exceeded their detection limits at the sites

where duplicate tissue samples were collected; there-
fore, the data were not sufficient to statistically assess
quality-control procedures. (However, replication of
less-than-detection-limit concentrations for the dupli-
cate tissue samples indicates that no sources of contam-
ination were introduced by sampling or laboratory
procedures). Each organism was identified, weighed,
and measured as part of the collection process. L =tailed
procedures for collecting and processing of biological-
tissue samples are described in Crawford and Luoma
(1993).

Results

Biological-tissue samples were analyzed for 26
organic compounds (table 8). Only four compHunds,
in samples from 2 of 26 sites, were detected. C. flu-
minea tissue from the Osage River near St. Thcmas,
Mo. (site 50) had a measurable concentration, (.0052
milligram perkilogram (mg/kg), of p,p’-DDT. Because
the Osage River site drains a portion of the Osage
Plains (row crop agriculture), finding p,p’-DDT was
not unexpected. The concentration of p,p’-DDT in tis-
sue collected at site 50 is well below the recommended
maximum concentration (1.0 mg/kg) for the pro*ection

Table 8. Summary of organic compounds analyzed for, and detected, at biological-tissue sampling sites for water years

1992-95
[OC, organochlorine; compounds detected are shown in bold type]
Compound Compound
Name Class Name Class
Aldrin oC Hepachlor 0.8
Alpha BHC oC Hepachlor epoxide ocC
Beta BHC oC Hexachlorobenzene Aromatic, OC
Delta BHC (0.9 Lindane (0.9
Cis-chlordane oC o,p’-Methoxychlor oC
Trans-chlordane oC p.p’-Methoxychlor oC
Dachtal (DCPA) ocC Mirex ocC
op'-DDD oC Cis-nonachlor oC
pp'-DDD ocC Trans-nonachlor ocC
o,p’-DDE oC Oxychlordane oC
0,p’-DDT oC Pentachloroanisole Aromatic, MAH, OC
p,p’-DDT oC PCB PCB
Endrin 0.8 Toxaphene ocC
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of fish-eating wildlife set by the U.S. Environmental
Protection Agency (Nowell and Resek, 1994).

C. fluminea tissue from the James River near
Boaz, Mo. (site 25) had measurable concentrations of
cis-chlordane (0.0051 mg/kg), trans-chlordane (0.0096
mg/kg), and trans-nonachlor (0.0076 mg/kg). These
compounds are frequently found near urban areas such
as the James River site. The concentration of total chlo-
rdane (cis-chlordane, trans-chlordane, and trans-non-
achlor) residues sum, 0.0223 mg/kg, in tissue collected
at site 25 is less than the national standards and guide-
lines recommended maximum concentration (0.1 mg/
kg) for the protection of fish-eating wildlife set by the
USEPA (Nowell and Resek, 1994).

SUMMARY

This report includes an overview of the environ-
mental setting of the Ozark Plateaus study unit, a sum-
mary of pesticide-use data for 1987-91, a description of
the surface-water, bed-sediment, and biological-tissue
sampling networks, and an assessment of conditions
using statistical summaries of organic-compound data
collected during water years (October 1 through Sep-
tember 30) 1992-95.

Approximately 4.9 million pounds of active
ingredients per year from 130 pesticides were applied
on 25 crop types within the study unit from 1987-91.
Only 6 of the 130 pesticides were used extensively
throughout the study unit and these account for approx-
imately 56 percent of the total pesticides applied. Pes-
ticide use generally was greatest in areas where the
dominant land use was pastureland areas in the Spring-
field and Salem Plateaus and in cropland areas in the
Osage Plains and Mississippi Alluvial Plain. The most
frequently applied pesticide in the study unit was 2,4-
D. Atrazine was the second most frequently applied
pesticide.

Five crop types--com, pasture, rice, sorghum,
and soybeans--received approximately 85 percent of
the pesticides applied within the study unit. The highest
pesticide use on these crops occurred in the Mississippi
Alluvial Plain and Osage Plains. Pastureland located in
the Springfield and Salem Plateaus received moderate
amounts of pesticides. Forestland and pastureland in
the Boston and St. Francois Mountains received the
least amounts of pesticides. Pastureland was the crop
type that received the greatest amount of pesticides in
53 of the 96 counties in the study unit based on crop
estimates accompanying the pesticide-use data.

The surface-water (basic-fixed, intenrive-fixed,
and synoptic), bed-sediment, and biological-tissue
sampling networks are represented by 51 sites. The
drainage basins of most sites are located in the Salem
(22 sites) and Springfield (1S5 sites) Plateaus. The pre-
dominant land use of basins in the sampling networks
is forest (22 sites) and agricultural (19 sites).

The basic-fixed network consists of 12 sites
located primarily in small and medium drairage basins
with near-homogenous land uses (primarily agricul-
tural or forest). The drainage basins of most basic-fixed
sites are located in the Salem Plateau (4 sites) and
Springfield Plateau (4 sites). Samples for pesticide
analysis were collected at the basic-fixed sites once in
1994 and three times in 1995.

The intensive-fixed network consists of two
sites in small agricultural land-use basins in the Spring-
field and Salem Plateaus. The intensive-fixe sites had
an increased sample-collection frequency ir compari-
son with the other networks---biweekly samroles were
collected in February, March, and July 1994; weekly
samples in April, May, and June 1994; and monthly
samples in August through December 1994 and Janu-
ary, April, May, and June 1995.

The synoptic network consists of 29 sites located
primarily in small and medium drainage basins with
near-homogenous land uses (primarily agricultural or
forest). The drainage basins of most synopt'~ sites are
located in the Salem Plateau (14 sites) and Tnringfield
Plateau (10 sites). Pesticide samples were cnllected at
the synoptic sites during a high-flux period (May or
June) in 1994 and 1995.

The bed-sediment and biological-tissne network
consists of 27 sites located primarily in sme'l and
medium drainage basins with near-homogenous land
uses (primarily agricultural or forest). The drainage
basins of most bed-sediment and biological-tissue sites
are located in the Salem Plateau (10 sites) and Spring-
field Plateau (7 sites). One sample for orgaric-com-
pounds analysis was collected at most bed-sediment
and biological-tissue sampling sites.

A total of 157 surface-water samples were ana-
lyzed for up to 82 pesticides. Of the 54 hertvicides and
28 insecticides analyzed, 19 herbicides and 7 insecti-
cides were detected in at least 1 sample. The most com-
monly detected herbicide (63 samples) was atrazine.
Five other pesticides--desethylatrazine, tebuthiuron,
prometon, metolachlor, and simazine--were detected in
15 or more samples. The most commonly d~tected
insecticide (13 samples) was p,p’-DDE. Two other
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insecticides, diazinon and cis-permethrin, were
detected in seven or more samples.

Pesticides were detected at 39 of 43 surface-
water sites. Yocum Creek near Oak Grove, Ark., a
small, agricultural basin in the Springfield Plateau, was
the surface-water site that had the most pesticides (13)
detected in the sampling network. Woods Fork near
Hartville, Mo., a small, agricultural basin in the Salem
Plateau, had the most pesticides (10) detected in a sin-
gle sample. The Illinois River near Tahlequah, Okla., a
medium, agricultural basin in the Springfield Plateau,
had 20 pesticide detections in four samples. Seventeen
other sites, predominantly in agricultural basins, had
samples with 6 or more pesticide detections.

Pesticide data collected at surface-water sites
were analyzed according to land use and drainage area.
The largest number (18) of the 21 different pesticides
detected was in small, agricultural basins; the largest
percentage of detections (about 80) of a single pesti-
cide (atrazine) was in medium, agricultural basins. Pes-
ticide concentrations were small, and in most cases, at
or near the detection limit. Maximum concentrations
ranged from 0.001 to 0.007 micrograms per liter (pug/L)
at small, forest sites; 0.001 to 0.029 pg/L at medium,
forest sites; 0.001to 0.079 pg/L at small, agricultural
sites; and 0.003 to 0.29 pg/L at medium, agricultural
sites. Results from the Kruskal-Wallis test indicate the
proportion of pesticide detections in groupings of
stream basins (grouped by physiography, land use, and
drainage area) was significantly different at a 0.05 sig-
nificance level. Results from Tukey’s Multiple Com-
parison Test indicate pesticides were detected
significantly more often in streams in medium, Spring-
field Plateau agricultural basins.

Bed-sediment samples were analyzed for 95
organic compounds. Forty-six organic compounds
were detected in samples from 27 sampling sites.
Eleven of the 18 compounds detected at 5 or more sites
were polycyclic aromatic hydrocarbons (PAH). The
PAH compound 2,6-dimethylnaphthalene, which had
the greatest number of detections in concentrations
noticeably above background levels, was detected in
samples from 12 of 27 sites. The maximum concentra-
tion of 2,6-dimethylnaphthalene was 130 micrograms
per kilogram (ug/kg), detected in a sample collected at
the Illinois River near Tahlequah, Okla. Most com-
pounds (63 percent) had maximum concentrations less
than 100 pg/kg. However, three compounds---p-cresol,
butylbenzylphthalate, and bis-2-ethylhexyl-phthalate--
all detected in samples collected at the Ilinois River

near Tahlequah, Okla. had concentrations that
exceeded 250 pg/kg. Sites with detected componnds
show no apparent systematic distribution, with respect
to both physiography and land use, throughout the
study unit. Seventeen or more compounds were
detected in samples collected at three sites: 39 ¢ m-
pounds, most frequently the PAH and the chlordane
compounds, were detected in samples collected at the
James River near Boaz, Mo.; 23 compounds, most fre-
quently the mono- and polycyclic aromatic hydrocar-
bons compounds, were detected in samples collected at
Richland Creek near Witts Spring, Ark.; 19 com-
pounds, most frequently the PAH compounds, were
detected in samples collected at Center Creek near
Smithfield, Mo.

Biological-tissue samples were analyzed for 26
organic compounds. Four compounds, in samples from
two sites, were detected in biological tissue. Biclogi-
cal-tissue samples at only 2 of the 25 sites had measur-
able concentrations of organic compounds: C. fluminea
tissue from the Osage River near St. Thomas, Mo. had
a concentration of 0.0052 mg/kg (milligram per kilo-
gram) of p,p’-DDT; C. fluminea tissue from the James
River near Boaz, Mo. had concentrations of cis-chlor-
dane (0.0051 mg/kg), trans-chlordane (0.0096 mg/kg),
and trans-nonachlor (0.0076 mg/kg).

No pesticides that were detected in surface-water
samples exceeded the maximum contaminant level or
the lifetime health-advisory level for drinking water, or
the ambient water-quality criteria for the protect*on of
aquatic life set by the U.S. Environmental Protection
Agency (USEPA). No organic compounds that were
detected in bed-sediment samples exceeded the sedi-
ment quality criteria set by the USEPA. No organic
compounds that were detected in biological-tissue
samples exceeded the recommended maximum con-
centrations for the protection of fish-eating wildlife set
by the USEPA. Based on this information, orgaric
compounds do not pose any widespread or persistent
problems in the study unit.
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