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Conversion Factors, Abbreviations, and Datum

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

°F = (1.8 x °C) + 32.

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

°C = (°F - 32) / 1.8.

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

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

Concentrations of chemical constituents in water are given either in milligrams per liter (mg/L) or 
micrograms per liter (µg/L).

Concentrations of chemical constituents in streambed sediment are given in milligrams per kilo-
gram (mg/kg) or micrograms per kilogram (µg/kg).

Bacteria densities are given in colonies per 100 milliliters (col/100 mL) of water and colonies per 
gram dry weight (col/GDW).

Multiply By To obtain

cubic foot per second (ft3/s)  0.02832 cubic meter per second (m3/s)

cubic foot per second (ft3/s) 0.6463 million gallons per day (Mgal/d)

gram (g) 0.035274 ounce (oz)

inch (in.) 2.54 centimeter (cm)

kilogram (kg) 2.205 pound (lb)

kilogram per day (kg/d) 2.205 pound per day (lb/d)

liter (L) 33.82 ounce, fluid (oz)

microgram per kilogram (μg/kg) 0.00000016 ounce per pound (oz/lb)

microgram per liter (μg/L) 1.0 part per billion (ppb)

micrometer (μm) 0.00003937 inch (in.)

mile (mi) 1.609 kilometer (km)

milligram (mg) 0.0000353 ounce (oz)

milligram per gram (mg/g) 0.016 ounce per pound (oz/lb)

milligram per kilogram (mg/kg) 0.000016 ounce per pound (oz/lb)

milligram per liter (mg/L) 1.0 part per million (ppm)

milliliter (mL) 0.0338 ounce, fluid (oz)

million gallons per day (Mgal/d) 0.04381 cubic meter per second (m3/s)

ounce (oz, fluid) 0.02957 liter (L)

pound (lb) 0.4536 kilogram (kg)

pound per square inch (lb/in2) 6.895 kilopascal (kPa)

square mile (mi2) 2.590 square kilometer (km2)



Effects of Nonpoint and Selected Point Contaminant 
Sources on Stream-Water Quality and Relation to Land 
Use in Johnson County, Northeastern Kansas, 
October 2002 Through June 2004

By Casey J. Lee, David P. Mau, and Teresa J. Rasmussen

Abstract

Water and sediment samples were collected by the U.S. 
Geological Survey in 12 watersheds in Johnson County, north-
eastern Kansas, to determine the effects of nonpoint and 
selected point contaminant sources on stream-water quality and 
their relation to varying land use. The streams studied were 
located in urban areas of the county (Brush, Dykes Branch, 
Indian, Tomahawk, and Turkey Creeks), developing areas of 
the county (Blue River and Mill Creek), and in more rural areas 
of the county (Big Bull, Captain, Cedar, Kill, and Little Bull 
Creeks). Two base-flow synoptic surveys (73 total samples) 
were conducted in 11 watersheds, a minimum of three storm-
flow samples were collected in each of six watersheds, and 
15 streambed-sediment sites were sampled in nine watersheds 
from October 2002 through June 2004.

Discharge from seven wastewater treatment facilities 
(WWTFs) were sampled during base-flow synoptic surveys. 
Discharge from these facilities comprised greater than 
50 percent of streamflow at the farthest downstream sampling 
site in six of the seven watersheds during base-flow conditions. 
Nutrients, organic wastewater-indicator compounds, and pre-
scription and nonprescription pharmaceutical compounds gen-
erally were found in the largest concentrations during base-flow 
conditions at sites at, or immediately downstream from, point-
source discharges from WWTFs.  Downstream from WWTF 
discharges streamflow conditions were generally stable, 
whereas nutrient and wastewater-indicator compound concen-
trations decreased in samples from sites farther downstream. 
During base-flow conditions, sites upstream from WWTF dis-
charges had significantly larger fecal coliform and Escherichia 
coli densities than downstream sites. Stormflow samples had 
the largest suspended-sediment concentrations and indicator 
bacteria densities.  Other than in samples from sites in proxim-
ity to WWTF discharges, stormflow samples generally had the 
largest nutrient concentrations in Johnson County streams.  

Discharge from WWTFs with trickling-filter secondary 
treatment processes had the largest concentrations of many 
potential contaminants during base-flow conditions. Samples 
from two of three trickling-filter WWTFs exceeded Kansas 

Department of Health and Environment pH- and temperature-
dependent chronic aquatic-life criteria for ammonia when early-
life stages of fish are present. Discharge from trickling-filter 
facilities generally had the most detections and largest concen-
trations of many organic wastewater-indicator compounds in 
Johnson County stream-water samples. Caffeine (stimulant), 
nonylphenol-diethoxylate (detergent surfactant), and tris(2-
butoxyethyl) phosphate (floor polish, flame retardant, and plas-
ticizer) were found at concentrations larger than maximum con-
centrations in comparable studies.   

Land use and seasonality affected the occurrence and mag-
nitude of many potential water-quality contaminants originat-
ing from nonpoint sources.  Base-flow samples from urban sites 
located upstream from WWTF discharges had larger indicator 
bacteria densities and wastewater-indicator compound concen-
trations than did base-flow samples from sites in nonurban 
areas.  Dissolved-solids concentrations were the largest in win-
ter stormflow samples from urban sites and likely were due to 
runoff from road-salt application.  One sample from an urban 
watershed had a chloride concentration of 1,000 milligrams per 
liter, which exceeded the Kansas Department of Health and 
Environment’s acute aquatic-life use criterion (860 milligrams 
per liter) likely due to effects from road-salt application. Pesti-
cide concentrations were the largest in spring stormflow sam-
ples collected in nonurban watersheds.  Although most waste-
water-indicator compounds were found at the largest 
concentrations in samples from WWTF discharges, the com-
pounds 9–10, anthraquinone (bird repellent), caffeine (stimu-
lant), carbazole (component of coal tar, petroleum products), 
nonylphenol-diethoxylate (detergent surfactant), and tris(2-
butoxyethyl) phosphate (flame retardant and plasticizer) also 
were detected in larger than microgram-per-liter concentrations 
in stormflow samples primarily from sites downstream from 
urban watersheds. 

The effects of point contaminant sources and varying land 
use also were observable in streambed-sediment samples.  
Nutrients, silver, and many wastewater-indicator and prescrip-
tion and nonprescription pharmaceutical compounds had the 
largest concentrations in streambed-sediment samples collected 
immediately downstream from WWTF discharges. Trace ele-
ments, total chlordane, total dichloro-diphenyl-trichloroethane 
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(DDT), polyaromatic hydrocarbons (PAHs), and selected 
wastewater-indicator compounds were not as linked to WWTF 
discharges and had the largest concentrations in streambed-
sediment samples from watersheds with primarily urban land 
uses.  Information provided in this report can be used by 
Johnson County officials to help define current (2005) water-
quality conditions and to identify source areas of water-quality 
contamination.

Introduction

Johnson County is the fastest growing and most populous 
county in Kansas.  The population has increased by 238 percent 
since 1960 and by 37 percent from 1990 to 2003. The approxi-
mate population was 486,500 residents in 2003 (U.S. Census 
Bureau, 2004).   Population increases lead to land-use changes 
that can affect the water quality of local streams.  Point-source 
discharges, such as wastewater-treatment facility (WWTF) dis-
charges, as well as nonpoint-source discharges, such as storm-
water runoff from urban and agricultural watersheds, sanitary 
sewer overflows, and contamination from failing septic systems 
can degrade stream-water quality.  

Contaminant sources in Johnson County streams result in 
many of the stream segments not meeting designated uses. The 
Kansas Department of Health and Environment (KDHE) has 
listed the designated uses and impairments of stream segments 
on the biennial 303-(d) list and has developed or plans to 
develop total maximum daily loads (TMDLs) to address 
impairments. Five watersheds (Blue River, Cedar Creek, Indian 
Creek, Kill Creek, and Mill Creek) within Johnson County 
(fig. 1) have stream segments that have been listed on the  
303-(d) list or have had TMDLs developed for impaired water 
quality by KDHE (table 1) (Kansas Department of Health and 
Environment, 2004b).  TMDLs are quantitative standards 
and include strategies designed to achieve water-quality stan-
dards.  The standards constitute goals to fully support the 
designated uses of streams, lakes, and wetlands.  KDHE has 
conducted sampling within these five watersheds as part of the 
statewide monitoring program since 1988 (Kansas Department 
of Health and Environment, 2004b).

Some municipalities in Johnson County are subject to the 
U.S. Environmental Protection Agency (USEPA) National 
Pollutant Discharge and Elimination System (NPDES) Phase II 
Stormwater Program regulations designed to reduce the effects 
of stormwater runoff on stream-water quality.  NPDES Phase II 
regulations require permittees to establish best management 
practices to reduce stream-water impacts from stormwater run-
off (U.S. Environmental Protection Agency, 2005a).

Stream-water contamination often is identified through the 
quantification of contaminants such as suspended sediment, 
nutrients, metals, bacteria, and pesticides.  These contaminants 
can pose human-health risks for drinking and recreational water 
uses; inhibit the growth, reproduction, and diversity of aquatic 
organisms; and degrade aesthetic stream qualities. In addition, 
many of these chemical constituents often occur in larger 
concentrations in streambed sediment than in the overlying 

water column (Van Donsel and Geldreich, 1971; Horowitz, 
1991).  Contaminated sediment can be toxic to benthic organ-
isms, and the contaminants can bioaccumulate in fish, insects, 
and mammals (U.S. Environmental Protection Agency, 2000a).

New analytical techniques and sampling methodologies 
recently have become available that allow for the detection of 
organic wastewater-indicator compounds associated with 
household chemicals (herein identified as wastewater com-
pounds) and over-the-counter and prescription pharmaceuticals 
(herein identified as pharmaceutical compounds) that typically 
are discharged to the environment by WWTFs (Kolpin and 
others, 2002). The effects of many of these wastewater and 
pharmaceutical compounds are poorly understood, although 
some are known or suspected endocrine disrupters (Daughton 
and Ternes, 1999). Detection of these compounds in stream 
water can indicate that a human-waste source is contributing to 
the stream (Wilkison and others, 2002). Traditional measures of 
water-quality degradation combined with new methodologies 
for measuring contaminant sources can provide a more compre-
hensive assessment of stream-water quality in Johnson County.  

In 2002, the U.S. Geological Survey (USGS), in coopera-
tion with the Johnson County Stormwater Management 
Program, began an investigation in Johnson County to charac-
terize stream-water-quality conditions.  Initial study efforts 
were designed to describe the effects of nonpoint and selected 
point contaminant sources on stream-water quality and their 
relation to land use. Data collected through 2006 are geared 
toward estimating water-quality constituent loads in watersheds 
with different land-use characteristics.

Purpose and Scope

The purpose of this report is to describe the effects of non-
point and selected point contaminant sources on water-quality 
conditions in Johnson County streams and their relation to land 
use using analytical results from stream-water and streambed-
sediment samples.  Data were evaluated to determine the distri-
bution of potential water-quality contaminants relative to 
contaminant sources and varying land-use characteristics. The 
report describes the results of two synoptic stream-water sam-
ple collections during base-flow conditions (73 samples) in 
11 watersheds; collection of at least three stream-water samples 
from each of six watersheds during stormflow conditions, and 
collection of 15 streambed-sediment samples in nine water-
sheds. Data were summarized by constituent and by watershed 
to provide both a county-wide and an individual watershed per-
spective on data collected from stream-water and streambed-
sediment samples. All base-flow water samples were analyzed 
for suspended sediment, dissolved solids, major ions, nutrients, 
bacteria, pesticides, and wastewater compounds.  In addition, 
water samples collected from selected sites during base-flow 
conditions were analyzed for selected over-the-counter and pre-
scription pharmaceutical compounds.  Stormflow samples were 
analyzed for suspended sediment, dissolved solids, major ions, 
nutrients, bacteria, and pesticide compounds.  Selected 
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Figure 1. Location of physiographic divisions, watershed boundaries, and sampling sites in Johnson County, northeastern Kansas, 
October 2002 through June 2004.
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Table 1.  Watersheds containing stream segments with 303-(d) listings and (or) implemented total maximum daily loads (TMDLs), 
Johnson County, northeastern Kansas.

[Data from Kansas Department of Health and Environment, 2004b; X, 303-(d) listing and total maximum daily load implemented; --, no total maximum daily 
load]

Watershed
(fig. 1)

303-(d) listing and (or) implemented TMDLs

Dissolved 
oxygen

Sediment/
biological 
impact1

Chloride Nitrates/
nitrites

Nutrients/
biological 

oxygen 
demand1

1Impairment identified by biological monitoring.

Copper Zinc
Fecal 

coliform 
bacteria

Chlordane2

2Impairment identified by fish tissue analysis.

Blue River X -- -- -- X -- -- X X 

Cedar Creek -- -- -- X -- -- -- X --

Indian Creek -- -- -- X -- -- -- X --

Kill Creek -- -- -- -- -- X -- X X 

Mill Creek -- X X -- X -- X X --

stormflow samples also were analyzed for wastewater com-
pounds. Streambed-sediment samples were analyzed for total 
organic carbon, total carbon, nutrients, trace elements, bacteria, 
pesticides, and wastewater and pharmaceutical compounds.  

This report identifies potential contaminants that are most 
prevalent in Johnson County streams and the source areas con-
tributing these contaminants.  The identification of areas with 
large contaminant contributions will allow for more effective 
implementation of best management practices and aid in deter-
mining their success. These results will support Federal, State, 
and local watershed strategies designed to improve water qual-
ity and help to identify the sources and mode of transport of 
wastewater and pharmaceutical compounds in the environment.  
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Description of Study Area

Johnson County, Kansas, consists of 477 mi2 of surface 
area located in the western part of the Kansas City metropolitan 
area (U.S. Census Bureau, 2004).  The county contains all or 
part of 17 watersheds, 13 of which are within the sampling-site 
network described in this report.  These watersheds are the Big 
Bull Creek, Blue River, Brush Creek, Captain Creek, Cedar 

Creek, Dykes Branch, Indian Creek, Kill Creek, Little Bull 
Creek, Mill Creek, Rock Creek (upstream from Brush Creek 
site BR2), Tomahawk Creek, and Turkey Creek watersheds 
(fig. 1, table 2).  Designated uses for streams within the county 
include aquatic-life support, contact recreation, drinking-water 
supply, food procurement, ground-water recharge, irrigation, 
industrial use, and livestock watering.  

Fifteen municipal WWTFs (seven of which were  
sampled in this study) and five private WWTFs are located 
within Johnson County watersheds (fig. 1). Private WWTFs are 
not significant sources of streamflow to Johnson County 
streams (E. Hack, Johnson County Wastewater and Public 
Works, written commun, 2005). In addition, there are 10 inac-
tive WWTFs that previously discharged to Johnson County 
streams (fig. 1). Table 3 lists WWTFs sampled in Johnson 
County, their designed flow capacity, and secondary treatment 
processes (E. Hack, Johnson County Wastewater and Public 
Works, written commun., 2003).  Johnson County WWTFs 
sampled include facilities with either activated-sludge or trick-
ling-filter secondary treatment processes.  Activated-sludge 
treatment facilities use microorganisms in a mixed sludge in 
combination with aeration to degrade organic material in waste-
water.  Trickling-filter facilities force wastewater to flow over a 
medium enriched with microorganisms that degrade organic 
material in the wastewater stream.  Activated-sludge treatment 
facilities have been shown to be more efficient than trickling-
filter facilities at removing many wastewater compounds  
(Phillips and others, 2004). Wastewater and pharmaceutical 
compounds currently (2005) do not have NPDES regulations, 
and WWTFs in Johnson County are not specifically designed to 
remove these compounds. 

Johnson County lies within the Attenuated Drift Border of 
the Dissected Till Plains physiographic section and partly 
within the Osage Cuestas of the Osage Plains physiographic 
section (fig. 1) (Schoewe, 1949).  The county mostly consists of 
gently rolling uplands with hilly areas along the streams.  The 
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Table 2.  Location and contributing drainage area of sampling sites in Johnson County, northeastern Kansas, October 2002–June 2004.

[mi2, square miles; --, not applicable]

Sampling 
site 

identifier 
(fig. 1)

U.S. Geological 
Survey identification 

number
Site name

Contributing 
drainage area in 
Johnson County 

(mi2)

Latitude 
(degrees, minutes, 

seconds)

Longitude 
(degrees, minutes, 

seconds)
Sample type1

Contact 
recreation 

classification2

Big Bull Creek watershed

BI1 06914950 Big Bull Creek near Edgerton 26.5 38°45’12” 94°58’38” 1,2,S --

Blue River watershed

BL1 384951094443200 Coffee Creek at Pflumm Road 8.3 38°49’51” 94°44’32” -- --

BL2 384732094443200 Wolf Creek at Pflumm Road 9.7 38°47’32” 94°44’32” -- --

BL3 06893080 Blue River near Stanley 46.5 38°48’45” 94°40’33” 2,S C

BL4 384840094381100 Camp Branch at 175th Street 6.7 38°48’40” 94°38’11” 2 b

BL5 06893100 Blue River at Kenneth Road, Overland 
Park

65.7 38°50’32” 94°36’44” 2,S,R C

BL6 385114094365800 Discharge from Blue River Main 
Number 1 wastewater-treatment facility

0 38°51’14” 94°36’59” 1,2,W C

BL7 385226094351500 Blue River at Holmes Road, Missouri 75.5 38°52’26” 94°35’16” 1,2 C

Brush Creek watershed

BR1 390056094371600 Brush Creek at 63rd Street 5.5 39°00’56” 94°37’17” 1,2 --

BR2 390127094365800 Brush Creek at Belinder Street 11.1 39°01’27” 94°36’58” 1,2 --

Captain Creek watershed

CA1 385540095032800 Captain Creek near 119th Street 16.0 38°55’40” 95°03’28” S C

Cedar Creek watershed

CE1 06892440 Cedar Creek at Highway 56 at Olathe 13.2 38°51’33” 94°51’14” 1,2,S C

CE2 385437094531800 Cedar Creek near Cedar Creek  
wastewater-treatment facility

25.4 38°54’38” 94°53’18” 2 C

CE3 385438094531800 Discharge from Cedar Creek  
wastewater-treatment facility

0 38°54’38” 94°44’32” 1,2,W C

CE4 385445094531900 Cedar Creek at 119th Street 25.4 38°54’46” 94°53’19” 2 C

CE5 385722094545500 Cedar Creek at Highway 10 47.2 38°57’22” 94°54’56” 1,2 C

CE6 06892495 Cedar Creek near DeSoto 58.5 38°58’41” 94°55’20” 1,2,R,S C

Dykes Branch watershed

DY1 385804094363600 Dykes Branch Creek at 89th Street 3.4 38°58’04” 94°36’36” 1,2 --
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Table 2.  Location and contributing drainage area of sampling sites in Johnson County, northeastern Kansas, October 2002–June 2004.—Continued

[mi2, square miles; --, not applicable]

Sampling 
site 

identifier 
(fig. 1)

U.S. Geological 
Survey identification 

number
Site name

Contributing 
drainage area in 
Johnson County 

(mi2)

Latitude 
(degrees, minutes, 

seconds)

Longitude 
(degrees, minutes, 

seconds)
Sample type1

Contact 
recreation 

classification2

Indian Creek watershed

IN1 385345094453600 Indian Creek at Black Bob Road 6.6 38°53’45” 94°45’36” 1,2 --

IN2 385514094420800 Indian Creek near Middle Basin  
wastewater-treatment facility

15.0 38°55’14” 94°42’08” 1,2 --

IN3 385518094420700 Discharge from Indian Creek Middle Basin 
wastewater-treatment facility

0 38°55’18” 94°42’07” 1,2,W --

IN3a 385520094420000 Indian Creek at College Blvd. 15.8 38°55’20” 94°42’00” S --

IN4 385518094420100 Indian Creek at 111th Street 15.0 38°55’18” 94°42’01” 1,2 --

IN5 385550094371100 Indian Creek near 111th Street 61.1 38°55’50” 94°37’11” 1,2 --

IN6 06893390 Indian Creek at State Line Road, Leawood 63.1 38°56’15” 94°36’30” 2,R,S --

Kill Creek watershed

KI1 385014094572200 Kill Creek near Kill Creek wastewater-
treatment facility

3.6 38°50’14” 94°57’22” 1,2 B

KI2 385015094572200 Discharge from Kill Creek wastewater-
treatment facility

0 38°50’15” 94°57’22” 1,2,W B

KI3 385027094572300 Kill Creek at 159th Street 3.6 38°50’27” 94°57’23” 2 B

KI4 385210094581500 Kill Creek at 143rd Street 7.1 38°52’10” 94°58’15” 2 B

KI5 385303094582300 Kill Creek at 135th Street 18.9 38°58’04” 94°58’23” 2,S B

KI6b 06892360 Kill Creek at 95th Street near DeSoto 48.6 38°57’28” 94°58’30” 2,R,S B

KI7 385844094572500 Kill Creek at 83rd Street 52.3 38°58’44” 94°57’25” 1,2 B

Little Bull Creek watershed

LI1 384419094515600 Little Bull Creek near 215th Street 19.7 38°44’19” 94°51’56” 1,2 --
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Mill Creek watershed

MI1 385356094491200 Mill Creek at 127th Street 4.4 38°53’57” 94°49’12” 1,2,S C

MI2 385357094491200 Discharge from Harold Street wastewater-
treatment facility

0 38°53’57” 94°49’23” 1,2,W C

MI3 385404094485700 Mill Creek near Northgate Road 4.6 38°54’04” 94°48’58” 1,2 C

MI4 385800094485300 Mill Creek at 87th Street Lane 19.4 38°58’00” 94°48’53” 1,2,S C

MI5 390010094482100 Little Mill Creek at Warwick Lane 13.0 39°00’11” 94°48’21” 1,2 B

MI6 390058094493000 Clear Creek at 63rd Street 10.3 39°00’58” 94°49’31” 2 B

MI7 06892513 Mill Creek at Johnson Drive, Shawnee 58.8 39°01’46” 94°49’03” 1,2,R,S C

Tomahawk Creek watershed

TO1 385238094411300 Tomahawk Creek at Antioch Road 10.3 38°52’38” 94°41’13” 1,2 --

TO2 385539094372100 Tomahawk Creek near 111th Street 23.0 38°55’39” 94°37’22” 1,2,S --

TO3 385550094371500 Discharge from Tomahawk Creek  
wastewater-treatment facility 

0 38°55’50” 94°37’15” 1,2,W --

Turkey Creek watershed

TU1 390027094415600 Turkey Creek at 67th Street 6.7 39°00’27” 94°41’56” 1,2,R,S B

TU2 390219094402000 Turkey Creek at Highway 635 14.5 39°02’19” 94°40’20” 1,2 B

TU3 390252094385400 Turkey Creek downstream of Myron 
Nelson Complex wastewater-treatment 
facility at Foxridge Road

15.0 39°02’52” 94°38’54” 1,2,W B

1Sample type: 1, indicates site was sampled during the first synoptic survey; 2, indicates site was sampled during the second synoptic survey; R, indicates a stormflow sampling site; 
S, indicates a streambed-sediment sampling site; W, indicates wastewater-treatment facility discharge.

2Contact recreation classification: B, indicates the primary contact recreational stream segment is by Kansas law or written permission of the landowner open to and accessible by the public; 
b, indicates that the secondary contact recreational stream segment is not open to and accessible by the public under Kansas law;  C, indicates that the primary contact recreation stream segment 
is not open to and accessible by the public under Kansas law; --, indicates capacity of the referenced stream segment to support the indicated beneficial use has not been determined by use attain-
ability analysis (Kansas Department of Health and Environment, 2004c).

Table 2.  Location and contributing drainage area of sampling sites in Johnson County, northeastern Kansas, October 2002–June 2004.—Continued

[mi2, square miles; --, not applicable]

Sampling 
site 

identifier 
(fig. 1)

U.S. Geological 
Survey identification 

number
Site name

Contributing 
drainage area in 
Johnson County 

(mi2)

Latitude 
(degrees, minutes, 

seconds)

Longitude 
(degrees, minutes, 

seconds)
Sample type1

Contact 
recreation 

classification2
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Table 3.  Wastewater-treatment facilities sampled in Johnson County, northeastern Kansas, their designed flow capacity, and 
secondary treatment processes. 

[Information from E. Hack, Johnson County Wastewater and Public Works Department, written commun., 2003]

Wastewater-treatment facility
(receiving stream)

Discharge 
sampling site 

(fig. 1)

Design flow 
(million gallons per day) Secondary treatment processes

Blue River Main Number 1 (Blue River 
via Negro Creek)

BL6 3.0 Extended aeration and activated sludge

Cedar Creek (Cedar Creek) CE3 3.0 Activated sludge

Indian Creek Middle Basin (Blue River 
via Indian Creek)

IN3 9.0 Complete mix activated sludge

Kill Creek (Kill Creek) KI2 2.5 Activated sludge

Harold Street (Mill Creek) MI2 3.2 Trickling filter

Tomahawk Creek (Blue River via Indian 
Creek)

TO3 10.0 Trickling filter

Myron Nelson Complex (Turkey Creek) TU3 15.0 Trickling filter
1Mission Main

1Mission Main and Turkey Creek facilities are two separate facilities with a common discharge to Turkey Creek; the two facilities combined are 
referred to as the Myron Nelson Complex.

7.0 Trickling filter
1Turkey Creek 8.0 Trickling filter

north-flowing streams (Captain Creek, Cedar Creek, Kill Creek, 
and Mill Creek) are known to have steeper gradients and greater 
relief than the east- and south-flowing streams (O’Connor, 
1971).  Johnson County is underlain by Cambrian, Ordovician, 
Devonian, Mississippian, Pennsylvanian, and Quaternary sedi-
mentary rock above a Precambrian basement.  The sedimentary 
rock is characterized by alternating limestone and shale and 
minor amounts of fine-grained sandstone.  Soils in the county 
generally consist of loess, glacial deposits, and residual from 
the weathering of bedrock (Plinsky and others, 1975).  

The mean annual temperature from Olathe, Kansas 
(located approximately in the center of Johnson County), is 
54.7 °F, with a mean monthly range of 28.0 °F in January to 
78.2 °F in July (National Oceanic and Atmospheric Administra-
tion, 1966–98).  Mean annual precipitation (1961–90) is 
39.6 in., with 68 percent of the rain occurring during the grow-
ing season from April through September (National Oceanic 
and Atmospheric Administration, 1966–98).

Population increases in Johnson County have resulted in 
increased urban and suburban land uses.  Since 1990, land par-
cels dedicated to residential and commercial land use in 
Johnson County have increased more than 45 percent (K. Skrid-
ulis, Johnson County Appraiser’s Office, written commun., 
2004).  Figure 2 shows urban and nonurban land use for 
Johnson County in 2003; table 4 lists estimates of urban and 
nonurban land use and estimated number of septic systems per 
square mile by watershed (S. Porter, Johnson County Auto-
mated Information Mapping System, written commun., 2003).  
The “undeveloped” designation in table 4 includes agricultural 
land uses as well as vacant land.  The “no data” land-use desig-
nation indicates land uses that could not be identified because 

they were not taxed by the county in 2003.  This designation 
includes the inactive Sunflower Army Ammunition Plant in the 
Captain and Kill Creek watersheds and the New Century Air-
Center in the Cedar, Kill, and Little Bull Creek watersheds.  The 
“no data” designation also includes most roads in the county.  
Impervious surface data were estimated by adding the total area 
of all buildings, courtyards, as well as paved and unpaved roads 
and parking lots in the county (S. Porter, Johnson County Auto-
mated Information Mapping System, written commun., 2003).  

Brush Creek, Dykes Branch, Indian Creek, Rock Creek, 
Tomahawk Creek, and Turkey Creek watersheds contain the 
most urban development in the county, with more than 75 per-
cent of these watersheds devoted to residential, commercial, 
industrial, and right-of-way land uses and less than 10 percent 
of each watershed identified as undeveloped (table 4). More 
than 18 percent of these watersheds are impervious surface. The 
Blue River and Mill Creek watersheds are experiencing the 
most-recent development (Mid-America Regional Council, 
2002); both have more than 24 percent of their area devoted to 
residential, commercial, and industrial land uses. However, 
impervious surface areas in these watersheds are smaller than 
the more urbanized watersheds, and the largest percentage of 
land in each watershed is still undeveloped.  The majority of 
land also is undeveloped in the Big Bull Creek, Captain Creek, 
Cedar Creek, Kill Creek and Little Bull Creek watersheds. 

Assuming that the differences in the surface area of 
streams between watersheds are negligible, the percentage of 
land use devoted to surface water is largely a reflection of the 
size and number of surface-water impoundments within a 
watershed.  The more area devoted to surface-water impound-
ments in a watershed, the larger the capacity of the watershed to 
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Figure 2.  Urban and nonurban land use in Johnson County, northeast Kansas, 2003.
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Table 4.  Estimates of urban and nonurban land-use percentages in selected watersheds of Johnson County, northeastern Kansas.

[Data from Johnson County Automated Information Mapping System, written commun., 2003; mi2, square miles]

Watershed (fig. 2) Watershed 
area (mi2)

Land-use percentage

Percentage 
impervious 

surface

Estimated 
number of 

septic 
systems per 
square mile 
of drainage 

area

Residential Commercial Industrial Right-of-
way Parks Surface 

water
Undeveloped1

(nonurban)

1“Undeveloped” land use includes agricultural and vacant land.

No data2

2“No data” land use includes untaxed land uses (such as government property and public roads).

Big Bull Creek 39.8 6.7 1.8 0.8 1.8 0.4 1.8 81.5 5.2 1.7 9.3

Blue River 76.0 20.2 3.4 1.0 .6 2.0 2.2 61.0 9.6 4.8 32.4

Brush Creek 7.1 74.8 4.4 0 .8 4.6 .2 1.2 14.0 23.4 3.7

Captain Creek 22.7 1.1 .4 0 .5 0 1.6 70.0 26.4 1.1 4.5

Cedar Creek 59.0 12.4 4.9 3.8 2.5 2.8 2.3 64.5 6.8 5.0 16.6

Dykes Branch 4.1 79.5 4.3 0 .8 .6 .5 1.4 12.9 21.9 0

Indian Creek 40.9 68.3 9.9 .2 2.6 2.3 .5 5.2 11.0 27.2 1.1

Kill Creek 60.0 8.4 1.4 1.7 1.0 .6 2.1 61.9 22.9 3.3 15.9

Little Bull Creek 26.3 10.9 1.3 0 2.9 1.9 2.0 73.6 7.4 2.9 19.4

Mill Creek 62.7 26.7 11.1 2.8 3.4 3.4 1.9 37.8 12.9 12.4 24.4

Rock Creek 4.6 68.6 11.1 .3 2.4 0 .2 .9 16.5 29.2 .4

Tomahawk Creek 23.4 67.8 7.4 .4 .8 2.9 .8 8.5 11.4 18.9 13.8

Turkey Creek 16.1 55.4 18.9 .6 5.4 1.5 .4 3.2 14.6 28.5 4.7
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store surface runoff before it enters a stream.  These impound-
ments can slow streamflow response to runoff and may act as 
sinks for many sediment-associated water-quality contami-
nants.  The most urban watersheds (Brush Creek, Dykes 
Branch, Indian Creek, Rock Creek, Tomahawk Creek, and 
Turkey Creek) have the fewest surface-water impoundments, 
totaling less than 1 percent of each watershed.  Nonurban and 
urbanizing watersheds (Big Bull Creek, Blue River, Captain 
Creek, Cedar Creek, Kill Creek, Little Bull Creek, and Mill 
Creek) have the largest percentages of surface water.

Figure 3 shows agricultural and nonagricultural land use 
for 2003, and figure 4 shows the possible location of septic sys-
tems for 2003.  The largest percentages of agricultural land are 
in the Blue River, Big Bull, Captain, Cedar, Kill, and Little Bull 
Creek watersheds (K. Skridulis, Johnson County Appraiser’s 
Office, written commun., 2004). A greater percentage of land 
use in the southern Blue River watershed is devoted to agricul-
ture than in the northern part of the watershed.  Mill Creek has 
some agricultural land uses, whereas urban watersheds Brush, 
Dykes Branch, Indian, Rock, Tomahawk, and Turkey Creeks 
have little or no agricultural land uses. Possible septic system 
locations are based on county estimates of households and busi-
nesses not connected to sewage lines.  The majority of septic 
systems are located in watersheds with predominantly nonurban 
land uses; the largest concentration of septic systems are in the 
Blue River watershed (table 4). 

Previous Investigations

Although a comprehensive study of Johnson County 
streams has not been conducted, many streams and lakes within 
the individual watersheds have been studied.  From 1982–83, a 
13-month study of Cedar Lake and Lake Olathe (within the 
Cedar Creek watershed) was conducted by the city of Olathe.  
This study estimated sediment and nutrient loads contributed to 
each lake and found detectable concentrations of trace elements 
and pesticides in fish tissues (Lee and Sears, 1985).  Subsequent 
studies conducted by Mau (2000) and Mau and others (2004) 
found that total nitrogen and phosphorus yields for the water-
shed upstream from Lake Olathe were consistent with water-
sheds of mixed agricultural land uses.  Atrazine was found in 
the largest concentrations in spring and summer samples from 
the Cedar Creek watershed upstream from Lake Olathe, occa-
sionally exceeding KDHE chronic aquatic-life criterion of 
3.0 µg/L (Mau and others, 2004).  The herbicides alachlor, atra-
zine, and metolachlor were detected in bottom sediment from 
both Cedar Lake and Lake Olathe (Mau, 2000).  

USGS conducted a study of the Hillsdale Lake Basin 
(Johnson and Miami Counties) from May 1994 through 
May 1995, which sampled Big Bull and Little Bull Creeks in 
the southwestern part of Johnson County (Putnam, 1997).  This 
study focused on the occurrence of nutrients and triazine herbi-
cides in the basin during low-flow conditions.  Samples from 
Big Bull Creek and Little Bull Creek at times exceeded the  
10-mg/L Maximum Contaminant Level (MCL) for total nitrite 

plus nitrate in drinking water (U.S. Environmental Protection 
Agency, 2002) and routinely exceeded the Hillsdale Water-
Quality Protection Project proposed total phosphorus criterion 
of 0.05 mg/L.  The largest concentrations of total nitrogen and 
total phosphorus occurred directly downstream from WWTFs 
located in the Big Bull and Little Bull Creek Basins and 
decreased downstream.  Additionally, triazine herbicide sam-
ples exceeded the USEPA atrazine MCL of 3.0 µg/L in 17 of 
36 samples from Big Bull Creek and in 6 of 33 samples from 
Little Bull Creek.  Triazine herbicides were detected more 
frequently in the spring after herbicide application 
(Putnam, 1997).

USGS also studied water quality in stormwater runoff in 
the Blue River Basin of Kansas and Missouri at sites with vary-
ing degrees of urbanization from 1981 to 1982 (Blevins, 1986).  
Highly urbanized sites in the lower Blue River Basin in Kansas 
City, Missouri, recorded as much as three times the stormwater 
runoff per unit area as less urbanized sites in the basin.  Highly 
urbanized sites with concrete channels in the Brush Creek Basin 
generally had smaller concentrations of suspended sediment, 
nutrients, and metals than upstream sites, but suspended-
sediment concentrations increased when stream water reached 
unlined channels. The largest concentrations of suspended sed-
iment, nitrogen, phosphorus, and most metals were found in the 
Blue River Basin downstream from agricultural land uses.  
However, the initial flush of runoff from urban areas generally 
had larger concentrations of biological oxygen demand, sus-
pended sediment, dissolved solids, as well as nutrients and met-
als, due to flushing of combined sewers (Blevins, 1986).

The Blue River and Brush Creek watersheds also were 
studied from 1998 through 2000, and water samples were ana-
lyzed for major ions, nutrients, bacteria, pesticides, wastewater-
indicator compounds, and selected pharmaceuticals (Wilkison 
and others, 2002).  Continuous discharge of wastewater effluent 
was the primary source of nutrients, wastewater-indicator com-
pounds, and pharmaceutical compounds in stream samples in 
the Blue River Basin. Wastewater inputs into Brush Creek were 
a result of stormflow that triggered the overflow of combined 
and sanitary sewers, discharging untreated wastewater into the 
creek. During base-flow conditions the Blue River contained 
substantially larger nutrient and wastewater compound concen-
trations, as well as median Escherichia coli (E. coli) bacteria 
densities that were double that of Brush Creek samples.  How-
ever, during some stormflow conditions, wastewater com-
pounds were larger in Brush Creek samples (Wilkison and 
others, 2002).  

A study was conducted in the Indian and Rock Creek 
watersheds during 1981–82 through the National Urban Runoff 
Program funded by USEPA (Mid-America Regional Council 
and F.X. Browne and Associates, Inc., 1983).  This study found 
that urban areas with more commercial and industrial areas and 
high traffic volumes caused increased contributions of nitrogen, 
oxygen-demanding substances, and metals including copper, 
zinc, and lead.  Suspended-sediment concentrations were much 
larger during stormflow conditions; nonpoint sources of sedi-
ment were thought to be from exposed soil and from basins with 
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steep channel slopes.  Contaminants such as phosphorus, man-
ganese, and iron were found to be associated with suspended-
sediment concentrations (Mid-America Regional Council and 
F.X. Browne and Associates, Inc., 1983).  

The USGS National Water-Quality Assessment 
(NAWQA) Program compiled historical data from surface-
water sites with a minimum of 25 samples throughout the 
United States from 1980 to 1990 in basins with varying land 
uses (U.S. Geological Survey, 2004).  Along with other data, 
water samples were analyzed for nutrients, including ammonia, 
nitrate, total nitrogen, total phosphorus, and orthophosphorus.  
Nutrient data are presented on a Web site 
(http://water.usgs.gov/nawqa/nutrients/datasets/ 
retro.data.sw) and are used in this report to compare national 
conditions with those in Johnson County stream-water samples.  
The NAWQA Program also completed assessments in 51 study 
units from 1992 to 2001 and analyzed water samples for the 
occurrence of pesticide compounds (Martin and others, 2003).  
Pesticide data are summarized in Martin and others (2003) and 
on a Web site (http://water.usgs.gov/nawqa/) and are used peri-
odically in this report to compare national conditions with those 
in Johnson County stream-water samples collected from Octo-
ber 2002 through June 2004.  

Wastewater and pharmaceutical compounds have been of 
increasing interest in surface water and streambed sediment in 
recent years; however, there are few established criteria or 
guidelines for these compounds.  To place wastewater and phar-
maceutical compound concentrations found in Johnson County 
stream water in context with concentrations in other parts of the 
United States, two USGS studies performed by Kolpin and 
others (2002) and Lee and others (2004) were used for compar-
ison purposes.  Kolpin and others (2002) sampled streams for 
wastewater and pharmaceutical compounds on a national scale 
to determine occurrence in a variety of geographic areas and 
land uses.  However, unlike some samples collected as part of 
the study described in this report, Kolpin and others (2002) did 
not directly sample WWTF discharges; therefore, their results 
may be underrepresentative compared to the stream sample 
results presented in this report.  Lee and others (2004) sampled 
65 sites in Minnesota, including WWTF influent, landfill and 
feedlot lagoon leachate, surface water, ground water, and 
WWTF discharges. Both of these studies analyzed wastewater 
and pharmaceutical compounds from whole-water samples 
(this study used filtered water samples). Lee and others (2004) 
observed that whole and filtered-water analyses found similar 
concentrations for most wastewater and pharmaceutical com-
pounds; however, some compounds had smaller concentrations 
in filtered-water analyses due to adsorption to suspended sedi-
ment. For this reason, these studies may report larger concentra-
tions of some contaminants than the Johnson County study 
reported herein due to the inclusion of both sediment-bound and 
dissolved contaminants.

Methods

Sampling sites were selected throughout Johnson County 
(fig. 1) to: (1) provide spatial coverage of the county and (2) dif-
ferentiate point and nonpoint sources of contaminants in each 
watershed. 

Base-Flow Samples

Synoptic, stream-water samples were collected during 
November 4–7, 2000, and July 14–18, 2003, to provide two 
“snapshots” of Johnson County streams during base-flow 
hydrologic conditions. The base-flow data were used to deter-
mine spatial variation in Johnson County streams and to con-
trast water-quality conditions upstream and downstream from 
WWTFs as well as to compare with water-quality samples col-
lected during stormflow conditions.  Although a maximum of 
two base-flow samples from each site do not provide a statisti-
cal basis for evaluating stream-water-quality conditions at any 
given site, they do give an indication of the sources and occur-
rence of water-quality contaminants during base-flow condi-
tions. Base flow is defined as the sustained low flow of a stream 
originating primarily from springs or ground-water seepage or 
from point-source discharges such as WWTFs.  Synoptic sam-
ples were collected such that sites within a particular watershed 
were sampled on the same day and that all sites in the county 
were sampled during a 1-week period. This was done to capture 
consistent hydrologic conditions throughout the sampling 
period. Streamflow was measured using methods presented in 
Buchanan and Somers (1969).

Although 45 sites throughout Johnson County were 
selected initially for base-flow sampling, 12 sites did not have 
measurable streamflow during the November 4–7, 2002, synop-
tic survey, and 3 sites lacked streamflow during the July 14–18, 
2003, synoptic survey.  At the majority of sites sampled, riffles 
were less than 0.5 ft in depth, and grab samples for suspended 
sediment, dissolved solids, major ions, nutrients, and trace ele-
ments were collected using equal-width increments (EWI) 
(Wilde and others, 1998).  Cross-section measurements of spe-
cific conductance, pH, water temperature, turbidity, and dis-
solved oxygen were made onsite using Yellow Springs 
Instruments (YSI, Yellow Springs, Ohio) 6600 multiparameter 
water-quality monitors.  Values were recorded as a mean of 
cross-sectional measurements, and streams were generally well 
mixed.  Air temperature and barometric pressure also were 
recorded at the time of sampling.  Samples for analysis of bac-
teria, pesticides, and wastewater and pharmaceutical com-
pounds were collected by grab sample at the centroid of flow. 
Samples were collected in accordance with USGS protocols for 
the collection of wastewater and pharmaceutical compounds 
with the exception of the final methanol rinse (Lewis and 
Zaugg, 2003).
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Stormflow Samples

Stormflow samples were collected from October 2002 
through June 2004 during or soon after precipitation to charac-
terize nonpoint sources of contamination associated with runoff 
conditions.  Three stormflow samples were collected from each 
of the following sites: BL5 on the Blue River, CE6 on Cedar 
Creek, IN6 on Indian Creek, KI6b on Kill Creek, MI7 on Mill 
Creek, and TU1 on Turkey Creek (fig. 1, table 2).  Additional 
stream-water samples were collected from sites BL5, CE6, IN6, 
KI6b, and MI7 and included in this report to improve definition 
of water quality during varying streamflow conditions.

Discrete stormflow samples generally were collected dur-
ing streamflow conditions at least one and as large as four 
orders of magnitude greater than that observed during base-
flow sampling. EWI sampling methods (Wilde and others, 
1998) were used when possible to collect samples; otherwise, 
dip samples from the centroid of flow were collected using a 
weighted bottle, or samples were collected with an automated 
sampler.  Cross-sectional water-quality monitor readings 
recorded at the same time as stormflow sample collection indi-
cated that streamflow conditions at sites generally were well 
mixed. Four samples were collected concurrently to compare 
point (dip or automated sampler) and EWI sampling methods. 
These samples are discussed in the “Quality Assurance and 
Quality Control” section. Stormflow sampling sites are listed 
with their estimated corresponding drainage areas, percentage 
land use, and estimated number of septic systems per square 
mile (table 5).

Streambed-Sediment Samples

Streambed-sediment samples were collected from March 
31 through April 3, 2003, at 15 sites within the Big Bull Creek, 
Blue River, Captain Creek, Cedar Creek, Indian Creek, Kill 
Creek, Mill Creek, Tomahawk Creek, and Turkey Creek 
watersheds (table 2).  Eight of the 15 sites were located down-
stream from continuously discharging municipal WWTFs. 
These samples were used to determine contaminant source 
areas, to evaluate fate and transport of potential contaminants, 
and to estimate toxicity of streambed sediments.  A variety of 
chemical constituents often occur in larger concentrations in 
streambed sediment than in the overlying water column (Van 
Donsel and Geldreich, 1971; Horowitz, 1991).  Contaminated 
sediment can be toxic to benthic organisms and the contami-
nants can bioaccumulate in fish, insects, and mammals (U.S. 
Environmental Protection Agency, 2000a). Sediment samples 
were collected during a period of low flow using stainless-steel 
and plastic spoons.  The bottom sediment was removed from the 
stream, placed in plastic or glass containers, homogenized, and 
shipped for analysis. 

Sample Analysis

Base- and stormflow samples were analyzed for suspended 
sediment, dissolved solids, major ions, nutrients (nitrogen and 
phosphorus), trace elements, bacteria, and pesticide, waste-
water, and pharmaceutical compounds.  Streambed-sediment 
samples were analyzed for total organic carbon, total carbon, 
major ions, nutrients, trace elements, bacteria, and pesticide, 
wastewater, and pharmaceutical compounds.  Constituents ana-
lyzed in all stream-water and streambed-sediment samples in 
this study are listed in table 6.  Complete analytical results of 
base- and stormflow surface-water samples and streambed-
sediment samples are posted on a USGS Web site 
(http://ks.water.usgs.gov/Kansas/studies/qw/joco/) and are on 
file with USGS in Lawrence, Kansas. 

Water samples were analyzed at several laboratories.  Sus-
pended-sediment samples were analyzed at the USGS Sediment 
Laboratory in Iowa City, Iowa, according to methods presented 
in Guy (1969).  Major ions, nutrients, and fecal coliform bacte-
ria were analyzed at the Johnson County Environmental Labo-
ratory in Johnson County, Kansas, according to standard 
methods (American Public Health Association and others, 
1995), and selected replicate samples were sent to the USGS 
National Water-Quality Laboratory (NWQL) in Denver, Colo-
rado, and analyzed according to methods presented in Fishman 
and Friedman (1989), Faires (1993), and Fishman (1993).  
Analysis of water samples for E. coli and enterococci bacteria 
was performed at the USGS laboratory in Lawrence, Kansas.  
These samples were processed within 6 hours of collection 
using membrane filtration methods described by Wilde and 
others (1998).  

Water samples for selected dissolved pesticides and waste-
water compounds were analyzed at NWQL using methods 
described by Zaugg and others (1995, 2002).  Pharmaceutical 
compounds in filtered samples were analyzed at NWQL using 
methods described by Cahill and others (2004).  These methods 
are described as “information rich” because of their ability to 
report values at very small concentrations, often less than the 
microgram-per-liter level.  These reported values may be 
denoted as estimated (E) for some constituents when values are 
reported outside of instrument calibration range or when con-
centrations are reported at less than NWQL laboratory reporting 
levels (Childress and others, 1999).  

Chemical analysis of streambed sediment was performed 
at the Atlanta, Georgia, USGS sediment chemistry laboratory 
using digestion after homogenization and passage through a  
63-µm sieve (Horowitz and others, 2001).  Bacteria in 
streambed sediment was determined at the Columbus, Ohio, 
USGS microbiology laboratory 1 day after sample collection 
using methods described by Francy and Darner (1998). Pesti-
cides in streambed sediment were determined by dual-capillary 
column gas chromatography with electron capture detection 
(Foreman and others, 1995).  Wastewater compounds (which 
include some compounds classified as pesticides in this report) 
in streambed sediment were extracted using accelerated solvent 
extraction (ASE) with 50-percent isopropanol at two 
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Table 5.  Stormflow sampling sites, contributing drainage areas, estimates of urban and nonurban land-use percentages, and estimated number of septic systems per 
square mile of drainage area in Johnson County, northeastern Kansas.

[[Data from Johnson County Automated Information Mapping System, written commun., 2003; mi2, square miles]

Stormflow 
sampling site 

identifier 
(fig. 1)

Contributing 
drainage 
area (mi2)

Percentage land use

Percentage 
impervious 

surface 

Estimated 
number of 

septic systems 
per square mile 

of drainage 
area

Residential Commercial Industrial Right-of-
way Parks Surface 

water

Un-
developed1

(nonurban)

1"Undeveloped" land use includes agricultural and vacant land.
2“No data” land use includes untaxed land uses (such as government property and public roads).

No data2

BL5 65.7 15.1 2.5 1.0 0.6 1.6 2.2 69.3 7.7 3.0 36.5

CE6 58.5 12.4 4.9 3.8 2.5 2.8 2.3 64.5 6.8 3.9 16.6

IN6 63.1 68.1 8.9 .3 1.9 2.2 .6 6.4 11.6 23.5 5.7

KI6b 48.6 6.4 .9 1.3 .8 .5 1.9 61.7 26.5 2.9 14.8

MI7 58.8 26.7 11.1 2.8 3.4 3.4 1.9 37.8 12.9 12.2 24.4

TU1 6.7 48.2 26.7 .4 5.2 0 .5 2.8 16.2 30.9 1.1
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Table 6.  Constituents analyzed in stream-water and streambed-sediment samples collected from selected Johnson County streams, 
northeastern Kansas, October 2002–June 2004.

[X, analyzed; --, not analyzed or not applicable; N/A, no laboratory reporting level established; <, less than; E, estimated; μS/cm, microsiemens per centimeter 
at 25 degrees Celsius; FNU, formazin nephelometric units; mg/L, milligrams per liter; mg/kg, milligrams per kilogram; µg/L, micrograms per liter; µg/kg, mi-
crograms per kilogram; col/100 mL, colonies per 100 milliliters]

Constituent Base-flow 
samples

Stormflow 
samples

Streambed-
sediment 
sample

Stream-water 
laboratory reporting 

level

Streambed-
sediment 
laboratory 

reporting level

Specific conductance X X -- 1 µS/cm --

pH X X -- 0.1 standard units --

Water temperature X X -- 0.1 degrees Celsius --

Dissolved oxygen X X -- 0.1 mg/L --

Turbidity X X -- 0.1 FNU --

Alkalinity X X -- 2 mg/L --

Total organic carbon -- -- X -- 1,000 mg/kg

Total carbon -- -- X -- 1,000 mg/kg

Suspended sediment X X -- 1 mg/L --

Dissolved solids X X -- 2 mg/L --

Major Ions

Calcium X X X .10 mg/L 1,000 mg/kg

Magnesium X X X .10 mg/L 1,000 mg/kg

Sodium X X X .10 mg/L 1,000 mg/kg

Potassium X X X .10 mg/L 1,000 mg/kg

Sulfate X X -- .05 mg/L --

Chloride X X -- 10 mg/L --

Fluoride X X -- .10 mg/L --

Silica X X -- .10 mg/L --

Nutrients

Nitrogen, total, as N -- -- X 100 mg/kg

Nitrogen, nitrite, as N X X -- .02 mg/L --

Nitrogen, nitrite plus nitrate, as N X X -- .10 mg/L --

Nitrogen, ammonia, as N X X -- .02 mg/L --

Nitrogen, ammonia plus dissolved organic nitro-
gen, as N

X X -- .20 mg/L --

Nitrogen ammonia plus total organic nitrogen, as N X X .20 mg/L

Phophorus, total X X X .01 mg/L 100 mg/kg

Phosphorus, orthophosphate, as P X X -- .01 mg/L --

Phosphorus, dissolved X X -- .01 mg/L --

Trace elements

Aluminum -- -- X -- 1 mg/kg

Antimony -- -- X -- .10 mg/kg

Arsenic -- -- X -- .10 mg/kg

Barium -- -- X -- 1 mg/kg

Beryillium -- -- X -- .10 mg/kg

Boron -- -- X -- 1 mg/kg
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Table 6.  Constituents analyzed in surface-water and streambed-sediment samples collected from selected Johnson County 
streams, northeastern Kansas, October 2002–June 2004.—Continued

[X, analyzed; --, not analyzed or not applicable; N/A, no laboratory reporting level established; <, less than; E, estimated; μS/cm, microsiemens per centime-
ter at 25 degrees Celsius; FNU, formazin nephelometric units; mg/L, milligrams per liter; mg/kg, milligrams per kilogram; µg/L, micrograms per liter; µg/kg, 
micrograms per kilogram; col/100 mL, colonies per 100 milliliters]

Constituent Base-flow 
samples

Stormflow 
samples

Streambed-
sediment 
sample

Stream-water 
laboratory reporting 

level

Streambed-
sediment 

laboratory 
reporting level

Trace elements—Continued

Cadmium -- -- X -- 0.1 mg/kg

Chromium -- -- X -- 1 mg/kg

Cobalt -- -- X -- 1 mg/kg

Copper -- -- X -- 1 mg/kg

Iron X X X 0.01 mg/L 1,000 mg/kg

Lead -- -- X -- 1 mg/kg

Lithium -- -- X -- 1 mg/kg

Manganese X X X .01 mg/L 10 mg/kg

Mercury -- -- X -- .01 mg/kg

Molybdenum -- -- X -- 1 mg/kg

Nickel -- -- X -- 1 mg/kg

Selenium -- -- X -- .1 mg/kg

Silver -- -- X -- .5 mg/kg

Strontium -- -- X -- 1 mg/kg

Sulfur -- -- X -- 1,000 mg/kg

Titanium -- -- X -- 50 mg/kg

Uranium   -- -- X -- .05 mg/kg

Vanadium 1 mg/kg

Zinc -- -- X -- 1 mg/kg

Bacteria

Fecal coliform X X X 10 col/100 mL N/A

Escherichia coli X X X 1 col/100 mL N/A

Enterococci X X X 1 col/100 mL N/A

Pesticide compounds (filtered water analysis)

1-Napthol X X -- .088 µg/L --

2,6-Diethylaniline X X -- .006 µg/L --

2-[(2-Ethyl-6-methylphenyl)amino]-1-propanol X X -- .12 µg/L --

2-Chloro-4-isopropylamino-6-amino-s-triazine X X -- .006 µg/L --

2-Chloro-2,6-diethylacetanilide X X -- .005 µg/L --

2-Ethyl-6-methylaniline X X -- .0045 µg/L --

3,4-Dichloroaniline X X -- .0045 µg/L --

4-Chloro-2-methylphenol X X -- .0056 µg/L --

Acetochlor X X -- .006 µg/L --

Alachlor X X -- .0045 µg/L --
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Pesticide compounds (filtered water analysis)—Continued

Aldrin -- -- X -- 1–3 µg/kg

alpha-Endosulfan -- -- X -- 1–3 µg/kg

alpha-HCH X -- X -- 1–3 µg/kg

Atrazine X X X 0.007 µg/L 100 µg/kg

Azinphos-methyl X X -- .05 µg/L --

Azinphos-methyl-oxon X X -- .016 µg/L --

Benfluralin X X -- .01 µg/L --

beta-HCH -- -- X -- 1–3 µg/kg

Butylate X1 -- -- .02 µg/L --

Carbaryl X X -- .041 µg/L --

Carbofuran X1 -- -- .02 µg/L --

Chloroneb -- -- X -- 5–15 µg/kg

Chlorpyrifos X X X .005 ug/L --

Chlorpyrofos, oxygen analog X X -- .056 µg/L <50 µg/kg

cis-Chlordane -- -- X -- 1–3 µg/kg

cis-Nonachlor -- -- X -- 1–3 µg/kg

cis-Permethrin X X X .006 µg/L 5–15 µg/kg

Cyanazine X1 -- -- .02 µg/L --

Cyfluthrin X X -- .008 µg/L --

Cypermethrin X X -- .0086 µg/L --

Dacthal X X -- .003 µg/L --

DCPA X X X -- 5–15 µg/kg

Deethylatrazine X1 -- -- .006 µg/L --

Desulfinylfipronil X X -- .004 µg/L --

Desulfinylfipronil amide X X -- .009 µg/L --

Diazinon X X X .005 µg/L <50 µg/kg

Diazinon, oxygen analog X X -- .04 (dimensionless) --

Dichlorvos X X -- .011 µg/L --

Dicrotophos X X -- .084 µg/L --

Dieldrin X X X .0048 µg/L 1–3 µg/kg

Dimethoate X X -- .0061 µg/L --

Disulfoton X1 -- -- .02 µg/L --

Endrin -- -- X -- 2–6 µg/kg

EPTC X1 -- -- .002 µg/L --

Table 6.  Constituents analyzed in surface-water and streambed-sediment samples collected from selected Johnson County 
streams, northeastern Kansas, October 2002–June 2004.—Continued

[X, analyzed; --, not analyzed or not applicable; N/A, no laboratory reporting level established; <, less than; E, estimated; μS/cm, microsiemens per centime-
ter at 25 degrees Celsius; FNU, formazin nephelometric units; mg/L, milligrams per liter; mg/kg, milligrams per kilogram; µg/L, micrograms per liter; µg/kg, 
micrograms per kilogram; col/100 mL, colonies per 100 milliliters]

Constituent Base-flow 
samples

Stormflow 
samples

Streambed-
sediment 
sample

Stream-water 
laboratory reporting 

level

Streambed-
sediment 

laboratory 
reporting level
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Pesticide compounds (filtered water analysis)—Continued

Ethafluralin X1 -- -- 0.009 µg/L --

Ethion X X -- .004 µg/L --

Ethion monoxon X X -- .033 µg/L --

Ethoprop X1 -- -- .005 µg/L --

Fenamiphos X X -- .029 µg/L --

Fenamiphos sulfone X X -- .0077 µg/L --

Fipronil X X -- .007 µg/L --

Fipronil sulfide X X -- .005 µg/L --

Fipronil sulfone X X -- .005 µg/L --

Fonofos X X -- .0027 µg/L --

Fonofos, oxygen analog X X -- .0021 µg/L --

Heptachlor epoxide -- -- X -- 1–3 µg/kg

Heptachlor -- -- X -- 1–3 µg/kg

Hexachlorobenzene -- -- X -- 1–3 µg/kg

Hexazinone X X -- .013 µg/L --

Iprodione X X -- 1.4 µg/L --

Isodrin -- -- X -- 1–3 µg/kg

Isofenphos X X -- .0034 µg/L --

Lindane X -- X .004 µg/L 1–3 µg/kg

Linuuron X1 -- -- .035 µg/L --

Malaoxon X X -- .008 µg/L --

Malathion X X -- .027 µg/L --

Metalaxyl X X X .05 µg/L <100 µg/kg

Metolachlor X X X .013 µg/L <50 µg/kg

Metribuzin X X -- .006 µg/L --

Myclobutanil X X -- .008 µg/L --

Mirex -- -- X -- 1–3 µg/kg

Molinate X1 -- -- .002 µg/L --

Napropamide X1 -- -- .007 µg/L --

o,p'-DDD -- -- X -- 1–3 µg/kg

o,p'-DDE -- -- X -- 1–3 µg/kg

o,p'-DDT -- -- X -- 2–6 µg/kg

o,p'-Methoxychlor -- -- X -- 5–15 µg/kg

Oxychlordane -- -- X -- 1–3 µg/kg

Table 6.  Constituents analyzed in surface-water and streambed-sediment samples collected from selected Johnson County 
streams, northeastern Kansas, October 2002–June 2004.—Continued

[X, analyzed; --, not analyzed or not applicable; N/A, no laboratory reporting level established; <, less than; E, estimated; μS/cm, microsiemens per centime-
ter at 25 degrees Celsius; FNU, formazin nephelometric units; mg/L, milligrams per liter; mg/kg, milligrams per kilogram; µg/L, micrograms per liter; µg/kg, 
micrograms per kilogram; col/100 mL, colonies per 100 milliliters]

Constituent Base-flow 
samples

Stormflow 
samples

Streambed-
sediment 
sample

Stream-water 
laboratory reporting 

level

Streambed-
sediment 

laboratory 
reporting level
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Pesticide compounds (filtered water analysis)—Continued

p,p'-DDD -- -- X -- 1–3 µg/kg

p,p'-DDE X1 -- X 0.003 µg/L 1–3 µg/kg

p,p'-DDT -- -- X -- 2–6 µg/kg

p,p'-Methoxychlor -- -- X -- 5–15 µg/kg

Paraoxon-methyl X X -- .029 µg/L --

Parathion X1 -- -- .01 µg/L --

Parathion-methyl X X -- .006 µg/L --

Pebulate X1 -- -- .004 µg/L --

Pendimethalin X X -- .022 µg/L --

Pentachloroanisole -- -- X -- 1–3 µg/kg

Phorate X X -- .011 µg/L --

Phorate oxon X X -- .097 µg/L --

Phosmet X X -- .0079 µg/L --

Phosmet oxon X X -- .055 µg/L --

Polychlorinated biphenyls (PCBs) -- -- X -- 50–150 µg/kg

Prometon X X X .015 µg/L <50 µg/kg

Prometryn X X -- .0054 µg/L --

Pronamide X1 -- -- .004 µg/L --

Propachlor X1 -- -- .01 µg/L --

Propanil X1 -- -- .011 µg/L --

Propargite X1 -- -- .02 µg/L --

Propyzamide X X -- .0041 µg/L --

Simazine X X -- .005 µg/L --

Tebuthiuron X X -- .016 µg/L --

Terbacil X1 -- -- .034 µg/L --

Terbufos X X -- .017 µg/L --

Terbufos-oxygen-analogue sulfone X X -- .067 µg/L --

Terbuthylazine X X -- .010 µg/L --

Thiobencarb X1 -- -- .005 µg/L --

Toxaphene -- -- X -- 200–600 µg/kg

trans-Chlordane -- -- X -- 1–3 µg/kg

trans-Nonachlor -- -- X -- 1–3 µg/kg

trans-Permethrin -- -- X -- 5–15 µg/kg

Triallate X1 -- -- .002 µg/L --

Table 6.  Constituents analyzed in surface-water and streambed-sediment samples collected from selected Johnson County 
streams, northeastern Kansas, October 2002–June 2004.—Continued

[X, analyzed; --, not analyzed or not applicable; N/A, no laboratory reporting level established; <, less than; E, estimated; μS/cm, microsiemens per centime-
ter at 25 degrees Celsius; FNU, formazin nephelometric units; mg/L, milligrams per liter; mg/kg, milligrams per kilogram; µg/L, micrograms per liter; µg/kg, 
micrograms per kilogram; col/100 mL, colonies per 100 milliliters]

Constituent Base-flow 
samples

Stormflow 
samples

Streambed-
sediment 
sample

Stream-water 
laboratory reporting 

level

Streambed-
sediment 

laboratory 
reporting level
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Pesticide compounds (filtered water analysis)—Continued

Tribromomethane X X -- 0.5 µg/L --

Trifluralin X X -- .009 µg/L --

Wastewater compounds

1,4 Dichlorobenzene X X X .5 µg/L <50 µg/kg

1-Methylnaphthalene X X X .5 µg/L <50 µg/kg

17-alpha-ethynyl-esterdiol -- -- X -- <250 µg/kg

17-beta-estradiol -- -- X -- <250 µg/kg

2,6-Dimethylnaphthalene X X X .5 µg/L <50 µg/kg

2-Methylnaphthalene X X X .5 µg/L <50 µg/kg

3,4-dichlorophenyl isocyanate -- -- X -- <100 µg/kg

3-Beta-coprostanol X X X 2.0 µg/L <200 µg/kg

3-Methyl-1(H)-indole (Skatol) X X X 1.0 µg/L <50 µg/kg

3-Tert-Butyl-4-hydroxy anisole (BHA) X X -- 5.0 µg/L --

4-Cumylphenol X X X 1.0 µg/L <50 µg/kg

4-Nonylphenol X X X 5.0 µg/L <500 µg/kg

4-Octylphenol X X X 1.0 µg/L <50 µg/kg

4-Tert-octylphenol X X X 1.0 µg/L <50 µg/kg

5-Methyl-1H-benzotriazole X X -- 2.0 µg/L --

9, 10-Anthraquinone X X X .5 µg/L <50 µg/kg

Acetophenone X X X .5 µg/L <50 µg/kg

Acetyl-hexamethyl-tetrahydro-naphthalene 
(AHTN)

X X X .5 µg/L <50 µg/kg

Anthracene X X X .5 µg/L <50 µg/kg

Benzo A Pyrene X X X .5 µg/L <50 µg/kg

Benzophenone X X X .5 µg/L <50 µg/kg

beta-Sitosterol X X X 2.0 µg/L <500 µg/kg

beta-Stigmastanol X X X 2.0 µg/L <500 µg/kg

Bisphenol A X X X 1.0 µg/L <100 µg/kg

Bromacil X X X .5 µg/L <100 µg/kg

Bromoform -- -- X -- <50 µg/kg

Caffeine X X -- .5 µg/L --

Camphor X X X .5 µg/L <50 µg/kg

Carbazole X X X .5 µg/L <50 µg/kg

Cholesterol X X X 2.0 µg/L <200 µg/kg

Cotinine X X -- 1.0 µg/L --

Table 6.  Constituents analyzed in surface-water and streambed-sediment samples collected from selected Johnson County 
streams, northeastern Kansas, October 2002–June 2004.—Continued

[X, analyzed; --, not analyzed or not applicable; N/A, no laboratory reporting level established; <, less than; E, estimated; μS/cm, microsiemens per centime-
ter at 25 degrees Celsius; FNU, formazin nephelometric units; mg/L, milligrams per liter; mg/kg, milligrams per kilogram; µg/L, micrograms per liter; µg/kg, 
micrograms per kilogram; col/100 mL, colonies per 100 milliliters]

Constituent Base-flow 
samples

Stormflow 
samples

Streambed-
sediment 
sample

Stream-water 
laboratory reporting 

level

Streambed-
sediment 

laboratory 
reporting level
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Wastewater compounds—Continued

N,N-diethyl-meta-toluamide (DEET) X X X 0.5 µg/L <100 µg/kg

Diethyl phthalate -- -- X -- E16

Diethylhexyl phthalate -- -- X -- E29

d-Limonene X X X .5 µg/L <50 µg/kg

Equilenin -- -- X -- <100 µg/kg

Estrone -- -- X -- <250 µg/kg

Fluoranthene X X X .5 µg/L <50 µg/kg

Hexahydro-hexamethyl-cyclopentabenzopyran 
(HHCB)

X X X .5 µg/L <50 µg/kg

Indole X X X .5 µg/L <50 µg/kg

Isoborneol X X X .5 µg/L <50 µg/kg

Isophorone X X X .5 µg/L <50 µg/kg

Isopropyl benzene (Cumene) X X X .5 µg/L <50 µg/kg

Isoquinonline X X X .5 µg/L <50 µg/kg

Menthol X X X .5 µg/L <50 µg/kg

Methyl salicylate X X X .5 µg/L <100 µg/kg

Naphthalene X X X .5 µg/L <50 µg/kg

Nonylphenol-diethoxylate (NPEO2) X X X .5 µg/L <500 µg/kg

Nonylphenol-ethoxylate (NPEO1) -- -- X -- <500 µg/kg

Octylphenol-diethoxylate X X X 1.0 µg/L <100 µg/kg

Octylphenol-ethoxylate X X X 1.0 µg/L <100 µg/kg

Para-cresol X X X 1.0 µg/L <100 µg/kg

Pentachlorophenol X X X 2.0 µg/L <200 µg/kg

Phenanthrene X X X .5 µg/L <50 µg/kg

Phenol X X X .5 µg/L <100 µg/kg

Pyrene X X X .5 µg/L <50 µg/kg

Tetrabromodiphenyl ether -- -- X -- <50 µg/kg

Tetrachloroethylene X X X .5 µg/L <50 µg/kg

Tributylphosphate X X X .5 µg/L <50 µg/kg

Triclosan X X X 1.0 µg/L <50 µg/kg

Triethyl citrate X X -- .5 µg/L --

Triphenyl phosphate X X X .5 µg/L <100 µg/kg

Tris(2-butoxyethyl) phosphate X X X .5 µg/L <100 µg/kg

Tris(2-chloroethyl) phosphate (Fyrol CEF) X X X .5 µg/L <100 µg/kg

Table 6.  Constituents analyzed in surface-water and streambed-sediment samples collected from selected Johnson County 
streams, northeastern Kansas, October 2002–June 2004.—Continued

[X, analyzed; --, not analyzed or not applicable; N/A, no laboratory reporting level established; <, less than; E, estimated; μS/cm, microsiemens per centime-
ter at 25 degrees Celsius; FNU, formazin nephelometric units; mg/L, milligrams per liter; mg/kg, milligrams per kilogram; µg/L, micrograms per liter; µg/kg, 
micrograms per kilogram; col/100 mL, colonies per 100 milliliters]

Constituent Base-flow 
samples

Stormflow 
samples

Streambed-
sediment 
sample

Stream-water 
laboratory reporting 

level

Streambed-
sediment 

laboratory 
reporting level
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Wastewater compounds—Continued

Tris(dichlorisopropyl) phosphate (Fyrol PCF) X X X 0.5 µg/L <100 µg/kg

Pharmaceutical compounds

1,7-dimethylxanthine X -- X .144 µg/L N/A

Acetaminophen X -- X .036 µg/L N/A

Azithromycin X -- X .004 µg/L N/A

Caffeine X -- X .016 µg/L N/A

Carbamazapine X -- X .011 µg/L N/A

Cimetidine X -- X .012 µg/L N/A

Codeine X -- X .015 µg/L N/A

Cotinine X -- X .014 µg/L N/A

Dehydronifedipine X -- X .015 µg/L N/A

Diltiazem X -- X .016 µg/L N/A

Diphenhydramine X -- X .015 µg/L N/A

Erythromycin X -- X .009 µg/L N/A

Fluoxetine X -- X .014 µg/L N/A

Gemfibrozil X -- X .013 µg/L N/A

Ibuprofen X -- X .042 µg/L N/A

Miconazole X -- X .018 µg/L N/A

Ranitidine X -- X .013 µg/L N/A

Salbutamol X -- X .023 µg/L N/A

Sulfamethoxazole X -- X .064 µg/L N/A

Thiabendazole X -- X .011 µg/L N/A

Trimethoprim X -- X .013 µg/L N/A

Warfarin X -- X .012 µg/L N/A

1Indicates compound was only analyzed during the first base-flow synoptic survey, November 4–7, 2002.

Table 6.  Constituents analyzed in surface-water and streambed-sediment samples collected from selected Johnson County 
streams, northeastern Kansas, October 2002–June 2004.—Continued

[X, analyzed; --, not analyzed or not applicable; N/A, no laboratory reporting level established; <, less than; E, estimated; μS/cm, microsiemens per centime-
ter at 25 degrees Celsius; FNU, formazin nephelometric units; mg/L, milligrams per liter; mg/kg, milligrams per kilogram; µg/L, micrograms per liter; µg/kg, 
micrograms per kilogram; col/100 mL, colonies per 100 milliliters]

Constituent Base-flow 
samples

Stormflow 
samples

Streambed-
sediment 
sample

Stream-water 
laboratory reporting 

level

Streambed-
sediment 

laboratory 
reporting level

temperatures (120 and 200 °C) at 2,000 lb/in2 (40 minutes at 
each temperature) using a commercially available instrument.  
This extract was further cleaned by the use of two solid-phase 
extraction cartridges (polystyrene divinylbenzene and fluorosil) 
in tandem. Final analysis was by full-scan capillary-column gas 
chromatography/mass spectrometry (GC/MS) (S. Zaugg, 
USGS, written commun., 2003).  Pharmaceutical compounds in 
streambed sediment were determined using methods described 
in Furlong and others (2005, in press).

Statistical Analyses

Parametric and nonparametric statistical analyses were 
conducted to compare relations between selected water-quality 
constituents and differences between groups of constituents 
based on land use and streamflow conditions. Simple linear 
regression is a parametric statistical analysis used to describe 
relations between water-quality constituents. Regression rela-
tions described in this report are based on logarithmically trans-
formed data (to approximate a normal data distribution) and are 
used only to compare relations between water-quality 
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constituents and to determine the significance of those relations 
(Helsel and Hirsch, 1992). 

Nonparametric analyses used in this report include Ken-
dall’s tau correlation test and the Mann-Whitney test of inde-
pendent groups. Nonparametric tests use ranks of data as 
opposed to real data values and are used if data are not normally 
distributed and if parametric statistical techniques are skewed 
by large outliers. Kendall’s tau test is used to determine corre-
lation between water-quality constituents and is used in this 
report to determine whether water-quality constituents correlate 
to streamflow conditions. The Mann-Whitney test determines 
whether there is a statistical difference between the medians of 
two independent groups. This test is used in this report to deter-
mine if land use or streamflow conditions were related to signif-
icant differences in median concentrations and loads of water-
quality constituents. The probability of error (p value) is used in 
this report to determine the significance of statistical tests for all 
statistical methods. A p value of less than 0.05 (95-percent 
confidence that the statistical test is valid, or that the compared 
data sets are different) is used in this report to indicate if a sta-
tistical test is significant.

Calculation of Loads

Instantaneous loads are chemical and biological concen-
trations and densities multiplied by streamflow and an appropri-
ate conversion factor and provide an estimate of the mass of a 
constituent transported past a given site during a given time. In 
contrast to concentration data, instantaneous load calculations 
provide a perspective on the mass transport of water-quality 
constituents and are useful in estimating the amount of nonpoint 
and point sources contributing to water-quality contamination. 
Hourly loads are used in this report because they best represent 
mass transport conditions over the time it took to collect a 
water-quality sample. 

Quality Assurance and Quality Control

Complete results of analysis of all stream-water- and stre-
ambed-sediment-quality samples are available on the USGS 
Web site (http://ks.water.usgs.gov/Kansas/studies/qw/joco) and 
are on file with USGS in Lawrence, Kansas. Quality-assurance 
and quality-control samples were collected during both stream-
water and streambed-sediment sampling.  

Surface Water

Four suspended-sediment concentration samples were col-
lected using both equal-width increment (Wilde and others, 
1998) and point sampling methods (automated or dip sampler) 
to verify consistency of multiple sampling methods. Mean rela-
tive percentage differences (RPDs) between the four samples 
were 16.5 percent. RPD is calculated for a constituent by divid-
ing the absolute value of the difference between the two 

concentrations by the mean of the two concentrations. Three of 
the four point samples underrepresented suspended-sediment 
concentrations compared to equal-width increment samples; the 
fourth example had no measured differences. Because differ-
ences between sampling methods were minimal, all stormflow 
samples collected (regardless of sampling methodology) were 
combined for analysis. 

One equipment blank sample and one trip blank sample 
were collected and analyzed for inorganic and organic constitu-
ents during the July 2003 synoptic survey.  Blank samples were 
used to determine if, and to what extent, sample collection and 
processing introduced bias into environmental samples.  Equip-
ment blank samples were obtained by passing highly purified 
water (blank water) through sampling and laboratory equipment 
used to collect and process environmental samples.  Trip blank 
samples included the additional step of processing the blank 
water onsite to include any bias associated with environmental 
conditions.  Inorganic and nutrient constituents in blank sam-
ples were estimated at concentrations less than laboratory 
reporting levels.  

Pesticide compounds were not detected in blank samples.  
Nonylphenol-diethoxylate was the only wastewater compound 
detected in blank samples and was found at concentrations less 
than laboratory reporting levels.  Acetaminophen and caffeine 
were detected at less than 0.1-μg/L concentrations in blank 
samples.  Analyses of blank samples generally showed that 
equipment cleaning, sample collection, and processing proce-
dures did not bias the results of environmental samples.  

Sequential replicate stream-water samples were collected 
onsite to determine the variability associated with sample col-
lection, processing procedures, and laboratory analysis. RPDs 
were calculated between environmental and replicate samples 
for compounds most frequently detected in Johnson County 
streams. Six replicate samples were analyzed for inorganic and 
nutrient compounds, two for indicator bacteria, five for pesti-
cide and wastewater-indicator compounds, and four for phar-
maceutical compounds.  

Mean RPDs for dissolved solids, nutrients, fecal coliform, 
and E. coli were within 10 percent for nearly all constituents 
(table 7).  However, mean RPDs of 17.0 percent were calculated 
between ammonia plus total organic nitrogen samples, 27.9 per-
cent in dissolved phosphorus samples, 13.6 percent in total 
phosphorus samples, and 18.8 percent in enterococci samples.  
Many of these differences are due to the small concentrations of 
these constituents in replicate samples causing small differ-
ences in concentrations that reflect large RPDs.

Replicate samples were collected at five sampling sites 
and analyzed for pesticide and wastewater compounds listed in 
table 6. Of these paired replicate analyses, 97 percent had both 
reported with a detectable concentration or both reported as not 
detected. In the remaining 3 percent, one of the paired analyses 
had a detectable concentration, whereas the other was reported 
as not detected. However, only one paired analyses (for ace-
tochlor) had a reported concentration larger than the analytical 
reporting level. In all other cases, the detected concentration 
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Table 7.  Mean relative percentage differences between environmental and replicate sample pairs with detections of dissolved solids, 
major ions, nutrients, trace elements, bacteria, and selected pesticide, wastewater, and pharmaceutical compounds in stream-water 
samples from Johnson County, northeastern Kansas, October 2002–June 2004.

Constituent (number of sample pairs) Number of replicate 
pairs with detections

Relative percentage 
difference (percent)

Dissolved solids 6 1.3

Major ions (6)

Calcium 6 2.4
Magnesium 6 2.3
Potassium 6 5.2
Sodium 6 3.0
Alkalinity 5 2.6

Chloride 6 .1
Fluoride 6 0
Silica 6 2.2
Sulfate 6 1.2

Nutrients (6)

Nitrite, as N 4 6.2
Nitrite plus nitrate, as N 6 2.4
Ammonia, as N 6 0
Ammonia plus dissolved organic nitrogen, as N 6 7.3
Ammonia plus total organic nitrogen, as N 6 17.0

Total phosphorus 6 13.6
Orthophosphorus, as P 5 1.5
Dissolved phosphorus 6 27.9

Trace elements (6)

Iron 2 37.3
Manganese 6 .1

Bacteria (2)

Fecal coliform 2 7.6
Escherichia coli 2 4.7
Enterococci 2 18.8

Pesticides (5)

3,4 Dichloroaniline 4 18.5
Atrazine 5 8.9
Diazinon 5 12.3
Metolachlor 5 3.2
Simazine 2 14.4

Wastewater compounds (5)

Acetyl-hexamethyl-tetrahydro-napthalene (AHTN) 3 7.3
Caffeine 4 2.3
N,N-diethyl-meta-toluamide (DEET) 5 .6
Nonylphenol-diethoxylate (NPEO2) 4 26.7
Phenol 2 11.1

Tris(2-butoxyethyl) phosphate 3 1.9

Pharmaceutical compounds (4)

Caffeine 4 25.6
Cotinine 4 15.2
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was reported as an estimated concentration less than the analyt-
ical reporting level. The results of these replicate analyses 
indicate the reproducibility in sampling procedures and that the 
precision of analytical methods for determination of pesticides 
and wastewater compounds is at acceptable levels and does not 
introduce substantial bias in the reporting of water-quality 
information. 

Mean RPDs were computed for selected pesticide and 
wastewater compounds detected at the largest concentrations in 
Johnson County stream-water samples (table 7). RPDs for these 
compounds were similar to differences reported for dissolved 
solids, nutrients, and metals. All RPDs were less than 30 per-
cent, indicating that pesticide and wastewater compound meth-
ods were able to distinguish quantitative differences between 
samples.   

Four replicate samples were collected during both synoptic 
surveys and analyzed for pharmaceutical compounds. Of the 
88 replicate pairs analyzed, for the 22 pharmaceutical com-
pounds, only one paired analysis had one detection and one 
nondetection (acetaminophen). 

Streambed Sediment

Sequential replicate streambed-sediment samples were 
collected at two streambed-sediment sites (three replicate sam-
ples for indicator bacteria) for quality-assurance purposes. Rep-
licate samples analyzed for inorganic and nutrient compounds 
typically were less than 10-percent different, except for samples 
with small concentrations near laboratory reporting levels 
(table 8).  Combined replicate data from indicator bacteria anal-
yses (fecal coliform, E. coli, and enterococci) had a mean RPD 
of 53 percent. Few pesticide compounds were detected in  
streambed-sediment samples; the mean RPD of those detected 
was 45 percent. Replicate data on streambed sediment generally 
showed that nutrient and trace element data were reproducible, 
whereas indicator bacteria and pesticide compounds were 
less precise.

Because the methods of determination of wastewater com-
pounds in streambed sediment are newly developed and are cur-
rently (2005) unpublished, laboratory reagent blank, spike, and 
surrogate samples were included for these analyses. Two blank 
samples were analyzed for wastewater compounds. Analyses of 
three compounds (diethyl phthalate, diethylhexyl phthalate, and 
phenol) were detected in blank samples. All of these detections 
were less than laboratory reporting levels. Spike recoveries of 
wastewater-indicator compounds ranged from 0.8 to 106 per-
cent and had a mean of 74 percent. Recoveries of most com-
pounds were in the range of 50 to 110 percent with the 
exception of acetophenone, beta-sitosterol, bromoform, iso-
phorone, isoquinoline, methyl salicylate, pentachloroethylene, 
and tetrachloroethylene, which were all detected at less than 
50 percent of the original spike concentration in streambed-
sediment samples. Low spike recoveries of these compounds 
indicate that they may be underrepresented in streambed-
sediment samples. Surrogate recoveries ranged from 5.8 to 
113 percent. Inaccurate surrogate recoveries indicate that 
characteristics of the sample interfered with the isolation, detec-

tion, and quantification of the surrogate. Generally surrogate 
recoveries were low, indicating the potential for underreporting 
wastewater compounds in streambed-sediment samples.

Of the paired replicate analyses for wastewater compounds 
in streambed sediment, 92 percent had both reported with a 
detectable concentration or reported as nondetected. In the 
remaining 8 percent, only one paired analyses (carbazole) had a 
reported concentration larger than the analytical reporting level.  
Few wastewater compounds recorded detections in both  
streambed-sediment replicate samples; however, many com-
pounds were detected in one replicate pair (table 8).  RPDs for 
wastewater compounds ranged from 8 to 114 percent, illustrat-
ing that field and laboratory methods used to collect and analyze 
these samples had substantial variability.  Replicate data on 
stream-bed sediment generally showed that procedures for 
determining the presence and (or) absence of wastewater com-
pounds generally were precise.  Determination of quantitative 
differences between samples was less accurate than other ana-
lytical methods; wastewater compound methods were likely to 
underreport wastewater compound occurrence in streambed 
sediment.  

Methods for determining pharmaceutical compounds in 
streambed sediment are newly developed and currently (2005) 
unpublished. Laboratory blanks, reagent spikes, and surrogates 
were determined to validate the analytical methods used in this 
analysis. Pharmaceutical compounds were not detected in labo-
ratory blank samples, indicating that the analytical method 
introduced no contamination. Percentage recoveries of spike 
samples ranged from 0 to 237 percent.  Only 2 percent of the 
spike recoveries were greater than 100 percent, indicating that 
most pharmaceutical concentrations in streambed sediment 
likely were underreported.  The compounds azithromycin, flu-
oxetine, ibuprofen, metformin, miconazole, and ranitidine had 
mean spike recoveries that were less than 10 percent, indicating 
that these compounds may not have been found in Johnson 
County streambed sediment due to the inability of analytical 
methods to extract and recover these compounds.  Surrogate 
recoveries in Johnson County streambed-sediment samples 
ranged from 0.8 to 21 percent. These low recoveries further 
indicate the underrepresentation of pharmaceutical compounds 
in streambed sediment likely due to interference from compo-
nents of the sediment samples.

Two replicate analyses were collected sequentially for 
pharmaceutical compounds in streambed sediment.  Three 
pharmaceutical compounds were detected in both an original 
and a replicate sample; RPDs for these compounds are listed in 
table 8.  Of the paired replicate analyses for pharmaceutical 
compounds in streambed-sediment samples, four of the paired 
analyses had a detectable concentration, whereas the other was 
reported as not detected. Three of these detections had less than 
microgram-per-kilogram concentrations; the other (caffeine) 
had a detection of 6.3 µg/kg. The mean RPD of pharmaceutical 
compounds detected in both replicate samples was 28 percent. 
Pharmaceutical quality-assurance and control data indicate that 
interpretation of pharmaceutical data for streambed sediment is 
limited to distinguishing large-scale differences among sites 
and compounds. 
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Table 8.  Mean relative percentage differences between environmental and 
replicate sample pairs with detections of nutrients, trace elements, bacteria, and 
pesticide, wastewater, and pharmaceutical compounds in streambed-sediment 
samples from Johnson County, northeastern Kansas, October 2002–June 2004.

Constituent Number of replicate 
pairs with detections

Relative percentage 
difference (percent)

Nutrients

Nitrogen 2 5.8

Phosphorus 2 10

Trace elements

Arsenic 2 6.6

Lead 2 4.4

Nickel 2 .8

Zinc 2 8.1

Indicator bacteria

Fecal coliform 2 68

Escherichia coli 2 38

Enterococci 3 54

Pesticide compounds

cis-Chlordane 1 40

Polychlorinated biphenyls (PCBs) 1 33

trans-chlordane 1 40

trans-Nonachlor 1 67

Wastewater compounds

9,10-Anthraquinone 1 88

Anthracene 1 114

Benzo(a) pyrene 1 82

beta-Sitosterol 2 56

beta-Stigmastanol 2 81

Carbazole 1 102

Cholesterol 2 37

Diethylhexyl phthalate 1 73

Fluoranthrene 1 83

Indole 2 56

Napthalene 1 61

para-Cresol 2 39

Phenanthrene 2 44

Phenol 1 22

Pyrene 1 81

Skatol 1 8.0

Pharmaceutical compounds

Caffeine 1 .2

Cotinine 1 35

Diphenhydramine 1 50
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Hydrologic Conditions

Precipitation

Synoptic base-flow samples in November 2002 and 
July 2003 generally were collected during and after periods 
of little or no rainfall, whereas stormflow samples were 

collected during and after periods of increased precipitation, as 
exemplified at site MI7 (Mill Creek at Johnson Drive, fig. 1) 
(fig. 5).  However, site MI7 shows an exception to this general-
ization. A small amount of rainfall on November 5, 2002, led to 
a slight increase in discharge at the farthest downstream sites 
where samples were collected on this date (which also included 
Blue River samples) (fig. 6).    
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Figure 5.  Comparison of precipitation and streamflow at Mill Creek at Johnson Drive (site MI7, fig. 1) during 
stream-water sample collection, October 2002–June 2004.
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Figure 6.  Streamflow at base-flow sampling sites, November 4–7, 2002, and July 14–18, 2003.
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Figure 6.  Streamflow at base-flow sampling sites, November 4–7, 2002, and July 14–18, 2003.—Continued

Streamflow

Streamflow measurements were made (or obtained from 
the WWTF) at the time of sample collection (fig. 6) and were 
used to estimate sources of streamflow (fig. 7) in Johnson 
County watersheds as well as to provide an estimate of chemical 
and biological mass transport through each watershed. Sites 
BL1 (Coffee Creek at Pflumm Road), BL2 (Wolf Creek at 
Pflumm Road), and CA1 (Captain Creek near 119th Street) did 
not have observable streamflow during either synoptic survey. 
Measurements from three of seven WWTF discharges were 
larger than the designed flow capacity for the facility (fig. 6). 
However, designed flow capacity is computed as a daily aver-
age, and these measurements were collected during the morning 
and afternoon when WWTF discharges may be larger than 
average daily conditions. In six of seven watersheds, WWTF 
discharges made up the majority of streamflow at the farthest 
downstream sampling site during base-flow conditions (fig. 7). 
At three of eight sites, WWTF discharges were greater than 
99 percent of the farthest downstream streamflow measure-
ment, indicating possible losses of water due to evaporation or 
seepage, water use, and (or) errors in streamflow measure-
ments. Streamflow measurements during base-flow conditions 
indicated that flow conditions were generally consistent 

downstream from WWTF discharges and that potential water-
quality contaminants should not be lost downstream due to dilu-
tion of WWTF point sources.

Rainfall of 0.2 in. occurred during the base-flow synoptic 
survey on November 5, 2002, and caused small increases in 
streamflow at the Blue River and Mill Creek sites.  This rainfall 
could account for net water gains downstream in the Blue River 
during the November 2002 measurement in contrast to net 
water losses during the July 2003 measurement (fig. 6).  This 
rainfall also accounted for a 33 ft3/s measurement of streamflow 
at site MI7 in November 2002 compared with a 4.3 ft3/s mea-
surement during base-flow conditions on July 16, 2003. In 
July 2003, total precipitation for the previous 3 months was at 
least 3 in. greater than before the initial November synoptic sur-
vey (Overland Park Stormwatch, 2004).  This may account for 
a slight net water gain at sites downstream from the WWTF dis-
charge in the Cedar Creek watershed during the July 2003 sur-
vey, whereas water was lost downstream during the November 
2002 synoptic survey.

Stormflow samples are designated as all samples that were 
collected at streamflow values larger than 40 ft3/s to facilitate 
comparisons between base- and stormflow conditions. Stream-
flow at the time of stormflow sample collection was a function 
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Figure 7.  Estimated mean percentage of streamflow at the farthest downstream sampling site originating from 
wastewater-treatment facility discharges during base-flow sample collection, November 4–7, 2002, and July 14–
18, 2003.

of the amount and intensity of precipitation, watershed size, and 
the extent of impervious surfaces and the number of surface-
water impoundments in each watershed.  Site TU1 had the 
smallest maximum streamflow associated with stormflow 
samples (table 9) and the smallest watershed size (table 2). 
Although six base- and stormflow samples were collected from 
site TU1, streamflow was not measured for one of these 
samples, thus this sample is not included in figures comparing 
constituent concentrations to streamflow conditions. In addition 
to stormflow samples and synoptic base-flow samples, three 
additional base-flow samples collected at site CE6, one addi-
tional base-flow sample collected at site IN6, and two additional 
base-flow samples collected at site MI7 are included in data 
analysis to facilitate comparisons between base- and 
stormflow conditions. An additional base-flow sample was col-
lected at site CE6 after a rainfall of 1.3 in. Although streamflow 
conditions were small enough (37 ft3/s) to categorize this 
sample as collected during base-flow conditions (less than 
40 ft3/s), this sample was affected by storm runoff. 

Stream-Water-Quality Conditions

Complete results of analysis of all stream-water-quality 
samples are posted on the USGS Web site 
(http://ks.water.usgs.gov/Kansas/studies/qw/joco) and are on 
file with USGS in Lawrence, Kansas.

Suspended Sediment

Suspended sediment is known to affect water clarity, 
bridge scour, and reservoir sedimentation. Many contaminants 
such as nutrients, trace elements, bacteria, and organic com-
pounds are known to adsorb to and are transported by sus-
pended sediment (U.S. Environmental Protection Agency, 
2000a).  Potential sources of suspended sediment include 
surface runoff, erosion of channel bank material, and 
resuspension of streambed sediment.

Suspended-sediment samples were collected during both 
synoptic surveys.  All 73 base-flow samples contained less than 
50 mg/L suspended sediment with the exception of the sample 
from site LI1 collected during the July 2003 synoptic survey 
(220 mg/L).  The large suspended-sediment concentration in the 
sample from site LI1 may be due to water spraying on the gravel 
road (noticed by field personnel) and subsequent runoff into the 
creek at this site during sample collection; the suspended-
sediment concentration was only 11 mg/L in the sample col-
lected from this site during the November 2002 survey. WWTF 
sites throughout the county had among the smallest suspended-
sediment concentrations in each respective watershed and had a 
diluting effect on downstream sites.  Other than the LI1 site, 
seven of the eight largest suspended-sediment concentra- 
tions were sampled at sites upstream from WWTF discharge 
locations.  
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Suspended-sediment concentrations and loads were signif-
icantly larger (p value less than 0.01) in stormflow samples 
compared to base-flow samples, and concentrations often paral-
leled increases in streamflow (fig. 8, fig. 9, table 10). Correla-
tion analyses using Kendall’s tau showed a significant positive 
relation (p value less than 0.01) between streamflow and sus-
pended-sediment concentration for all samples from stormflow 
sampling sites (fig. 8). Although suspended-sediment concen-
trations generally increased with streamflow, precipitation 
intensity, antecedent moisture conditions, whether the sample 
was collected on the rising or falling limb of a stormflow 
hydrograph, and other factors can play a role in determining 
sediment transport. 

Dissolved Solids and Major Ions

Dissolved solids are an important water-quality indicator.  
In uncontaminated stream water, dissolved solids are the result 
of the natural dissolution of rocks and minerals (Hem, 1992).  
The major cations (calcium, magnesium, sodium, and potas-
sium) and anions (sulfate, chloride, fluoride, and silica) are 
present in different combinations in stream water depending 
upon the types and amounts of natural and human-related 
sources. Dissolved solids also are an important indicator of the 
suitability of water for drinking, irrigation, and industrial use 
(Maidment, 1993).  Concentrations of dissolved solids in 
stream water are known to vary considerably.  Rainwater typi-
cally contains dissolved-solids concentrations of 10 mg/L, 
slightly saline water ranges from 1,000 to 3,000 mg/L, and sea-
water typically contains dissolved-solids concentrations 
exceeding 35,000 mg/L (Maidment, 1993).  Point-source dis-
charges from WWTFs and runoff from urban areas can increase 
dissolved-solid concentrations in stream water (Pope and 
Putnam, 1997).  

Base-flow samples from sites located at or immediately 
downstream from WWTFs typically had the largest dissolved-
solids concentrations in each watershed studied (table 11).  
Twenty-nine of 73 samples exceeded the USEPA Secondary 
Drinking-Water Regulation of 500 mg/L for dissolved solids 
(U.S. Environmental Protection Agency, 2002); 22 of the 
29 samples were collected at or at the next site downstream 
from a WWTF discharge.  The USEPA criterion is not regula-
tory and is used in this report for comparative purposes only. 
Although sampling site CE1 was located upstream from WWTF 
discharges, a base-flow sample from this site contained 

Table 9.  Statistical summary of the results of streamflow 
measurements collected at Johnson County stormflow sampling 
sites, northeastern Kansas, October 2002–June 2004.

Sampling-
site 

identifier 
(fig. 1)

Number of 
measure-

ments

Streamflow (cubic feet per second)

Minimum Median Maximum

BL5 9 0.2 627 10,600

CE6 11 2.2 64 1,460

IN6 10 20 1,130 5,290

KI6b 8 .2 213 3,010

MI7 14 4.3 330 1,030

TU1 5 .4 117 337
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Figure 8. Suspended-sediment concentrations in base- and stormflow samples collected at stormflow sampling sites, 
October 2002–June 2004.
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Figure 9. Suspended-sediment concentrations and estimated loads in base- and stormflow samples, October 2002–June 2004.

the largest dissolved-solids concentration (1,100 mg/L) of all 
base-flow samples.  Site CE1 is located immediately down-
stream from a limestone quarry, which may have contributed to 
increased dissolution of bedrock materials.  Samples from site 
CE1 had more than twice the sulfate concentrations of samples 
from any other site in the county and had among the largest 

concentrations of calcium, magnesium, and sodium.  Sodium, 
potassium, sulfate, and chloride concentrations generally were 
found at the largest concentrations in samples from WWTF dis-
charges, whereas calcium and magnesium concentrations in 
WWTF discharge were similar to concentrations in samples 
from sites upstream from WWTF discharges.  

Dissolved-solid concentrations (fig. 10) generally were 
diluted with increasing streamflow at stormflow sampling sites. 
Kendall’s tau correlation tests on dissolved solids, magnesium, 
sodium, and chloride showed significant (p values less than 
0.01) negative correlations with streamflow for all combined 
values. Exceptions to the diluting trend include two samples 
from Cedar Creek (site CE6), one from Indian Creek (site IN6), 
and two samples from Mill Creek (site MI7) collected during 
the winter, which likely were affected by road-salt application.  
These samples had the largest concentrations of magnesium, 
sodium, and chloride of all stormflow samples collected. A 
sample collected from site IN6 on January 26, 2004, had the 
largest concentrations of dissolved solids and major ions, 
including a chloride concentration of 1,000 mg/L (table 12), 
which exceeded the KDHE acute aquatic-life use criterion 
(860 mg/L) (Kansas Department of Health and Environment, 
2004c). The large concentration of chloride at this site is likely 

Table 10.  Statistical summary of the results of analysis of sus-
pended sediment in samples collected from Johnson County 
stormflow sampling sites, northeastern Kansas, October 2002–
June 2004.

Sampling 
site 

identifier 
(fig. 1)

Number of 
samples

Suspended-sediment concentration 
(milligrams per liter)

Minimum Median Maximum

BL5 9 24 558 4,170

CE6 10 4 65 2,060

IN6 10 7 486 3,530

KI6b 8 14 275 3,690

MI7 14 5 216 2,890

TU1 5 6 320 1,040
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Table 11.  Results of analysis of dissolved solids and major ions in water from base-flow sampling sites, Johnson County, northeastern Kansas, November 4–7,  
2002, and July 14–18, 2003.

[All concentrations are given in milligrams per liter]

Sampling 
site 

identifier 
(fig. 1)

Date of sample
(month/day/year)

Concentrations

Dissolved 
solids Calcium Magnesium Sodium Potassium Sulfate Chloride Fluoride Silica

Big Bull Creek watershed

BI1 11/4/02 500 60 12 73 12 120 90 0.5 3.0

7/14/03 450 63 9.7 60 9.0 68 60 .7 3.9

Blue River watershed

BL3 7/18/03 330 58 14 78 13 43 40 .4 4.6

BL4 7/18/03 320 30 10 40 5.0 130 30 .6 3.8

BL5 7/18/03 340 60 9.7 25 3.0 46 50 .4 3.7

BL6 11/4/02 630 58 20 92 11 170 80 .4 11

7/18/03 600 61 9.7 23 4.0 130 80 .5 3.5

BL7 11/4/02 540 70 16 60 7.5 130 60 .4 7.3

7/18/03 530 63 14 69 9.0 120 80 .5 3.1

Brush Creek watershed

BR1 11/7/02 210 34 5.4 22 4.0 45 30 .3 4.5

7/15/03 370 60 7.7 37 5.0 48 70 .3 3.0

BR2 11/7/02 240 41 5.8 24 3.5 43 30 .2 3.8

7/15/03 280 46 6.1 30 4.0 32 50 .3 2.1

Cedar Creek watershed

CE1 11/4/02 1,100 100 33 150 6.1 410 50 .7 3.4

7/14/03 840 99 24 100 6.0 400 50 .6 1.8

CE2 7/14/03 450 90 9.7 37 3.0 77 60 .8 4.4

CE3 11/4/02 640 64 17 100 13 140 120 .7 11

7/14/03 640 71 14 110 14 130 120 .7 4.4

CE4 7/14/03 630 69 14 100 13 130 120 .7 4.0

CE5 11/4/02 530 77 14 64 7.0 110 70 .5 7.1

7/14/03 480 62 8.8 69 7.0 110 80 .5 3.3
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Table 11.  Results of analysis of dissolved solids and major ions in base-flow samples collected from selected Johnson County streams, northeastern Kansas, November 4–7, 
2002, and July 14–18, 2003.—Continued

[All concentrations are given in milligrams per liter]

Sampling site 
(fig. 1)

Date of sample
(month/day/year)

Concentrations

Dissolved 
solids Calcium Magnesium Sodium Potassium Sulfate Chloride Fluoride Silica

Cedar Creek watershed—Continued

CE6 11/4/02 460 71 13 54 6.5 98 60 0.4 6.6

7/14/03 330 50 7.2 42 6.0 64 50 .4 2.3

Dykes Branch watershed

DY1 11/7/02 370 52 6.7 51 4.4 120 40 .6 6.6

7/17/03 450 58 7.4 64 6.0 100 80 .6 2.4

Indian Creek watershed

IN1 11/6/02 350 56 11 35 3.1 70 40 .3 2.3

7/17/03 500 68 16 51 3.0 89 110 .4 1.3

IN2 11/6/02 440 74 13 38 3.1 79 60 .3 6.0

7/17/03 430 60 12 41 3.0 86 70 .4 1.6

IN3 11/6/02 350 52 17 110 14 130 110 .7 15

7/17/03 640 49 12 100 14 120 110 .7 5.6

IN4 11/6/02 590 58 16 95 11 120 100 .6 13

7/17/03 620 51 12 97 14 120 100 .7 5.5

IN5 11/6/02 550 65 15 73 7.7 120 80 .4 9.0

7/17/03 600 54 13 89 13 130 100 .6 4.2

IN6 7/17/03 590 56 13 90 13 130 110 .6 4.0

Kill Creek watershed

KI1 11/4/02 470 86 15 34 3.8 120 30 .3 7.9

7/15/03 420 84 15 28 3.0 93 20 .4 3.6

KI2 11/4/02 500 58 11 66 13 70 70 .8 7.3

7/15/03 450 56 9.9 66 13 68 80 .9 3.8

KI3 7/15/03 460 60 11 60 11 72 80 .9 3.3

KI4 7/15/03 330 52 8 37 7.0 52 40 .7 3.3

KI5 7/15/03 390 63 8.8 45 8.0 60 60 .6 2.9
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Kill Creek watershed—Continued

KI6b 7/15/03 310 61 9.6 23 4.0 47 30 0.4 4.1

KI7 11/4/02 340 72 11 14 3.6 84 20 .2 5.6

7/15/03 330 66 10 20 4.0 45 30 .3 4.6

Little Bull Creek watershed

LI1 11/4/02 520 43 9.2 100 12 70 130 .3 6.0

7/14/03 350 41 5.8 56 8.0 38 70 .4 2.9

Mill Creek watershed

MI1 11/4/02 270 37 7.3 34 4.2 46 50 .3 2.4

7/16/03 430 59 9.9 57 4.0 65 90 .5 2.4

MI2 11/4/02 720 46 16 130 16 120 170 .7 13

7/16/03 860 55 12 170 15 120 260 .7 4.8

MI3 11/4/02 620 45 14 110 14 96 150 .6 9.6

7/16/03 900 60 12 170 13 120 280 .7 4.2

MI4 11/4/02 570 72 17 73 6.5 120 110 .4 6.0

7/16/03 640 75 13 94 8.0 110 140 .5 2.5

MI5 11/4/02 500 94 13 39 2.4 90 60 .2 6.8

7/16/03 330 65 7 28 3.0 43 50 .3 2.7

MI6 7/16/03 470 87 13 34 2.0 74 60 .4 3.8

MI7 11/4/02 430 69 12 47 4.0 74 80 .3 6.0

7/16/03 260 44 6.2 28 4.0 40 40 .3 1.7

Tomahawk Creek watershed

TO1 11/6/02 520 100 18 36 2.8 99 40 .3 8.3

7/17/03 530 88 17 47 3.0 110 60 .5 1.7

TO2 11/6/02 460 82 15 40 3.2 98 46 .3 6.8

7/17/03 440 64 13 42 3.0 82 60 .4 1.5

Table 11.  Results of analysis of dissolved solids and major ions in base-flow samples collected from selected Johnson County streams, northeastern Kansas, November 4–7, 
2002, and July 14–18, 2003.—Continued

[All concentrations are given in milligrams per liter]

Sampling site 
(fig. 1)

Date of sample
(month/day/year)

Concentrations

Dissolved 
solids Calcium Magnesium Sodium Potassium Sulfate Chloride Fluoride Silica
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Tomahawk Creek watershed—Continued

TO3 11/6/02 690 48 20 110 13 180 110 0.6 13

7/17/03 620 48 14 98 15 150 100 .5 5.5

Turkey Creek watershed

TU1 11/7/02 340 58 8 38 2.5 47 70 .2 4.3

7/16/03 540 71 13 74 5.0 100 140 .4 2.9

TU2 11/7/02 400 64 8.9 47 2.6 54 90 .2 3.0

7/16/03 420 63 8.9 59 4.0 57 110 .3 2.3

TU3 11/7/02 350 48 16 110 12 180 100 .6 12

7/16/03 550 46 10 88 14 100 110 .6 5.5

Table 11.  Results of analysis of dissolved solids and major ions in base-flow samples collected from selected Johnson County streams, northeastern Kansas, November 4–7, 
2002, and July 14–18, 2003.—Continued

[All concentrations are given in milligrams per liter]

Sampling site 
(fig. 1)

Date of sample
(month/day/year)

Concentrations

Dissolved 
solids Calcium Magnesium Sodium Potassium Sulfate Chloride Fluoride Silica
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Figure 10.  Dissolved solids, magnesium, sodium, and chloride concentrations in base- and stormflow samples collected at stormflow 
sampling sites, October 2002–June 2004.

the result of road-salt application and the large percentage of 
impervious surface area in the watershed (table 4).  

The Blue River and Kill Creek sampling sites (BL5 and 
KI6b) had smaller dissolved-solids concentrations in stormflow 
samples collected during winter months and smaller median 
and maximum concentrations of dissolved solids, sodium, chlo-
ride, and sulfate (fig. 10, table 12). This is possibly because of 
fewer roads, less impervious surface area, and generally smaller 
contributions from WWTF discharges (fig. 1, table 3). Because 
potassium, silica, and fluoride did not exhibit discernible 
differences between base- and stormflow samples, they were 
not included in figure 10. 

Nutrients

Nutrients, including nitrogen and phosphorus, are essential 
to aquatic life.  Nutrients support the growth of primary produc-
ers that drive the diversity and productivity of aquatic systems. 
However, excessive levels of nutrients are known to cause 
eutrophication in surface water, resulting in algal blooms, fish 
kills, low dissolved oxygen levels, taste-and-odor effects in 
drinking water, and decreased aquatic species diversity.  Typical 
nutrient sources include municipal wastewater discharge, fertil-
izers, and runoff from confined animal feeding operations 
(Masters, 1991).  Johnson County data were compared to 
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Table 12.  Statistical summary of the results of analysis of dissolved solids and major ions collected from Johnson County storm-
flow sampling sites, northeastern Kansas, October 2002–June 2004.

[All concentrations are reported in milligrams per liter]

Sampling site identifier 
(fig. 1) Number of samples

Concentration

Minimum Median Maximum

Dissolved solids

BL5 9 170 240 390

CE6 11 190 420 790

IN6 10 160 280 2,000

KI6b 8 180 230 320

MI7 14 200 330 960

TU1 6 130 240 540

Calcium

BL5 9 21 46 73

CE6 11 28 60 73

IN6 10 21 30 88

KI6b 8 23 40 61

MI7 14 28 50 110

TU1 6 15 24 71

Magnesium

BL5 9 2.6 4.7 11

CE6 11 3.6 9.1 15

IN6 10 2.9 4.9 19

KI6b 8 2.4 6.2 9.6

MI7 14 3.5 7.3 18

TU1 6 1.6 2.6 13

Sodium

BL5 9 4.9 15 34

CE6 11 12 54 150

IN6 10 12 41 520

KI6b 8 5.8 17 29

MI7 14 19 47 210

TU1 6 13 35 74

Potassium

BL5 9 3.0 3.7 4.3

CE6 11 3.6 6.0 15

IN6 10 2.3 4.0 13

KI6b 8 3.4 4.0 5.1

MI7 14 2.9 4.0 8.3

TU1 6 2.0 2.3 5.0

Sulfate

BL5 8 11 26 76

CE6 11 26 93 200

IN6 10 17 38 130

KI6b 8 16 35 54

MI7 14 30 53 120

TU1 6 13 22 100
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Table 12.  Statistical summary of the results of analysis of dissolved solids and major ions collected from Johnson County storm-
flow sampling sites, northeastern Kansas, October 2002–June 2004.—Continued

[All concentrations are reported in milligrams per liter]

Sampling site identifier 
(fig. 1) Number of samples

Concentration

Minimum Median Maximum

Chloride

BL5 9 8.0 31 60

CE6 11 10 62 270

IN6 10 10 59 1,000

KI6b 8 7.0 13 50

MI7 14 30 80 370

TU1 6 20 66 140

Fluoride

BL5 9 .2 .2 .4

CE6 11 .2 .3 .6

IN6 10 .2 .2 .6

KI6b 8 .2 .3 .6

MI7 14 .2 .3 .4

TU1 6 .1 .2 .4

Silica

BL5 8 2.8 3.8 5.8

CE6 11 1.8 4.4 6.6

IN6 10 1.8 3.0 6.8

KI6b 8 2.9 4.7 6.9

MI7 14 1.5 2.7 7.4

TU1 6 1.4 2.7 4.3

historical data compiled by the USGS National Water-Quality 
Assessment (NAWQA) program from surface-water samples 
collected throughout the United States from 1980 to 1990 (U.S. 
Geological Survey, 2004).  NAWQA median and maximum 
values of frequently analyzed nutrients were grouped by type of 
sampling site (urban or rural, table 13).

Nitrogen

Nitrogen occurs in three primary forms in surface water— 
nitrite/nitrate, ammonia/ammonium, and organic nitrogen 
(Hem, 1992).  Nitrate and free ammonia/ammonium are bio-
available forms of nitrogen that are known to enhance plant and 
algal growth.  Free ammonia/ammonium is known to be toxic 
to fish species (U.S. Environmental Protection Agency, 1999).  
Additionally, bacteria are known to convert ammonia/ammo-
nium to nitrate in the water column, which depletes stream dis-
solved oxygen levels and potentially causes fish kills. 

The largest mean total nitrogen concentrations (calculated 
by summing nitrite and nitrate, ammonia, and organic nitrogen 
concentrations) were determined in WWTF discharges from 
sites BL6 (19 mg/L), CE3 (9.2 mg/L), IN3 (16 mg/L), MI2 

(18 mg/L), TO3 (16 mg/L), and TU3 (19 mg/L) during base-
flow synoptic surveys (fig. 11; table 13). The total nitrogen con-
centration in discharge from the Kill Creek wastewater facility 
(site KI2) was among the largest in the county during the first 
synoptic survey (20 mg/L); however, this facility had just begun 
operation in October 2002, and bacterial processes were not 
mature in activated sludge (E. Hack, Johnson County Wastewa-
ter and Public Works, written commun, 2005). The total 
nitrogen concentration was the smallest of all WWTF discharge 
samples from site KI2 during the July 2003 synoptic survey 
(3.0 mg/L).  Total nitrogen concentrations decreased down-
stream from WWTF discharges where they either were con-
sumed by stream biota or settled into streambed sediment.  The 
largest total nitrogen concentration upstream from WWTF dis-
charges was 3.4 mg/L in a sample collected at site BL4 during 
the July 2003 synoptic survey; all other upstream samples con-
tained less than 3.0 mg/L total nitrogen.  Twenty-one of 
73 base-flow samples contained total nitrogen concentrations 
that were less than USEPA ambient water-quality recommenda-
tion of 0.855 mg/L for level III ecoregion 40 (the central irreg-
ular plains) (U.S. Environmental Protection Agency, 2000b). 
Johnson County base-flow concentrations of total nitrogen 
were slightly larger than NAWQA median total nitrogen data 
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Figure 11. Total nitrogen concentrations in base-flow samples, November 4–7, 2002, and July 14–18, 2003.
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Figure 11. Total nitrogen concentrations in base-flow samples, November 4–7, 2002, and July 14–18, 2003.—Continued.

and less than maximum historical NAWQA values for either 
rural or urban watershed land use (table 13). Comparisons to 
USEPA ecoregion standards and USGS NAWQA data indicate 
that total nitrogen concentrations in samples from base-flow 
sites (mostly at and immediately downstream from WWTF dis-
charges) were elevated compared to national conditions. 

Although a Mann-Whitney test of independent groups 
indicated that total nitrogen concentrations were not signifi-
cantly different (p value =0.09) between all base- and 
stormflow samples, a Kendall’s tau test found total nitrogen 
concentrations significantly positively correlated to streamflow 
conditions in samples collected from stormflow sites (p value 
less than 0.01) (figs. 12 and 13). When all base-flow samples 
are combined, total nitrogen concentrations from WWTF dis-
charges are similar to those in stormflow samples. However, 
total nitrogen concentrations from single stormflow sites gener-
ally increase with increasing streamflow. This is illustrated by 
maximum total nitrogen concentrations in base- (13 mg/L) and 
stormflow samples (8.7 mg/L) from site IN6, which show that 
samples from sites near WWTF discharges often had larger 
total nitrogen concentrations during base-flow conditions 
(fig. 12). There was a significant (p value less than 0.01) differ-
ence between hourly load estimates of total nitrogen in base- 
and stormflow samples (fig. 13), indicating that nonpoint 
sources and (or) sanitary sewer overflows were likely the cause 
of significantly larger loads of nitrogen during the collection of 

stormflow samples. Median stormflow total nitrogen concentra-
tions from stormflow sampling sites were larger than historical 
nationwide median total nitrogen values for rural or urban 
samples and did not exceed maximum values (table 14) 
(U.S. Geological Survey, 2004).

Analysis of nitrogen species in base-flow samples allow 
for further definition of nitrogen sources.  Large ammonia con-
centrations in WWTF discharge are indicative of unoxidized 
sewage effluent.  On the basis of onsite pH and water-
temperature readings, base-flow samples at two of the three 
WWTF sites with trickling-filter secondary treatment processes 
(table 3)—sites TO3 (2.8 mg/L) and TU3 (2.5 mg/L) 
(table 13)—exceeded KDHE chronic aquatic-life criterion 
for total ammonia when early-life stages of fish are present 
(only applicable during July 2003 samples). Mean ammonia 
concentrations were smaller in samples from WWTF sites BL6 
(0.62 mg/L), CE3 (0.08 mg/L), IN3 (0.25 mg/L), KI2 
(0.09 mg/L), and MI2 (0.08 mg/L).   Mean nitrite plus nitrate 
concentrations were larger in samples from activated-sludge 
WWTF sites BL6 (16 mg/L), CE3 (8.2 mg/L), IN3 (14 mg/L), 
and KI2 (11 mg/L) as well as in samples from the trickling-filter 
WWTF site MI2 (16 mg/L).  Treatment processes at these facil-
ities showed improved oxidization of nutrient sources com-
pared to the Tomahawk and Turkey Creek WWTFs (sites TO3 
and TU3). 



44 
 

Effects of Contam
inant Sources on Stream

-W
ater Q

uality and Relation to Land U
se in Johnson County, N

ortheast Kansas
Table 13.  Results of analysis of nutrients in base-flow samples collected from selected Johnson County streams, northeastern Kansas, November 4–7, 2002, and  
July 14–18, 2003, level III ecoregion 40 criteria, and samples collected nationwide through the National Water-Quality Assessment Program (NAWQA), 1980–90.

[All concentrations are given in milligrams per liter; --, not determined; <, less than]

Sampling site (fig. 1)

Date of 
sample

(month/day/
year)

Nutrient concentrations

Nitrogen, 
total, as N

Nitrogen, 
nitrite, as N

Nitrogen, 
nitrite plus 

nitrate, as N

Nitrogen, 
ammonia, as 

N

Nitrogen, 
ammonia 

plus 
dissolved 
organic 

nitrogen, as 
N

Nitrogen, 
ammonia 
plus total 
organic 

nitrogen, as 
N

Phosphorus, 
total

Phosphorus, 
dissolved

Phosphorus, 
orthophos-
phate, as P

Level III ecoregion 40 criteria (U.S. Environmental Protection Agency, 2000b)

-- -- 0.855 -- 0.23 -- -- 0.625 0.0925 -- --

NAWQA data (U.S. Geological Survey, 2004)

Rural median -- 1.6 -- .60 0.05 -- -- .10 -- 0.04

Rural maximum -- 36 -- 36 35 -- -- 9.1 -- 1.7

Urban median -- 1.7 -- .63 .16 -- -- .23 -- .02

Urban maximum -- 42 -- 12 21 -- -- 8.3 -- 6.1

Johnson County data

Johnson County median -- 1.8 .06 1.5 .08 0.4 6 .40 0.24 .45

Johnson County 
maximum 
(sampling site, fig. 1)

-- 23
(site BL6)

.62 
(site TU3)

20  
(site BL6)

3.5  
(site TU3)

5.5  
(site TU3)

9.5  
(site TU3)

4.7  
(site MI2)

4.5  
(site MI2)

4.5  
(site MI2)

Big Bull Creek watershed

BI1 11/4/02 .90 <.02 <.10 <.02 .4 .9 .34 .25 .22

7/14/03 1.5 .02 .09 .40 1.0 1.4 .74 .61 .62

Blue River watershed

BL3 7/18/03 .57 <.02 .07 .10 .4 .5 .14 .09 .07

BL4 7/18/03 3.4 .07 3.0 .11 .4 .4 .11 .06 <.01

BL5 7/18/03 .59 <.02 .09 .09 .5 .5 .13 .11 .09

BL6 11/4/02 15 .04 13 .04 1.2 1.8 2.7 2.5 2.5

7/18/03 23 .31 20 1.2 2.3 3.0 2.5 2.3 2.4

BL7 11/4/02 8.5 .04 7.8 .03 .8 .7 1.4 1.3 1.2

7/18/03 11 .10 10 .10 .6 1.0 1.6 1.4 1.4
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Table 13. Results of analysis of nutrients in base-flow samples collected from selected Johnson County streams, northeastern Kansas, November 4–7, 2002, and  
July 14–18, 2003, level III ecoregion 40 criteria, and samples collected nationwide through the National Water-Quality Assessment Program (NAWQA), 1980–90.—Continued

[All concentrations are given in milligrams per liter; --, not determined; <, less than]

Sampling site (fig. 1)

Date of 
sample

(month/day/
year)

Nutrient concentrations

Nitrogen, 
total, as N

Nitrogen, 
nitrite, as N

Nitrogen, 
nitrite plus 

nitrate, as N

Nitrogen, 
ammonia, as 

N

Nitrogen, 
ammonia 

plus 
dissolved 
organic 

nitrogen, as 
N

Nitrogen, 
ammonia 
plus total 
organic 

nitrogen, as 
N

Phosphorus, 
total

Phosphorus, 
dissolved

Phosphorus, 
orthophos-
phate, as P

Brush Creek watershed

BR1 11/7/02 1.1 0.03 0.40 0.04 0.5 0.7 0.13 0.09 0.09

7/15/03 2.2 .03 .12 .90 2.0 2.1 .20 .14 .11

BR2 11/7/02 .80 .02 .40 .02 .3 .4 .08 .05 .04

7/15/03 .40 <.02 <.05 .05 .3 .4 .16 .10 .06

Cedar Creek watershed

CE1 11/4/02 1.4 <.02 1.0 <.02 .4 .4 .05 .05 .03

7/14/03 1.6 .06 1.1 .20 .5 .5 .07 .03 .01

CE2 7/14/03 .44 <.02 .14 .08 .2 .3 .11 .05 .04

CE3 11/4/02 10 .06 9.5 .04 .7 .9 2.2 2.3 2.1

7/14/03 8.5 .40 6.8 .12 1.0 1.7 2.7 2.6 2.4

CE4 7/14/03 7.4 .38 6.2 .20 .9 1.2 2.7 2.4 2.3

CE5 11/4/02 5.7 <.02 5.2 .02 .4 .5 .92 .90 .85

7/14/03 2.8 <.02 1.9 .07 .5 .9 1.0 .74 .87

CE6 11/4/02 3.0 <.02 2.6 <.02 .4 .4 .77 .76 .72

7/14/03 1.5 .02 .85 .07 .4 .6 .54 .43 .45

Dykes Branch watershed

DY1 11/7/02 1.3 .05 .50 .10 .4 .8 .17 .13 .12

7/17/03 .84 <.02 .54 .04 .4 .3 .24 .22 .21

Indian Creek watershed

IN1 11/6/02 1.3 .03 .80 <.02 .3 .5 .05 <.01 <.01

7/17/03 .30 <.02 <.05 .02 .2 .3 .04 .02 <.01
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Indian Creek watershed—Continued

IN2 11/6/02 2.7 0.02 1.3 <0.02 0.4 0.7 0.06 0.03 0.03

7/17/03 .56 <.02 .16 .07 .2 .4 .04 .03 .02

IN3 11/6/02 14 .08 12 .30 1.0 2.0 4.0 3.7 3.5

7/17/03 18 .22 17 .20 1.1 1.3 3.8 3.8 3.8

IN4 11/6/02 11 .06 9.2 .20 .8 1.4 3.2 2.5 2.5

7/17/03 18 .14 17 .20 1.1 1.3 3.6 3.4 3.5

IN5 11/6/02 6.5 .08 4.7 .50 1.2 1.8 1.5 1.3 1.4

7/17/03 13 .14 11 .60 2.1 2.2 3.1 3.0 2.9

IN6 7/17/03 13 .26 11 .50 1.3 1.8 3.0 2.9 2.8

Kill Creek watershed

KI1 11/4/02 .80 <.02 .60 <.02 .2 .2 .05 .03 .02

7/15/03 .30 <.02 <.05 .03 .2 .3 .07 .02 <.01

KI2 11/4/02 20 .06 19 .09 1.1 1.2 3.7 3.6 3.7

7/15/03 3.0 <.02 2.1 .09 .9 .9 3.2 3.2 3.3

KI3 7/15/03 2.7 .05 1.8 .10 .8 .9 2.8 2.7 .53

KI4 7/15/03 1.1 <.02 .47 .06 .4 .6 .91 .86 .88

KI5 7/15/03 .74 <.02 .24 .05 .3 .5 .72 .63 .62

KI6 7/15/03 .60 <.02 <.05 .02 .3 .6 .17 .11 .08

KI7 11/4/02 .40 <.02 .10 <.02 .2 .3 .10 .07 .05

7/15/03 .56 <.02 .16 .06 .2 .4 .14 .10 .09

Little Bull Creek watershed

LI1 11/4/02 2.0 .02 1.1 <.02 .6 .9 .18 .12 .10

7/14/03 1.7 .03 .56 .10 .6 1.1 .22 .08 .01

Table 13. Results of analysis of nutrients in base-flow samples collected from selected Johnson County streams, northeastern Kansas, November 4–7, 2002, and  
July 14–18, 2003, level III ecoregion 40 criteria, and samples collected nationwide through the National Water-Quality Assessment Program (NAWQA), 1980–90.—Continued

[All concentrations are given in milligrams per liter; --, not determined; <, less than]

Sampling site (fig. 1)

Date of 
sample

(month/day/
year)

Nutrient concentrations

Nitrogen, 
total, as N

Nitrogen, 
nitrite, as N

Nitrogen, 
nitrite plus 

nitrate, as N

Nitrogen, 
ammonia, as 

N

Nitrogen, 
ammonia 

plus 
dissolved 
organic 

nitrogen, as 
N

Nitrogen, 
ammonia 
plus total 
organic 

nitrogen, as 
N

Phosphorus, 
total

Phosphorus, 
dissolved

Phosphorus, 
orthophos-
phate, as P
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Mill Creek watershed

MI1 11/4/02 0.90 0.03 0.40 0.11 0.4 0.5 0.17 0.10 0.09

7/16/03 .73 <.02 .23 .06 .3 .5 .09 .07 .06

MI2 11/4/02 19 .06 17 .07 1.8 2.1 4.6 4.3 4.5

7/16/03 17 .16 15 .10 .7 2.1 4.7 4.5 4.4

MI3 11/4/02 13 .06 11 .08 1.4 1.5 3.2 3.0 3.2

7/16/03 14 .13 12 .20 1.1 1.7 4.2 4.0 4.0

MI4 11/4/02 5.3 .02 4.8 <.02 .4 .5 1.0 1.0 1.0

7/16/03 7.0 .05 6.5 .04 .4 .5 2.2 1.2 1.1

MI5 11/4/02 .90 <.02 .70 <.02 .2 .2 .06 .06 .04

7/16/03 .39 <.02 .19 .05 .3 .2 .10 .07 .06

MI6 7/16/03 .85 <.02 .45 .08 .3 .4 4.5 .03 .02

MI7 11/4/02 2.3 <.02 1.9 <.02 .2 .4 .40 .39 .35

7/16/03 .68 <.02 .28 .03 .3 .4 .28 .19 .18

Tomahawk Creek watershed

TO1 11/6/02 2.3 <.02 1.7 .02 .4 .6 .05 .04 .04

7/17/03 .86 <.02 .46 .03 .3 .4 .08 .03 <.01

TO2 11/6/02 1.8 .02 1.2 .02 .4 .6 .05 .03 .03

7/17/03 .74 <.02 .34 .07 .4 .4 .05 .03 .02

TO3 11/6/02 16 .19 9.6 2.4 4.7 6.2 4.2 3.3 3.4

7/17/03 15 .22 9.1 2.8 5.4 6.3 4.5 4.3 4.3

Turkey Creek watershed

TU1 11/7/02 1.0 .02 .40 .03 .2 .6 .04 .02 .02

7/16/03 .80 <.02 <.05 .03 .6 .8 .08 .01 <.01

TU2 11/7/02 1.2 .02 .60 .02 .6 .6 .02 .01 .01

7/16/03 .30 <.02 <.05 .03 .2 .3 .11 .04 .03

TU3 11/7/02 21 .62 11 3.5 5.5 9.5 3.8 3.4 3.2

7/16/03 17 .58 11 2.5 4.6 5.6 4.1 3.8 3.6

Table 13. Results of analysis of nutrients in base-flow samples collected from selected Johnson County streams, northeastern Kansas, November 4–7, 2002, and  
July 14–18, 2003, level III ecoregion 40 criteria, and samples collected nationwide through the National Water-Quality Assessment Program (NAWQA), 1980–90.—Continued

[All concentrations are given in milligrams per liter; --, not determined; <, less than]

Sampling site (fig. 1)

Date of 
sample

(month/day/
year)

Nutrient concentrations

Nitrogen, 
total, as N

Nitrogen, 
nitrite, as N

Nitrogen, 
nitrite plus 

nitrate, as N

Nitrogen, 
ammonia, as 

N

Nitrogen, 
ammonia 

plus 
dissolved 
organic 

nitrogen, as 
N

Nitrogen, 
ammonia 
plus total 
organic 

nitrogen, as 
N

Phosphorus, 
total

Phosphorus, 
dissolved

Phosphorus, 
orthophos-
phate, as P
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Figure 13. Total nitrogen concentrations and estimated loads in base- and stormflow samples, October 2002–June 2004.
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Table 14.  Statistical summary of the results of analysis of nutrients collected from Johnson County stormflow sampling sites, 
northeastern Kansas, October 2002–June 2004, and samples collected nationwide through the National Water-Quality Assess-
ment Program (NAWQA), 1980–90.

[NAWQA data from U.S. Geological Survey (2004). --, not determined; <, less than]

Sampling site identifier (fig. 1) Number of 
samples

Concentrations (milligrams per liter)

Minimum Median Maximum

Total nitrogen

BL5 9 0.59 2.8 8.8

CE6 11 1.5 3.0 9.2

IN6 10 3.0 5.5 13

KI6b 8 .65 3.0 7.3

MI7 14 .68 2.8 11

TU1 6 .85 1.8 4.3

NAWQA rural samples 4,036 -- 1.6 36

NAWQA urban samples 1,985 -- 1.7 42

Nitrogen, nitrite

BL5 9 <.02 .02 .03

CE6 11 <.02 .02 .07

IN6 10 .02 .09 .3

KI6b 8 <.02 .02 .03

MI7 14 <.02 <.02 .1

TU1 6 <.02 .02 .05

Nitrogen, nitrite plus nitrate

BL5 9 .09 .80 1.2

CE6 11 .85 1.2 7.9

IN6 10 .49 1.8 11

KI6b 8 .05 .90 1.7

MI7 14 .28 1.6 9.4

TU1 6 .05 .46 .68

NAWQA rural samples 6,894 -- .60 36

NAWQA urban samples 3,234 -- .60 12

Nitrogen, ammonia

BL5 8 .04 .08 .28

CE6 14 <.02 .07 .12

IN6 10 .07 .30 .80

KI6b 8 .05 .86 1.7

MI7 14 <.02 .07 .34

TU1 7 .03 .18 .31

NAWQA rural samples 5,895 -- .05 35

NAWQA urban samples 3,356 -- .20 21

Nitrogen, ammonia plus dissolved organic nitrogen

BL5 9 .07 .50 1.3

CE6 11 .40 .69 1.0

IN6 10 .60 1.2 1.5

KI6b 8 .30 .80 1.3

MI7 14 .20 .60 1.0

TU1 6 .20 .60 1.1



50  Effects of Contaminant Sources on Stream-Water Quality and Relation to Land Use in Johnson County, Northeast Kansas

Table 14.  Statistical summary of the results of analysis of nutrients collected from Johnson County stormflow sampling sites, 
northeastern Kansas, October 2002–June 2004, and samples collected nationwide through the National Water-Quality Assess-
ment Program (NAWQA), 1980–90.—Continued

[NAWQA data from U.S. Geological Survey (2004). --, not determined; <, less than]

Sampling site identifier (fig. 1) Number of 
samples

Concentrations (milligrams per liter)

Minimum Median Maximum

Nitrogen, ammonia plus total organic nitrogen

BL5 9 0.50 1.9 7.6

CE6 11 .40 1.1 2.8

IN6 10 1.5 2.2 8.0

KI6b 8 .60 1.7 6.2

MI7 14 .40 1.3 5.8

TU1 6 .60 1.3 3.3

Phosphorus, total

BL5 9 .13 .53 2.5

CE6 11 .31 .66 2.4

IN6 10 .62 1.2 3.0

KI6b 8 .17 .50 2.1

MI7 14 .28 .69 2.4

TU1 6 .04 .48 .84

NAWQA rural samples 6,542 -- .10 9.1

NAWQA urban samples 2,954 -- .23 8.3

Phosphorus, dissolved

BL5 9 .06 .10 .16

CE6 11 .06 .43 2.3

IN6 10 .07 .47 2.9

KI6b 8 .06 .12 .27

MI7 14 .09 .23 1.5

TU1 6 .01 .08 .11

Phosphorus, orthophosphate

BL5 9 .04 .08 .12

CE6 11 .05 .45 2.2

IN6 10 .06 .31 2.8

KI6b 8 .04 .09 .27

MI7 14 .02 .18 1.5

TU1 6 .01 .06 .10

NAWQA rural samples 3,446 -- .04 1.7

NAWQA urban samples 882 -- .02 6.1
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Nitrogen species in stormflow samples varied among sites and 
streamflow conditions (table 14, fig. 14). A Kendall’s tau cor-
relation test on dissolved nitrogen species showed a significant 
(p value less than 0.01) negative correlation with streamflow for 
all combined values at stormflow sites (fig. 14). This test shows 
that organic and particulate nitrogen likely comprise a larger 
portion of nonpoint sources, whereas dissolved nitrogen species 
comprise a larger portion of point-source contamination. How-
ever, there was considerable variability, often in samples from 
the same sites during similar flow conditions. 

Phosphorus

Phosphorus occurs in the environment as both dissolved 
and particulate phosphorus.  Dissolved phosphorus consists of 
inorganic orthophosphorus (bioavailable phosphorus) and 
organic phosphorus, which is a combination of phosphorus 
excreted by organisms and macromolecular colloidal phospho-
rus.  Total phosphorus incorporates dissolved and particulate 
phosphorus.  In most surface water, phosphorus concentrations 
limit aquatic plant and algae growth but in excess may be a 
primary cause of stream eutrophication.  Wastewater discharge 
and runoff from both urban and agricultural land uses are the 
primary sources of phosphorus in surface water (Hem, 1992).

WWTFs were the primary source of total phosphorus in 
Johnson County streams during base-flow conditions (fig. 15, 
table 13). The largest mean total phosphorus concentrations 
were in samples from WWTF sites BL6 (2.6 mg/L), CE3 
(2.4 mg/L), IN3 (3.9 mg/L), KI2 (3.4 mg/L), MI2 (4.6 mg/L), 
TO3 (4.4 mg/L), and TU3 (4.0 mg/L).  The base-flow sample 
from site MI6 also had one of the largest total phosphorus con-
centrations (4.5 mg/L).  However,  because 99 percent of total 
phosphorus in this sample was associated with particulate mate-
rial, this value likely was due to streambed sediment that was 
suspended by the sampling crew or by a disturbance upstream. 

Total phosphorus concentrations decreased downstream 
from WWTF discharges as total phosphorus either was assimi-
lated by aquatic life or adsorbed to streambed sediment.  Eigh-
teen of 73 base-flow samples (table 13) had a total phosphorus 
concentration that was less than the USEPA ambient water-
quality recommendation of 0.0925 mg/L for level III ecoregion 
40 (U.S. Environmental Protection Agency, 2000b). The 
median total phosphorus concentration of all base-flow samples 
was about two to four times larger than historical NAWQA 
median total phosphorus concentrations, and smaller than max-
imum NAWQA concentrations for either rural or urban samples 
(table 13) (U.S. Geological Survey, 2004). Comparisons to 
USEPA ecoregion standards and USGS NAWQA data indicate 
that total phosphorus concentrations at base-flow sites (mostly 
at and immediately downstream from WWTF discharges) were 
elevated compared to national conditions. 

Although total phosphorus concentrations were not signif-
icantly different (p value = 0.36) between all base- and storm-
flow samples, they were shown to significantly increase during 
larger streamflow conditions in samples from stormflow sites 

(p value less than 0.01) (figs. 13 and 16). When all base-flow 
samples are combined, concentrations from WWTF discharges 
are similar to those in stormflow samples. However, total phos-
phorus concentrations from single stormflow sites generally 
increase with increasing streamflow. This is illustrated by 
maximum total phosphorus concentrations in base- (3.0 mg/L) 
and stormflow samples (2.7 mg/L) from site IN6, which show 
that samples from sites near WWTF discharges can have larger 
total phosphorus concentrations during base-flow than during 
stormflow conditions (fig. 16). There was a significant (p value 
less than 0.01) difference between hourly load estimates of total 
phosphorus in base- and stormflow samples (fig. 17). This indi-
cates that nonpoint sources and (or) sanitary sewer overflows 
likely caused significantly larger loads of phosphorus during 
stormflow samples. Median total phosphorus concentrations for 
these six sites ranged from about 5 to 13 times the historical 
NAWQA median total phosphorus values and were less than 
historical maximum NAWQA values for rural or urban samples 
(table 14) (U.S. Geological Survey, 2004).

Concentrations of orthophosphorus represented most of 
the total phosphorus concentration in samples of Johnson 
County wastewater discharges.  Orthophosphorus represented 
more than 80 percent of total phosphorus in all samples of 
WWTF discharge and was more than 90 percent of total phos-
phorus in 10 of 16 WWTF discharge samples. Large concentra-
tions of orthophosphorus indicate that almost all discharged 
phosphorus is bioavailable and likely utilized by aquatic plants 
and algae downstream from WWTF discharges.

A Kendall’s tau correlation test on dissolved phosphorus 
species showed a significant (p value less than 0.01) negative 
correlation with streamflow for all combined values at storm-
flow sampling sites (fig. 14B). This test shows that organic and 
particulate phosphorus likely are contributed by nonpoint 
sources, whereas dissolved phosphorus species comprise a 
larger portion of point-source contamination. However, there 
was considerable variability, often in samples from the same 
sites during similar flow conditions. 

Bacteria

Fecal coliform, Escherichia coli (E. coli), and enterococci 
bacteria were analyzed in all stream-water samples.  These bac-
teria are “indicator bacteria,” which are used to represent a 
potential for pathogenicity of surface water.  Although these 
bacteria generally are not toxic themselves, they are used to rep-
resent all viruses, protozoa, and pathogenic bacteria that may 
cause illnesses associated with water contact and ingestion 
(U.S. Environmental Protection Agency, 2004b). 

Fecal coliform bacteria were the original indicator bacteria 
standard used nationally and in Kansas and are still used in 
Johnson County and around the nation to regulate municipal 
wastewater-treatment facilities (E. Hack, Johnson County 
Wastewater and Public Works, written commun., 2003).  
National Pollutant Discharge Elimination System (NPDES) 
wastewater permits in Johnson County mandate a maximum 
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Figure 14.  Percentage of dissolved nitrogen and dissolved phosphorus species in total nitrogen and 
phosphorus concentrations in samples collected at stormflow sampling sites under varying streamflow 
conditions, October 2002–June 2004.
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Figure 15.  Total phosphorus concentrations in base-flow samples, November 4–7, 2002, and July 14–18, 2003.
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Figure 15.  Total phosphorus concentrations in base-flow samples, November 4–7, 2002, and July 14–18, 2003.—Continued

geometric mean of 200 col/100 mL in WWTF discharge.  Ear-
lier KDHE bacteria criteria for stream water mandated no more 
than a geometric mean of 200 col/100 mL for primary contact 
recreation, and the secondary contact criterion was a single-
sample standard of 2,000 col/100 mL (Kansas Department of 
Health and Environment, 2002).  Although these criteria are no 
longer used to regulate water quality in streams, they can be 
used as a guideline for acceptable fecal coliform densities and 
for comparison to new E. coli criteria.

Current (2005) Kansas stream-water-quality criteria for 
E. coli are divided into both primary and secondary contact cri-
teria, and additionally into various classes (B, C) that indicate 
the use and accessibility of each stream. Primary contact recre-
ation criteria refer to activities such as boating, mussel harvest-
ing, swimming, skin diving, waterskiing, and windsurfing, 
whereas secondary contact criteria are applicable to activities 
such as wading, fishing, and hunting. Primary contact class B 
regulations are relevant for streams that are accessible under 
Kansas law, secondary contact class B and primary contact 
class C regulations are applicable to streams that are not acces-
sible under Kansas law. 

Criteria for primary contact class B streams in Kansas state 
that the geometric mean (the exponent of the mean of logarith-
mically transformed data) for E. coli bacteria of at least five 
samples collected over separate 24-hour periods during a  
30-day period shall not exceed 262 col/100 mL from April 1 

through October 31 and 2,358 col/100 mL from November 1 
through March 31.  The secondary contact class B criterion for 
E. coli may not exceed a geometric mean of 3,843 col/100 mL 
during any part of the year (Kansas Department of Health and 
Environment, 2004a).  

Primary and secondary contact class B criteria for E. coli 
were used as a reference against samples from all Johnson 
County streams to simplify site-to-site comparisons, although 
many streams are subject to class C criteria (table 2). Bacteria 
samples collected during base-flow synoptic surveys do not 
represent a geometric mean of bacteria samples and are not sub-
ject to bacteria criteria.  However, these criteria are used for the 
purpose of comparison to indicator bacteria densities deter-
mined in this study (Rasmussen and Ziegler, 2003). Along with 
E. coli, enterococci are the indicator bacteria recommended by 
USEPA and have been shown to correlate with enteric illnesses 
in freshwater lake studies (U.S. Environmental Protection 
Agency, 1986).

Sources of indicator bacteria in base-flow samples were 
not as traceable to WWTF discharge as were dissolved solids 
and nutrients. Class B primary contact criterion (for April 1 
through October 31) and secondary contact criterion (any time 
of year) were used for comparison to base- and stormflow sam-
ples (figs. 18 and 19; table 15). Sites located upstream from 
WWTF discharges exceeded fecal coliform and E. coli criteria 
more frequently; Mann-Whitney statistical tests showed that 
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Figure 16. Total phosphorus concentrations in base-flow and stormflow samples collected at stormflow sampling 
sites, October 2002–June 2004.
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Figure 17. Total phosphorus concentrations and estimated loads in base- and stormflow samples, October 2002–June 2004.
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Figure 18. Fecal coliform bacteria densities in base-flow samples, November 4–7, 2002, and July 14–18, 2003.



Stream-Water-Quality Conditions  57

Value greater than 6,000 col/100 mL

I.  Mill Creek watershed

MI1 MI2 MI3 MI4 MI5 MI6 MI7

J.  Tomahawk Creek watershed

TO1 TO2 TO3

Synoptic survey

EXPLANATION

November 4–7, 2002

July 14–18, 2003

K.  Turkey Creek watershed

TU1 TU2 TU3

Wastewater-
treatment

facility discharge

1

10

100

1,000

10,000

1

10

100

1,000

10,000

1

10

100

1,000

10,000

Wastewater-
treatment

facility discharge

Fecal coliform secondary contact 
  2002 criterion (2,000 col/100 mL)

Fecal coliform primary contact 
   criterion (200 col/100 mL,
   applicable April 1 through 
   October 31)

No observable flow—sample 
  not collected
Site only sampled during second 
  synoptic survey

Wastewater-
treatment
facility discharge

Fe
ca

l c
ol

ifo
rm

 d
en

si
ty

, i
n 

co
lo

ni
es

 p
er

 1
00

 m
ill

ili
te

rs
 o

f w
at

er
 (c

ol
/1

00
 m

L)

Sampling site (fig. 1)

Sampling site (fig. 1)

*

*

Figure 18. Fecal coliform bacteria densities in base-flow samples, November 4–7, 2002, and July 14–18, 2003.—Continued

upstream sites had significantly larger median (p value less than 
0.05) bacteria densities than sites downstream from WWTF dis-
charges (table 15). Of the seven WWTFs sampled, only samples 
from WWTF sites MI2 (420 and 1,100 col/100 mL) and TU3 
(16,300 and 920 col/100 mL) had E. coli densities that exceeded 
the class B primary or secondary contact recreation criteria 
(fig. 19). Among sites upstream from WWTF discharges, 
site MI5 (2,700 col/100 mL), site IN1 (1,400 col/100 mL), and 
site MI1 (1,200 col/100 mL) had the largest E. coli densities 
during November base-flow sampling. Indicator bacteria con-
centrations in samples from the other five WWTF discharge 
sites were among the smallest in their respective watersheds 
because of disinfection procedures. 

Enterococci densities in Johnson County streams were 
compared to USEPA recommended criterion; 45 of 73 entero-
cocci base-flow samples exceeded USEPA infrequently used 
full-body contact criterion of 151 col/100 mL (U.S. Environ-
mental Protection Agency, 1986).  The smallest enterococci 
densities generally were observed in samples from WWTF sites 
with the exception of densities in samples from site TU3.

Land-use differences were an important factor in the mag-
nitude of base-flow fecal coliform and E. coli densities. Median 
indicator bacteria densities were compared at predominantly 
urban or predominantly nonurban sites where wastewater dis-
charges had not increased ambient bacteria densities (table 16). 
Therefore, for the purpose of the analysis presented in table 16, 

all WWTF discharge sites and sites downstream from site MI2 
(figs. 18 and 19) were removed. In addition, Blue River sites 
were classified as being upstream from WWTF discharge 
because the municipal WWTF discharge upstream from 
site BL2 (fig. 1) did not contribute measurable streamflow 
during base-flow conditions (fig. 5). Median fecal coliform and 
E. coli densities were significantly (p value less than 0.01) 
larger at predominantly urban sites than at sites with predomi-
nantly nonurban land uses, and enterococci densities were not 
significantly larger (p value = 0.07) in urban areas compared to 
nonurban areas (table 16).  This comparison indicates that, 
although indicator bacteria densities are ubiquitous in the envi-
ronment, potential effects from urban sources (such as leaking 
sewer lines, pet waste, surface-water and sediment interactions, 
or illicit dumping) may cause larger densities of fecal coliform 
and E. coli during base-flow conditions than effects from non-
urban sources (such as septic systems, domestic livestock, and 
wildlife). 

Thirty-four of 56 samples collected at stormflow sampling 
sites and 33 of 37 samples collected at flows larger than 
100 ft3/s contained fecal coliform densities larger than the 2002 
KDHE criterion of 2,000 col/100 mL (fig. 20A). Twenty-five of 
56 samples collected during all flow conditions and 25 of 
37 samples collected at flows greater than 100 ft3/s contained 
E. coli densities larger than the class B secondary contact 
criterion (3,843 col/100 mL) established by KDHE (fig. 20B). 
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Figure 19.  Escherichia coli (E. coli) densities in base-flow samples, November 4–7, 2002, and July 14–18, 2003.
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Figure 19.  Escherichia coli (E. coli) densities in base-flow samples, November 4–7, 2002, and July 14–18, 2003.—Continued

Maximum bacteria densities were within an order of magnitude 
for each of the stormflow sampling sites. E. coli densities aver-
aged 77 percent of fecal coliform densities.  Enterococci densi-
ties were larger than USEPA (1986) infrequently used full-body 
contact recreation criterion of 151 col/100 mL in 46 of 
56 samples collected at stormflow sampling sites (37 of 
37 samples collected at flows larger than 100 ft3/s), whereas 
36 of 56 samples had densities larger than 10,000 col/100 mL 
(fig. 20C).  Enterococci densities were generally larger than 
other indicator bacteria in stormflow samples; densities in 
stormflow samples were an average of 14.4 times that of fecal 
coliform densities and 12.4 times that of E. coli densities. 
Samples from stormflow sampling sites showed that E. coli 
densities and loads were significantly larger (two to four orders 
of magnitude) in stormflow than base-flow samples (p value 
less than 0.01) (fig. 21), indicating that the largest contributions 
of E. coli were likely from nonpoint sources and (or) sanitary 
sewer overflows. 

Although indicator bacteria densities were larger during 
stormflow conditions, there was increasing variability at large 
streamflow values, indicating that streamflow may not be the 
dominant variable affecting bacteria densities. Indicator bacte-
ria were compared with suspended-sediment concentrations to 
contrast this relation with that of indicator bacteria and stream-
flow values.  Previous studies indicated that bacteria 

populations in streams are closely correlated to suspended sed-
iment (Christensen and others, 2000). Regression models and 
coefficients of determination (R2) for models estimating indica-
tor bacteria concentrations were determined using streamflow 
and suspended-sediment concentration (table 17).  Suspended-
sediment concentration had a better relation to indicator bacte-
ria densities than streamflow, indicating that the occurrence of 
indicator bacteria densities in Johnson County streams is more 
closely related to suspended-sediment concentrations. This 
relation indicates that the occurrence of indicator bacteria may 
be tied to the occurrence of suspended sediment during storm-
flow conditions and that these constituents may have similar 
sources. Factors such as seasonality, water salinity, bacteria 
mortality characteristics, sanitary sewer overflows, leaking 
sewer lines, WWTF bypasses, and analytical method variability 
may affect the validity of this relation on both a temporal and 
spatial basis.

Pesticides

An estimated 2,103 million lb of pesticides were applied in 
the United States in 2001, the majority of which were herbicides 
(58 percent), insecticides (28 percent), and fungicides (8 per-
cent) (Kiely and others, 2004).   It is estimated that 76 percent 
of the United States total annual pesticide use in 2001 was for 
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Table 15.  Percentage of base-flow samples collected up- and downstream from wastewater-treatment discharges that were equal to or exceeded Kansas 
Department of Health and Environment (2002, 2003a) Escherichia coli (E. coli) and prior fecal coliform criteria for selected Johnson County streams, northeastern 
Kansas, October 2002–June 2004.

[col/100 mL, colonies per 100 milliliters of water; --, not applicable]

Samples from Number of 
samples

Percentage of 
samples 

exceeding 2002 
fecal coliform 

geometric mean 
primary contact 

criterion
(200 col/100 mL)

Percentage of 
samples 

exceeding 2002 
fecal coliform 
single-sample 

secondary contact 
criterion

(2,000 col/100 mL)

Median fecal 
coliform density 

(col/100 mL)

Percentage of 
samples 

exceeding primary 
contact class B1 
E. coli geometric 
mean criterion

(262 col/100 mL)

1Kansas Department of Health and Environment criteria are based on the geometric mean of five samples collected over separate 24-hour periods over 30 days. Primary contact class B refers 
to streams in which the primary contact recreational stream segment is by Kansas law or written permission of the landowner open to and accessible by the public (Kansas Department of Health 
and Environment, 2003a).

2Secondary class B refers to streams that are not open to and accessible by the public (Kansas Department of Health and Environment, 2004c).

Percentage of 
samples 

exceeding 
secondary contact 

class B2 E. coli 
geometric mean 

criterion 
(3,843 col/100 mL)

Median E. coli 
density 

(col/100 mL)

All sites 73 52 8.2 200 23 1.4 120

Sites upstream from wastewater treatment 
 facilities

31 71 10 390 31 0 190

Sites downstream from wastewater treat-
ment  facilities

42 38 7.1 150 17 2.4 97

Mann-Whitney test of significant differ-
ences between median bacteria densities 
of sites up- and downstream from waste-
water treatment facilities

-- -- -- p = 0.02 -- -- p = 0.04
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Table 16.  Median indicator bacteria densities in base-flow samples from watersheds with predominantly urban or 
nonurban land uses, Johnson County, northeastern Kansas, November 4–7, 2002, and July 14–18, 2003.

[col/100 mL, colonies per 100 milliliters of water; --, not applicable; <, less than]

Predominant land use 
in watershed 

(fig. 2)

Estimated mean 
percentage of 

urban land1 
(residential, 
commercial, 

industrial, 
right-of-way)

1Mean percentage of residential, commercial, industrial, and right-of-way land uses in the watershed upstream from each sampling site.

Sampling site 
identifier

(fig. 1)

Median fecal 
coliform density 

(col/100 mL)

Median 
Escherichia coli 

density 
(col/100 mL)

Median 
enterococci 

density 
(col/100 mL)

Urban 82 BR1, BR2, DY1, 
IN1, IN2, IN4, 
IN5, IN6, MI1, 

TO1, TO2, TU1, 
TU2

400 230 370

Nonurban 28 BI1, BL3, BL4, 
BL5, BL7, CE1, 
CE2, CE4, CE5, 
CE6, KI1, KI3, 
KI4, KI5, KI6b, 

KI7, LI1

80 52 190

Mann-Whitney test of 
significant differ-
ences between 
median bacteria 
densities of urban 
and rural sites

-- -- p < 0.01 p < 0.01 p = 0.07

agricultural purposes, 13 percent for commercial/industrial/ 
government use, and 11 percent for home or garden use (Kiely 
and others, 2004).  Pesticide use is a concern in Johnson County 
due to the potential effects on aquatic organisms, 
bioaccumulation in fish tissue, and migration to downstream 
drinking-water supplies. 

Median and maximum pesticide concentrations in base-
flow and stormflow samples collected from Johnson County 
streams during October 2002–June 2004 were compared to data 
collected nationwide during the USGS NAWQA cycle-I studies 
from 1992–2001 (Martin and others, 2003) to place Johnson 
County samples in a national context (table 18).  NAWQA 
information on frequently analyzed pesticides was grouped by 
type of sampling site (urban or agricultural) and represents a 
minimum of 135 samples. 

Ninety-three pesticide compounds were analyzed in 
stream-water samples collected during base-flow synoptic sur-
veys (table 6).  Pesticide laboratory analyses were changed 
between the November 2002 and July 2003 synoptic surveys, so 
many compounds were analyzed exclusively during either the 
first or second survey.  Pesticide compounds were analyzed dur-
ing the first survey in base-flow samples collected from 31 sites 
and in samples from 22 sites during the second survey. 

A majority of pesticide compounds either were not 
detected or were estimated at less than the laboratory reporting 
levels in base-flow samples.  Pesticide detections were fewer 

and of a smaller magnitude in samples collected during the first 
synoptic survey in November 2002, before spring and summer 
pesticide application. Because of the large number of pesticides 
analyzed, only selected compounds are discussed in this 
section. 

The pesticide atrazine proved to be an accurate representa-
tive of pesticide sources and transport in Johnson County 
streams.  Atrazine was the most frequently detected pesticide in 
surface water in the early 1990s, has little tendency to adsorb to 
aquatic particles or volatilize to air, and is not prone to chemical 
or microbiological transformation processes (Capel and Larson, 
2001).  

Atrazine was detected in all Johnson County base-flow 
samples (fig. 22) and had the largest concentrations of any pes-
ticide sampled (table 18).  However, only one atrazine base-
flow sample collected during the July synoptic at site BI1 
(3.5 µg/L) exceeded the KDHE chronic aquatic-life criterion of 
3.0 µg/L (Kansas Department of Health and Environment, 
2004c). The atrazine concentration in this sample was more 
than four times that in any other base-flow sample. 2-Chloro-4-
isopropylamino-6-amino-s-triazine (atrazine metabolite) and 
acetochlor were detected at relatively large concentrations in 
this sample.  These concentrations may be due to agricultural 
pesticide uses upstream from of this site; Putnam (1997) found 
triazine herbicide concentrations greater than 3.0 µg/L in Big 
Bull Creek in May 1994 and 1995.
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Figure 20. Indicator bacteria densities in base-flow and stormflow samples collected at 
stormflow sampling sites, October 2002–June 2004.
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Figure 21. Escherichia coli (E. coli) densities and estimated loads in base- and stormflow samples, October 2002–June 2004.

Maximum atrazine concentrations in the Indian 
(0.43 µg/L), Kill (0.55 µg/L), Mill (0.50 µg/L), Tomahawk 
(0.45 µg/L), and Turkey Creek (0.17 µg/L) watersheds were in 
base-flow samples collected at WWTF discharge sites in July 
2003 (fig. 22). Atrazine in wastewater discharge may have been 
due to concentrations in municipal water supplies; 
concentrations ranged from 0.2 to 0.6 µg/L in water supplied by 
Water District No. 1 of Johnson County during 2004 (Water-
One, 2004).  Blue River atrazine concentrations varied little in 
base-flow samples collected during the July 2003 synoptic sur-
vey upstream (site BL5, 0.15 µg/L), at (site BL6, 0.15 µg/L), or 
downstream (site BL7, 0.15 µg/L) from the WWTF discharge, 
potentially due to extended aeration treatment processes.  Cedar 
Creek had the largest atrazine concentrations during the 
July 2003 synoptic survey upstream from WWTF discharges in 
a sample from site CE1 (0.72 µg/L) and in a sample from the 
WWTF discharge site CE3 (0.52 µg/L). 

Other pesticides exhibited occurrence patterns similar to 
atrazine. Concentrations of the pesticides 3, 4 dichloroaniline 
(only sampled during the first synoptic survey), diazinon, and 
metolachlor had the largest median and maximum concentra-
tions in base-flow samples from WWTF discharge sites 
(table 18).  Median and maximum simazine concentrations 
were larger in base-flow samples from sites upstream from 
WWTF discharges, but the majority of detections were less than 
laboratory reporting levels.  Base-flow samples generally had 
similar median, but smaller maximum, pesticide concentrations 

than in either agricultural or urban samples from the NAWQA 
program (table 18).

Sixty-six pesticide compounds were analyzed in Johnson 
County stormflow samples (table 6).  Thirty-three of the com-
pounds were detected in stormflow samples; 27 compounds 
were detected at concentrations greater than laboratory report-
ing levels (table 18). Although the sheer number of pesticide 
detections do not give an indication of the total amount of pes-
ticides in each sample, these data are useful to distinguish which 
samples contained a broad range of contaminants.  Samples 
from urban sites IN6 (18 detections), MI7 (14 detections), and 
TU1 (14 detections) averaged the most pesticide detections of 
samples from stormflow sites, whereas samples from site KI6b 
averaged the fewest number of detections (9) (fig. 23A).  How-
ever samples from agricultural sites had the largest total con-
centrations of pesticides; 9 of the 10 largest total concentrations 
of pesticides in stormflow samples occurred at sites BL5, CE6, 
and KI6b. The largest total concentration of pesticides occurred 
at site KI6b (71 µg/L on May 25, 2004) (fig. 23B). 

Most pesticide transport occurs over a relatively short time 
period, generally after the first few rains or irrigation following 
application (Schottler and others, 1994).  The largest number of 
pesticides detected in stormflow were in samples collected in 
the spring. Two of 54 stormflow samples exceeded the 3.0-µg/L 
KDHE chronic aquatic-life criterion for atrazine (3.9 µg/L in a 
sample from site BL5 on April 25, 2003, and 69 µg/L in a sam-
ple from site KI6b on May 25, 2004).  Only five other 
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Table 17.  Results of regression analysis for bacteria densities with streamflow and suspended-sediment concentrations for selected Johnson County streams, 
northeastern Kansas, October 2002–June 2004. 

[R2, coefficient of determination; MSE, mean square error; RMAE, relative mean absolute error; mg/L, milligrams per liter; col/100 mL, colonies per 100 milliliter of water]

Dependent variable Independent variable R2 Number of 
samples Range of dependent variable MSE RMAE 

(percent)

Streamflow (Q)

Fecal coliform bacteria (FCB) Log10FCB = 0.747log10Q + 1.71 0.55 56 FCB (2–46,000 col/100 mL) 0.57 (log units) 18.0

Escherichia coli bacteria (ECB) Log10ECB = 0.752log10Q + 1.55 .56 56 ECB (2–32,000 col/100 mL) .56 (log units) 19.7

Enterococci bacteria (ENT) Log10ENT = 0.881log10Q + 2.04 .63 56 ENT (39–440,000 col/100 mL) .57 (log units) 15.0

Suspended-sediment concentration (SSC)

Fecal coliform bacteria (FCB) Log10FCB = 1.02log10SSC + 1.00 .63 55 FCB (2–46,000 col/100 mL) .45 (log units) 16.6

Escherichia coli bacteria (ECB) Log10ECB = 1.03log10SSC + 0.84 .65 55 ECB (2–32,000 col/100 mL) .43 (log units) 17.1

Enterococci bacteria (ENT) Log10ENT = 1.24log10SSC + 1.14 .75 55 ENT (39–440,000 col/100 mL) .39 (log units) 12.8
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Table 18.  Median and maximum concentrations of pesticide compounds detected at greater than laboratory reporting levels in 
base-flow and stormflow samples collected from selected Johnson County streams, northeastern Kansas, October 2002–June 2004, 
and samples collected nationwide for the U.S. Geological Survey's National Water-Quality Assessment cycle-I studies, 1992–2001.

[μg/L, micrograms per liter; <, less than; E, estimated; --, category already reported in table]

Compound

Johnson County study National Water-Quality Assessment cycle-I 
studies1

Number of 
samples

Detection 
frequency 
(percent)

Concentration (μg/L) Concentration (μg/L)

 Median
 Maximum 

(sampling site 
identifier, fig. 1)

Agricul-
tural 

median

Agricul-
tural 

maximum

Urban 
median

Urban 
maximum

Base-flow samples Various streamflow conditions 

2-Chloro-4-isopropyl-
amino-6-amino-s-
triazine (CIAT)

23 96 0.06 0.22 (BI1) -- -- -- --

3,4 Dichloroaniline 22 100 .09 .69 (CE3) -- -- -- --

4-Chloro-2-methylphenol 22 45 <.006 .01 (TU1) -- -- -- --

Acetochlor 22 18 <.006 .57 (BI1) <0.005 25 <0.004 0.31

Atrazine 54 100 .14 3.5 (BI1) .071 E200 .01 3.4

Desulfinylfipronil 53 57 .01 .02 (KI2) -- -- -- --

Desulfinylfipronil amide 22 27 <.009 .02 (KI2) -- -- -- --

Diazinon 73 60 .02 E.30(CE5) <.005 2.5 .01 1.4

Fipronil sulfide 53 58 .01 .01 (KI2) -- -- -- --

Fipronil sulfone 53 57 .01 .03 (IN6) -- -- -- --

Fipronil 53 77 .03 .11 (TO3) -- -- -- --

Malathion 53 8 <.027 E.03 (IN1) <.027 .5 <.027 .63

Metolachlor 73 78 .04 .20 (CE3) .03 E78 .003 2.4

Myclobutanil 22 27 <.008 .04 (BR2) -- -- -- --

Simazine 53 40 <.005 .04 (IN1) .01 5.8 .01 9

Tebuthiuron 53 32 <.02 .12 (MI4) <.016 E.95 <.016 E2.8

Terbuthylazine 22 14 <.01 .62 (LI1) -- -- -- --

Stormflow samples Various streamflow conditions

2-Chloro-4-isopropyl-
amino-6-amino-s-
triazine (CIAT)

46 85 .03 .28 (KI6b) -- -- -- --

2-Chloro-2,6-
diethylacetanilide 

46 2 <.005 .02 (KI6b) -- -- -- --

3,4 Dichloroaniline 46 59 .01 .51 (MI7) -- -- -- --

4-Chloro-2-methylphenol 46 35 <.006 E.02 (MI7) -- -- -- --

Acetochlor 46 52 .01 1.1 (KI6b) <.005 25 <.004 .31

Alachlor 46 52 <.005 .73 (BL5) .001 11 <.005 .4
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Table 18.  Median and maximum concentrations of pesticide compounds detected at greater than laboratory reporting levels in 
base-flow and stormflow samples collected from selected Johnson County streams, northeastern Kansas, October 2002–June 2004, 
and samples collected nationwide for the U.S. Geological Survey's National Water-Quality Assessment cycle-I studies, 1992–2001.
—Continued

[μg/L, micrograms per liter; <, less than; E, estimated; --, category not reported] 

Compound

Johnson County study National Water-Quality Assessment cycle-
I studies1

1Minimum of 135 samples (data from Martin and others, 2003).

Concentration (μg/L) Concentration (μg/L)

Number of 
samples

Detection 
frequency 
(percent)

 Median

 Maximum 
(sampling site 

identifier, 
fig. 1)

Agricul-
tural 

median

Agricul-
tural 

maximum

Urban 
median

Urban 
maximum

Stormflow samples Various streamflow conditions

Atrazine 46 95 0.16 69 (KI6b) 0.071 E200 0.01 3.4

Benfluralin 46 37 <.01 .01 (IN6) <.01 .008 <.01 .022

Carbaryl 45 61 <.041 .29 (IN6) <.041 E5.2 E.004 E5.2

Chlorpyrifos 46 9 <.005 .02 (KI6b) <.005 .26 <.005 .3

DCPA 46 35 <.003 .01 (KI6b, MI7) -- -- -- --

Desulfinyl fipronil 46 59 .005 .01 (CE6) -- -- -- --

Diazinon 46 65 .01 .31 (CE6) <.005 2.5 .01 1.4

Dichlorvos 44 27 <.011 E.12 (IN6) -- -- -- --

Fipronil 46 76 .01 .06 (IN6 -- -- -- --

Fonofos 46 2 <.003 .02 (TU1) <.003 <.003 <.003 .084

Malathion 46 20 <.027 .03 (TU1) <.027 .5 <.027 .63

Metalaxyl 46 9 <.05 E.05 (CE6) -- -- -- --

Metolachlor 46 98 .03 1.7 (BL5) .03 E78 0 2.4

Myclobutanil 46 33 <.008 .04 (IN6) -- -- -- --

Pendimethalin 46 39 <.022 .09 (TU1) <.020 2 <.020 .37

Prometon 46 93 .02 .16 (MI7) .01 .25 .2 E25

Prometryn 46 4 <.005 .01 (BL5, MI7) -- -- -- --

Simazine 45 80 .01 4.6 (IN6) .01 5.8 .01 9

Tebuthiuron 46 20 <.016 .07 (MI7) <.016 E.95 <.016 E2.8

Terbuthylazine 45 7 <.01 .04 (MI7) -- -- -- --

Trifluralin 46 54 <.09 .02 (KI6b) <.09 .17 <.09 .037
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Figure 22.  Atrazine concentrations in base-flow samples, November 4–7, 2002, and July 14–18, 2003.
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Figure 22.  Atrazine concentrations in base-flow samples, November 4–7, 2002, and July 14–18, 2003.—Continued

samples exceeded 1.0 µg/L; all of which were from sites BL5 
and KI6b (downstream from predominantly nonurban land 
uses) collected during May in 2003 and 2004. Acetochlor, 
metolachlor, and simazine were the only other pesticides 
detected at larger than microgram-per-liter concentrations in 
stormflow samples.  In comparison to NAWQA median and 
maximum pesticide concentrations, stormflow samples from 
Johnson County streams had similar median values (with many 
nondetections) and smaller maximum values for all detected 
pesticide compounds (table 18).  Large pesticide concentrations 
in stormflow samples likely are related to sample timing with 
respect to spring pesticide applications; additional sampling 
can improve definition of pesticide occurrence in Johnson 
County streams.  

Wastewater-Indicator Compounds

Wastewater-indicator compounds are categorized as con-
stituents used in commercial, industrial, and residential envi-
ronments whose sources in freshwater typically are from treated 
and untreated sewage. Many of these constituents have shown 
the ability to persist in sewage treatment processes in small 
(microgram-per-liter) concentrations and discharge into 
streams.  The long-term effects of continuous exposure of 
humans and animals to different combinations of wastewater 
compounds currently (2005) are unknown; however, the effects 

of exposure to some individual constituents have been defined 
(Daughton and Ternes, 1999).  

Fifty-five organic wastewater-indicator compounds were 
analyzed in stream-water samples collected during base-flow 
synoptic surveys (tables 6 and 19).  Forty-four of these com-
pounds were detected in Johnson County streams. Fifteen com-
pounds were detected at concentrations greater than laboratory 
reporting levels and are the only compounds discussed in the 
body of this report.  

Every sample collected during base flow, with the excep-
tion of a sample from site KI7 collected during the November 
2002 survey, contained at least one wastewater compound 
(fig. 24A). Samples with the most wastewater compounds 
detected were either from WWTF discharge sites or from sites 
immediately downstream from WWTFs. Acetyl-hexamethyl-
tetrahydro-napthalene (AHTN), caffeine, DEET, nonylphenol-
diethoxylate, and tris(2-butoxyethyl) phosphate made up 
greater than 50 percent of the total wastewater compound con-
centrations in 59 of 73 base-flow samples. 

The largest total concentrations of wastewater compounds 
(fig. 24B) were in base-flow samples from sites at or immedi-
ately downstream from trickling-filter WWTF discharges 
(sites MI2, TO3, TU3; table 3).  Upstream from WWTF dis-
charges, a Mann-Whitney test of independent groups showed 
that base-flow samples from sites with mostly urban watersheds 



Stream-Water-Quality Conditions  69

0.01

0.1

1.0

10

100

To
ta

l p
es

tic
id

e 
co

nc
en

tra
tio

n,
 in

 m
ic

ro
gr

am
s 

pe
r l

ite
r

0

5

10

15

20

25

Oct. Nov. Dec. Jan. Feb.

2002 2003 2004

Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May June

N
um

be
r o

f p
es

tic
id

e 
de

te
ct

io
ns

Stormflow sampling
sites (fig. 1)

EXPLANATION

BL5
CE6
IN6

KI6b
MI7
TU1

Oct. Nov. Dec. Jan. Feb.

2002 2003 2004

Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May June

A.  Number of detections

B.  Total concentration

Figure 23.  (A) Number of pesticide compound detections and (B) total concentrations in stormflow samples, 
February 2003–June 2004.
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Table 19.  Organic wastewater-indicator compounds analyzed in stream-water samples from selected streams in Johnson 
County, northeastern Kansas, October 2002–June 2004. 

[PAH, polycyclic aromatic hydrocarbon]

Compound Possible compound uses or sources1

1,4-Dichlorobenzene Moth repellent, fumigant, deodorant metabolite   

1-Methylnaphthalene 2–5 percent of gasoline, diesel fuel, or crude oil 

2,6-Dimethylnaphthalene Present in diesel/kerosene (trace in gasoline)

2-Methylnaphthalene 2–5 percent of gasoline, diesel fuel, or crude oil

3-Beta-coprostanol Carnivore fecal indicator

3-Methyl-1(H)-indole (Skatol) Fragrance, stench in feces and coal tar

3-Tert-Butyl-4-hydroxy anisole (BHA) Antioxidant, general preservative

4-Cumylphenol Nonionic detergent metabolite

4-Nonylphenol Nonionic detergent metabolite

4-Octylphenol Nonionic detergent metabolite

4-Tert-octylphenol Nonionic detergent metabolite

5-Methyl-1H-benzotriazole Antioxidant in antifreeze and deicers

9,10-Anthraquinone Bird repellent, manufactured dye/textiles, seed treatment 

Acetophenone Fragrance in detergent and tobacco, flavor in beverages

Acetyl-hexamethyl-tetrahydro-naphthalene Musk fragrance (widespread usage), persistent in ground water

Anthracene Wood preservative, component of tar, diesel, or crude oil, combustion product

Benzo A Pyrene Regulated PAH, used in cancer research, combustion product

Benzophenone Fixative for perfumes and soaps

beta-Sitosterol Plant sterol

beta-Stigmastanol Plant sterol

Bisphenol A Manufactured polycarbonate resins, antioxidant, flame retardant

Bromacil Herbicide, pesticide, greater than 80 percent noncrop usage 

Caffeine Beverages, diuretic, very mobile/biodegradable

Camphor Flavor, odorant, ointments

Carbazole Component of coal tar, oil, petroleum products

Cholesterol Often a fecal indicator, plant sterol

Cotinine Primary nicotine metabolite

DEET (N,N-diethyl-meta-toluamide) Insecticide, urban uses, mosquito repellent

d-Limonene Fungicide, antimicrobial, antiviral, fragrance

Fluoranthene Component of coal tar and asphalt, combustion product

Hexahydro-hexamethyl-cyclopentabenzopyran 
(HHCB)

Musk fragrance (widespread usage), persistent in ground water

Indole Pesticide inert ingredient, fragrance in coffee

Isoborneol Fragrance in perfumery, disinfectants

Isophorone Fragrance in perfumery, disinfectants

Isopropyl benzene (Cumene) Manufactured phenol/acetone, fuels, and paint thinner
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Table 19. Organic wastewater-indicator compounds analyzed in stream-water samples from selected streams in Johnson 
County, northeastern Kansas, October 2002–June 2004.—Continued 

[PAH, polycyclic aromatic hydrocarbon]

Compound Possible compound uses or sources1

1From Zaugg and others (2002).

Isoquinonline Flavors and fragrances

Menthol Cigarettes, cough drops, liniment, mouthwash

Methyl salicylate Liniment, food, beverage, ultraviolet-absorbing lotion

Naphthalene Fumigant, moth repellent, major component of gasoline

Nonylphenol- diethoxylate Nonionic detergent metabolite

Octylphenol-diethoxylate Nonionic detergent metabolite

Octylphenol-ethoxylate Nonionic detergent metabolite

Para-Cresol Wood preservative

Pentachlorophenol Herbicide, fungicide, wood preservative, termite control

Phenanthrene Manufactured explosives, component of tar, diesel fuel, crude oil, combustion 
byproduct

Phenol Disinfectant, manufacture of several products, leachate

Pyrene Component of coal tar and asphalt (only traces in gasoline or diesel fuel), 
combustion product 

Tetrachloroethylene Solvent, degreaser, veterinary anthelminitic

Tributylphosphate Antifoaming agent, flame retardant

Triclosan Disinfectant, antimicrobial

Triethyl citrate Cosmetics, pharmaceuticals

Triphenyl phosphate Plasticizer, resin, wax, finish, roofing paper, flame retardant

Tris(2-butoxyethyl) phosphate (TBEP) Plasticizer, floor polish, flame retardant

Tris(2-chloroethyl) phosphate (Fyrol CEF) Flame retardant, plasticizer

Tris(dichlorisopropyl) phosphate (Fyrol PCF) Flame retardant

(sites BR1, BR2, DY1, IN1, IN2, MI1, TO1, TO2, TU1, TU2; 
table 4; fig. 2) had significantly larger (p value less than 0.05) 
median concentrations (6.1 µg/L) of wastewater compounds 
than samples from sites in mostly nonurban watersheds 
(sites BL3, BL4, BL5, CE1, CE2, KI1, MI5, MI6) (2.4 µg/L).  
These larger concentrations indicate that additional sources 
(other than WWTFs) of wastewater compounds exist in urban 
watersheds. These sources could range from leaking sewage 
lines, illicit discharges, atmospheric deposition, ground water, 
or interaction between stream water and streambed sediment. 

Concentrations in Johnson County stream-water samples 
were compared to data from USGS studies performed by 
Kolpin and others (2002) and Lee and others (2004). Both of 
these studies analyzed wastewater compounds and pharmaceu-
ticals from whole-water samples (this study used filtered water 
samples). Lee and others (2004) observed that whole- and fil-
tered-water analyses found similar concentrations for most 
wastewater and pharmaceutical compounds in a Minnesota 
study; however, some compounds had smaller concentrations in 
filtered-water analyses due to adsorption to suspended 

sediment. Thus, values from these studies may have larger 
concentrations of some contaminants due to the inclusion of 
sediment-bound and dissolved contaminants. In addition, each 
of these studies had different sampling designs. Kolpin and oth-
ers (2002) did not directly sample WWTF discharges; thus, con-
centrations in the Johnson County study reported herein may be 
larger due to the direct sampling of WWTF discharges. Lee and 
others (2004) sampled wastewater compounds collected in 
WWTF influent, effluent, landfill and feedlot lagoon leachate, 
surface water, ground water, and WWTF discharges. Concen-
trations from these samples may be larger than concentrations 
in the Johnson County study due to the sampling of raw sewage.

Several of the compounds in Johnson County base-flow 
samples (table 20) were detected at larger maximum concentra-
tions than those reported in a nationwide reconnaissance of 
pharmaceuticals, hormones, and other organic wastewater-
indicator contaminants conducted in 1999–2000 (Kolpin and 
others, 2002). Although Lee and others (2004) sampled raw 
sewage, the compounds caffeine, nonylphenol-diethoxylate, 
and tris(2-butoxyethyl) phosphate were detected at larger 
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Figure 24.  (A) Number of organic wastewater-indicator compound detections and (B) total concentrations 
in base-flow samples, November 4–7, 2002, and July 14–18, 2003.
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Table 20.  Median and maximum concentrations of organic wastewater-indicator compounds detected at concentrations larger than laboratory reporting levels in 
base-flow samples from selected Johnson County streams, northeastern Kansas, November 4–7, 2002, and July 14–18, 2003, and samples collected nationwide by the 
U.S. Geological Survey (Kolpin and others, 2002), 1999–2000, and in Minnesota (Lee and others, 2004), 2000–02.

[<, less than; E, estimated; --, not analyzed]

Wastewater compound Category Number of 
samples

Detection 
frequency 
(percent)

Concentration (micrograms per liter)

Median 
Johnson 
County 
study1

1Analyzed filtered water samples.

Maximum Johnson County 
study1 (sampling site 

identifier, fig. 1)

Median from 
Kolpin and 

others2 
(2002)

2Analyzed whole water samples.

Maximum 
from Kolpin 
and others2 

(2002)

Maximum 
from Lee and 

others3 
(2004)

3Analyzed whole and filtered water samples.

3-beta-coprostanol fecal indicator 73 14 <1 5.0 (TO3, TU3) 0.7 9.8 81

4-nonylphenol (4-NP) detergent metabolite 73 59 <5 E17 (TU3) .8 40 56

Acetyl-hexamethyl-tetrahydro-
napthalene (AHTN)

fragrance 73 52 <.5 2.3 (MI2) -- -- 5.3

beta-Sitosterol plant sterol 73 27 <2 3.0 (IN6, MI7, TO3) -- -- 36

beta-Stigmastanol plant sterol 73 57 <2 4.0 (MI7) 2.0 4.0 5.7

Caffeine diuretic 73 78 <.5 12 (TO3) .1 5.7 .5

Cholesterol fecal indicator, plant sterol 73 36 <2 10 (TO3) 1 10 130

Menthol additive in cigarettes 73 15 <.5 1.4 (TO3) -- -- 96

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

insecticide 73 88 <.5 3.7 (TU3) .1 1.1 47

Nonylphenol-diethoxylate 
(NPEO2)

detergent surfactant 73 90 <5 63 (TU3) 1 9 42

Phenol disinfectant 73 33 <.5 1.8 (TO3) E.7 E1.3 --

Triclosan disinfectant, antimicrobial 73 5 <1 2.0 (TO3, TU3)) .1 2.3 4.3

Tris(2-butoxyethyl) 
phosphate (TBEP)

flame retardant, floor 
polish 

73 66 <.5 27 (TU3) .5 6.7 5.3

Tris(2-chloroethyl) phosphate flame retardant, plasticizer 73 64 <.5 .6 (BL6, IN3, MI2, MI3) .1 .5 9.2

Tris(dichloroisopropyl) phosphate flame retardant 73 64 <.5 .6 (IN3) .1 .2 2.5
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maximum concentrations in samples from selected Johnson 
County trickling-filter WWTF discharges (sites TO3 and TU3).  
Several of the wastewater compounds were not detected down 
stream from WWTF discharges in Johnson County, indicating 
adsorption to sediment, biodegradation, and (or) degradation to 
metabolites not analyzed in this study.  

Thirty-six of the 55 wastewater compounds analyzed were 
detected in stormflow samples; however, only 10 of 55 were 
detected at concentrations larger than laboratory reporting lev-
els. Samples from urban sites (site TU1, 20 detections; site IN6, 
18 detections) averaged the most detections of wastewater com-
pounds, whereas samples from nonurban site KI6b averaged the 
least (4) (fig. 25).  

The wastewater compounds that were detected at concen-
trations larger than laboratory reporting levels in stormflow 
samples generally had smaller concentrations compared to 
base-flow samples, likely due to dilution of WWTF point 
sources.  Caffeine, DEET, and nonylphenol-diethoxylate 
(NPEO2) were the only compounds detected in samples from 
the majority of stormflow sites, and 9, 10-anthraquinone, caf-
feine, carbazole, NPEO2, and tris(2-butoxyethyl) phosphate 
were the only wastewater compounds detected at concentra-
tions larger than laboratory reporting levels and larger than 
microgram-per-liter levels. 9,10-anthraquinone and carbazole 
were detected in the largest concentrations (of all stream-water 
samples) in stormflow samples from site TU1 on April 20, 
2004. These concentrations were also larger than maximum 
detections found by Kolpin and others (2002) and Lee and oth-
ers (2004).

Wastewater compounds analyzed in Johnson County 
stream water can be broadly categorized as detergent metabo-
lites, flame retardants and plasticizers, fragrances, caffeine, 
insecticides/bird repellents/petroleum compounds, and sterols 
and stanols. Each of these categories are discussed in the 
following sections.

Detergent Metabolites

Alkylphenol ethoxylates (APEOs) are a class of surfac-
tants used in commercial, industrial, and residential applica-
tions.  Octylphenol ethoxylates (OPEOs) and nonylphenol 
ethoxylates (NPEOs) are two of the most common surfactants 
in the marketplace and are used in domestic detergents, pesti-
cide formulations, and in industrial products (Ying and others, 
2002).  NPEOs comprise 80 percent of the worldwide market, 
whereas OPEOs comprise 20 percent (White and others, 1994). 
NPEOs were the only detergent metabolites detected at greater 
than laboratory reporting levels in Johnson County streams and 
thus are the only APEOs discussed in this report. 

Degradation of NPEOs in WWTFs or in the environment 
often results in formation of shorter chain compounds such as 
nonylphenol mono-, di-, and triethoxylate and 4-nonylphenol 
(4-NP) (Giger and others, 1984).  Shorter chain compounds 
such as 4-NP are typically the most persistent, toxic, and estro-
genic compounds of the detergent metabolites (Routedge and 
Sumpter, 1997).  4-NP has been found to cause estrogenic 

effects in fish such as increasing vitellogenin production and 
inhibiting testicular growth in male fish (Soto and others, 1991; 
Jobling and Sumpter, 1993; White and others, 1994; Jobling 
and others, 1996).  USEPA has released a draft criteria on the 
occurrence of 4-NP in freshwater.  These criteria establish acute 
toxicity (55.7 µg/L) and chronic toxicity (5.9 µg/L) guidelines 
for 4-NP in freshwater (U.S. Environmental Protection Agency, 
2003).  The acute toxicity criterion describes the concentration 
below which 4-NP should not be lethal; the chronic toxicity cri-
terion describes the concentration below which most species 
should not be affected (U.S. Environmental Protection Agency, 
2003).

NPEO2 and 4-NP concentrations were largest in samples 
from the effluent of trickling-filter WWTFs (sites MI2, TO3, 
TU3; table 3), and the largest NPEO2 and 4-NP concentrations
were in samples collected during the July 2003 synoptic survey 
in the Turkey Creek watershed at WWTF discharge site TU3 
(63 and 17 µg/L, respectively) (table 20).  The maximum 
NPEO2 concentration (63 µg/L at site TU3; fig. 26) was larger 
than any detected by Kolpin and others (2002) or by Lee and 
others (2004).  This large concentration may due to large influ-
ent concentrations levels, poor removal by trickling-filter treat-
ment processes, and (or) poor removal due to individual 
treatment facility characteristics.  Trickling-filter WWTFs have 
been shown to be less efficient in the removal of detergent 
metabolites (Phillips and others, 2004).

NPEO2 concentrations exceeded 4-NP concentrations in 
all base-flow samples, with more frequent detections and larger 
maximum values.  NPEO2 was detected in 66 of 73 samples, 
up- and downstream from WWTF discharges and in urban and 
nonurban areas.  4-NP concentrations exceeded USEPA draft 
chronic toxicity criterion (5.9 µg/L) in five samples; all either 
were collected at or downstream from WWTF sites MI2 or 
TU3.  NPEO2 and 4-NP concentrations decreased downstream 
from WWTF discharges.  NPEO metabolites have large 
octanol-water partitioning coefficients (log Kow from 4.0 to 
4.5), indicating that they are likely to partition to sediment fol-
lowing discharge from WWTFs (Ying and others, 2002).  Rapid 
loss of NPEO2 and 4-NP downstream from sources suggests 
degradation to metabolites and (or) adsorption from stream 
water to streambed sediment. 

Other than in base-flow WWTF discharge samples, 
NPEO2 concentrations in stormflow samples were the largest 
during spring 2004 (fig. 27).  A sample collected on March 4, 
2004, from site TU1 (upstream from WWTF discharges) had 
the largest NPEO2 concentration (51 µg/L) in stormflow sam-
ples. Although concentrations of NPEO2 were not significantly 
different in base- and stormflow samples (p value = 0.08), esti-
mated hourly loads of stormflow samples were significantly 
larger (p value less than 0.01) (fig. 28). Large NPEO2 concen-
trations and loads in stormflow samples indicate that there were 
significant nonpoint sources of these compounds. NPEOs are 
used in agricultural pesticides; however, large concentrations of 
pesticides were not found in the samples in conjunction with 
large NPEO2 concentrations.  It is possible that large surfactant 
concentrations could have been related to sources from septic 
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Figure 25.  (A) Number of organic wastewater-indicator compound detections and (B) total compound 
concentrations in stormflow samples, February 2003–April 2004.
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Figure 26.  Nonylphenol-diethoxylate concentrations in base-flow samples, November 4–7, 2002, and July 14–18, 2003.
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Figure 26.  Nonylphenol-diethoxylate concentrations in base-flow samples, November 4–7, 2002, and July 14–18, 2003.—Continued
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April 2004.

systems, sanitary sewer overflows, leaking sewer lines, or illicit 
discharges.  Industrial applications comprise 55 percent of the 
APEO market, remaining uses include institutional cleaning 
products (30 percent) and household cleaning products (Ying 
and others, 2002). All 4-NP concentrations in stormflow sam-
ples were less than the laboratory reporting level (5 µg/L) and, 
therefore, less than USEPA draft chronic toxicity criterion 
(5.9 µg/L). 

Flame Retardants and Plasticizers

Tris(2-butoxyethyl) phosphate (TBEP), tris(2-chloroethyl) 
phosphate, and tris(dichlorisopropyl) phosphate are flame retar-
dants and plasticizers that were detected at concentrations 
larger than laboratory reporting levels.  TBEP was detected at 
the largest concentrations and was the only compound in this 
category detected at concentrations larger than 1 µg/L.  TBEP is 
used primarily as an ingredient in floor polishes and as a 
plasticizer in rubber and plastics.  TBEP is expected to adsorb 
to sediment (Kow = 4.8) and degrade to metabolites quickly 
after input into surface water (World Health Organization, 
2000).  

The largest TBEP concentrations were found in base-flow 
samples collected from WWTF discharges.  Three of the four 

largest TBEP concentrations in samples from WWTF 
discharges were collected at trickling-filter WWTF sites MI2 
(5.3 µg/L), TO3 (15 µg/L), and TU3 (27 µg/L).  Samples from 
site MI1 (7.4 µg/L) contained the largest TBEP concentration 
collected upstream from WWTF discharges during the Novem-
ber synoptic survey.  Sources of this concentration are 
unknown; TBEP was not detected in the base-flow sample col-
lected from site MI1 during the July 2003 synoptic survey.  Five 
Johnson County samples contained concentrations that 
exceeded maximum TBEP levels found by Kolpin and others 
(2002), and seven samples exceeded concentrations found by 
Lee and others (2004) (table 20).  Five of the seven concentra-
tions were in samples collected at or downstream from trick-
ling-filter WWTFs (sites TO3 and TU3).  Large TBEP concen-
trations in samples collected from these sites may be related to 
larger concentrations in WWTF inflows and (or) to poor 
removal using trickling-filter secondary treatment processes. 
TBEP was the only flame retardant or plasticizer in stormflow 
samples detected at concentrations larger than the laboratory 
reporting levels (0.5 µg/L).  TBEP was detected at concentra-
tions larger than laboratory reporting levels at site TU1 
(2.7 µg/L, April 20, 2004, and 0.8 µg/L, March 4, 2004), site 
CE6 (0.8 µg/L, February 14, 2003), site IN6 (0.7 µg/L, June 2, 
2003), and site MI7 (0.6 µg/L, August 30, 2003).  With the 
exception of Cedar Creek, these sites are downstream from 
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predominantly urban or urbanizing watersheds, which are more 
likely to contain leaking sewer lines and (or) easily transport-
able spillage of floor polishes, flame retardants, or plasticizers, 
the primary sources of TBEP.  

Fragrances

Acetyl-hexamethyl-tetrahydro-napthalene (AHTN) was 
the only fragrance compound detected at concentrations larger 
than laboratory reporting levels.  AHTN is a polycyclic syn-
thetic musk used in a variety of personal care products including 
detergents, perfumes, and shampoos; thus, WWTF discharges 
are expected to be the primary sources of AHTN.  AHTN has 
been found to persist after wastewater treatment and has a large 
Kow value (5.7), making it likely to accumulate in both 
streambed sediment and fish tissue (Heberer and others, 2001).  
Although the aquatic effects of AHTN are generally unknown, 
AHTN has been found to cause estrogenic activity in human 
breast cancer cells (Bitsch and others, 2002).

AHTN concentrations were largest in base-flow samples 
from WWTF sites; the two largest AHTN concentrations were 
in samples from trickling-filter facilities (site MI2, 2.3 µg/L, 
July 16, 2003, and site TU3, 2.2 µg/L, July 16, 2003).  AHTN 
concentrations decreased rapidly in samples downstream from 
WWTFs, likely because of adsorption to streambed sediment 
and (or) biodegradation.  AHTN was not studied by Kolpin and 
others (2002), and maximum Johnson County concentrations 
were smaller than those found by Lee and others (2004) 
(table 20).  AHTN was detected only in samples from two sites 
(DY1, IN1) upstream from WWTF discharges; concentrations 
in all samples were estimated at 0.1 µg/L, less than the labora-
tory reporting level of 0.5 µg/L.  AHTN was detected at less 
than the laboratory reporting level in 8 of 20 stormflow samples 
in samples from sites CE6, IN6, MI7, and TU3.  

Caffeine

Caffeine was detected in 78 percent of Johnson County 
base-flow samples.  Caffeine is a popular stimulant and is 
present in coffee, soda, pharmaceuticals, and a variety of other 
commercially available products.  Caffeine is very mobile and 
is expected to stay in solution and migrate through soils (Seiler 
and others, 1999).  Caffeine has been shown to be an effective 
marker of human-related effects in surface water (Buerge and 
others, 2003).  

Caffeine concentrations were largest in samples from 
trickling-filter WWTF sites TO3 (12 µg/L) and TU3 (10 µg/L).  
Maximum caffeine concentrations in samples from sites IN1, 
TO3, and TU3 exceeded maximum concentrations in studies by 
Kolpin and others (2002) and Lee and others (2004) (table 20). 
Although influent concentrations are not known, treatment pro-
cesses are considered to be important in affecting caffeine 
removal (Buerge and others, 2003).  Comparing mean concen-
trations in samples from WWTFs with similar capacities (10 to 
15 Mgal/d), samples from trickling-filter discharge (sites TO3 

and TU3) had much larger mean caffeine concentrations 
(9.1 µg/L) than samples from activated-sludge discharge 
(site IN3, design flow 9.0 Mgal/d, less than 0.5 µg/L).  

Base-flow samples collected during the November 2002 
synoptic survey from sites upstream from WWTF discharges 
in urban areas, sites BR1 (0.6 µg/L), DY1 (0.9 µg/L), IN1 
(6.9 µg/L), IN2 (1.8 µg/L), MI1 (0.6 µg/L), and TU1 (0.7 µg/L), 
also had caffeine concentrations larger than the laboratory 
reporting level.  Concentrations in samples upstream from 
WWTF discharges during the November 2002 synoptic survey 
were likely due to nonpoint sources of caffeine such as leaking 
sewage lines or spilled caffeinated beverages.  For example, an 
average cup (8 oz) of coffee contains 250 mg of caffeine, so at 
a hypothetical site with an average streamflow of 1 ft3/s, 1 cup 
of coffee, perfectly poured and distributed throughout the 
stream over 1 hour, would result in a consistent concentration of 
2.5 µg/L of caffeine.  Thus, very small inputs of caffeine from 
coffee, soda, or other sources can cause microgram-per-liter 
concentrations of caffeine in small urban streams during base-
flow conditions.  

Caffeine was detected in 15 of 20 stormflow samples, two 
of which (site TU1, 1.9 µg/L, April 20, 2004, and site MI7, 
0.7 µg/L, February 14, 2003) had concentrations larger than the 
laboratory reporting level (0.5 µg/L). Potential sources of caf-
feine during stormflow conditions include leaking sewage lines, 
sanitary sewer overflows, and nonpoint spillage of products 
containing caffeine. The widespread detections in base- 
and stormflow samples indicate that caffeine generally is 
ubiquitous in Johnson County streams, especially in more 
urban watersheds. 

Insecticides/Bird Repellents/Petroleum Compounds

The insecticide DEET was detected at concentrations 
larger than the laboratory reporting level (0.5 µg/L) in Johnson 
County base-flow samples.  DEET is a commonly used insecti-
cide for control of mosquitos, flies, and ticks.  There is little 
information on the transport and degradation of DEET in sur-
face water, but DEET has been shown to have low acute toxicity 
to humans and aquatic life (U.S. Environmental Protection 
Agency, 1998a).  Likely sources of DEET include contributions 
from laundry and bathing inputs to WWTFs.  

During base-flow conditions, DEET was detected at con-
centrations larger than the laboratory reporting level only in 
samples collected during the July 2003 synoptic survey and 
then only in samples collected at or immediately downstream 
from trickling-filter WWTFs (site MI2, 1.4 µg/L; site TO3, 
3.0 µg/L; and site TU3, 3.7 µg/L).  These concentrations were 
larger than maximum values found by Kolpin and others (2002) 
but were much less than maximum values found by Lee and 
others (2004) (table 20). The occurrence of DEET primarily 
during the July 2003 synoptic indicates that increased summer 
use of DEET corresponds to increased concentrations in 
Johnson County streams. Secondary treatment processes again 
appear to be a dominant factor in the occurrence of DEET in 
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stream water; samples of discharge from activated-sludge 
treatment facilities did not contain a detection of DEET larger 
than the laboratory reporting level during either base-flow 
synoptic survey.

DEET was detected in 15 of 20 stormflow samples; how-
ever, only 1 sample (site IN6, 0.6 µg/L, June 2, 2003) had a 
detection larger than the laboratory reporting level (0.5 µg/L).  
The large number of detections indicate that DEET sources are 
widespread throughout Johnson County, at both urban and non-
urban sites; however, the samples from the most urban sites 
(sites IN6, MI7, and TU1) had detections of DEET in every 
stormflow sample.

9,10-Anthraquinone is a bird repellent and also is used in 
manufactured dyes and textiles. 9,10-Anthraquinone was 
detected only at concentrations larger than laboratory reporting 
levels in selected urban stormflow samples (site IN6, 0.9 µg/L, 
June 2, 2003, and site TU1, 0.9 µg/L, April 19, 2003, 0.8 µg/L, 
March 4, 2004, 3.2 µg/L, April 20, 2004). Detections of this 
compound in stormflow samples from urban watersheds sug-
gest that sources of this compound are nonpoint, possibly from 
application of the compound as a geese repellent or by degrada-
tion of anthracene (component of coal tar, combustion 
byproduct) (U.S. Environmental Protection Agency, 2005b). 

Carbazole is an product in coal-tar creosote found in crude 
oil and is a potential mutagen (Benedik and others, 1998). Car-
bazole was only detected at a concentration larger than 
laboratory reporting levels in one stormflow sample (site TU1, 
1.8 µg/L, April 20, 2004) likely due to street runoff containing 
coal tar (from street paving and roof usage) and petroleum 
byproducts (oil and gasoline). Carbazole had six total detections 
in stormflow samples, all at sites with the most impervious sur-
face area (sites IN6, MI7, and TU1, table 5).

Sterols and Stanols

The sterols and stanols 3-beta-coprostanol (coprostanol), 
beta-sitosterol (sitosterol), beta-stigmastanol (stigmastanol), 
and cholesterol were detected at concentrations larger than lab-
oratory reporting levels in Johnson County streams.  Copro-
stanol is produced by microbial reduction of cholesterol in some 
mammals and humans and has been found to be a reliable fecal 
indicator (Leeming and others, 1996; Chan and others, 1998; 
Isobe and others, 2002). Sitosterol and stigmastanol generally 
are found in the epicuticular waxes of vascular plants as well as 
in pulp from papermills (Weete, 1976; Cook and others, 1997). 
Cholesterol is associated primarily with animal fecal material 
(Lee and others, 2004). All coprostanol and cholesterol detec-
tions larger than laboratory reporting levels in base-flow 
samples were collected at sites at, and downstream from, trick-
ling-filter WWTFs (site MI2, 2.0 and 3.0 µg/L, respectively; 
site TO3, 5.0 and 10 µg/L, respectively; and site TU3, 5.0 and 
8.0 µg/L, respectively), indicating that WWTF treatment pro-
cesses may affect the occurrence of these compounds.  
Sitosterol and stigmastanol did not have an obvious detection 
pattern and were detected in the largest concentrations in base-

flow samples from site MI7 (3.0 and 4.0 µg/L, respectively) and 
site TO3 (3.0 and 3.0 µg/L, respectively).

Sterols and stanols were not detected at concentrations 
larger than laboratory reporting levels in stormflow samples, 
with the exception of one cholesterol value at site MI7 
(3.0 µg/L, August 30, 2003).  Coprostanol was estimated at 
concentrations less than laboratory reporting levels in 2 of 
20 samples, sitosterol in 4 of 20 samples, stigmastanol in 5 of 
20 samples, and cholesterol in 7 of 20 samples.  Samples with 
detections less than laboratory reporting levels did not appear to 
be more or less frequent at any one of the stormflow sites.

Pharmaceutical Compounds

Ten sites were sampled for 22 pharmaceutical compounds 
(table 6) exclusively during base-flow synoptic surveys; no 
stormflow samples were analyzed for pharmaceuticals.  Caf-
feine data were excluded from this analysis because of duplicate 
analysis in wastewater compound methodologies.  Sites BL6, 
BL7, BR2, CE1 (only during July 2003 synoptic), IN2, IN3, 
IN4, MI7, TU2, and TU3 were sampled for pharmaceutical 
compounds. The number of pharmaceutical detections and total 
pharmaceutical concentrations were largest in WWTF dis-
charge samples and in samples from sites downstream from 
WWTF discharges (sites BL7, IN4, MI7) (fig. 29). Samples 
from a trickling-filter WWTF (site TU3) had the largest total 
concentrations of pharmaceutical compounds.    

Cotinine was the only pharmaceutical compound detected 
in samples from every site.  Cotinine is formed when the human 
body metabolizes nicotine, a component of cigarette smoke.  
The largest cotinine concentrations were found in samples from 
site TU3 (0.74 µgL, November 7, 2002; 0.63 µg/L, July 16, 
2003); samples from all other sites had cotinine concentrations 
less than 0.1 µg/L. The largest concentrations of many pharma-
ceutical compounds were found in samples from site TU3, 
including acetaminophen (2.9 µg/L, November 7, 2002; 
2.6 µg/L, July 16, 2003) and 1,7-dimethylxanthine (caffeine 
metabolite) (4.3 µg/L, November 7, 2002; 5.1 µg/L, July 16, 
2003).  All other pharmaceuticals were detected at less than 
microgram-per-liter levels and generally had the largest con-
centrations in samples from WWTF sites BL6, IN3, or TU3.  

Streambed-Sediment Quality 

Streambed-sediment samples (15 total) were collected 
from 15 sites in nine watersheds (sites BI1, BL3, BL5, CA1, 
CE1, CE6, IN3a, IN6, KI5, KI6b, MI1, MI4, MI7, TO2, and 
TU1) to determine contaminant source areas, to evaluate con-
taminant fate and transport, and to estimate the toxicity of 
streambed sediment.  Eight of the 15 sites were located down-
stream from municipal WWTF discharges.  Sediment was 
sieved to less than 63 µm to eliminate sediment-size effects on 
chemical concentrations.  A variety of constituents, such as 
trace elements, bacteria, and organic compounds, often occur in 
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flow samples, November 4–7, 2002, and July 14–18, 2003.
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larger concentrations in sediment than in the overlying water 
column (Van Donsel and Geldreich, 1971; Horowitz, 1991).  
Contaminated sediment can be toxic to benthic organisms and 
can bioaccumulate in fish and mammals (U.S. Environmental 
Protection Agency, 2000a).  

USEPA (1998b) has established two sets of sediment-
quality guidelines for selected trace elements and organic com-
pounds—the threshold effects level (the TEL) and the probable 
effects level (PEL).  These guidelines are used for compari-
son with constituents analyzed from Johnson County streambed 
sediment.  The smaller of the two guidelines (TEL) is used to 
represent the concentrations below which toxic effects rarely 
occur.  In the range between the TEL and PEL, toxic effects 
occasionally occur, and above the PEL guideline toxic effects 
frequently occur.  The guidelines are used by USEPA as screen-
ing tools and do not have regulatory implications. This caution-
ary statement is made because, although biological-effects 
correlation to trace element concentrations identifies levels-of-
concern concentrations associated with the likelihood of 
adverse organism response, the particular procedure used may 
not demonstrate that a particular chemical is solely responsible.  
Biological-effects correlations may not indicate direct cause-
and-effect relations because sediment samples may contain a 
mixture of chemicals that contribute to adverse effects in vary-
ing degrees.  Therefore, for any given site, these guidelines may 
be over- or underprotective (U.S. Environmental Protection 
Agency, 1998b).

Sediment-quality analysis is divided into six sections— 
total organic carbon and nutrients, trace elements, bacteria, pes-
ticides (including certain pesticides and pesticide degradation 
products), wastewater compounds, and pharmaceutical com-
pounds. Complete results of analysis of all streambed-sediment 
quality samples are available on the USGS Web site 
(http://ks.water.usgs.gov/Kansas/studies/qw/joco) and are on 
file with USGS in Lawrence, Kansas.

Total Organic Carbon and Nutrients

Large concentrations of organic carbon in streambed sedi-
ment are indicative of organic enrichment and can have a sub-
stantial effect on the chemical makeup of sediment.  Organic 
carbon forms complexes with metal species and improves 
adsorption of many contaminants (Horowitz, 1991).  Total 
organic carbon concentrations ranged from 8,000 mg/kg in a 
sample from site TU1 to 61,000 mg/kg in a sample from 
site BI1. 

Major sources of nutrients in freshwater sediment include 
fertilizers, livestock production, WWTFs, and septic systems.  
There are currently (2005) no published guidelines for nutrients 
in freshwater sediment. Total nitrogen concentrations in 
Johnson County streambed-sediment samples ranged from 
1,000 mg/kg (sites BL3 and TU1) to 6,800 mg/kg (site BI1) 
(fig. 30).  Total phosphorus concentrations ranged from 
620 mg/kg (site CA1) to 2,600 mg/kg (site BI1).  WWTF dis-
charges were a likely source of the large nutrient 
concentrations; samples from sites with the two largest 

concentrations (sites BI1 and IN3a) were both collected 
downstream from WWTF discharges.  

Trace Elements 

Trace elements are important constituents of concern in 
sediment because of their potential toxicity to living organisms.  
Trace elements analyzed in streambed sediment are listed in 
table 6.  Many trace elements originate naturally in rock forma-
tions.  However, automobile emissions, human and animal 
waste, fertilizers, liming materials, pesticides, as well as resi-
dential and industrial uses comprise potential sources of trace 
elements in streambed sediment.  

Many streambed-sediment samples had trace element con-
centrations that exceeded TELs for several of the nine trace ele-
ments with sediment-quality guidelines; however, of these nine 
trace elements, only two analytes exceeded PEL guidelines 
(fig. 31).  Samples from sites BI1 (downstream from WWTF, 
nonurban use), CE1 (downstream from limestone quarry), and 
IN6 (downstream from WWTF, urban use) had trace element 
concentrations larger than the TEL criteria in seven of nine sam-
ples, whereas samples from urban sites upstream from WWTF 
discharges (sites MI1, TO2, and TU1) had concentrations larger 
than the TEL in six of nine samples.  The PEL for nickel 
(42.8 µg/kg) was exceeded in a sample from site CE1 
(43 µg/kg). Nickel concentrations in Lake Olathe bottom sedi-
ment were 39 µg/kg (Mau, 2000). Limestone quarries upstream 
from sites CE1, MI1, TO2, and TU1 could be the source of ele-
vated nickel concentrations in streambed sediment; however 
average nickel concentrations in eastern Kansas limestones 
have been found to be 10 mg/kg (Runnels and Schleicher, 
1956).  The PEL for silver (1.77 µg/kg) was exceeded in a sam-
ple from site IN3a (2.3 µg/kg).  Sources of silver found in waste-
water discharge most likely are from photographic 
contributions (Shakibaie and others, 1999). 

Bacteria

Fecal coliform, Escherichia coli (E. coli), and enterococci are 
indicator bacteria typically used to represent the pathogenicity 
of surface water.  There are no USEPA guidelines or typical 
background densities published for indicator bacteria in fresh-
water streambed sediment.  Indicator bacteria densities have 
been found to be 100 to 1,000 times larger at the mud/surface-
water interface than in the overlying water column (Van Donsel 
and Geldreich, 1971).  Fecal coliform bacteria have been 
observed to reproduce in streambed sediment and have shown 
improved survival rates in smaller particle-size sediment.  In 
addition, fecal coliform bacteria have shown higher mortality 
rates in sediment than fecal streptococci bacteria, a bacteria 
class similar in structure to that of enterococci (Howell and oth-
ers, 1996).

The largest fecal coliform and E. coli densities in Johnson 
County streambed sediment were in a sample from site IN3a, 
the site located closest to a WWTF discharge (fig. 32).  Samples 
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March 31–April 3, 2003.
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streambed-sediment samples, March 31–April 3, 2003.

from urban and nonurban sites exhibited different enterococci/ 
fecal coliform ratios.  Samples from urban sites (IN3a, IN6, 
MI1, MI4, MI7, TO2, TU1) had a mean enterococci/fecal 
coliform ratio of 3.8, whereas samples from more nonurban 
sites (BI1, BL3, BL5, CA1, CE1, CE6, KI5, KI6b) had a mean 
enterococci/fecal coliform ratio of 17.3.  Whether this phenom-
enon is related to different sources of fecal contamination, bac-
teria survival characteristics, or other factors is unknown.

The occurrence of indicator bacteria in streambed sedi-
ment increases the possibility that resuspension of this material 
may be a substantial source of large bacteria densities deter-
mined in samples (fig. 20) at stormflow sampling sites (BL5, 
CE6, IN6, KI6b, MI7, TU1; fig. 1). To investigate this possi-
bility, densities of E. coli determined in streambed sediment at 
the six stormflow sampling sites were converted to theoretical 
stormflow densities on the basis of suspended-sediment con-
centrations determined in stormflow samples. This theoretical 
conversion was performed by first dividing the streambed-
sediment densities of E. coli (in colonies per gram dry weight) 

by 1,000 mg/g, multiplying by the suspended-sediment concen-
tration (in milligrams per liter) in each stormflow sample, and 
then multiplying by 0.1 to achieve colonies per 100 mL. The 
results were theoretical E. coli densities whose source was com-
pletely based on resuspension of streambed material. These the-
oretical densities were compared to the analytically determined 
E. coli densities in the stormflow samples. On the basis of these 
comparisons for the six stormflow sampling sites, it was deter-
mined that, on average, resuspension of streambed sediment 
would account for less than 1 percent of the E. coli densities 
analytically determined in stormflow samples. This indicates 
that resuspension of streambed sediment is likely not the domi-
nant source of E. coli (and potentially other indicator bacteria) 
during stormflow conditions in Johnson County watersheds. 
Nonpoint-source runoff and WWTF bypasses are more likely 
sources of indicator bacteria densities during stormflow 
conditions. 
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Pesticides

Thirty-eight pesticide compounds and metabolites 
(table 6) were analyzed in Johnson County streambed-sediment 
samples. Pesticide compounds that were analyzed in stre-
ambed-sediment samples are generally hydrophobic and are 
very persistent in the environment.  Because of this, they have 
long environmental lifetimes and accumulate in the fatty tissue 
of organisms (Masters, 1991).  

Samples from 7 of 15 sampling sites did not have detec-
tions of pesticide compounds.  Eleven compounds analyzed 
were detected in streambed-sediment samples.  Of the com-
pounds that were detected, four are components of total 
chlordane, and three are components of total dichloro-diphenyl-
trichloroethane (DDT).  Heptachlor, heptachlor epoxide, and 
total PCBs also were detected, but concentrations were all esti-
mated at less than laboratory reporting levels.   Dieldrin was the 
only compound other than chlordane or DDT to have concen-
trations larger than laboratory reporting levels.  The most 
detections and largest concentrations of organochlorine com-
pounds were found in samples from urban sites, primarily in the 
Indian and Mill Creek watersheds.

The compounds cis-chlordane, trans-chlordane, cis-
nonachlor, and trans-nonachlor were all detected; together 
these compounds compose total chlordane.  Chlordane is an 
insecticide that has both agricultural and residential uses and 
was banned from use by USEPA in 1988 (U.S. Environmental 
Protection Agency, 2004a). Watersheds with more agricultural 
land uses (Blue River and Kill Creek) have TMDLs for chlor-
dane, but chlordane was not detected in samples from either of 
these watersheds (fig. 33).  All total chlordane detections were 
in samples from more urban sites (IN3a, IN6, MI1, MI4, TU1) 
and were larger than the 4.79 µg/kg USEPA PEL.  The more 
urban watersheds of Indian and Mill Creeks do not have 
TMDLs for chlordane (related to fish-tissue consumption) but 
recorded the largest chlordane concentrations in streambed-
sediment samples.  The sample from site MI1 had the largest 
concentration of chlordane (26 µg/kg). 

Total DDT comprises the organochlorine compounds 
p,p’DDD, p,p’DDE, and p,p’DDT.  DDT was banned for use as 
a commercial pesticide in 1972 (U.S. Environmental Protection 
Agency, 1972).  Streambed-sediment samples from sites IN6 
and MI1 had the only detections of DDT compounds.  The 
sample from site IN6 had detections of two metabolites— 
p,p’DDE (3 µg/kg), which was larger than the USEPA TEL 
guideline (2.07 µg/kg), and p,p’DDT (5 µg/kg), which was 
larger than the USEPA PEL guideline (4.77 µg/kg).  The sample 
from site MI1 had detections of all three DDT metabolites; con-
centrations of p,p’DDD (5 µg/kg) and p,p’DDE (6 µg/kg) were 
larger than the USEPA TEL, whereas p,p’DDT (5 µg/kg) con-
centrations were larger than the PEL guideline.  Total DDT con-
centrations in samples from sites IN6 and MI1 were 8 and 
16 µg/kg, respectively, and were larger than the USEPA TEL 
guideline of 3.89 µg/kg but less than the PEL guideline of 
51.7 µg/kg.

Dieldrin is a metabolite of aldrin, both pesticides that were 
phased out of use between 1974 and 1987 (Agency for Toxic 
Substances and Disease Registry, 2002).  However, dieldrin can 
still be found in freshwater sediment due to its chemical stabil-
ity.  Dieldrin is known to be toxic and have estrogenic effects 
on aquatic life (Soto and others, 1994).  Dieldrin was detected 
in samples from sites CA1 (1 µg/kg), IN6 (6 µg/kg), MI1 
(2 µg/kg), and MI4 (2 µg/kg); all concentrations were larger 
than the USEPA TEL of 0.715 µg/kg.  However, dieldrin labo-
ratory reporting levels ranged from 1 to 3 µg/kg; thus all detec-
tions were larger than USEPA TELs.  The sample from site IN6 
recorded the only concentration larger than the USEPA PEL of 
4.3 µg/kg.   Concentrations of chlordane, DDT, and dieldrin in 
Johnson County streambed-sediment samples likely are due to 
persistence of these compounds in the streambed sediment from 
their use prior to each respective compound ban.

Wastewater-Indicator Compounds

Sixty organic wastewater compounds were analyzed in 
streambed-sediment samples (table 6); 33 of these compounds 
were detected.  Samples from every site had detections of at 
least eight wastewater compounds (fig. 34). The largest concen-
trations of wastewater compounds were found in samples from 
sites near WWTF discharges due to the tendency of many 
organic compounds to adsorb to sediment.  Of the four sites 
with samples that had more than 23 detections, three sites were 
close to WWTF discharges (sites IN3a, IN6, and MI4).  How-
ever, three of the seven sites with samples that had the most 
detections of wastewater compounds were located upstream 
from WWTF discharges and downstream from urban water-
sheds. Samples from sites with more nonurban land uses 
(sites BI1, BL3, BL5, CA1, CE1, CE6, KI5, KI6b) averaged 
12 wastewater compound detections; samples from more urban 
sites (IN3a, IN6, MI1, MI4, MI7, TO2, TU1) averaged 
22 detections. Streambed-sediment samples from sites down-
stream from and close to WWTF discharges (sites BI1, IN3a, 
IN6) had the largest total concentrations of wastewater 
compounds. 

Wastewater compounds were categorized as polycyclic 
aromatic hydrocarbons (PAHs), detergent metabolites and phe-
nols, fragrances, sterols and stanols, and other compounds 
(consisting of antimicrobials, flame retardants, hormones, 
insecticides, and plasticizers).  Only compounds detected at 
concentrations larger than laboratory reporting levels are dis-
cussed in the following sections.

PAHs

The occurrence of polycyclic aromatic hydrocarbons 
(PAHs) in environmental samples typically is related to human 
activities, such as “slash and burn” agriculture, automobile use, 
and fossil fuel combustion (Mitra and Bianchi, 2003).  Many 
PAHs are known or suspected carcinogens and can be toxic to 
aquatic life individually or in combination with other PAHs.  
PAHs are hydrophobic and likely to adsorb to streambed 
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Figure 33.  Total chlordane concentrations in streambed-sediment samples, March 31–April 3, 2003. Threshold and 
probable effects levels from U.S. Environmental Protection Agency (1998b).

sediment (Agency for Toxic Substances and Disease Registry, 
1995a).  Van Metre and others (2000) reported that PAH con-
centrations increased in lake sediment from 10 urban water-
sheds in the United States in the past 20 years.  The larger 
increases in PAH concentrations may be associated with urban 
expansion and increasing vehicle traffic.  The PAHs 
anthracene, benzo(a)pyrene, fluoranthrene, naphthalene, 
phenanthrene, and pyrene have USEPA TEL and PEL  
streambed-sediment guidelines. 

Streambed-sediment samples from 14 of 15 sites (all 
except site KI5) had detections of at least one PAH; samples 
from sites CE1, IN3a, IN6, KI6b, MI1, MI4, MI7, TO2, and 
TU1 had detections of all sampled PAH compounds (table 21).  
Samples from urban sites IN3a, IN6, and TO2 consistently had 
the largest PAH concentrations; concentrations in samples from 
these sites exceeded USEPA PELs for fluoranthrene and 
phenanthrene.  Additionally, samples from sites IN3a and IN6 
exceeded USEPA PELs for benzo(a)pyrene and pyrene.  
Samples from sites in the urbanizing Mill Creek watershed 
(sites MI1, MI4, and MI7) and site TU1 (in the older urban part 
of Johnson County) consistently had detections of PAHs but at 
smaller concentrations than samples from the Indian and Tom-
ahawk Creek sites (IN3a, IN6, and TO2).  

Detergent Metabolites and Phenols

Detergent metabolites and phenols include 4-methyl phe-
nol (para-cresol), bisphenol A, phenol, and metabolites of the 
alkylphenol ethoxylates (APEOs). Para-cresol is a common 
wood preservative, is readily degradable in the environment, 
and is a potential carcinogen (Agency for Toxic Substances and 

Disease Registry, 1995b). Bisphenol A (BPA) is used predom-
inantly as an intermediate in the production of polycarbonate 
plastics and epoxy resins and is known to exert estrogenic 
effects on some aquatic-life species (Ying and others, 2002; 
Fent and others, 2003).  BPA is expected to adsorb to sediment 
in the environment (Fent and others, 2003).  Phenol is a known 
toxin; the largest uses are in the plywood, adhesive, construc-
tion, automotive, and appliance industries (U.S. Environmental 
Protection Agency, 2002). APEOs are a class of surfactants 
used in commercial, industrial, and residential applications.

Para-cresol was detected in samples from every site; 
samples from 8 of 15 sites had detections larger than the labo-
ratory reporting level (100 µg/kg). The largest concentrations 
were in samples from sites IN3a (6,300 µg/kg), CE1 
(2,300 µg/kg), as well as sites MI4 and TO2 (2,000 µg/kg each). 
BPA was detected in three samples from 15 streambed-
sediment sites; a sample from site TO2 had the only detection 
(140 µg/kg) larger than the laboratory reporting level 
(100 µg/kg). Phenol was detected in samples from 12 of 
15 sites; samples from six sites had concentrations larger than 
the laboratory reporting level (100 µg/kg).  Samples from sites 
TO2 (510 µg/kg) and IN3a (480 µg/kg) had the largest phenol 
concentrations.  

The hydrophobic properties of APEOs suggest that they 
will adsorb to streambed sediment in much larger concentra-
tions than in surface water (Ying and others, 2002).  APEOs 
were not detected in samples from sampling sites in the Big Bull 
Creek, Blue River, Captain, Kill, and Turkey Creek watersheds.  
There were no detections of octylphenol ethoxylates, but there 
were detections of 4-nonylphenol (4-NP), nonylphenol-
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Figure 34.  (A) Number of organic wastewater-indicator compound detections and (B) total concentrations in 
streambed-sediment samples, March 31–April 3, 2003.
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Table 21. Concentrations of polycyclic aromatic hydrocarbons (PAHs) and metabolites in streambed-sediment samples collected from 
selected Johnson County streams, northeastern Kansas, March 31–April 3, 2003.

[LRL, laboratory reporting level; USEPA TEL, U.S. Environmental Protection Agency (1998b) threshold effects level; USEPA PEL, U.S. Environmental Protec-
tion Agency (1998b) probable effects level; µg/kg, micrograms per kilogram; <, less than; E, estimated]

Sediment guidelines or 
sampling site identifier 

(fig. 1)

Concentrations (µg/kg)

Anthracene Benzo(a)pyrene Fluoranthene Naphthalene Phenanthrene Pyrene

LRL 50 50 50 50 50 50

USEPA TEL 16.9 88.8 113 34.6 86.7 153

USEPA PEL 245 763 1,494 391 544 1,398

BI1 <50 <50 <50 <50 E15 <50

BL3 <50 <50 <50 <50 E11 <50

BL5 <50 <50 <50 E11 E19 <50

CA1 <50 <50 <50 E10 E14 <50

CE1 E40 220 720 E23 370 560

CE6 <50 <50 64 <50 <50 E27

IN3a 160 1,100 3,000 130 1,500 1,800

IN6 230 1,300 3,400 97 1,600 2,700

KI5 <50 <50 <50 <50 <50 <50

KI6b E47 57 73 130 E34 54

MI1 51 280 730 E23 330 610

MI4 E25 190 550 E25 260 440

MI7 E32 170 490 E18 270 400

TO2 99 700 1,900 E48 970 1,100

TU1 77 350 830 E16 390 680

ethoxylate (NPEO1), and nonylphenol-diethoxylate (NPEO2) 
(fig. 35).    The largest detections of nonylphenol compounds 
were in samples from sites located immediately downstream 
from WWTF discharges (sites IN3a and IN6).  NPEO2 had the 
largest concentrations of APEO metabolites in all samples.  
Samples from sites CE1, MI1, MI4, MI7, and TO2 had detec-
tions of NPEO2, and samples from sites CE1, MI4, and TO2 
also had detections of NPEO1.  Samples from four sites had 
detections of 4-NP; however, only the sample from site IN3 
(950 µg/kg) and the sample from site TO2 (560 µg/kg) had  
4-NP concentrations larger than the laboratory reporting level 
(500 µg/kg).  

Concentrations of nonylphenol compounds in Johnson 
County streambed sediment were within ranges found in other 
streambed-sediment studies (Ferguson and others, 2001; Isobe 
and others, 2002).  Given that 1 L of water weighs 1 kg, concen-
trations of all nonyphenol compounds in streambed sediment 
were larger than equivalent concentrations in stream-water 
samples.  The largest surface-water concentration of NPEO2 
was 63 µg/L, whereas the smallest estimated detection in 
streambed sediment was 83 µg/kg (sediment); laboratory 
reporting levels for all nonylphenol compounds in streambed 
sediment were 500 µg/kg.  Of the streambed-sediment samples 

that had NPEO2 detections, mean concentrations were more 
than two orders of magnitude larger than mean concentrations 
in base-flow samples, indicating that NPEO2 preferentially 
adsorbs to streambed sediment in Johnson County streams.

Fragrances

Fragrance compounds are often complex mixtures of 
chemicals, some of which can be toxic or carcinogenic (Fisher, 
1998).  Fragrance compounds with detections larger than labo-
ratory reporting levels in Johnson County streambed-sediment 
samples included 3-methyl-1(H)-indole (Skatol), acetyl- 
hexamethyl-tetrahydro-naphthalene (AHTN), d-Limonene, 
hexahydro-hexamethyl-cyclopentabenzopyran (HHCB), and 
indole. 

AHTN and HHCB are polycyclic synthetic musks used in 
a variety of personal care products, have been found to survive 
wastewater treatment, and have been found in both streambed 
sediment and fish tissue (Heberer and others, 2001).  AHTN 
was detected in five streambed-sediment samples, two of which 
had concentrations larger than the laboratory reporting level 
(50 µg/kg); the samples were collected downstream from 
WWTF discharges at sites IN3a (930 µg/kg) and IN6 
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Figure 35.  Nonylphenol concentrations in streambed-sediment samples, March 31-April 3, 2003.

(210 µg/kg).  HHCB was detected only in the sample from 
site IN3a (180 µg/kg), at a concentration larger than the labora-
tory reporting level (50 µg/kg) (table 22).  

d-Limonene is a naturally occurring oil in citrus peels 
and other plants and commonly is used to provide a citrus flavor 
or fragrance in many foods and personal care products.   
d-Limonene is known to have toxic effects on some aquatic 
organisms and is expected to bind strongly to sediment (World 
Health Organization, 1998).  d-Limonene was detected in 
samples from three sites; only the sample from site KI6b 
(200 µg/kg) had an estimated concentration larger than the 
laboratory reporting level (50 µg/kg). 

Indole and skatol are in the class of indolic compounds and 
are used for a variety of applications, including cosmetics, pes-
ticides, disinfectants, agrochemicals, and dyestuffs.  Although 
there are little data on the fate and transport of these compounds 
or their potential effects on freshwater ecosystems, they have 
been found to be a nuisance due to their unpleasant odor (Gu 
and others, 2002).  Indole was detected in streambed-sediment 

samples from all sites; the largest concentration was in the sam-
ple from site BI1 (1,000 µg/kg).  Skatol was detected in samples 
from 13 of 15 sites; the largest concentration was in a sample 
from site TO2 (1,000 µg/kg).  The detection of these com-
pounds at a majority of sites suggests that they may be ubiqui-
tous in streambed sediment throughout the county.

Sterols and Stanols

The sterols and stanols 3-beta-coprostanol (coprostanol), 
beta-sitosterol (sitosterol), beta-stigmastanol (stigmastanol), 
and cholesterol were detected in Johnson County streambed-
sediment samples.  Coprostanol concentrations in Johnson 
County streambed sediment appear to be linked to WWTF 
discharges. Of the 10 detections, the largest concentrations 
were in samples from sites IN3a (10,000 µg/kg) and IN6 
(5,500 µg/kg), sites nearest to WWTF discharges. Sitosterol and 
stigmastanol were not as linked to WWTF discharges.  The 
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Table 22.  Concentrations of fragrance compounds in streambed-sediment samples collected from selected Johnson County 
streams, northeastern Kansas, March 31–April 3, 2003.

[µg/kg, micrograms per kilogram; LRL, laboratory reporting level; AHTN, acetyl-hexamethyl-tetrahydro-napthalene;  HHCB, hexahydro- 
hexamethyl-cyclopentabenzopyran; <, less than; E, estimated]

Sampling site 
identifier (fig. 1)

Concentration (µg/kg)

3-Methyl-1(H)-indole 
(Skatol) AHTN d-Limonene HHCB Indole 

LRL 50 50 50 50 50

BI1 220 <50 E15 <50 1,000

BL3 53 <50 <50 <50 45

BL5 120 <50 <50 <50 120

CA1 71 <50 <50 <50 240

CE1 210 E47 <50 <50 400

CE6 E17 E49 <50 <50 53

IN3a 450 930 <50 180 540

IN6 160 210 <50 <50 160

KI5 90 <50 <50 <50 220

KI6b <50 <50 E200 <50 230

MI1 E18 <50 <50 <50 140

MI4 200 E48 <50 <50 240

MI7 77 <50 <50 <50 84

TO2 1,000 <50 E42 <50 520

TU1 <50 <50 <50 <50 60

largest concentrations of sitosterol were in samples from 
site BI1 (28,000 µg/kg) and site KI6b (16,000 µg/kg).  Stigmas-
tanol concentrations were the largest in samples from sites KI6b 
(2,300 µg/kg) and BI1 (2,000 µg/kg). 

Cholesterol was detected in samples from every sediment 
site sampled, showing the ubiquitous nature of cholesterol 
sources.  The largest concentrations were in samples from sites 
downstream from WWTF discharges, including sites IN3a 
(30,000 µg/kg), BI1 (12,000 µg/kg), and IN6 (10,000 µg/kg). 
Coprostanol/cholesterol ratios larger than 1 have been shown to 
be indicative of severe fecal contamination (Quéméneur and 
Marty, 1992; 1994).  Coprostanol/cholesterol ratios were all 
less than 1; maximum ratios were in samples from sites down-
stream from WWTF discharges (sites IN3a, 0.33; IN6, 0.55; 
and MI4, 0.26). 

Other Compounds

The “other” wastewater compound category includes five 
compounds with detections larger than laboratory reporting 
levels that did not fit within a broad grouping of detected com-
pounds.  These compounds were 9,10-anthraquinone, carba-
zole, diethylhexyl phthalate, triclosan, and tris(2-butoxyethyl) 
phosphate. 9,10-anthraquinone was detected in samples from 
nine streambed-sediment sites; eight of the detections were 

larger than the laboratory reporting level (50 µg/kg). The largest 
concentrations were in samples from watersheds with urban 
land uses—sites IN3a (580 µg/kg), IN6 (590 µg/kg), MI1 
(110 µg/kg), MI4 (110 µg/kg), MI7 (91 µg/kg), TO2 
(310 µg/kg), and TU1 (120 µg/kg). Potential 9,10-
anthraquinone sources include application of bird repellents and 
(or) degradation of anthracene to 9,10-anthraquinone (McKin-
ney and others, 1999; U.S. Environmental Protection Agency, 
2005b).

Eight detections were made of carbazole in Johnson 
County streambed-sediment samples; four of the detections 
were larger than the laboratory reporting level (50 µg/kg).  Car-
bazole concentrations were largest in samples collected down-
stream from WWTF discharges and at urban sites.  The largest 
concentrations were in samples from sites IN3a (310 µg/kg) and 
IN6 (300 µg/kg).  Other concentrations larger than the labora-
tory reporting level were in samples from site TO2 (140 µg/kg) 
and site TU1 (55 µg/kg), likely due to runoff from urban road-
ways and parking lots.  

Diethylhexyl phthalate (DEHP) is a phthalate ester, a com-
pound commonly used to increase the flexibility of plastics, and 
is known to adsorb to solids (Zhou and Liu, 2000).  DEHP was 
detected in samples from eight sites, all at concentrations larger 
than the laboratory reporting level (100 µg/kg).  DEHP concen-
trations were largest in samples from urban sites downstream 
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from WWTF discharges, suggesting that the primary sources of 
this compound are WWTF discharge. The largest DEHP 
concentrations were in samples from site IN3a (2,700 µg/kg) 
and site IN6 (1,800 µg/kg).  

Triclosan is an antibacterial agent used in a variety of 
cosmetic products.  It is only slightly soluble in water and gen-
erally is well removed by WWTFs (Sabaliunas and others, 
2003).  Six detections of triclosan were made in Johnson 
County streambed-sediment samples; samples collected down-
stream from WWTFs at sites IN6 (160 µg/kg) and IN3a 
(140 µg/kg) had concentrations larger than the laboratory 
reporting level (50 µg/kg).  

Tris(2-butoxyethyl) phosphate (TBEP) is in a class of plas-
ticizers often used in floor polish and is thought to be moder-
ately toxic to aquatic organisms (World Health Organization, 
2000).  TBEP was detected in 2 of 15 streambed-sediment  
samples (site CE6, 300 µg/kg; site IN6, 150 µg/kg) at concen-
trations larger than the laboratory reporting level (100 µg/kg).

Pharmaceutical Compounds

Twenty-two pharmaceutical compounds were analyzed in 
all Johnson County streambed-sediment samples (table 6).  
Interpretation of pharmaceutical data is limited primarily 
because small spike recoveries indicate that many pharmaceuti-
cal compounds likely were underreported in streambed-
sediment samples. The number of pharmaceutical detections 
(fig. 36A) and total pharmaceutical concentrations (fig. 36B) are 
associated with WWTF discharge.  Sites downstream from 
WWTF discharges (sites BI1, CE6, IN3a, IN6, KI5, KI6b, MI4, 
MI7) averaged 84 µg/kg for all pharmaceutical compounds con-
centrations combined, whereas sites upstream from WWTF dis-
charges (sites BL3, BL5, CA1, CE1, MI1 TO2, TU1) averaged 
13 µg/kg of combined pharmaceutical concentrations.  Caffeine 
was the most frequently detected pharmaceutical compound 
(detected at 12 of 15 sites) and was found in the largest concen-
trations of any pharmaceutical compounds.  Caffeine was found 
in the largest concentrations at sites MI7 (54 µg/kg), MI4 
(46 µg/kg), and CE6 (42 µg/kg); however, caffeine was not 
detected at site IN3a, the site with the largest total concentration 
of pharmaceutical compounds. Two other compounds— 
diphenhydramine (antihistamine) and cotinine (nicotine  
metabolite)—were detected in a majority of Johnson County 
streambed-sediment samples.  

Site IN3a is located closest to a WWTF discharge and had 
the largest total concentrations of pharmaceutical compounds.  
Site IN3a had the largest total concentration of diphenhy-
dramine (antihistamine) (134 µg/kg) along with site IN6 
(27 µg/kg).  Indian Creek sites also had the largest concentra-
tions of trimethoprim (antimicrobial) (site IN3a, 22 µg/kg; 
site IN6, 15 µg/kg) and cimetidine (antacid) (site IN3a, 
5.1 µg/kg; site IN6, 2.6 µg/kg).  Acetaminophen (antipyretic) 
was detected in larger concentrations at sites MI4 (49 µg/kg), 
CE6 (39 µg/kg), MI7 (24 µg/kg), and CE1 (24 µg/kg).  Site TU1 
had the most detections (six) of pharmaceutical compounds, 
and site CE1 had the largest total concentration of 

pharmaceutical compounds (42 µg/kg) of sites upstream from 
WWTF discharges. 

Summary of Stream-Water and Streambed-
Sediment-Quality Data by Watershed

The following sections summarize stream-water and stre-
ambed-sediment-quality data by each watershed sampled from 
October 2002 through June 2004 in Johnson County, Kansas. 

Big Bull Creek Watershed

Two base-flow samples and one streambed-sediment 
sample were collected at site BI1 in the Big Bull Creek water-
shed (table 2).  Site BI1 was located downstream from two 
municipal WWTFs; a majority of upstream land use is devoted 
to agriculture (primarily cropland and grassland).  The Big Bull 
Creek watershed is partially contained within Johnson County; 
the creek flows downstream into Miami County, Kansas 
(fig. 1). Base-flow concentrations of dissolved solids, nutrients, 
and indicator bacteria were among the smallest in the county 
and, generally, were consistent with other base-flow samples 
downstream from, but at a distance from, WWTF discharge. 
The KDHE chronic aquatic-life criterion for atrazine (3.0 µg/L) 
was exceeded during the July synoptic survey (3.5 µg/L), which 
is generally consistent with results determined by Putnam 
(1997).  A mean of 11 wastewater compounds were detected 
in samples collected during base-flow surveys; the majority 
of detections were at concentrations less than laboratory 
reporting levels.

The one streambed-sediment sample from the Big Bull 
Creek watershed contained the largest total organic carbon, 
nitrogen, and phosphorus concentrations of all Johnson County 
streambed-sediment samples.  The Big Bull Creek streambed-
sediment sample did not contain any pesticides but had the sec-
ond largest total concentration of wastewater compounds, 
94 percent of which consisted of indole, para-cresol, phenol, 
sterols, and stanols.  Neither PAHs or nonylphenol compounds 
were detected in the streambed-sediment sample.  The  
streambed-sediment sample from site BI1 had among the small-
est concentrations of pharmaceutical compounds of samples 
from sites downstream from WWTF discharges.  Although 
base-flow concentrations of contaminants generally were small, 
site BI1 represents a depositional zone for nutrients, as well as 
wastewater compounds generally associated with agriculture 
and plant matter.

Blue River Watershed

Seven base-flow samples (two collected during the first 
synoptic survey and five collected during the second survey), 
eight stormflow samples (from site BL5), and two streambed-
sediment samples (from sites BL3 and BL5) were collected in 
the Blue River watershed.  The Blue River watershed is the 
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Figure 36.  (A) Number of pharmaceutical compound detections and (B) total concentrations in  streambed-
sediment samples, March 31-April 3, 2003.
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largest watershed in Johnson County; the river flows down-
stream into Jackson County, Missouri (fig. 1).  Land use is pri-
marily undeveloped (61 percent), but it is becoming more 
urban, especially in the northern and downstream parts of the 
watershed.  The stormflow site BL5 is located upstream from 
the WWTF discharge (site BL6); thus, it is noted that stormflow 
concentrations and loads from this site do not include any sani-
tary sewer overflows from site BL6. 

Similar to other large watersheds with WWTF discharges, 
nearly 100 percent of streamflow at the farthest downstream site 
during base-flow conditions was contributed by WWTF dis-
charge (fig. 7, site BL7) near the Kansas-Missouri State line.  
Dissolved-solids concentrations were larger in samples from 
site BL6 (Blue River Main Number 1 WWTF) than in any other 
stream-water samples collected in the watershed. Suspended-
sediment concentrations and loads were much larger in storm-
flow samples than in base-flow samples. 

The largest total nitrogen and phosphorus concentrations 
in all stream-water samples were from WWTF discharge 
(site BL6) during base-flow conditions. Nitrate and orthophos-
phorus were the dominant nutrient species in these samples. 
Nutrient concentrations and loads generally increased with 
increasing streamflow conditions at site BL5 (upstream from 
the WWTF discharge). Indicator bacteria densities and loads 
were larger during stormflow conditions, indicating that non-
point sources are the largest contributors of indicator bacteria 
upstream from site BL5.

Many pesticide compounds were detected at the largest 
concentrations in spring stormflow samples from the Blue 
River watershed, whereas the majority of wastewater com-
pound detections and largest concentrations were at, or down-
stream from, the Blue River Main Number 1 WWTF (site BL6) 
during base-flow conditions.  The majority of the pesticide 
loads likely were contributed during stormflow conditions soon 
after pesticide application in the spring and summer months. 
Activated-sludge secondary treatment processes likely were 
responsible for improved removal of wastewater compounds 
found in larger concentrations in other Johnson County WWTF 
discharges. There were no detections of nonylphenol com-
pounds greater than laboratory reporting levels in base-flow 
samples; the largest concentrations and loads of nonylphenol-
diethoxylate were in stormflow samples. Like other Johnson 
County streams during base-flow conditions, pharmaceutical 
detections were largest at and downstream from WWTF dis-
charges in samples from sites BL6 and BL7.

Streambed sediment in samples from sites BL3 and BL5 
generally had among the smallest mean concentrations of nutri-
ents, trace elements, and bacteria densities because of site loca-
tions upstream from WWTF discharges and downstream from 
mostly nonurban land uses.  Blue River streambed-sediment 
samples also had no pesticide detections and had among the 
fewest wastewater and pharmaceutical compound detections in 
the county.  Along with Captain and Kill Creek samples, Blue 
River streambed-sediment samples represented the least-
affected sediment-quality condition in Johnson County.

Brush Creek Watershed

Four base-flow samples were collected at two Brush Creek 
sites (BR1 and BR2); no stormflow or streambed-sediment 
samples were collected. Brush Creek flows downstream into 
Jackson County, Missouri, eventually entering the Blue River 
(fig. 1). Site BR1 is downstream from the upper Brush Creek 
watershed; the downstream site, BR2, includes the upper part of 
Brush Creek and the entire Rock Creek watershed.  Sampling 
sites were downstream from mostly residential land uses, some 
commercial land uses, and among the largest percentage of 
impervious surface in Johnson County.  

Brush Creek base-flow samples had the smallest mean dis-
solved-solids concentrations in the county (272 mg/L) and 
among the smallest total nitrogen and total phosphorus concen-
trations.  Mean fecal coliform (580 col/100 mL) and E. coli 
(250 col/100 mL) densities in Brush Creek samples were more 
than double that of Johnson County median values in base-flow 
samples (200 col/100 mL, fecal coliform; 120 col/100 mL, 
E. coli).  Base-flow samples from Brush Creek sites generally 
had fewer detections and smaller concentrations of pesticide 
and wastewater compounds when compared with all Johnson 
County base-flow samples.  However, when compared to sam-
ples from other sites upstream from WWTFs, samples from 
Brush Creek sites had among the largest number of pesticide 
and wastewater compound detections, averaged the largest 
diazinon concentrations, and samples from two of seven 
upstream sites had caffeine and tri(2-butoxyethyl) phosphate 
detections larger than laboratory reporting levels.  Although 
streamflow conditions and concentrations of many contami-
nants were small during base-flow conditions, the urban nature 
of this watershed lends to larger densities of bacteria and con-
centrations of some wastewater compounds compared to other 
base-flow samples collected upstream from WWTF discharges.  
Potential sources of these constituents could include leaking 
sewage lines, golf courses, nonpoint application or spillage, 
domestic or wild animals, or other sources.  

Captain Creek Watershed

Only one streambed-sediment sample was collected from 
Captain Creek because of a lack of measurable streamflow at 
site CA1 during base-flow synoptic surveys.  No stormflow 
samples were collected in this watershed. The Captain Creek 
watershed is contained within both Douglas and Johnson 
County, Kansas; the creek flows downstream into the Kansas 
River (fig. 1). Site CA1 has predominantly nonurban land use 
upstream, along with the inactive Sunflower Army Ammuni-
tion Plant.  

The Captain Creek streambed-sediment samples had 
among the smallest concentrations of nutrients, trace elements, 
and similar densities of E. coli relative to streambed sediment in 
samples from other Johnson County sites.  One pesticide was 
detected (1 mg/kg of dieldrin) in the sample from site CA1.  The 
sample from site CA1 had among the fewest detections and 
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smallest concentrations of wastewater compounds among 
Johnson County streambed-sediment samples.  No pharmaceu-
tical compounds were detected in the Captain Creek streambed-
sediment sample.  Along with Blue River and Kill Creek 
samples, the Captain Creek streambed-sediment sample 
represented the least-affected sediment-quality condition in 
Johnson County.

Cedar Creek Watershed

Thirteen base-flow samples (four collected during the first 
synoptic survey, six collected during the second survey, and 
three additional base-flow samples collected at site CE6), six 
stormflow samples (site CE6), and two streambed-sediment 
samples (sites CE1 and CE6) were collected in the Cedar Creek 
watershed.  The Cedar Creek watershed is contained entirely 
within Johnson County; the creek flows downstream into the 
Kansas River (fig. 1). Cedar Creek has a primarily nonurban 
watershed and also has the largest percentage of land area 
devoted to impoundments (table 4), including Cedar Lake and 
Lake Olathe. More than 99 percent of the streamflow from 
Cedar Creek entering the Kansas River during base-flow 
sample collection was contributed by WWTF discharge (fig. 6, 
site CE6).  

Base-flow samples collected at site CE1 (upstream from 
WWTF discharge site CE3) had among the largest concentra-
tions of dissolved solids, calcium, magnesium, sodium, and sul-
fate of base-flow samples collected from all Johnson County 
streams.  These concentrations likely are due to bedrock disso-
lution from large rock quarries in the watershed upstream from 
site CE1. Suspended-sediment concentrations and estimated 
loads were much larger in stormflow samples than in base-
flow samples.

The largest total nitrogen and phosphorus concentrations 
in all stream-water samples were from WWTF discharge 
(site CE3) during base-flow conditions (as in all other water-
sheds with sampled WWTF discharges) and from a base-flow 
sample collected from site CE6 on February 14, 2003. Although 
this is classified as a base-flow sample, streamflow conditions 
were elevated above normal base-flow conditions due to a  
1.3-in. rainfall from February 13 through 14 (Overland Park 
Stormwatch, 2004), thus nutrient concentrations may be 
affected by nonpoint-source and (or) sanitary sewer overflows. 
Nitrate and orthophosphorus were the dominant nutrient species 
in base-flow samples. Mean nutrient concentrations were simi-
lar between base- and stormflow samples; however, instanta-
neous nutrient loads increased with streamflow conditions at 
site CE6. Indicator bacteria densities and loads were larger dur-
ing stormflow conditions, indicating that nonpoint sources and 
(or) sanitary sewer overflows are likely the largest contributors 
of indicator bacteria upstream from site CE6.

Several pesticides compounds, including carbaryl 
(0.22 µg/L), diazinon (0.31 µg/L), and simazine (0.56 µg/L), 

were detected in among the largest concentrations of all 
Johnson County stream-water samples in a stormflow sample 
collected at site CE6 on June 23, 2003.  These large concentra-
tions likely were due to seasonal pesticide application in agri-
cultural areas or from lawn and golf course application from 
small developments upstream from site CE6.  Atrazine 
(0.72 µg/L, July 2003) was found in the second-largest concen-
tration of all Johnson County base-flow samples in a sample 
from site CE1; it is not known why this site had larger concen-
trations than other base-flow samples downstream from agricul-
tural land uses. Pesticide and wastewater compounds were 
detected consistently in samples from the Cedar Creek water-
shed and typically were found in samples from both site CE1 
upstream from WWTF discharge and downstream from the 
Cedar Creek WWTF at site CE3.  Samples from site CE1 had 
the largest mean total concentrations of wastewater compounds 
(18.7 µg/L) compared to all other sites upstream from WWTF 
discharge, primarily due to large detergent metabolite concen-
trations.  This site also had the largest NPEO2 concentrations of 
all Cedar Creek stream-water samples. Rock-quarry operations 
and (or) failing septic systems upstream may be the source of 
these concentrations. Samples from site CE1 had among the 
fewest detections and smallest concentrations of pharmaceuti-
cal compounds than all other site samples.

The streambed-sediment sample from site CE1 (along with 
sites BI1 and IN6) had the most (seven) trace elements concen-
trations that were larger than USEPA threshold effect levels. It 
also had nitrogen concentrations equal to the median for 
Johnson County streambed-sediment samples (1,600 mg/kg), 
but had phosphorus concentrations (1,900 mg/kg) nearly double 
that for median Johnson County streambed-sediment concen-
trations (1,000 mg/kg).  The sample from site CE1 had indicator 
bacteria densities larger than median values for Johnson County 
streambed sediment, had the most detections (22) and among 
the largest total concentration of wastewater compounds 
(17.9 mg/kg), and the largest total concentration of pharmaceu-
tical compounds (42 µg/kg) among sites upstream from WWTF 
discharges. Sources of these elevated contaminant concentra-
tions could include rock quarry operations or failing septic 
systems upstream from site CE1.

The streambed-sediment sample from site CE6 had fewer 
trace element concentrations larger than USEPA sediment 
guidelines (four), a nitrogen concentration (1,200 mg/kg) 
smaller than the Johnson County median concentration, and a 
phosphorus concentration (1,100 mg/kg) slightly larger than the 
median concentration for Johnson County.  Indicator bacteria 
densities in the sample from site CE6 were less than Johnson 
County median values, and the sample from site CE6 also had 
among the fewest wastewater compound detections in Johnson 
County streambed sediment (10 detections).  However, 
streambed sediment from site CE6 had the most detections 
(eight) and among the largest concentrations of pharmaceutical 
compounds (101 µg/kg).  Neither Cedar Creek sampling site 
had pesticide detections in streambed-sediment samples.  
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Dykes Branch Watershed

Two base-flow samples were collected from the Dykes 
Branch watershed, a small, predominantly residential water-
shed located on the east side of Johnson County. Dykes Branch 
is partially contained within Johnson County, entering the Blue 
River through Indian Creek in Jackson County, Missouri 
(fig. 1). 

Dissolved-solids and nutrient concentrations were less 
than base-flow median values for the county, and the mean 
E. coli density (200 col/100 mL) was larger than the Johnson 
County median value (120 col/100 mL).  Stream-water samples 
from Dykes Branch had among the fewest detections and small-
est concentrations of pesticide and wastewater compounds; 
however, site DY1 was the only site upstream from WWTF dis-
charges with samples that contained DEET concentrations 
equal to or larger than the laboratory reporting level and was 
one of six sites upstream from WWTFs to have samples with 
caffeine detections larger than the laboratory reporting level.  
Similar to other urban sites upstream from WWTF discharges, 
samples from Dykes Branch Creek had smaller concentrations 
of many water-quality constituents but had larger concentra-
tions and more detections of bacteria and some wastewater 
compounds than samples from sites in nonurban watersheds.  
Potential sources of these water-quality contaminants could 
include leaking sewage lines, nonpoint application or spillage, 
domestic or wild animals, or other sources.  

Indian and Tomahawk Creek Watersheds

Twelve base-flow samples (five collected during the first 
synoptic survey, six collected during the second, and one addi-
tional at site IN6), eight stormflow samples (collected from 
site IN6), and two streambed-sediment samples (sites IN3a and 
IN6) were collected from the Indian Creek watershed.  The 
Tomahawk Creek watershed is upstream from sites IN5 and 
IN6; six base-flow samples and one streambed-sediment sam-
ple (site TO2) from Tomahawk Creek are included in this anal-
ysis. The Indian Creek watershed is partially contained within 
Johnson County; the creek flows downstream into the Blue 
River in Jackson County, Missouri (fig. 1). The Tomahawk 
Creek watershed is entirely contained within Johnson County; 
the creek discharges into Indian Creek at site IN5 (fig. 1). In 
combination, the Indian and Tomahawk Creek watersheds are 
the second largest watershed in the county and consist of mostly 
residential and commercial land uses.  Ninety percent of stream-
flow exiting Johnson County during base-flow conditions was 
contributed by wastewater discharges (fig. 7, sites IN3 and 
TO3).  

A stormflow sample from site IN6 on January 26, 2004, 
had the largest dissolved-solids (2,000 mg/L) and chloride 
(1,000 mg/L) concentrations detected in the county, likely due 
to road-salt application.  Other than this sample, and similar to 
other watersheds with WWTF discharges, dissolved-solids con-
centrations were largest during base-flow sample collection at 

WWTFs (sites IN3 and TO3).  Suspended-sediment concentra-
tions and loads were larger in stormflow than in base-flow 
samples. 

The largest total nitrogen and phosphorus concentrations 
in all stream-water samples were from WWTF discharges dur-
ing base-flow conditions (sites IN3 and TO3). Nitrate and 
orthophosphorus were the dominant nutrient species in WWTF 
samples; however, ammonia concentrations were also among 
the largest in Johnson County stream-water samples at site TO3. 
Nutrient concentrations were largest during base-flow condi-
tions at site IN6 due to proximity to WWTF discharge site TO3. 
Nutrient loads increased with increasing streamflow conditions, 
which may indicate nonpoint sources and (or) sanitary sewer 
overflows. Site IN1 had among the largest base-flow indicator 
bacteria densities of sites upstream from WWTF discharges; 
however, indicator bacteria densities and loads were larger dur-
ing stormflow conditions, indicating that nonpoint sources and 
(or) sanitary sewer overflows are likely the largest contributors 
of indicator bacteria in these watersheds.

Almost all other pesticide and wastewater compounds 
found in Indian Creek recorded the most detections and largest 
concentrations downstream from WWTF discharges.   Samples 
from the Tomahawk Creek WWTF (site TO3) had among the 
most wastewater compounds detected in the county (51 in both 
base-flow samples), likely due to less-effective trickling-filter 
secondary treatment processes in removing these constituents.  
Caffeine (12 µg/L), cholesterol (10 µg/L), coprostanol (5 µg/L), 
and phenol (1.8 µg/L) were detected at the largest concentra-
tions in Johnson County stream water in samples from site TO3.  
Base-flow samples from site TO3 had the largest concentrations 
of NPEO2 in the watershed. Samples at and downstream from 
the activated-sludge WWTF (site IN3) had among the most 
(along with trickling-filter WWTF site TU3) detections of phar-
maceutical compounds compared to samples from all other sites 
but had smaller total concentrations of pharmaceutical com-
pounds than did samples from site TU3 (fig. 29).

Streambed-sediment samples from sites IN3a and IN6 had 
among the most detections and largest concentrations of nutri-
ents, trace elements, bacteria, pesticides, and wastewater and 
pharmaceutical compounds in Johnson County.  These sites 
were the closest to WWTF discharges in the county, which 
likely were the cause of increased contaminant deposition. 
Samples from site IN3a had the largest silver concentrations in 
Johnson County sediment samples (2.3 mg/kg), larger than 
USEPA PEL guidelines, likely because of the use of silver in 
photographic processing.  Nitrogen and phosphorus concentra-
tions also were among the largest in the county because of 
WWTF discharges containing large nutrient concentrations.  
Streambed-sediment samples from site IN6 had among the larg-
est concentrations of chlordane, dieldrin, and DDT in Johnson 
County.  These constituents have a high adsorptive capacity and 
are very persistent in the environment; thus, the large  
streambed-sediment concentrations may be due to residential 
and (or) agricultural application prior to USEPA bans of these 
compounds.  PAH compounds were detected in the largest con-
centrations in samples from sites IN3a, IN6, and TO2.  PAHs 
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likely were contributed by oil spills and (or) automobile emis-
sions.  Although samples from sites IN3a and IN6 had among 
the largest number of total detections and concentrations of 
wastewater and pharmaceutical compounds in the county, 
samples from site TO2 also had among the most wastewater 
compound detections (24), despite being upstream from 
WWTF discharges. 

Kill Creek Watershed

Ten base-flow samples (three collected during the first 
synoptic survey, seven collected during the second), seven 
stormflow samples (site KI6b), and two streambed-sediment 
samples (sites KI5 and KI6b) were collected in the Kill Creek 
watershed.  The Kill Creek watershed is entirely contained 
within Johnson County; the creek flows downstream into the 
Kansas River (fig. 1). Kill Creek drains a primarily agricultural 
watershed, which also contains a part of the inactive Sunflower 
Army Ammunition Plant.  Similar to other Johnson County 
watersheds, greater than 99 percent of flow entering the Kansas 
River from Kill Creek (fig. 7, site KI7) during base-flow sample 
collection was contributed by wastewater discharge (site KI2).  

Base-flow samples from the WWTF (site KI2) had slightly 
larger dissolved-solids concentrations than did other Kill Creek 
stream-water samples. Suspended-sediment concentrations and 
loads were much larger during stormflow than during base-flow 
conditions.

The largest total nitrogen concentrations in all stream-
water samples were from WWTF discharge (site KI2) during 
base-flow conditions on November 4, 2002, because the facility 
was new and bacterial processes were not mature in the acti-
vated sludge (E. Hack, Johnson County Wastewater and Public 
Works, written commun., 2005). Total phosphorus concentra-
tions were largest at this site during both base-flow synoptic 
surveys. Nitrate and orthophosphorus were the dominant nutri-
ent species in WWTF samples. Nutrient concentrations and 
loads generally increased with increasing streamflow condi-
tions at site KI6b. Indicator bacteria densities and loads were 
larger during stormflow conditions, indicating that nonpoint 
sources and (or) sanitary sewer overflows were likely the larg-
est contributors of indicator bacteria upstream from site KI6b.

The most pesticide and wastewater compound detections 
(as well as the largest concentrations) occurred in base-flow 
samples collected from the Kill Creek WWTF (site KI2).  How-
ever, pesticide and wastewater compound detections generally 
were fewer, and of a lesser magnitude, than in base-flow sam-
ples from other large watersheds with WWTFs. The largest 
NPEO2 concentration was during stormflow conditions at site 
KI6b, likely indicating nonpoint sources and (or) sanitary sewer 
overflows were the largest contributors of detergent surfactants 
in the Kill Creek watershed.

Streambed-sediment samples from sites KI5 and KI6b had 
among the smallest concentrations of nutrients, trace elements, 
bacteria, and wastewater and pharmaceutical compounds of any 
streambed-sediment samples in the county.  Samples from Kill 

Creek sites had only one detection of trace elements larger than 
USEPA TEL guidelines (nickel); samples from all other 
Johnson County sites also exceeded this guideline.  No pesticide 
detections occurred in either Kill Creek streambed-sediment 
sample.  Along with Blue River and Captain Creek samples, 
Kill Creek streambed-sediment samples represented the least-
affected sediment-quality condition in Johnson County.

Little Bull Creek Watershed

Two base-flow samples were collected at site LI1, located 
where Little Bull Creek exits the southern end of Johnson 
County (fig. 1). The Little Bull Creek watershed is only par-
tially contained within Johnson County; the creek flows down-
stream into Miami County (fig. 1). Land use in the Little Bull 
Creek watershed is primarily agricultural, largely consisting of 
cropland and grassland.  One WWTF is located upstream from 
site LI1, at the New Century Air Center, in the northern part of 
the watershed.  

Dissolved-solids and nutrient concentrations in base-flow 
samples were among the smallest in the county, whereas  
suspended-sediment concentrations were the largest of any 
base-flow samples collected during the second base-flow syn-
optic survey (220 mg/L). Spraying of gravel roads in the area by 
maintenance crews to control dust likely contributed to large 
suspended-sediment concentrations.  Mean indicator bacteria 
densities were larger than Johnson County median levels, 
whereas Little Bull Creek base-flow samples had among the 
fewest detections of pesticide and wastewater compounds, with 
very few detections larger than laboratory reporting levels.

Mill Creek Watershed

Fifteen base-flow samples (six collected during the first 
synoptic survey, seven collected during the second, and two 
additional samples from site MI7), 10 stormflow samples 
(site MI7), and three streambed-sediment samples (sites MI1, 
MI4, and MI7) were collected from the Mill Creek watershed.  
The Mill Creek watershed is entirely contained within Johnson 
County; the creek flows downstream into the Kansas River 
(fig. 1). Mill Creek is an urbanizing watershed; land use is 
divided between residential, commercial, and agricultural land 
uses.  Unlike other watersheds with WWTF discharges, less 
than 20 percent of the flow entering the Kansas River from Mill 
Creek (fig. 7, site MI7) was contributed by wastewater dis-
charge (site MI2) during base-flow sample collection, likely 
due to a small amount of rain that fell during base-flow sam-
pling in the watershed.  

A stormflow sample collected on March 12, 2003, had the 
largest dissolved-solids concentrations (960 mg/L) of any Mill 
Creek sample, likely the result of road-salt application.  Other 
than stormflow samples affected by road-salt application, base-
flow samples at and downstream from the WWTF discharge 
(sites MI2 and MI3) had the largest dissolved-solids 
concentrations. Suspended-sediment concentrations and loads 
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were much larger in stormflow samples than in base-flow 
samples. 

The largest total nitrogen and phosphorus concentrations 
in all stream-water samples were from WWTF discharge 
(site MI2) during base-flow conditions. Nitrate and orthophos-
phorus were the dominant nutrient species in WWTF samples. 
Nutrient concentrations and loads were larger in stormflow than 
base-flow samples at site MI7 (upstream from the WWTF dis-
charge). Sites MI1 and MI5 had among the largest indicator 
bacteria densities of sites upstream from WWTF discharges, 
and site MI2 had among the largest indicator bacteria densities 
of WWTF discharges in Johnson County base-flow samples. 
However, indicator bacteria densities and loads were largest 
during stormflow conditions, indicating that nonpoint sources 
and (or) sanitary sewer overflows are likely the largest contrib-
utors of indicator bacteria in the Mill Creek watershed.

The most detections and largest concentrations of pesticide 
and wastewater compounds in Mill Creek stream-water samples 
generally occurred in samples collected at, or immediately 
downstream from, WWTF discharge site MI2, although sam-
ples from site MI1 had the largest concentrations of phenol 
(0.6 µg/L) and tri(2-butoxyethyl) phosphate (7.4 µg/L) com-
pared with other samples collected in the Mill Creek watershed.  
NPEO2 concentrations at site MI2 were the second largest in 
Johnson County stream-water samples. Pesticide and wastewa-
ter compound concentrations were similar in base- and storm-
flow samples from site MI7. 

Streambed-sediment samples from three sites showed sub-
stantial differences in contaminant concentrations.  The sample 
from site MI1 had the largest concentrations of lead (73 mg/kg), 
zinc (230 mg/kg), total chlordane (26 µg/kg), and total DDT 
(16 µg/kg) of all Johnson County streambed-sediment samples.  
Phosphorus (1,500 mg/kg), fecal coliform (380 col/GDW), 
E. coli (280 col/GDW), and total PAHs were detected in the 
largest concentrations and densities in the sample from site MI1 
compared with all Mill Creek samples. Elevated concentrations 
of contaminants in streambed sediment from site MI1 may be 
due to runoff from urban land uses upstream, municipal sewer 
leakages, or industrial land uses upstream.  Site MI4 is down-
stream from the Harold Street WWTF (site MI2, fig. 1), and the 
streambed-sediment sample from this site had the largest nitro-
gen concentration (1,900 mg/kg), the most wastewater 
compound detections (24), and the largest total concentration of 
wastewater compounds of all other Mill Creek samples.  Stre-
ambed sediment in the sample from site MI7 had among the 
smallest concentrations of many constituents compared with all 
other Johnson County streambed-sediment samples.  PAHs 
were detected in samples from all Mill Creek streambed-
sediment sites, likely due to sources from automobile usage.  
Samples from sites MI4 and MI7 had among the most detec-
tions (site MI4, seven detections; site MI7, six detections) and 
total concentrations (site MI4, 133 µg/kg; site MI7, 133 µg/kg) 
of pharmaceutical compounds in Johnson County streambed 
sediment, likely due to WWTF discharge upstream.

Turkey Creek Watershed

Six base-flow samples (three collected during the first syn-
optic survey and three collected during the second), four storm-
flow samples (site TU1), and one streambed-sediment sample 
(site TU1) were collected from the Turkey Creek watershed.  
The Turkey Creek watershed is only paritally contained within 
Johnson County; the creek flows downstream into Wyandotte 
County, Kansas (fig. 1). Turkey Creek is a small watershed with 
mostly residential and commercial land uses and the largest per-
centage of impervious surface in the county. Nearly 100 percent 
of streamflow leaving the county through Turkey Creek during 
base-flow sample collection was contributed by WWTF dis-
charges (fig. 7, site TU3).  

The largest dissolved-solids concentrations were found in 
base-flow samples of WWTF discharge from site TU3 (mean = 
595 mg/L).  Suspended-sediment concentrations and loads were 
much larger in stormflow samples than in base-flow samples.

The largest total nitrogen and phosphorus concentrations 
in all Turkey Creek stream-water samples were from WWTF 
discharge (site TU3) during base-flow conditions. Nitrate and 
orthophosphorus were the dominant nutrient species in WWTF 
samples; samples from this site also had the largest mean con-
centration of ammonia of all stream-water samples. At site 
TU1, nutrient concentrations and loads were larger during 
stormflow conditions than during base flow. Indicator bacteria 
densities and loads were larger during stormflow conditions, 
indicating that nonpoint sources are the largest contributors of 
indicator bacteria upstream from site TU1.

Pesticide and wastewater compounds were detected more 
often and at larger concentrations in base-flow samples from the 
Turkey Creek WWTF (site TU3) than in stormflow samples.  
Samples from site TU3 had among the most detections of 
wastewater and pharmaceutical compounds of all Johnson 
County stream-water samples. Site TU3 had the largest non-
ylphenol-diethoxylate concentration (63 µg/L) of all stream-
water samples, and site TU1 had the largest NPEO2 
concentration of all stormflow samples (51 µg/L). Many 
wastewater and pharmaceutical compounds, including  
3-beta-coprostanol (5 µg/L), 4-nonylphenol (17 µg/L), 
DEET (3.7 µg/L), tri(2-butoxyethyl) phosphate (27 µg/L), 
acetaminophen (2.9 µg/L), cotinine (0.74 µg/L), and 
1,7 dimethylxanthine (caffeine metabolite, 5.1 µg/L), were 
detected at among the largest concentrations in base-flow sam-
ples from site TU3.  The trickling-filter secondary treatment 
process at the Turkey Creek WWTF likely is one contributing 
factor to less effective removal of wastewater and pharmaceuti-
cal compounds in samples from site TU3.

The streambed-sediment sample from site TU1 exceeded 
six of nine USEPA TELs for trace elements, had among the 
smallest nutrient and indicator bacteria concentrations, and had 
among the smallest total wastewater compound concentrations.  
Total chlordane (5 µg/kg) also was detected in this sample. 
PAHs were detected in the Turkey Creek streambed-sediment 
sample, likely due to urban runoff containing contaminants 
from automobile emissions.  The sample from site TU1 had 
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among the most detections of pharmaceutical compounds (six) 
but among the smallest total concentrations (6.1 µg/kg) of stre-
ambed-sediment sites upstream from WWTF discharges.

Summary and Conclusions

Stream-water and sediment-quality samples were col-
lected by the U.S. Geological Survey in 12 watersheds in 
Johnson County, northeastern Kansas, to determine the effects 
of nonpoint and selected point contaminant sources on stream-
water quality and their relation to varying land use. The streams 
studied were located in urban areas of the county (Brush, Dykes 
Branch, Indian, Tomahawk, and Turkey Creeks), developing 
areas of the county (Blue River and Mill Creek), and in more 
rural areas of the county (Big Bull, Captain, Cedar, Kill, and 
Little Bull Creeks). Data were evaluated to determine the distri-
bution of potential water-quality contaminants relative to poten-
tial contaminant sources and varying land-use characteristics.  

Wastewater-treatment facility (WWTF) discharges proved 
to be an important factor in the occurrence of many constituents 
in Johnson County base-flow samples. Discharge from these 
facilities comprised greater than 50 percent of streamflow at the 
farthest downstream sampling site in six of the seven water-
sheds with WWTF sites during base-flow conditions. Samples 
from sites at or just downstream from WWTF discharges often 
contained the largest concentrations of dissolved solids, nutri-
ents, pesticides, and wastewater-indicator and prescription and 
nonprescription pharmaceutical compounds in Johnson County 
streams.  Concentrations of most constituents decreased in sam-
ples collected farther downstream from WWTF discharges 
where the constituents were either assimilated by stream biota, 
adsorbed onto streambed sediment, or degraded to metabolites. 
During base-flow conditions, sites upstream from WWTF dis-
charges had significantly larger fecal coliform and E. coli den-
sities than downstream sites. Stormflow samples had the largest 
suspended-sediment concentrations and indicator bacteria den-
sities as well as the largest loads of these constituents. Nutrient 
concentrations and loads were generally larger with increasing 
flow at stormflow sampling sites.  Stormflow samples also had 
some of the largest concentrations and loads of pesticide com-
pounds in the spring after pesticide application.  Stormflow 
samples consistently had the largest loads of suspended sedi-
ment, nutrients, indicator bacteria, and nonylphenol-
diethoxylate, indicating the presence of nonpoint sources of 
these constituents.

During base-flow conditions, the effectiveness of waste-
water-treatment processes appears to be an important factor in 
the occurrence and concentration of nutrients, pesticides, and 
wastewater-indicator compounds from point-source discharges. 
Samples from two of three trickling-filter WWTFs exceeded 
Kansas Department of Health and Environment pH- and tem-
perature-dependent chronic aquatic-life criteria for ammonia 
when early-life stages of fish are present. Samples from the 
three trickling-filter WWTFs also had the most detections and 

often the largest concentrations of wastewater-indicator com-
pounds of all Johnson County stream-water samples.  Many 
wastewater-indicator compounds in Johnson County base-flow 
samples (mostly from trickling-filter discharges) exceeded 
maximum concentrations found in a national reconnaissance 
study; however, the compounds caffeine (stimulant), nonylphe-
nol-diethoxylate (detergent surfactant), and tris(2-butoxyethyl) 
phosphate (flame retardant) also exceeded maximum concen-
trations measured in a Minnesota study, which included sam-
ples of raw sewage, landfill and animal lagoon leachate, and 
WWTF discharges.

Land use was another important factor affecting the occur-
rence and magnitude of many water-quality constituents.  
Upstream from WWTFs, samples from sites in urban water-
sheds, Brush Creek, Dykes Branch, Indian Creek, Tomahawk 
Creek, and Turkey Creek, often had larger concentrations of 
indicator bacteria and wastewater-indicator compounds during 
base-flow conditions than did samples from sites in nonurban 
areas.  However, base-flow conditions at upstream sites contrib-
uted a relatively small part of the total load of these constituents 
compared to WWTF discharges. 

Differences among sites were more difficult to identify in 
stormflow samples due to limited data. Suspended-sediment 
concentrations, nutrients, and indicator bacteria densities had 
statistically significant positive trends with streamflow at all 
stormflow sites; however, indicator bacteria densities were 
more significantly related to increasing suspended-sediment 
concentrations. Stormflow samples in urban watersheds also 
were shown to contain detectable concentrations of select 
wastewater-indicator compounds (9,10-anthraquinone, caf-
feine, carbazole, DEET, nonylphenol-diethoxylate, tris(2-but-
oxyethyl) phosphate).  These concentrations indicate that some 
wastewater compounds also have nonpoint sources, primarily 
in urban watersheds.

Seasonality affected the concentrations of many contami-
nants.  Selected samples collected during the winter and early 
spring were affected by road-salt application and contained the 
largest dissolved-solids concentrations, including one sample 
from an urban site that had a chloride concentration larger than 
the Kansas Department of Health and Environment acute 
aquatic-life criterion.  Stormflow samples collected at more 
rural sites during the spring and summer after pesticide applica-
tion had the largest pesticide concentrations.

The effects of WWTF discharges and varying land use 
were observable in streambed-sediment samples. Trace ele-
ments, total chlordane, total dichloro-diphenyl-trichloroethane 
(DDT), polycyclic aromatic hydrocarbons (PAHs), and some 
wastewater-indicator compounds were detected at the largest 
concentrations in samples from urban sites both upstream and 
downstream from WWTF discharges.   Organic carbon, nutri-
ents, silver, and total wastewater and pharmaceutical com-
pounds were detected in the largest concentrations in samples 
collected downstream from WWTF discharges.  

During base-flow conditions, point-source contributions 
from WWTFs were the most substantial source of water-quality 
contaminants in Johnson County streams; however, 
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contaminant concentrations decreased substantially with 
increasing distance from WWTF discharges.  Stormflow sam-
ples had larger concentrations of some constituents and larger 
instantaneous loads of most detected constituents.  Sources 
from different land uses affected the type and amount of water-
quality constituents in Johnson County streams.  Samples from 
streams draining urban areas had increased densities of indica-
tor bacteria and larger concentrations of selected wastewater-
indicator compounds.  Samples from nonurban streams had the 
largest concentrations of pesticide compounds during spring 
runoff.    

Information from this study can be used to help define cur-
rent (2005) water-quality conditions in Johnson County streams 
and to help identify source areas of water-quality 
contamination. 
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