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Foreword I

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

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

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

part of the Nation’s freshwater streams, rivers, and 
aquifers.

• Describe how water quality is changing over time.

• Improve understanding of the primary natural and 
human factors that affect water-quality conditions.

This information will help support the development 
and evaluation of management, regulatory, and moni-
toring decisions by other Federal, State, and local agen-
cies to protect, use, and enhance water resources.

The goals of the NAWQA Program are being 
achieved through ongoing and proposed investigations 
of 59 of the Nation’s most important river basins and 
aquifer systems, which are referred to as study units. 
These study units are distributed throughout the Nation 
and cover a diversity of hydrogeologic settings. More 
than two-thirds of the Nation’s freshwater use occurs 
within the 59 study units and more than two-thirds of 
the people served by public water-supply systems live 
within their boundaries.

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

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

Robert M. Hirsch
Chief Hydrologist
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Ground-Water Quality in Quaternary Deposits of the 
Central High Plains Aquifer, South-Central Kansas, 
1999
By Larry M. Pope, Breton W. Bruce, and Cristi V. Hansen
Abstract

Water samples from 20 randomly selected 
domestic water-supply wells completed in the 
Quaternary deposits of south-central Kansas were 
collected as part of the High Plains Regional 
Ground-Water Study conducted by the U.S. Geo-
logical Survey’s National Water-Quality Assess-
ment Program.  The samples were analyzed for 
about 170 water-quality constituents that included 
physical properties, dissolved solids and major 
ions, nutrients and dissolved organic carbon, trace 
elements, pesticides, volatile organic compounds, 
and radon. The purpose of this study was to pro-
vide a broad overview of ground-water quality in 
a major geologic subunit of the High Plains aqui-
fer.

Water from five wells (25 percent) exceeded 
the 500-milligrams-per-liter of dissolved solids 
Secondary Maximum Contaminant Level for 
drinking water. The Secondary Maximum Con-
taminant Levels of 250 milligrams per liter for 
chloride and sulfate were exceeded in water from 
one well each. The source of these dissolved sol-
ids was probably natural processes.

Concentrations of most nutrients in water 
from the sampled wells were small, with the 
exception of nitrate. Water from 15 percent of the 
sampled wells had concentrations of nitrate 
greater than the 10-milligram-per-liter Maximum 
Contaminant Level for drinking water. Water 
from 80 percent of the sampled wells showed 
nitrate enrichment (concentrations greater than 
2.0 milligrams per liter), which is more than what 

might be expected for natural background 
concentrations. This enrichment may be the result 
of synthetic fertilizer applications, the addition of 
soil amendment (manure) on cropland, or live-
stock production.

Most trace elements in water from the sam-
pled wells were detected only in small concentra-
tions, and few exceeded respective water-quality 
standards. Only arsenic was detected in one well 
sample at a concentration (240 micrograms per 
liter) that exceeded its proposed Maximum Con-
taminant Level (5.0 micrograms per liter). Addi-
tionally, one concentration of iron and two 
concentrations of manganese were larger than 
the Secondary Maximum Contaminant Levels of 
300 and 50 micrograms per liter, respectively. 
Some occurrences of trace elements may have 
originated from human-related sources; however, 
the generally small concentrations that were mea-
sured probably reflect mostly natural sources for 
these constituents.

A total of 47 pesticide compounds from sev-
eral classes of herbicides and insecticides that 
included triazine, organophosphorus, organochlo-
rine, and carbamate compounds and three pesti-
cide degradation products were analyzed in 
ground-water samples during this study. Water 
from 50 percent of the wells sampled had detect-
able concentrations of one or more of these 
47 compounds. The herbicide atrazine and its 
degradation product deethylatrazine were 
detected most frequently (in water from eight and 
nine wells, respectively); other pesticides detected 
Abstract 1



were the insecticides carbofuran (in water from 
one well) and diazinon (in water from one well), 
and the herbicide metolachlor (in water from two 
wells). However, all concentrations of these com-
pounds were small and substantially less than 
established Maximum Contaminant Levels.

The use of pesticides in crop production prob-
ably is largely responsible for the occurrence of 
pesticides in the ground-water samples collected 
during this study. Although concentrations of 
detected pesticides were small (relative to estab-
lished Maximum Contaminant Levels), the syner-
gistic effect of these concentrations and long-term 
exposure to multiple pesticides on human health 
are unknown.

Water samples from the Quaternary deposits 
were analyzed for 85 volatile organic compounds. 
Water from two wells (10 percent) had a detect-
able concentration of a volatile organic com-
pound. Chloroform was detected at concen-
trations of 0.18 and 0.25 microgram per liter, 
substantially less than the 100-microgram-per-
liter Maximum Contaminant Level for 
total trihalomethanes. In general, the occurrence 
and detection of volatile organic compounds were 
infrequent, detectable concentrations were sub-
stantially less than established Maximum Con-
taminant Levels, and the areal distribution of 
volatile organic compounds in ground water was 
extremely limited.

Concentrations of radon were detected in 
water from every well sampled and ranged from 
200 to 590 picocuries per liter with a median con-
centration of 260 picocuries per liter. Radon con-
centrations in water from 30 percent of the wells 
were larger than the proposed 300-picocuries-per-
liter Maximum Contaminant Level.

INTRODUCTION

Knowledge of the quality of the Nation’s water 
resources is important because of implications for 
human and aquatic health and because of the substan-
tial costs associated with land and water management, 
conservation, and regulation. In 1991, the U.S. Geo-
logical Survey (USGS) began full implementation of 
the National Water-Quality Assessment (NAWQA) 

Program. The long-term goals of the NAWQA Pro-
gram are to describe the status and trends in the quality 
of the Nation’s surface- and ground-water resources 
and to determine the natural and human-related factors 
affecting water quality (Gilliom and others, 1995). 
More than 50 major river basins or aquifer systems 
have been identified for investigation by the NAWQA 
Program. Together, these basins and aquifer systems 
include water resources available to more than 60 per-
cent of the population and cover about one-half of the 
land area in the conterminous United States. 

NAWQA ground-water studies include a compo-
nent designed to assess the occurrence and distribution 
of water-quality constituents for regionally important 
aquifer systems. Individual studies of ground-water 
quality are completed in smaller hydrogeologic sub-
units within a regional aquifer. Completion of multiple 
subunit surveys within a single regional aquifer sys-
tematically evaluates the quality of water resources for 
an entire study area.

The High Plains Regional Ground-Water Study 
was begun in June 1998 and represents a modification 
of the traditional NAWQA design in that the ground-
water resource is the primary focus of investigation. 
The High Plains aquifer is a nationally important 
water resource that underlies about 174,000 mi2 in 
parts of eight Western States (fig. 1). About 20 percent 
of all agricultural land in the United States is in the 
High Plains, and about 30 percent of all the ground 
water used for irrigation in the United States is 
pumped from this aquifer (Weeks and others, 1988). 

The High Plains aquifer can be divided into local 
hydrogeologic subunits; the primary subunit being the 
Ogallala Formation that comprises about 70 percent of 
the High Plains aquifer. Other hydrogeologic subunits 
also can be very important local water resources. In 
the central High Plains (fig. 1; parts of Colorado, Kan-
sas, New Mexico, Oklahoma, and Texas), the nongla-
cial deposits of Quaternary age (hereafter referred to 
as Quaternary deposits) in south-central Kansas are an 
important local source of water for both agriculture 
and public supply. The Quaternary deposits underlie 
an area of about 7,000 mi2. Depth to water in these 
deposits is generally less than 100 ft and, in many 
places, less than 30 ft (Woods and others, 1997). This 
part of the High Plains also is more populated than 
other parts of the central High Plains with major 
cities (and their 1990 populations) being 
Hutchinson (39,000), Great Bend (15,000), and 
McPherson (12,000), and several other cities over 
2 Ground-Water Quality in Quaternary Deposits of the Central High Plains Aquifer, South-Central Kansas, 1999
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5,000 in population (Helyar, 1994). Wichita (popula-
tion of 304,000) lies generally southeast of the High 
Plains, but some of the urban area lies within the 
boundary of the Quaternary deposits and the city 
gets much of its municipal water supply from 
these deposits.

Water in the Quaternary deposits is vulnerable to 
effects from land-surface activities. Shallow depths to 
water, lack of a geologic barrier to slow downward 
migration of contaminants, and large hydraulic con-
ductivities of these deposits contribute to the potential 
for degradation of water quality in this aquifer. Resi-
dential and urban land uses, agriculture, and oil and 
gas exploration/development are potential sources of 
contaminants to this aquifer. As part of the High Plains 
NAWQA study, the occurrence and distribution of 
chemical constituents within these Quaternary depos-
its were determined.

Purpose and Scope

The purpose of this report is to provide a broad-
scale assessment of ground-water quality in Quater-
nary deposits of the central High Plains aquifer in 
south-central Kansas (fig. 1). Water samples from 
20 randomly selected domestic water-supply wells 
were analyzed for about 170 water-quality constitu-
ents, including physical properties, dissolved solids 
and major ions, nutrients and dissolved organic car-
bon, trace elements, pesticides, volatile organic com-
pounds (VOC’s), and radon. Many of these 
constituents are regulated in public drinking-water 
supplies by the U.S. Environmental Protection Agency 
(USEPA). The constituents will be discussed relative 
to USEPA drinking-water standards as a frame of ref-
erence.
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DESCRIPTION OF STUDY AREA

The study area, as described in this report, 
includes only the Quaternary deposits in south-central 
Kansas that are a subunit of the High Plains aquifer as 
mapped by Gutentag and others (1984) (fig. 1).  The 
study area includes all or parts of 21 counties.

Hydrogeologic Setting

The hydrogeologic setting of the study area has 
been described in detail by Williams and Lohman 
(1949), Fader and Stullken (1978), Gutentag and oth-
ers (1984), and Stullken and others (1987). Generally, 
Quaternary deposits in the study area consist of uncon-
solidated sand and gravel with thin, interspersed layers 
of silt and clay. 

Water in the Quaternary deposits is derived mainly 
from precipitation and irrigation return flow although 
the density of irrigation wells in south-central Kansas 
is much less than in other areas of the High Plains 
aquifer (Gutentag and others, 1984). The Quaternary 
deposits were deposited by fluvial (stream-deposited) 
and eolian (windblown) processes during the past 
2 million years.  The ground water is unconfined, and 
regional flow is from west to east.  The thickness of 
saturated material ranges from less than 100 to about 
400 ft with potential well yields ranging from less than 
250 to more than 750 gal/min (Gutentag and others, 
1984).

Land Use and Agricultural Production

Land use in the study area (fig. 2) is typical of this 
major agricultural region in the Midwestern United 
States. Cropland and grassland (pasture and range-
land) dominate the area. Major crops include corn, 
sorghum, soybeans, sunflowers, and wheat (fig. 3). 
Wheat is, by far, the dominant crop in the area overly-
ing the Quaternary deposits in south-central Kansas. 
4 Ground-Water Quality in Quaternary Deposits of the Central High Plains Aquifer, South-Central Kansas, 1999



On average, about 70 percent of the cropland in each 
county is used for the production of wheat, followed 
by sorghum (17 percent), corn (8 percent), soybeans 
(5 percent), and sunflowers (less than 1 percent) (Kan-
sas Department of Agriculture and U.S. Department of 
Agriculture, 1999). Agricultural-production and 

water-use data from Marion and Ness Counties were 
not used in this report because of the small areas of 
Quaternary deposits that occur in those counties.

Grassland in the study area generally is used, 
directly or indirectly, for livestock production. Much 
of the grassland is pasture or rangeland used for cattle 
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and calf production. Areas not pastured, typically, are 
used for the production of hay that subsequently is 
used as winter feed for cattle on grassland or in con-
fined feeding operations. Cattle and calf production is 
an important part of the farm economy in the study 
area although its importance varies from county to 
county (fig. 4). Cattle and calf inventories, as of 

January 1, 1998, varied from 22,000 head in Rush 
County to 124,000 head in Barton County. In addition 
to cattle and calves, there were about 133,000 hogs 
and pigs (inventoried December 1, 1997) and 
34,000 sheep and lambs (inventoried January 1, 1998) 
in the study area (Kansas Department of Agriculture 
and U.S. Department of Agriculture, 1999).
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Water Use

Ground water is the source of about 91 percent of 
the water withdrawn in the study area (Joan Kenny, 
USGS, written commun., 1999). Ground- and surface-
water withdrawals during 1997 were 613,000 and 
63,000 acre-ft, respectively. Irrigation, which 
accounted for about 80 percent of the withdrawals, 
was the largest use of ground water in the study area 

(fig. 5). Municipal use accounted for about 10 percent 
of the ground-water withdrawals (fig. 5A). Ground-
water withdrawals for municipal use were largest in 
Harvey, Reno, and Sedgwick Counties (fig. 5B) and 
were used mainly to supply the two largest cities in 
and near the study area—Hutchinson and Wichita. 
Industrial uses accounted for about 7 percent of 
ground-water withdrawals (fig. 5A) and were largest in 
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Reno and Sedgwick Counties (fig. 5B). Salt produc-
tion, sand and gravel operations, and manufacture of 
aircraft, paperboard, and chemicals (Kenny, 1999) 
accounted for most of the industrial water use in the 
study area.

Although representing only about 9 percent of the 
water withdrawn in the study area, surface-water with-
drawals included substantial quantities of water used 
for municipal supplies and for recreation (Joan Kenny, 
USGS, written commun., 1999). For example, surface-
water withdrawals from Cheney Reservoir in Sedg-
wick County (fig. 4) currently (2000) provide about 
one-half of Wichita’s municipal supplies. Municipal-
use surface-water withdrawals in Sedgwick County 
were about 34,000 acre-ft in 1997 (Lane Letourneau, 
Kansas Department of Agriculture, oral commun., 
2000).

METHODS OF INVESTIGATION

The study design of ground-water quality in Qua-
ternary deposits in south-central Kansas followed the 
NAWQA protocols described by Gilliom and others 
(1995) and Lapham and others (1995). Delineation of 
the study-area boundaries was based on work com-
pleted as part of the USGS Regional Aquifer-System 
Analysis (RASA) Program (Sun and Johnston, 1994). 
The High Plains RASA, which described the quantity 
and movement of ground-water resources in the High 
Plains, determined the boundaries of the High Plains 
aquifer and the various hydrogeologic subunits 
included in the aquifer (Gutentag and others, 1984). 
The boundary of the Quaternary deposits in south-cen-
tral Kansas was taken from Gutentag and others 
(1984), with the boundary drawn to include nonglacial 
deposits in areas where they do not overlie aquifer 
units of Tertiary age.

Well Selection

Within the study area, potential ground-water 
sampling sites were selected using a grid-based ran-
dom site-selection computer program (Scott, 1990). 
Twenty potential sampling sites were required for that 
part of the Quaternary deposits where saturated sedi-
ment existed (about 7,000 mi2). One primary and one 
alternate site were randomly selected within the equal-
area polygons containing each of the 20 sites. The 
alternate site was identified in the event that no well 

suitable for sampling could be identified within a 4-mi 
radius of the primary site. However, none of the alter-
nate sites were needed for this study. The distribution 
of potential sampling locations represented a density 
of one primary site for each 350 mi2. The average dis-
tance between primary sites was about 19 mi. 

Domestic wells suitable for sampling were identi-
fied near each primary site to achieve a distribution of 
sampling wells throughout the study area. Domestic 
wells were chosen for this study because domestic 
wells (1) provide excellent areal and depth coverage in 
the Quaternary deposits; (2) are, generally, easily 
accessible under all weather conditions; and (3) have 
low-capacity pumping rates that limit the potential for 
withdrawal of water from formations other than the 
Quaternary deposits. A well was considered suitable 
for sampling if (1) it was within a 4-mi radius of the 
randomly selected site; (2) it was a domestic well that 
was actively being used as a household drinking-water 
supply; (3) it could be determined from a drilling log 
or other means that the well was indeed completed in 
Quaternary deposits; (4) substantial information could 
be obtained indicating the construction details of the 
well, including well depth, screened interval, and cas-
ing information; and (5) it was possible to collect a 
water sample prior to any type of water treatment or 
storage, such as filtration or residence in a pressure 
tank or cistern.

Figure 6 shows the distribution of domestic-
supply wells sampled. Well depths ranged from 50 to 
160 ft. Depths to water at the time of sampling ranged 
from about 12 to about 93 ft below land surface, with a 
median depth of about 30 ft. More detailed informa-
tion about the construction of individual wells is pro-
vided in table 1.

Sample Collection and Analysis

The 20 domestic water-supply wells were sampled 
from May 26 to June 29, 1999, for this assessment of 
ground-water quality.  Each well was sampled once.  
Ground-water samples were collected and processed 
in a mobile water-quality laboratory mounted on a 
four-wheel-drive truck. Existing submersible pumps, 
permanently installed in each domestic well, were 
used to deliver water to the land surface. In most 
cases, a permanent spigot or hydrant near the wellhead 
was used as the water-quality sampling point. Occa-
sionally, plumbing connections near the wellhead were 
modified temporarily for sampling purposes. All mate-
Methods of Investigation 9



rials in contact with the water sample after the existing 
plumbing consisted of either stainless steel or Teflon. 

Sampling protocols followed during this study are 
described in detail in Koterba and others (1995).  To 
minimize the risk of sample contamination, all sample 
collection and preservation took place in dedicated 
environmental chambers consisting of clear polyethyl-
ene bags supported by tubular polyvinyl chloride 
(PVC) frames. Sampling equipment extending from 

the permanent sampling point near the wellhead to the 
sampling chamber inside the mobile laboratory, was 
decontaminated thoroughly between each sample col-
lection using a progression of nonphosphate detergent 
wash, tap-water rinse, methanol rinse, and final deion-
ized-water rinse. Polyethylene bags forming the sam-
ple and preservation chambers were replaced between 
each sample collection.
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Sampled wells were first purged of possible stag-
nant water. During the initial pumping period,  
measurements of specific conductance, pH, water tem-
perature, and dissolved oxygen were monitored every 
5 minutes in a closed-cell, flow-through chamber until 
stable readings were obtained. Turbidity also was mea-
sured every 5 minutes using a portable turbidity meter. 
Once stable readings of these physical properties were 
obtained, water flow inside the laboratory was redi-
rected to the clean sampling chamber where sample 
water was immediately collected for analysis. Constit-
uents analyzed in water samples collected from each 
well are listed in table 4 in the “Supplemental Infor-
mation” section at the back of this report.

Samples for the analysis of major ions, nutrients, 
and trace elements were filtered through a 0.45-µm 
pore-size disposable-capsule filter and collected in 
precleaned plastic bottles that were rinsed onsite with 
filtered ground water. Samples to be analyzed for con-
centrations of major cations and trace elements were 
preserved to less than pH 2.0 using ultrapure nitric 
acid. A filtered, unpreserved sample was collected for 
major anions. Additionally, a filtered sample was col-
lected for onsite titration of carbonate alkalinity. An 
unfiltered sample for laboratory measurements of spe-
cific conductance and pH was filled in the sampling 
chamber directly and was not preserved. Nutrient 
samples were filtered (0.45-µm pore size) into onsite-

Table 1.   Selected well-construction details for sampled domestic water-supply wells completed in Quaternary deposits, 
south-central Kansas

[BLS, below land surface; PVC, polyvinyl chloride]

Map 
index 

number 
(fig. 6)

Date of 
installation 

(month-
day-year)

Depth of 
completed 

well
 BLS (feet)

Depth to 
water BLS 
at time of 
sampling, 
except as 

noted (feet)

Screened 
interval

 BLS
 (feet)

Casing 
material

Casing 
joints

Casing 
diameter 
(inches)

Grout 
material

101 05–20–97 160 92.9 120–160 PVC Glued 5 Cement

102 02–06–80 156 91.8 136–156 PVC Glued 5 Bentonite

103 03–22–88 72 13.7 52–72 PVC Glued 5 Bentonite

104 09–20–93 65 29.8 45–65 PVC Glued 5 Bentonite

105 05–24–83 70 30.8 54–70 PVC Glued 5 Neat cement

106 09–15–86 90 15.5 70–90 PVC Glued 5 Neat cement

107 01–30–97 70 15.1 55–70 PVC Glued 5 Bentonite

108 01–21–86 91 61.0 81–91 PVC Glued 5 Neat cement

109 09–16–94 157 82.0 115–120
145–157

PVC Glued 5 Bentonite

110 05–09–94 64 115.0

1Measured at time of well installation.

45–55 PVC Glued 5 Bentonite

111 12–16–97 50 20.6 26–32 PVC Glued 5 Bentonite

112 04–12–95 74 21.6 64–74 PVC Glued 5 Bentonite

113 11–17–92 73 112.0 63–73 PVC Glued 5 Bentonite

114 03–19–85 114 87.9 90–110 PVC Glued 5 Neat cement

115 06–06–95 78 21.4 65–78 PVC Glued 5 Bentonite

116 07–26–88 88 32.5 78–88 PVC Glued 5 Cement

117 01–14–91 59 43.6 49–59 PVC Glued 6 Bentonite

118 05–19–97 61 23.2 50–61 PVC Glued 5 Bentonite

119 04–20–77 105 33.2 90–105 PVC Glued 5 Neat cement

120 11–12–98 70 16.8 50–70 PVC Glued 5 Bentonite
Methods of Investigation 11



rinsed brown plastic bottles and were chilled on ice, 
with no preservation, until delivery to the laboratory 
for analysis.

To avoid contact between water sampled for dis-
solved organic carbon (DOC) and any methanol-rinsed 
sampling equipment (a possible source of DOC con-
tamination), samples were collected directly from the 
permanent water-sampling point close to the wellhead. 
The sample was captured in a stainless-steel pressure-
filtration funnel equipped with a 0.45-µm pore-size 
silver filter. Trace concentrations of silver imparted by 
the filter served as a preservative for the DOC sample. 
Water samples were forced through the silver filter 
using purified nitrogen gas at a pressure not exceeding 
15 lb/in2. As with other organic samples, the water 
was collected in a cleaned and baked amber glass 
bottle and immediately chilled on ice until delivery to 
the laboratory for analysis.

Water samples collected for pesticide analyses 
were passed through a methanol-rinsed, stainless-steel 
filter chamber containing a cleaned and baked 0.7-µm 
pore-size glass-fiber filter. All samples analyzed for 
organic constituents were collected in amber-colored 
glass bottles and immediately chilled on ice until 
delivery to the laboratory for analysis. Unfiltered 
water for analysis of VOC’s was collected in pre-
cleaned 40-mL septum vials with no headspace and 
preserved to less than pH 2.0, using one to five drops 
of specially prepared 1:1 hydrochloric acid.

Because radon is a gas that may escape from water 
samples if exposed to the atmosphere and because 

water samples may be contaminated by radon already 
present in the atmosphere, samples for the analysis of 
radon were collected inside the mobile laboratory 
vehicle using an in-line back-pressured sampling sep-
tum and syringe. Bubble-free samples were drawn 
through the sampling septum using a gas-tight syringe. 
Radon samples were injected into glass scintillation 
vials below a mineral-oil mixture designed to 
exchange and trap radon from the water sample. The 
scintillation vials then were vigorously shaken for 
15 seconds to promote transfer of radon to the 
mineral-oil mixture.

Analysis of all water-quality samples was per-
formed at the USGS National Water-Quality Labora-
tory (NWQL) in Lakewood, Colorado. Table 2 lists 
references for the analytical methods used for each 
analysis.  Analytical data collected for this study are 
listed in table 5 in the “Supplemental Information” 
section at the back of this report.

Quality-Control Data

Quality-control data to test sample collection, pro-
cessing, and analysis were collected at a frequency of 
about 30 percent of the environmental ground-water 
samples collected from wells. Quality-control samples 
included field blank samples, replicate environmental 
samples, and field-matrix spike samples. Field-blank 
samples verified that decontamination procedures 
were adequate and that onsite and laboratory protocols 
did not contaminate the samples. Replicate samples 

Table 2.  Laboratory analysis methods for measured water-quality constituents

[USGS, U.S. Geological Survey; UV, ultraviolet; C, carbon; GC/MS, gas chromatography/mass spectrometry]

Constituent or constituent group Analysis method Method reference
Major ions

(USGS schedule 2750)
Atomic absorption spectrometry Fishman (1993)

Nutrients
(USGS schedule 2752)

Various methods Fishman (1993)

Dissolved organic carbon
(USGS schedule 2085)

UV-promoted persulfate oxidation and 
infrared spectrometry

Brenton and Arnett (1993)

Trace elements
(USGS schedule 2703)

Atomic absorption spectrometry Faires (1993)

Pesticides
(USGS schedule 2001)

Solid-phase extraction using a 
C-18 cartridge and GC/MS

Zaugg and others (1995)

Volatile organic compounds
(USGS schedule 2020)

Purge and trap capillary-column GC/MS Connor and others (1998)

Radon
(USGS laboratory code 1369)

Liquid scintillation American Society for Testing and 
Materials (1996)
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assess the combined effects of onsite and laboratory 
procedures on measurement variability. Matrix-spiked 
samples were analyzed to test for bias and variability 
from ground-water matrix interference or degradation 
of constituent concentration during sample processing, 
storage, and analysis.

Field-blank samples were analyzed for concentra-
tions of major ions, nutrients and dissolved organic 
carbon, trace elements, pesticides, and VOC’s. The 
source solution for field-blank samples was specially 
prepared organic-free or inorganic-free water provided 
by the USGS NWQL for the NAWQA Program. Field-
blank solution was passed through all sampling equip-
ment, and samples were collected using the same pro-
tocols as for environmental samples. 

Few water-quality constituents were detected in 
the field-blank samples. Ammonia and orthophosphate 
were each detected in one of two field-blank samples 
at concentrations slightly greater than the analytical 
method reporting limits (table 4 at the back of this 
report). Aluminum and dissolved organic carbon were 
detected in each of two field-blank samples at mean 
concentrations of 4.2 µg/L and 0.35 mg/L, respec-
tively. None of the pesticides listed in table 4 were 
detected in the field-blank samples. Styrene was the 
only VOC (table 4) detected in field-blank samples. 
Styrene was detected in two of four samples. The ana-
lytical results of field-blank samples indicate that the 
decontamination procedures used during this study 
were adequate and that onsite and laboratory contami-
nation of environmental samples was minimal.

Two sets of replicate environmental samples were 
collected sequentially during this study for all analyses 
except pesticides and VOC’s. Replication of pesticides 
and VOC’s was accomplished during the field-matrix 
spiking process wherein replicate environmental sam-
ples were injected with known concentrations of 
selected pesticides or VOC’s. 

Relative analytical variation between reported 
concentrations of replicate environmental samples was 
calculated for the major ions, nutrients, dissolved 
organic carbon, and trace elements listed in table 4. 
The variation, as a percentage, between constituent 
concentrations of replicate environmental samples was 
calculated as the absolute value of 100 multiplied by 
the difference in replicate concentrations divided by 
the summation of replicate concentrations.  Relative 
analytical variation was not calculated if one or both 
analyses for a replicate pair were less than analytical 
method reporting limits. 

For most replicated constituents, the relative ana-
lytical variation was less than 2 percent. Relative per-
centage variation was less than 5 percent for all 
constituents except ammonia (9.6 percent, one repli-
cate pair), dissolved organic carbon (16.7 percent, one 
replicate pair), and arsenic (25.6 and 15.0 percent). 
Generally, however, the results of replicate environ-
mental sample analyses indicate an acceptable degree 
of laboratory precision and reproducibility.

Analytical recovery bias and variability were 
assessed for the pesticides listed in table 4 using analy-
ses of three field-matrix spike samples collected dur-
ing this study. Replicate environmental samples were 
spiked with known amounts of pesticides and ana-
lyzed according to methods listed in table 2. Percent-
age recoveries were calculated as 100 multiplied by 
the analytically determined concentration in the field-
matrix spike sample divided by the summation of the 
expected (calculated) spike concentration plus the ana-
lytically determined concentration in the primary 
environmental sample. 

Mean percentage recoveries for pesticides 
listed in table 4 generally were biased low (less than 
100-percent recovery). Of 47 pesticides, 38 had mean 
percentage recoveries less than 100 percent, with a 
few (azinphos-methyl, cis-permethrin, deethylatra-
zine, and p,p’-DDE) with mean percentage recoveries 
less than 70 percent. In contrast, carbofuran, linuron, 
tebuthiuron, and terbacil had an unusually high mean 
percentage recovery (equal to or greater than 
130 percent).

These data indicate that sample processing and 
analytical methods provided a reasonable approxima-
tion of expected pesticide concentrations for most of 
the pesticides listed in table 4. For example, 27 of the 
47 listed pesticides had mean percentage recoveries 
between 90 and 110 percent, and from a study-area 
perspective, mean percentage recoveries for most of 
the pesticides that might occur in ground water in agri-
culturally dominated south-central Kansas were within 
this range. On the basis of crops grown and pesticides 
commonly applied, these pesticides included ace-
tochlor, alachlor, atrazine, diazinon, and metolachlor 
(Kansas State University, 1991; Regehr and others, 
1994).

Percentage recoveries for VOC’s generally were 
less than those for pesticides.  Mean percentage recov-
eries for the VOC’s (table 4) ranged from 47.8 percent 
(2,2-Dichloropropane) to 112 percent (2-Butanone). 
Methods of Investigation 13



The average mean percentage recovery for all 
85 VOC’s was 69.7 percent. 

Ancillary Data

Ancillary data were collected for all wells from 
which water-quality data were obtained. The ancillary 
data included selected features or conditions of the 
sampling site, the well, the subsurface at the well, and 
the landscape and land-management activities in the 
vicinity of the well. These data subsequently become 
part of the NAWQA National Data Base Archive. 
Nationally consistent and quantitative methods for the 
collection, documentation, and compilation of ancil-
lary data for this study are presented in Koterba 
(1998).

Ancillary data were divided into two parts and are 
maintained in two separate data bases. Site, well, and 
subsurface data are a part of the USGS National Water 
Information System—Ground-Water Site Inventory 
(GWSI) data base. Land-use, land-management, and 
other required landscape data are a part of a new Land-
Use and Land-Cover Field Sheet (LULCFS) data base 
of the NAWQA Program. 

The required GWSI data for NAWQA wells are 
listed in Koterba (1998, table 1, p. 5–8). These data 
include precise location information, well-construc-
tion details, and descriptions of the hydrogeologic unit 
and lithologic materials in which the well is installed. 
Because the study of Quaternary deposits in south-
central Kansas used existing domestic water-supply 
wells, the GWSI data base was populated to the extent 
possible using information recorded on drillers’ logs 
and well-construction records. 

Data requirements for the LULCFS data base were 
designed to document land-surface activities that 
might affect ground-water quality. These data charac-
terize potential point sources of ground-water contam-
ination and areally extensive land-use practices with 
possible nonpoint-source effects. Nonpoint-source 
activities might include large areal applications of 
water or chemicals such as used in agricultural areas, 
or extensive industrial, commercial, or residential 
urban environments. These data generally were 
recorded onsite at the time of water-sample 
collection through observations of the area surround-
ing the well site.

GROUND-WATER QUALITY

The USEPA has established drinking-water stan-
dards for physical properties and chemical constitu-
ents that may have adverse effects on human health or 
that may affect the odor, appearance, or desirability of 
water (U.S. Environmental Protection Agency, 2000a).  
A Maximum Contaminant Level (MCL) is the maxi-
mum permissible level for a contaminant in drinking 
water that is delivered to any user of a public-water 
system.  A Secondary Maximum Contaminant Level 
(SMCL) is a nonenforceable Federal guideline regard-
ing aesthetic effects of drinking water.  Ground-water 
quality in the Quaternary deposits of the central High 
Plains aquifer in south-central Kansas is discussed in 
the following sections in relation to these USEPA stan-
dards.

Physical Properties

Physical properties were measured in water from 
each of the 20 domestic water-supply wells sampled 
during this study (table 5 at the back of this report). 
Measurements were made at the time of sample col-
lection and included specific conductance, pH, water 
temperature, turbidity, dissolved oxygen, and alkalin-
ity.  A statistical summary and USEPA standards for 
physical properties in water from 20 domestic water-
supply wells (fig. 6) sampled during this study are pre-
sented in table 3. 

Water from most wells had specific conductance 
values less than 800 µS/cm (microsiemens per centi-
meter at 25 oC). The only samples with specific con-
ductance values greater than 800 µS/cm were from 
wells 105 (1,010 µS/cm), 114 (1,280 µS/cm), and 
117 (1,760 µS/cm). Specific conductance describes 
the ability of water to conduct an electrical current and 
provides an indication of ion concentrations.  As con-
ductance of the water increases, so does the ion con-
centration (Hem, 1985).

The pH of water from all except one sampled well 
was within the USEPA SMCL range of 6.5 to 8.5 stan-
dard units in drinking water. The exception was water 
from well 118, which had a pH of 6.4 standard units. 
pH values less than 7.0 are indicative of acidic water, 
and values greater than 7.0 are indicative of alkaline 
water.  

The turbidity (cloudiness) of water from all wells 
was low, which generally indicates not only an accept-
able aesthetic appeal and a lack of obvious contamina-
14 Ground-Water Quality in Quaternary Deposits of the Central High Plains Aquifer, South-Central Kansas, 1999



tion but also that the wells were developed properly 
and that samples were representative of the aquifer 
water. Turbidity has no health effects, but it can intef-
ere with disinfection and provide a medium for micro-
bial growth.  Excessive turbidity may indicate the 
presence of microbes (U.S. Environmental Protection 
Agency, 2000a).

Water from most of the wells was well oxygenated 
as indicated by a median dissolved-oxygen concentra-
tion of 5.1 mg/L (table 3). Water from two wells 
(wells 107 and 115), however, had unusually small 
dissolved-oxygen concentrations (0.2 and 0.1 mg/L, 
respectively, table 5). Oxygen enters ground water 
through recharge of oxygen-enriched water that perco-
lates down through the unsaturated zone where it may 
react with oxidizable material encountered along the 
flow path of the water. The principal reacting species 
are organic material and reduced inorganic minerals 
such as pyrite and siderite (Hem, 1985). The small dis-
solved-oxygen concentrations in water from wells 107 
and 115 may represent natural and localized, oxygen-
demanding (reducing) conditions in the unsaturated 
zone or may be an indication of contamination from 
the distribution or disposal of organic material associ-
ated with human activities. This human-related mate-
rial could be from synthetic fertilizers used in crop 
production, the distribution of animal manure as a soil 
amendment, or as leachate from confined animal-feed-
ing operations or domestic septic systems. 

Alkalinity as CaCO3 (calcium carbonate) in water 
is a measure of the acid-buffering capacity of a filtered 

water sample.  Alkalinity as CaCO3 ranged from 60 to 
320 mg/L in the ground-water samples collected 
(table 3).  Water with excessive alkalinity as CaCO3 
may have a distinctive unpleasant taste, and irrigation 
water with excessive alkalinity may increase the pH of 
the soil solution, leach organic material, decrease per-
meability of the soil, and impair plant growth (Hem, 
1985).

Dissolved Solids and Major Ions

Dissolved solids are an important indicator of 
water quality and, in uncontaminated ground water, 
are the result of natural dissolution of rocks and miner-
als. Dissolved solids are also an important indicator of 
the suitability of water for drinking, irrigation, and 
industrial use. Although drinking water containing 
more than 500 mg/L dissolved solids (USEPA SMCL) 
is undesirable, such water is used in many areas where 
less mineralized water is not available.  Dissolved sol-
ids in irrigation water may adversely affect plants 
directly by the development of high osmotic condi-
tions in the soil solution and by the presence of phy-
toxins.

The major constituents of dissolved solids in 
ground-water samples collected from Quaternary 
deposits in south-central Kansas are the cations (posi-
tively charged ions) calcium, magnesium, potassium, 
silica, and sodium and the anions (negatively charged 
ions) bicarbonate, bromide, chloride, fluoride, and sul-
fate. Sample concentrations, median values, and asso-

Table 3.  Statistical summary and U.S. Environmental Protection Agency (2000a) drinking-water standards for 
physical properties in water from 20 domestic water-supply wells completed in Quaternary deposits, south-central 
Kansas, 1999

[µS/cm, microsiemens per centimeter at 25 oC; oC, degrees Celsius; NTU, nephelometric turbidity units; mg/L, milligrams per liter; CaCO3,
calcium carbonate; SMCL, Secondary Maximum Contaminant Level; MCL, Maximum Contaminant Level; --, not applicable]

Physical property 
(unit of measurement)

Number of 
samples

Concentration or measurement
Drinking-

water 
standardMinimum Median Maximum

Specific conductance (µS/cm) 20 173 490 1,760 --

pH (standard units) 20 6.4 7.2 7.6 6.5–8.5 
(SMCL)

Water temperature (oC) 20 14.8 16.2 17.7 --

Turbidity (NTU) 20 .10 .30 .80 5 (MCL)

Dissolved oxygen (mg/L) 20 .1 5.1 7.3 --

Alkalinity, water whole, field (mg/L as 
CaCO3)

20 60 170 320 --
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ciated water-quality standards for dissolved solids and 
major ions are presented in figure 7.

Concentrations of dissolved solids in water from 
the 20 domestic water-supply wells sampled ranged 
from 143 (well 118) to 1,060 mg/L (well 117) (fig. 7, 
table 5 at the back of this report). The distribution of 
dissolved-solids concentrations in water is shown in 
figure 8. The median dissolved-solids concentration 
was 318 mg/L, substantially less than the 500-mg/L 
SMCL established by the USEPA (U.S. Environmen-
tal Protection Agency, 2000a). However, water from 
five wells (105, 111, 114, 115, and 117) did exceed the 
SMCL (fig. 8). 

Generally, the data collected for this study 
(table 5) indicate that calcium bicarbonate type water 
is the dominant ground-water type in the Quaternary 
deposits area of south-central Kansas (fig. 9). How-
ever, major-ion composition can vary locally to 
sodium chloride type water (well 117), a mixed water 
type of calcium bicarbonate sulfate and sodium chlo-
ride (well 105), or a calcium and magnesium sulfate 
type water (well 114). 

Associated with the variability in or mixing of 
water types, the concentrations of chloride in water 
from well 117 (350 mg/L) and sulfate in water from 

well 114 (290 mg/L) both exceed the 250-mg/L 
SMCL’s for these constituents. Both of these concen-
trations were substantially larger than concentrations 
in water from the other wells. The chloride concentra-
tion in water from well 117 was more than three times 
larger than the next largest concentration (110 mg/L, 
well 105), and the sulfate concentration in water from 
well 114 was almost five times larger than the next 
largest concentration (59 mg/L, well 105). 

The probable source of these large concentrations 
of chloride and sulfate may be natural salt (sodium 
chloride) contamination, which is known to occur in 
the area of well 105 (Buddemeier and others, 1995) or, 
in the case of sulfate, the oxidation of pyrite and other 
sulfides (common in sedimentary rocks) in well-oxy-
genated water or the dissolution of evaporite deposits 
such as gypsum (calcium sulfate). Although no 
human-health effects are associated with chloride or 
sulfate in the concentration range determined during 
this study, concentrations larger than 250 mg/L may 
produce an objectionable taste in drinking water.  
Chloride may impart a salty taste to drinking water 
and may accelerate the corrosion of metals used in 
water-supply systems.  Chloride in irrigation water 
generally is not toxic to most crops grown in the study 
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area.  The discharge of human, animal, or industrial 
wastes and irrigation return flows may add substantial 
quantities of chloride to ground water.  Sulfate in 
drinking water may impart a bitter taste and act as a 
laxative on unacclimated users (Hem, 1985).

Nutrients and Dissolved Organic Carbon

Nutrients, containing the elements nitrogen and 
phosphorus, are essential for the growth and reproduc-
tion of plants. Compounds of nitrogen and 
phosphorus, such as synthetic fertilizers and manure, 
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commonly are applied to cropland and some pastures 
to stimulate plant growth and increase crop yields and 
hay production. Synthetic fertilizers include 
anhydrous ammonia, ammonium nitrate, urea, and 
mono- and diammonium phosphates. 

Synthetic fertilizer use in Kansas more than tripled 
from 1965 to 1998, from about 640,000 to about 
2,100,000 tons (Kansas Department of Agriculture 
and U.S. Department of Agriculture, 1999), and simi-
lar increasing trends are likely in the area underlain by 
Quaternary deposits in south-central Kansas. Farm 
livestock also produce large quantities of phosphorus- 
and nitrogen-rich organic wastes (urine and manure) 
that contribute to nonpoint sources of nutrients. 
Leachate from these organic wastes can infiltrate into 
the shallow ground-water system and potentially con-
taminate drinking-water sources. Other sources of 
nutrients include human waste, nitrogen-containing 
organic compounds, and industrial waste. Large con-

centrations of nutrients (particularly nitrates) in 
drinking water may be physiologically damaging 
to humans.

Human health-based regulations have been estab-
lished for nitrate concentrations in drinking water 
because of the potential adverse health effects on 
infants. Consumption of drinking water with nitrate 
concentrations larger than 10 mg/L can cause methe-
moglobinemia (blue-baby syndrome) in infants, a 
sometimes fatal illness related to the impairment of the 
oxygen-carrying ability of the blood (U.S. Environ-
mental Protection Agency, 1986). Accordingly, an 
MCL of 10 mg/L of nitrate as nitrogen has been estab-
lished by the USEPA and implemented at the State 
level by the Kansas Department of Health and 
Environment (1994).

Nitrite and nitrate are inorganic ions produced 
during various stages of the nitrogen cycle. In most 
oxygenated water, nitrate is the predominate ion 
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because of rapid oxidation of nitrite (Reid and Wood, 
1976, p. 235). Nitrite and nitrate usually occur in 
relatively small concentrations in uncontaminated 
water, and concentrations in the range of several milli-
grams per liter suggest contamination from human 
activities.  Mueller and Helsel (1996) estimated a 
national average background concentration of nitrite in 
ground water of 2.0 mg/L as nitrogen, which indicates 
that concentrations larger than 2.0 mg/L may be 
affected by contamination from human activities.

Concentrations of most nutrients in water from the 
20 wells sampled during this study were small, with 
the exception of nitrite plus nitrate as nitrogen (herein-
after referred to as nitrate) (fig. 10, table 5 at the back 
of this report). Concentrations of ammonia as nitrogen 
ranged from less than 0.02 mg/L in water from eight 
wells to 0.39 mg/L (well 115).  Little organic nitrogen 
was detected in water from wells in the study area as 
indicated by the similarity in ranges of concentrations 
for ammonia and ammonia plus organic nitrogen.  
Also, a similarity in ranges of concentrations for phos-
phorus species indicates that most phosphorus in water 
from wells in the study area occurs as orthophosphate.  
Concentrations of orthophosphate-phosphorus ranged 
from 0.01 to 0.26 mg/L.  On average, orthophosphate-
phosphorus constituted about 96 percent of the phos-
phorus concentration in water from the 20 wells sam-
pled in the study area.

Concentrations of nitrate in water from the 
20 wells sampled during this study varied substantially 
across the study area (fig. 11). Concentrations of 

nitrate ranged from less than 0.05 (well 115) to 
15 mg/L (well 103) with a median concentration of 6.2 
mg/L.  Although water from well 115 had no detect-
able concentrations of nitrate, water from wells 103, 
108, and 119 (15 percent of the sampled wells) had 
concentrations greater than the 10-mg/L drinking-
water MCL. Generally, there is an overall enrichment 
of nitrate in ground water throughout the study area. 
This enrichment probably is the result of human-
related activities. Water from 16 wells 
(80 percent) showed enrichment when compared to a 
2.0-mg/L nitrate natural background concentration 
(Mueller and Helsel, 1996).

The general human-related enrichment of nitrate 
concentrations in water from Quaternary deposits in 
south-central Kansas may be a result of synthetic fer-
tilizer applications, addition of soil amendments 
(manure), or livestock production. The contribution of 
nitrogen from fertilizers and manure applications var-
ies substantially across the study area (fig. 12). In 
1991, the average contribution of nitrogen from 
synthetic fertilizers in the study area varied from less 
than 15 lb/acre in Comanche, Hodgeman, and Rush 
Counties to more than 45 lb/acre in several counties 
(fig. 12A). A similar variability in county-average 
nitrogen contributions from livestock manure is 
evident (fig. 12B). 

A comparison of nitrogen concentrations in water 
from the 20 wells sampled during this study (fig. 11) 
with county-average nitrogen contributions from fer-
tilizer and manure application (fig. 12) indicates that 

(8)

(16)

(1)

(0)

(0)

(0)

Median value

Maximum 
Contaminant 
Level

Reporting limit

Number of values less than reporting limit

Median value 
less than 
reporting limit

0.01 0.10 1.0 10 100

Ammonia,
as nitrogen

Ammonia plus organic
nitrogen, as nitrogen

Nitrate, as nitrogen

Phosphate, ortho,
as phosphorus

Phosphorus

Organic carbon, dissolved

Concentration, in milligrams per liter

Figure 10.  Method reporting limits, sample concentrations and median values, and drinking-water standards for nutrients and 
dissolved organic carbon detected in water from 20 domestic water-supply wells completed in Quaternary deposits, south-
central Kansas, 1999 (drinking-water standards from U.S. Environmental Protection Agency, 2000a).
Ground-Water Quality 19



the information presented in figure 12 may be too geo-
graphically broad to correlate with nitrate concentra-
tions in water from any particular well. For instance, 
although the small nitrate concentration in water from 
well 101 (Comanche County) corresponds to the rela-

tively small county-average nitrogen contributions 
from fertilizer and manure, wells with water contain-
ing small nitrate concentrations (wells 107, 115, 
and 116) also occurred in counties (Stafford and 
McPherson) with much larger average nitrogen contri-
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butions. Additionally, water from some wells with 
larger nitrate concentrations did not correspond to the 
counties with some of the largest average nitrogen 
contributions such as water from well 104 (Pawnee 
County) and well 119 (Reno County). 

Although county data such as that presented in fig-
ure 12 may help explain study-area-wide enrichment 
of ground water with nitrate, other more local factors 
also may be responsible for variability in nitrate con-
centrations among the sampled wells.  Local factors 
that may affect nitrate concentrations in water from 
domestic wells would include the wells’ proximity to 
fields where fertilizers and manure are applied, 
domestic septic systems, and livestock operations; 
intensity of local irrigation; annual precipitation; soil 
characteristics; topography; presence of relatively 
impermeable layers above the aquifer; and potential 
point-source discharges of nutrients or spills or leaks 
from fertilizer storage tanks. 

Most uncontaminated ground water will have only 
small concentrations of dissolved organic carbon 
(DOC). In the absence of organic contamination such 
as leachate from landfills or spills or leaks from areas 
of oil and gas production, the source of DOC in 
ground water likely would be the end products of the 
biochemical cycle in the soil profile above the aquifer. 
These end products, generally, are humic and fulvic 
acids associated with the biological degradation and 
decay of soil-organic material or organic amendments 
(manure) applied to the soil. If present in large enough 
quantities, however, organic solutes composing DOC 
may form complexes that affect trace element solubil-
ity, participate in redox reactions, and affect both 
physical and chemical properties of solid-liquid or liq-
uid-gas interfaces (Hem, 1985). No drinking-water 
quality standard has been established for DOC.

Concentrations of DOC were small in water from 
the 20 wells sampled during this study (fig. 10, 
table 5). Concentrations ranged from 0.3 mg/L in 
water from wells 101, 102, and 111 to 1.5 mg/L in 
water from well 115, with a median concentration of 
0.4 mg/L. However, DOC was detected at a mean con-
centration of 0.4 mg/L in two field-blank samples, 
which indicates that either sample-collection and (or) 
processing procedures may have introduced small con-
centrations of DOC or that there was an inherent bias 
in analytical methods. Because of the field-blank 
results and the small concentrations detected in the 
environmental samples collected from the wells, exact 
concentrations of DOC in water from most wells is 

uncertain; however, the data do indicate an upper limit 
(about 1.5 mg/L) of DOC in water from wells in the 
study area.

Trace Elements

Trace elements normally occur in natural water in 
small concentrations even though some are naturally 
abundant. For instance, although aluminum is the sec-
ond-most abundant element (behind silica) in igneous 
and sedimentary rocks of the Earth’s crust, it rarely 
occurs in solution in natural water in concentrations 
greater than a few hundred micrograms per liter (Hem, 
1985). The occurrence in ground water of most of the 
trace elements listed in table 4 (at the back of this 
report) typically results from natural physical and 
chemical processes. Physical processes include those 
associated with the mineral composition and origin, 
transport, and deposition of the aquifer material. 
Chemical processes include the action of water, oxy-
gen, carbon dioxide, and other acidic components that 
cause the chemical breakdown or dissolution of miner-
als containing trace elements (Brickler and Jones, 
1995, p. 1–20). Generally, the occurrence and chemi-
cal speciation of trace elements in ground water are 
determined by (1) hydrogen ion availability (defined 
by pH); (2) the presence and concentrations of inor-
ganic ligands such as carbonate, sulfate, sulfide, and 
chloride; (3) the presence and concentrations of 
organic complexing agents (primarily humic and ful-
vic acids); (4) free electron availability; and (5) the 
ionic strength and cation distribution of the water 
(Allard, 1995, p. 151–176).

Human activities may affect trace-element con-
centrations in shallow ground water. For instance, 
organic and inorganic compounds of copper have been 
used extensively in agricultural pesticide sprays, and 
their wide dispersal in cropland areas has the potential 
to enrich copper concentrations in shallow ground 
water. However, the source and distribution of trace 
elements probably are more dominant in urban areas 
where trace elements such as aluminum, chromium, 
copper, iron, lead, nickel, and zinc are used as struc-
tural or decorative components of buildings, exterior 
structures and trim work, in automobiles, and as pro-
tective coverings or coatings against corrosion and 
oxidation of framework or base metals. Large quanti-
ties of some trace elements have been released with 
effluent discharge from industrial activities, the burn-
ing of fossil fuel, and dispersed in automobile exhaust 
Ground-Water Quality 21
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as a result of their addition to gasoline in the refining 
process. This potentially wide environmental distribu-
tion of trace elements creates the possibility for disso-
lution of some of these elements in water that, 
ultimately, may recharge a shallow aquifer.

Most trace elements in water from the 20 wells 
sampled were detected only in small concentrations 
that were substantially less than established MCL’s 
(fig. 13, table 5 at the back of this report). In fact, the 
trace elements antimony, beryllium, cadmium, cobalt, 
lead, and silver were not detected in water from any of 
the wells sampled during this study. Infrequent detec-
tions of chromium (two detections), manganese (two 
detections), and nickel (three detections) were noted. 
Copper, molybdenum, selenium, uranium, and zinc 
were detected more frequently, but none of the 

detected concentrations were larger than established or 
proposed drinking-water standards.  In contrast, alu-
minum and barium were detected in water from all 
20 wells.  Detections of trace metals such as copper, 
iron, and nickel in part may be the result of their use in 
pumps, water pipes, and plumbing fittings of domestic 
water-supply systems.

Few trace element concentrations exceeded 
respective drinking-water standards, the most notable 
of these is the 240-µg/L concentration of arsenic in 
water from well 115 (table 5). The arsenic concentra-
tion in water from this well is 48 times the proposed 
5.0-µg/L MCL (U.S. Environmental Protection 
Agency, 2000b) and probably is the result of reducing 
conditions (dissolved-oxygen concentration of 
0.1 mg/L). Arsenic is more mobile under reducing 

0.10 1.0 10 100

Concentration, in micrograms per liter

1,000 10,000

Aluminum

Antimony

Arsenic

Barium

Beryllium

Cadmium

Chromium

Cobalt

Copper

Iron

Lead

Manganese

Molybdenum

Nickel

Selenium

Silver

Uranium, natural

Zinc

(0)

(20)

(5)

(0)

(20)

(20)

(18)

(20)

(7)

(20)

(18)

(7)

(17)

(13)

(20)

(11)

(4)

(17)

Median value

Maximum Contaminant Level

Secondary Maximum
Contaminant Level

Proposed

Reporting limit

Number of 
values less 
than reporting 
limit

Median value 
less than 
reporting limit

Proposed

Figure 13.  Method reporting limits, sample concentrations and median values, and drinking-water standards for selected 
trace elements in water from 20 domestic water-supply wells completed in Quaternary deposits, south-central Kansas, 1999 
(drinking-water standards from U.S. Environmental Protection Agency, 1999, 2000a, and 2000b).
24 Ground-Water Quality in Quaternary Deposits of the Central High Plains Aquifer, South-Central Kansas, 1999



conditions than in well-oxygenated water (Hinkle, 
1997). All other detected concentrations of arsenic 
were less than the proposed 5.0-µg/L MCL. Potential 
health effects from excessive arsenic concentrations in 
drinking water include cardiovascular disease, diabe-
tes, anemia, and an increased risk of cancer (U.S. 
Environmental Protection Agency, 2000b).  Similarly, 
the concentration of iron in water from well 115 also 
was the largest (2,600 µg/L) determined in water from 
any of the 20 wells sampled (table 5). The concentra-
tion of iron in water from well 115 was more than 
eight times greater than the 300-µg/L SMCL. Iron is 
an essential element in the metabolism of plants and 
animals; however, if present in excessive amounts, it 
forms red oxyhydroxide precipitates that stain laundry 
and plumbing fixtures and, therefore, is an objection-
able impurity in domestic and industrial water supplies 
(Hem, 1985).  Additionally, water from wells 115 and 
107 had manganese concentrations greater than the 
50-µg/L SMCL, 360 and 97 µg/L (table 5), respec-
tively. Reducing conditions also were evident in water 
from well 107 (0.2 mg/L dissolved oxygen). Under 
reducing conditions, manganese may be extracted 
(dissolved) from organic and manganese complexes or 
from manganese oxides.  Manganese is an undesirable 
impurity in water supplies because of a tendency to 
deposit black manganese oxide stains (Hem, 1985).

Some occurrences of trace elements in ground 
water in the study area could originate from human-
related sources as noted previously. However, the gen-
erally small concentrations that were measured proba-
bly reflect mostly natural sources for these 
constituents.

Pesticides

Pesticides are a group of compounds used to con-
trol unwanted plants or animals. Pesticides are applied 
primarily to cropland in rural areas, but also to lawns, 
rights-of-way, and gardens in urban areas. The wide-
spread use of pesticides creates the potential for the 
movement of pesticides or their degradation products 
into shallow, unconfined aquifers. The presence of 
pesticides in ground water is a human-health concern 
for those using ground water as a drinking-water sup-
ply. In sufficiently large concentrations and (or) pro-
longed exposure, pesticides can cause human-health 
problems ranging from kidney and nerve damage to 
leukemia and other cancers (U.S. Environmental Pro-
tection Agency, 1989).

A total of 47 pesticide compounds from several 
classes of herbicides and insecticides that included 
triazine, organophosphorus, organochlorine, and car-
bamate compounds and three pesticide degradation 
products (table 4 at the back of this report) were ana-
lyzed for this study at the USGS NWQL. Of the 
20 wells sampled, water from 10 (50 percent) had 
detectable concentrations of one or more of the 
47 compounds (fig. 14). The herbicide atrazine and its 
degradation product deethylatrazine were detected 
most frequently (in eight and nine samples, respec-
tively); other detected pesticides included the insecti-
cides carbofuran (in water from one well) and 
diazinon (in water from one well), and the herbicide 
metolachlor (in water from two wells) (fig. 15). Atra-
zine was detected at concentrations ranging from 
0.006 to 0.18 µg/L (in water from wells 103, 104, 105, 
108, 114, 117, 118, and 119, table 5 at the back of this 
report), and deethylatrazine was detected at estimated 
concentrations ranging from 0.003 to 0.11 µg/L (in 
water from the same wells as atrazine plus well 113). 
Carbofuran was detected at an estimated concentration 
of 0.004 µg/L in water from well 101; neither atrazine 
nor deethylatrazine were detected in water from this 
well (table 5). Diazinon was detected at an estimated 
concentration of 0.003 µg/L in water from well 104; 
atrazine and deethylatrazine also were detected in 
water from this well. Metolachlor was detected at con-
centrations of 0.01 and 0.004 µg/L in water from 
wells 117 and 119, respectively, which also had detect-
able concentrations of atrazine and deethylatrazine. 
All detected concentrations of atrazine and carbofuran 
were substantially less than their MCL’s of 3.0 and 
40 µg/L, respectively; MCL’s have not been estab-
lished for deethylatrazine, diazinon, or metol-
achlor. 

None of the five pesticides detected in water from 
the 20 wells sampled—atrazine, deethylatrazine, car-
bofuran, diazinon, and metolachlor—were detected in 
the analyses of the two organic-free (field-blank) 
water samples. This indicates that no contamination 
was introduced from previous sample collection and 
processing nor from laboratory processing and analy-
sis. Analytical recoveries of atrazine, diazinon, and 
metolachlor determined during this study generally 
were better than the 79-, 70-, and 82-percent mean 
recoveries for atrazine, diazinon, and metolachlor, 
respectively, reported by Zaugg and others (1995) for 
spiked ground-water samples. Low recoveries of 
deethylatrazine and carbofuran determined during this 
study were consistent with the low recoveries docu-
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mented by Zaugg and others (1995); as a result, all 
concentrations of deethylatrazine and carbofuran were 
reported as estimated by the USGS NWQL (table 5). 

The large frequency of at least one pesticide detec-
tion (50 percent of wells sampled) in ground water in 
the study area indicates that land use can affect 

ground-water quality. Land use in the study area is 
predominantly agriculture (fig. 2); however, pesticide 
use and distribution probably are most closely associ-
ated with cropland. Although concentrations of 
detected pesticides were small (relative to established 
MCL’s), the synergistic effect of these concentrations 
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and long-term exposure to multiple pesticides on 
human health are unknown.

Volatile Organic Compounds

Volatile organic compounds (VOC’s) are a group 
of relatively low molecular-weight hydrocarbons char-
acterized by the ability to volatilize at low environ-
mental temperatures, with high aqueous solubility, 
mobility, resistance to degradation, and the potential 
for some to have carcinogenic effects. The use or pro-
duction of these compounds in industrial, manufactur-
ing, and agricultural activities is the greatest
potential source for VOC contamination of ground-
water resources.

VOC’s are by-products or components in the pro-
duction of food, drugs, paints and varnishes, deodor-
ants, pesticides, fumigants, glues and adhesives, 
rubber, cleaning agents, degreasers, disinfectants, 
dyes, perfumes, and many other materials. One of the 
major sources of VOC’s is as components in fuels and 
motor oil. Because of the diverse uses and distribution 

of VOC’s, the potential 
for ground-water contam-
ination is greatest in 
industrial or commercial 
areas as a result of 
improper disposal of 
industrial waste, acciden-
tal chemical spills, leak-
ing gasoline storage 
tanks, or seepage from 
toxic-waste dumps or 
landfills. However, the 
land application of some 
pesticides in crop produc-
tion and the use of fumi-
gants during grain 
storage create the poten-
tial for movement of 
associated VOC’s to shal-
low, unconfined aquifers 
in agricultural areas.

The presence of 
VOC’s in ground water 
may pose a human-
health concern for those 
using ground water as a 
drinking-water supply. In 
sufficiently large concen-

trations and (or) prolonged exposure, VOC’s can cause 
human-health problems ranging from kidney and 
nerve damage to leukemia and other cancers (U.S. 
Environmental Protection Agency, 2000c).

Water samples from 20 domestic water-supply 
wells in Quaternary deposits of south-central Kansas 
were analyzed for 85 VOC’s (table 4 at the back of this 
report). Of the 20 wells sampled, three yielded sam-
ples with concentrations of one or more VOC’s equal 
to or greater than the respective analytical method 
reporting limit (table 5 at the back of this report). 
Chloroform was the most frequently detected VOC (in 
water from two wells); the only other VOC detected 
was styrene (in water from one well). Chloroform was 
detected at concentrations of 0.18 and 0.25 µg/L in 
water from wells 111 and 115, respectively; styrene 
was detected at an estimated concentration of 
0.045 µg/L in water from well 116. 

Chloroform was not detected in the analyses of the 
four field-blank samples; therefore, the presence of 
chloroform in water from wells 111 and 115 probably 
represents environmental occurrences of this com-
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pound. In contrast, the detection of styrene in two of 
the four field-blank samples (detection rate of 50 per-
cent) indicates that styrene may be a contaminant 
introduced by sample collection, processing, and (or) 
analytical procedures. Detected concentrations of 
styrene in the field-blank samples were 0.14 and 
0.27 µg/L—similar in magnitude to the detected con-
centrations in environmental samples. The concentra-
tions of chloroform and styrene were substantially less 
than the MCL’s (100 µg/L) for these compounds.  In 
summary, the occurrence and detection of VOC’s in 
water from Quaternary deposits in south-central Kan-
sas were infrequent, detectable concentrations were 
substantially less than established MCL’s, and the 
areal distribution of VOC’s in ground water was 
extremely limited. 

Radon

Radon is a naturally occurring radioactive gas pro-
duced by the decay of the element radium. Radon, 
which emits ionizing radiation, occurs in drinking 
water and indoor air. Radon emitted by soil under 
homes is the primary source of radon in indoor air. 
Breathing radon from indoor air in homes poses a sub-
stantial public-health risk, and as a result of radon 
exposure, an estimated 20,000 lung-cancer deaths 
occur each year in the United States (U.S. Environ-
mental Protection Agency, 1999).

Radon from drinking water is a lesser source of 
radon to indoor air. Only about 1 to 2 percent of radon 
in indoor air comes from drinking water (U.S. Envi-
ronmental Protection Agency, 1999). However, this 
additional source of radon to indoor air may, over a 
lifetime, increase the risk of lung cancer. Consumption 
of radon in contaminated drinking water also may 
increase the risk of cancers of internal organs, prima-
rily stomach cancer. Currently (2000), no MCL has 
been established for radon in drinking water; however, 
a proposed MCL of 300 pCi/L (picocuries per liter) for 
radon is under review by USEPA (U.S. Environmental 
Protection Agency, 1999).

Concentrations of radon were detected in water 
from every well sampled for this study and ranged 
from 200 (well 101) to 590 pCi/L (well 115) (table 5 at 
the back of this report), with a median concentration of 
260 pCi/L. Although the median concentration of 
radon is less than the proposed MCL of 300 pCi/L, 
water from six wells (30 percent) contained radon in 
concentrations larger than the proposed MCL.

SUMMARY

Knowledge of the quality of the Nation’s water 
resources is important because of the implications to 
human and aquatic health and because of substantial 
costs associated with land and water management, 
conservation, and regulation. In 1991, the U.S. Geo-
logical Survey began full implementation of the 
National Water-Quality Assessment (NAWQA) Pro-
gram. The long-term goals of the NAWQA Program 
are to describe the status and trends in the quality of 
the Nation’s surface- and ground-water resources and 
to determine the natural and human-related factors 
affecting water quality.

The High Plains Regional Ground-Water Study 
was begun in June 1998 and represents a modification 
of the traditional NAWQA design in that the ground-
water resource is the primary focus of investigation. 
The High Plains aquifer is a nationally important 
water resource that underlies about 174,000 mi2 in 
parts of eight Western States. About 20 percent of 
agricultural land in the United States is in the High 
Plains, and about 30 percent of all the ground water 
used for irrigation in the United States is pumped from 
this aquifer.

The Quaternary deposits of south-central Kansas 
constitute a 7,000-mi2 hydrogeologic subunit of the 
High Plains aquifer and provide water for irrigation 
and serve as a major drinking-water supply for the 
area. Generally, the deposits consist of unconsolidated 
sand and gravel with thin, interspersed layers of silt 
and clay. Water in the deposits is derived mainly from 
recharge of precipitation and irrigation return flow, 
although the density of irrigation withdrawals  from 
Quaternary deposits in south-central Kansas is much 
less than from other areas of the High Plains aquifer. 
Water in the Quaternary deposits is vulnerable to 
effects from land-surface activities.

Land use overlying the Quaternary deposits of 
south-central Kansas is typical of this major agricul-
tural region in the Midwestern United States. Cropland 
and grassland (pasture and rangeland) dominate the 
area. Major crops include corn, sorghum, soybeans, 
sunflowers, and wheat. Grassland in the area generally 
is used, directly or indirectly, for livestock production. 
Much of the grassland is pasture or rangeland used for 
cattle and calf production. Areas not used for pasture 
typically are used for hay production, which is subse-
quently used as winter feed for cattle on rangeland or 
in confined feeding operations.
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Water samples from 20 randomly selected domes-
tic water-supply wells were analyzed for about 
170 water-quality constituents including physical 
properties, dissolved solids and major ions, nutrients 
and dissolved organic carbon, trace elements, pesti-
cides, volatile organic compounds (VOC’s), and 
radon. Many of the constituents from these compound 
classes are regulated in public drinking-water supplies 
by the U.S. Environmental Protection Agency 
(USEPA). Sampled well depths ranged from 50 to 
160 ft. Depths to water ranged from about 12 to about 
93 ft below land surface, with a median depth of about 
30 ft.

Physical properties were measured in water from 
each of the 20 domestic water-supply wells sampled 
during this study. Measurements made at the time of 
sample collection included specific conductance, pH, 
water temperature, turbidity, dissolved oxygen, and 
alkalinity. Water from most wells had specific conduc-
tance values less than 800 µS/cm (microsiemens per 
centimeter at 25 oC). Water from only three wells had 
specific conductance values greater than 800 µS/cm, 
the largest of which was 1,760 µS/cm. The pH of 
water from all sampled wells was within the Second-
ary Maximum Contaminant Level (SMCL) range of 
6.5 to 8.5 standard units with the exception of water 
from one well which had a pH of 6.4. The turbidity of 
water from all wells was low, which indicated accept-
able aesthetic qualities, a lack of obvious contamina-
tion, and that the wells were developed properly and 
the samples were representative of the aquifer water. 
Water from most of the wells was well oxygenated as 
indicated by a median dissolved-oxygen concentration 
of 5.1 mg/L (milligrams per liter). Water from two 
wells, however, had unusually small dissolved-oxygen 
concentrations (0.2 and 0.1 mg/L). Alkalinity as 
CaCO3 ranged from 60 to 320 mg/L.

Concentrations of dissolved solids in water from 
the 20 sampled wells ranged from 143 to 1,060 mg/L. 
The median dissolved-solids concentration was 
318 mg/L, substantially less than the 500-mg/L 
SMCL. However, water from five wells did exceed 
this secondary standard and probably is the result of 
dissolved solids from natural processes. 

Generally, the data collected for this study indicate 
that calcium bicarbonate type water is the dominant 
ground-water type in the Quaternary deposits of south-
central Kansas. However, this water chemistry can be 
modified locally by the introduction of sodium chlo-
ride type water, a mixed-water type of calcium bicar-

bonate sulfate and sodium chloride, or a calcium 
and magnesium sulfate type water. The SMCL’s 
(250 mg/L) for chloride and sulfate were exceeded in 
water from one well each. The source of this chloride 
and sulfate was probably from natural processes.

Concentrations of most nutrients in water from the 
20 sampled wells were small, with the exception of 
nitrate. Concentrations of nitrate as nitrogen ranged 
from less than 0.05 to 15 mg/L, with a median concen-
tration of 6.2 mg/L. Water from 15 percent of the sam-
pled wells had concentrations of nitrate greater than 
the 10-mg/L drinking-water Maximum Contaminant 
Level (MCL). Generally, there is an overall enrich-
ment of nitrate in ground water throughout the Quater-
nary deposits in the study area. This enrichment 
probably is the result of human-related activities. 
Water from 80 percent of the sampled wells showed 
nitrate enrichment, which is more than what might be 
expected for natural background concentrations 
(2.0 mg/L). This enrichment may be the result of 
synthetic fertilizer applications, the addition of soil 
amendments (manure) on cropland, or livestock
production.

 Concentrations of dissolved organic carbon 
(DOC) were small in water from the 20 sampled wells. 
Concentrations ranged from 0.3 to 1.5 mg/L. How-
ever, DOC was detected at a mean concentration of 
0.4 mg/L in two field-blank samples, which indicates 
that either sample-collection and (or) processing pro-
cedures contaminated the samples or there was an 
inherent bias in the analytical methods. 

Most detected trace elements in water from the 
20 sampled wells occurred only in small concentra-
tions and were substantially less than established 
MCL’s. The trace elements antimony, beryllium, cad-
mium, cobalt, lead, and silver were not detected in 
water from any of the wells sampled during this study. 
Infrequent detections of chromium (two detections), 
manganese (two detections), and nickel (three detec-
tions) were noted. Copper, molybdenum, selenium, 
uranium, and zinc were detected more frequently, but 
none of the detected concentrations were larger than 
established or proposed drinking-water standards.  In 
contrast, aluminum and barium were detected in water 
from all 20 wells.

Few trace-element concentrations exceeded 
respective drinking-water standards. Only arsenic was 
detected (in one well sample) at a concentration 
(240 µg/L, micrograms per liter) that exceeds the pro-
posed MCL (5.0 µg/L). All other detected concentra-
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tions of arsenic were less than the proposed MCL. 
Additionally, one concentration of iron and two con-
centrations of manganese were larger than the respec-
tive SMCL’s of 300 and 50 µg/L. Exceedances of 
drinking-water standards for arsenic, iron, and manga-
nese were associated with well locations where water 
in the Quaternary deposits was under reducing (non-
oxygenated) conditions.

Some occurrences of trace elements in ground 
water in the study area could originate from human-
related sources. However, the generally small concen-
trations that were measured probably reflect mostly 
natural sources for these constituents.

A total of 47 pesticide compounds from several 
classes of herbicides and insecticides that included tri-
azine, organophosphorus, organochlorine, and car-
bamate compounds and three pesticide degradation 
products were analyzed in ground-water samples. Of 
the 20 wells sampled, water from 10 (50 percent) had 
detectable concentrations of one or more of these 
47 compounds. The herbicide atrazine and its degrada-
tion product deethylatrazine were detected the most 
frequently (in water from eight and nine wells, respec-
tively); other detected pesticides included the insecti-
cides carbofuran (in water from one well) and 
diazinon (in water from one well), and the herbicide 
metolachlor (in water from two wells). All detected 
concentrations of atrazine and carbofuran were sub-
stantially less than their MCL’s of 3.0 and 40 µg/L, 
respectively; MCL’s have not been established for 
deethylatrazine, diazinon, or metolachlor.

Agricultural activities, particularly those associ-
ated with crop production, probably are responsible 
for the occurrence of pesticides in ground water in the 
study area. Although concentrations of detected pesti-
cides were small, the synergistic effect of these con-
centrations and long-term exposure to multiple 
pesticides on human health are unknown.

Water samples were analyzed for 85 volatile 
organic compounds (VOC’s). Of the 20 wells sampled, 
water from three had detectable concentrations of one 
or more VOC’s. Chloroform was the most frequently 
detected VOC (in two samples); styrene was detected 
in one sample. Analytical results from field-blank 
samples indicated that styrene was probably a contam-
inant associated with sample collection, processing, 
and (or) analytical procedures. In general, the occur-
rence and detection of VOC’s in water from Quater-
nary deposits in south-central Kansas were infrequent, 
detectable concentrations were substantially less than 

established MCL’s, and the areal distribution of VOC’s 
in ground water was extremely limited.

Concentrations of radon were detected in water 
from every well sampled and ranged from 200 to 
590 pCi/L (picocuries per liter), with a median con-
centration of 260 pCi/L. Although the median concen-
tration of radon is less than the proposed MCL of 
300 pCi/L, water from six wells (30 percent) con-
tained radon in concentrations larger than this pro-
posed standard.
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Table 4.  Water-quality constituents analyzed in water samples from domestic water-supply wells 
Table 4.  Water-quality constituents analyzed in water samples from domestic water-supply wells 
completed in Quaternary deposits, south-central Kansas, 1999—Continued

Constituent

Analytical 
method 

reporting limit Constituent

Analytical 
method 

reporting limit

Dissolved solids and major ions, and selected trace elements, USGS SC2750, filtered, in milligrams per liter (unless noted)

Dissolved solids 10

Bromide .01 Calcium 0.02

Chloride .10 Fluoride .10

Iron 10.0 µg/L Magnesium .004

Manganese 3.0 µg/L Potassium .10

Silica .05 Sodium .06

Sulfate .10
Nutrients, USGS SC2752, and dissolved organic carbon, USGS SC2085, filtered, in milligrams per liter

Nitrogen, ammonia, as N .02 Nitrogen, ammonia plus organic nitrogen, as N .10

Nitrogen, nitrite, as N .01 Nitrogen, nitrite plus nitrate, as N .05

Phosphorus .004 Orthophosphate, as P .01

Carbon, organic, dissolved .10
Trace elements, USGS SC2703, filtered, in micrograms per liter

Aluminum 1 Antimony 1

Arsenic 1 Barium 1

Beryllium 1 Cadmium 1

Chromium 1 Cobalt 1

Copper 1 Lead 1

Manganese 1 Molybdenum 1

Nickel 1 Selenium 1

Silver 1 Uranium, natural 1

Zinc 1
Pesticides, USGS SC2001, filtered, in micrograms per liter

2,6-diethylaniline .003 Acetochlor .002

Alachlor .002 Atrazine .001

Azinphos-methyl .001 Benfluralin .002

Butylate .002 Carbaryl .003

Carbofuran .003 Chlorpyrifos .004

Cyanazine .004 DCPA .002

Deethylatrazine .002 Diazinon .002

Dieldrin .001 Disulfoton .017

EPTC .002 Ethalfluralin .004

Ethoprophos .003 Fonofos .003

Lindane .004 Linuron .002

Malathion .005 Metolachlor .002

Metribuzin .004 Molinate .004

completed in Quaternary deposits, south-central Kansas, 1999

[USGS, U.S. Geological Survey; SC, analytical schedule code; LC, analytical laboratory code; µg/L, microgram per liter; N, nitrogen; 
P, phosphorus]
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Pesticides, USGS SC2001, filtered, in micrograms per liter—Continued

Napropamide 0.003 Parathion 0.004

Parathion-methyl .006 Pebulate .004

Pendimethalin .004 Phorate .002

Prometon .018 Propachlor .007

Propanil .004 Propargite .013

Propyzamide .003 Simazine .005

Tebuthiuron .010 Terbacil .007

Terbufos .013 Thiobencarb .002

Triallate .001 Trifluralin .002

alpha-HCH .002 cis-Permethrin .005

p,p’-DDE .006
Volatile organic compounds, USGS SC2020, unfiltered, in micrograms per liter

1,1,1,2-Tetrachloroethane .044 1,1,1-Trichloroethane .032

1,1,2,2-Tetrachloroethane .13 1,1,2-Trichloroethane .064

1,1,2-Trichlorotrifluoroethane .032 1,1-Dichloroethane .066

1,1-Dichloroethylene .044 1,1-Dichloropropene .026

1,2,3,4-Tetramethylbenzene .23 1,2,3,5-Tetramethylbenzene .2

1,2,3-Trichlorobenzene .27 1,2,3-Trichloropropane .16

1,2,3-Trimethylbenzene .12 1,2,4-Trichlorobenzene .19

1,2,4-Trimethylbenzene .056 1,2-Dibromo-3-chloropropane .21

1,2-Dibromoethane .036 1,2-Dichlorobenzene .048

1,2-Dichloroethane .13 1,2-Dichloropropane .068

1,3,5-Trimethylbenzene .044 1,3-Dichlorobenzene .054

1,3-Dichloropropane .12 1,4-Dichlorobenzene .05

2,2-Dichloropropane .078 2-Butanone 1.6

2-Chlorotoluene .042 2-Hexanone .7

3-Chloropropene .2 4-Chlorotoluene .056

4-Isopropyl-1-methylbenzene .11 4-Methyl-2-pentanone .37

Acetone 5 Acrylonitrile 1.2

Benzene .1 Bromobenzene .036

Bromochloromethane .044 Bromodichloromethane .048

Bromoethene .1 Bromoform .1

Bromomethane .15 Butylbenzene .19

Carbon disulfide .37 Chlorobenzene .028

Chloroethane .12 Chloroform .052

Chloromethane .25 Dibromochloromethane .18

Dibromomethane .05 Dichlorodifluoromethane .14

Table 4.  Water-quality constituents analyzed in water samples from domestic water-supply wells 
completed in Quaternary deposits, south-central Kansas, 1999—Continued

Constituent

Analytical 
method 

reporting limit Constituent

Analytical 
method 

reporting limit
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Volatile organic compounds, USGS SC2020, unfiltered, in micrograms per liter—Continued

Dichloromethane 0.38 Diethyl ether 0.17

Diisopropyl ether .098 Ethyl methacrylate .28

Ethyl tert-butyl ether .054 Ethylbenzene .03

Hexachlorobutadiene .14 Hexachloroethane .36

Isopropylbenzene .032 Methyl acrylate 1.4

Methyl acrylonitrile .57 Methyl iodide .21

Methyl methacrylate .35 Naphthalene .25

Styrene .042 Tetrachloroethylene .1

Tetrachloromethane .088 Tetrahydrofuran 9

Toluene .05 Trichloroethylene .038

Trichlorofluoromethane .09 Vinyl chloride .11

cis-1,2-Dichloroethylene .038 cis-1,3-Dichloropropene .09

m- and p- Xylene .06 n-Propylbenzene .042

o-Ethyl toluene .1 o-Xylene .06

sec-Butylbenzene .048 tert-Butyl methyl ether .17

tert-Butylbenzene .1 tert-Pentyl methyl ether .11

trans-1,2-Dichloroethylene .032 trans-1,3-Dichloropropene .13

trans-1,4-Dichloro-2-butene .7
Radionuclides, USGS LC1369, filtered, in picocuries per liter

Radon 26 

Table 4.  Water-quality constituents analyzed in water samples from domestic water-supply wells 
completed in Quaternary deposits, south-central Kansas, 1999—Continued

Constituent

Analytical 
method 

reporting limit Constituent

Analytical 
method 

reporting limit
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Table 5. Results of physical and chemical analyses of water samples from domestic water-supply wells comple
central Kansas, 1999—Continued

Date, time, physical 
property, or 
constituent

Map index numbers for domestic water-supply wells (fig. 6)

101 102 103 104 105 106 107 108 109 110 111 112 113 114

Date (month/day/year) 5/26/99 5/27/99 5/28/99 6/7/99 6/15/99 6/4/99 6/16/99 5/29/99 6/18/99 6/5/99 6/9/99 6/17/99 6/8/99 6/3/99

Time (24-hour) 0900 1000 0900 1100 0900 1200 1000 1100 1000 1200 0900 0900 1000 1000

Physical properties

Specific conductance 
(µS/cm)

325 295 618 487 1,010 462 562 480 402 492 708 502 444 1,280

pH (standard units) 7.6 7.2 7.4 7.4 7.3 7.5 7.4 7.4 7.6 7.2 7.3 7.5 7.1 7.1

Water temperature (oC) 16.3 16.1 15.3 15.5 17.5 16.5 14.8 16.0 15.8 16.2 17.0 15.1 16.0 16.4

Turbidity (NTU) .80 .40 .20 .50 .30 .30 .20 .40 .10 .20 .30 .10 .20 .30

Dissolved oxygen 
(mg/L)

6.7 4.7 4.6 4.1 4.1 3.9 .2 4.9 6.0 7.2 6.3 7.3 5.7 5.3

Alkalinity, water whole, 
field (mg/L as CaCO3)

140 120 210 190 270 180 210 160 140 220 160 160 150 260

Dissolved solids, major ions, and selected trace elements, USGS SC2750, filtered, in milligrams per liter (u

Dissolved solids 215 199 396 330 555 305 326 311 249 325 544 325 307 890

Bicarbonate 170 140 250 230 330 250 250 190 170 270 200 200 180 320

Bromide .02 .03 .10 .06 .15 .04 .05 .05 .03 .05 .33 .04 .06 .19

Calcium 47 40 84 64 100 73 60 70 47 80 90 48 46 160

Chloride 10 5.7 30 14 110 22 43 26 20 13 97 38 21 100

Fluoride .1 .2 .5 .5 .4 .4 .3 .3 .3 .2 .2 .4 .5 .3

Iron (µg/L) <10 <10 <10 10 <10 <10 150 <10 <10 <10 <10 <10 <10 <10

Magnesium 3.3 4.6 9.2 9.0 16 4.1 4.3 5.4 5.3 6.2 7.7 4.4 8.9 37

Manganese (µg/L) <3 <3 <3 <3 <3 <3 110 <3 <3 <3 <3 <3 <3 <3

Potassium 2 3 3 3 5 4 3 3 2 1 2 2 2 4

Silica 24 26 21 22 25 21 15 23 23 23 22 22 19 19

Sodium 15 11 31 26 71 20 50 19 26 18 30 45 34 57

Sulfate 9.8 8.8 33 21 59 8.2 15 19 13 13 16 14 34 290

Table 5.  Results of physical and chemical analyses of water samples from domestic water-supply wells com
central Kansas, 1999
[µS/cm, microsiemens per centimeter at 25 oC; oC, degrees Celsius; NTU, nephelometric turbidity units; mg/L, milligrams per liter; CaCO3, calcium carb
schedule code; LC, analytical laboratory code; µg/L, micrograms per liter; <, less than; N, nitrogen; P, phosphorus; --, no data; E, estimated]



s per liter

0.06 0.39 0.03 0.04 <0.02 <0.02 0.04

<.1 .42 <.1 .12 <.1 <.1 <.1

<.01 <.01 <.01 <.01 <.01 <.01 <.01

3.0 <.05 .56 7.5 5.3 11 9.7

.06 .07 .04 .08 .27 .08 .14

.06 .08 .04 .10 .26 .08 .13

.7 1.5 .7 .7 .4 .4 .4

3 5 5 4 3 3 4

1 <1 <1 <1 <1 <1 <1

1 240 3 2 2 1 <1

34 86 190 50 460 380 180

1 <1 <1 <1 <1 <1 <1

1 <1 <1 <1 <1 <1 <1

1 <1 <1 -- <1 <1 --

1 <1 <1 <1 <1 <1 <1

2 <1 <1 2 4 1 2

1 <1 <1 <1 <1 <1 <1

1 360 <1 <1 <1 <1 <1

5 11 <1 1 <1 <1 <1

1 <1 <1 <1 <1 <1 <1

20 <1 1 <1 <1 <1 <1

1 <1 <1 <1 <1 <1 <1

<1 <1 1.8 <1 <1 <1

<1 11 14 39 6 11
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Nutrients, USGS SC2752, and dissolved organic carbon, USGS SC2085, filtered, in milligram

Nitrogen, ammonia, as N 0.02 <0.02 0.02 0.03 <0.02 0.02 <0.02 0.03 <0.02 0.02 <0.02 <0.02 0.04

Nitrogen, ammonia plus 
organic nitrogen, as N

<.1 <.1 .10 <.1 .11 <.1 <.1 <.1 <.1 <.1 <.1 <.1 <.1

Nitrogen, nitrite, as N <.01 <.01 <.01 <.01 <.01 <.01 <.01 <.01 <.01 <.01 <.01 <.01 <.01

Nitrogen, nitrite plus 
nitrate, as N

1.2 7.5 15 8.0 3.8 5.5 .30 11 3.2 5.0 9.5 6.8 8.8

Phosphorus .02 .10 .03 .05 .05 .05 .02 .09 .04 .03 .06 .09 .10

Orthophosphate, as P .02 .09 .03 .05 .05 .01 .02 .07 .04 .04 .04 .07 .10

Carbon, organic, 
dissolved

.3 .3 .6 .4 1.4 .5 1.0 .4 .5 .4 .3 .7 .4

Trace elements, USGS SC2703, filtered, in micrograms per liter

Aluminum 4 5 4 4 3 3 4 6 3 3 5 6 5

Antimony <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <

Arsenic 4 1 1 <1 2 1 3 2 1 <1 <1 3 <1

Barium 300 410 260 170 110 330 190 260 200 500 560 250 87

Beryllium <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <

Cadmium <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <

Chromium <1 <1 1 -- 2 <1 <1 <1 <1 <1 -- <1 -- <

Cobalt <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <

Copper 2 1 <1 10 4 1 <1 <1 <1 1 <1 2 1

Lead <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <

Manganese <1 <1 <1 <1 <1 <1 97 <1 <1 <1 <1 <1 <1 <

Molybdenum <1 1 3 3 3 3 4 2 2 <1 <1 2 4

Nickel 1 <1 <1 <1 1 <1 <1 <1 <1 <1 <1 <1 <1

Selenium <1 <1 <1 2 4 <1 3 2 1 <1 <1 <1 <1

Silver <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <

Uranium, natural <1 <1 4.4 2.3 6.3 2.1 2.6 1.4 <1 <1 <1 <1 2.2 13

Zinc 23 12 7 <1 13 <1 4 4 1 <1 7 10 7 1

Table 5. Results of physical and chemical analyses of water samples from domestic water-supply wells co
central Kansas, 1999—Continued

Date, time, physical 
property, or 
constituent

Map index numbers for domestic water-supply wells (fig

101 102 103 104 105 106 107 108 109 110 111 112 113 1



<0.003 <0.003 <0.003 <0.003 <0.003 <0.003

<.002 <.002 <.002 <.002 <.002 <.002

<.002 <.002 <.002 <.002 <.002 <.002

<.001 <.001 .06 .09 .18 <.001

<.001 <.001 <.001 <.001 <.001 <.001

<.002 <.002 <.002 <.002 <.002 <.002

<.002 <.002 <.002 <.002 <.002 <.002

<.003 <.003 <.003 <.003 <.003 <.003

<.003 <.003 <.003 <.003 <.003 <.003

<.004 <.004 <.004 <.004 <.004 <.004

<.004 <.004 <.004 <.004 <.004 <.004

<.002 <.002 <.002 <.002 <.002 <.002

<.002 <.002 E.02 E.06 E.09 <.002

<.002 <.002 <.002 <.002 <.002 <.002

<.001 <.001 <.001 <.001 <.001 <.001

<.017 <.017 <.017 <.017 <.017 <.017

<.002 <.002 <.002 <.002 <.002 <.002

<.004 <.004 <.004 <.004 <.004 <.004

<.003 <.003 <.003 <.003 <.003 <.003

<.003 <.003 <.003 <.003 <.003 <.003

<.004 <.004 <.004 <.004 <.004 <.004

<.002 <.002 <.002 <.002 <.002 <.002

<.005 <.005 <.005 <.005 <.005 <.005

<.002 <.002 .01 <.002 .004 <.002

<.004 <.004 <.004 <.004 <.004 <.004

<.004 <.004 <.004 <.004 <.004 <.004

<.003 <.003 <.003 <.003 <.003 <.003

<.004 <.004 <.004 <.004 <.004 <.004

<.006 <.006 <.006 <.006 <.006 <.006

<.004 <.004 <.004 <.004 <.004 <.004
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Pesticides, USGS SC2001, filtered, in micrograms per liter

2,6-diethylaniline <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003

Acetochlor <.002 <.002 <.002 <.002 <.002 <.002 <.002 <.002 <.002 <.002 <.002 <.002 <.002 <.002

Alachlor <.002 <.002 <.002 <.002 <.002 <.002 <.002 <.002 <.002 <.002 <.002 <.002 <.002 <.002

Atrazine <.001 <.001 .10 .02 .06 <.001 <.001 .006 <.001 <.001 <.001 <.001 <.001 .009

Azinphos-methyl <.001 <.001 <.001 <.001 <.001 <.001 <.001 <.001 <.001 <.001 <.001 <.001 <.001 <.001

Benfluralin <.002 <.002 <.002 <.002 <.002 <.002 <.002 <.002 <.002 <.002 <.002 <.002 <.002 <.002

Butylate <.002 <.002 <.002 <.002 <.002 <.002 <.002 <.002 <.002 <.002 <.002 <.002 <.002 <.002

Carbaryl <.003 <.003 <.003 <.003 <.003 <.003 <.003 <.003 <.003 <.003 <.003 <.003 <.003 <.003

Carbofuran E.004 <.003 <.003 <.003 <.003 <.003 <.003 <.003 <.003 <.003 <.003 <.003 <.003 <.003

Chlorpyrifos <.004 <.004 <.004 <.004 <.004 <.004 <.004 <.004 <.004 <.004 <.004 <.004 <.004 <.004

Cyanazine <.004 <.004 <.004 <.004 <.004 <.004 <.004 <.004 <.004 <.004 <.004 <.004 <.004 <.004

DCPA <.002 <.002 <.002 <.002 <.002 <.002 <.002 <.002 <.002 <.002 <.002 <.002 <.002 <.002

Deethylatrazine <.002 <.002 E.11 E.03 E.06 <.002 <.002 E.006 <.002 <.002 <.002 <.002 E.005 E.003

Diazinon <.002 <.002 <.002 E.003 <.002 <.002 <.002 <.002 <.002 <.002 <.002 <.002 <.002 <.002

Dieldrin <.001 <.001 <.001 <.001 <.001 <.001 <.001 <.001 <.001 <.001 <.001 <.001 <.001 <.001

Disulfoton <.017 <.017 <.017 <.017 <.017 <.017 <.017 <.017 <.017 <.017 <.017 <.017 <.017 <.017

EPTC <.002 <.002 <.002 <.002 <.002 <.002 <.002 <.002 <.002 <.002 <.002 <.002 <.002 <.002

Ethalfluralin <.004 <.004 <.004 <.004 <.004 <.004 <.004 <.004 <.004 <.004 <.004 <.004 <.004 <.004

Ethoprophos <.003 <.003 <.003 <.003 <.003 <.003 <.003 <.003 <.003 <.003 <.003 <.003 <.003 <.003

Fonofos <.003 <.003 <.003 <.003 <.003 <.003 <.003 <.003 <.003 <.003 <.003 <.003 <.003 <.003

Lindane <.004 <.004 <.004 <.004 <.004 <.004 <.004 <.004 <.004 <.004 <.004 <.004 <.004 <.004

Linuron <.002 <.002 <.002 <.002 <.002 <.002 <.002 <.002 <.002 <.002 <.002 <.002 <.002 <.002

Malathion <.005 <.005 <.005 <.005 <.005 <.005 <.005 <.005 <.005 <.005 <.005 <.005 <.005 <.005

Metolachlor <.002 <.002 <.002 <.002 <.002 <.002 <.002 <.002 <.002 <.002 <.002 <.002 <.002 <.002

Metribuzin <.004 <.004 <.004 <.004 <.004 <.004 <.004 <.004 <.004 <.004 <.004 <.004 <.004 <.004

Molinate <.004 <.004 <.004 <.004 <.004 <.004 <.004 <.004 <.004 <.004 <.004 <.004 <.004 <.004

Napropamide <.003 <.003 <.003 <.003 <.003 <.003 <.003 <.003 <.003 <.003 <.003 <.003 <.003 <.003

Parathion <.004 <.004 <.004 <.004 <.004 <.004 <.004 <.004 <.004 <.004 <.004 <.004 <.004 <.004

Parathion-methyl <.006 <.006 <.006 <.006 <.006 <.006 <.006 <.006 <.006 <.006 <.006 <.006 <.006 <.006

Pebulate <.004 <.004 <.004 <.004 <.004 <.004 <.004 <.004 <.004 <.004 <.004 <.004 <.004 <.004

Table 5. Results of physical and chemical analyses of water samples from domestic water-supply wells comple
central Kansas, 1999—Continued

Date, time, physical 
property, or 
constituent

Map index numbers for domestic water-supply wells (fig. 6)

101 102 103 104 105 106 107 108 109 110 111 112 113 114



004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004

02 <.002 <.002 <.002 <.002 <.002 <.002

18 <.018 <.018 <.018 <.018 <.018 <.018

07 <.007 <.007 <.007 <.007 <.007 <.007

04 <.004 <.004 <.004 <.004 <.004 <.004

13 <.013 <.013 <.013 <.013 <.013 <.013

03 <.003 <.003 <.003 <.003 <.003 <.003

05 <.005 <.005 <.005 <.005 <.005 <.005

1 <.01 <.01 <.01 <.01 <.01 <.01

07 <.007 <.007 <.007 <.007 <.007 <.007

13 <.013 <.013 <.013 <.013 <.013 <.013

02 <.002 <.002 <.002 <.002 <.002 <.002

01 <.001 <.001 <.001 <.001 <.001 <.001

02 <.002 <.002 <.002 <.002 <.002 <.002

02 <.002 <.002 <.002 <.002 <.002 <.002

05 <.005 <.005 <.005 <.005 <.005 <.005

06 <.006 <.006 <.006 <.006 <.006 <.006

44 <.044 <.044 <.044 <.044 <.044 <.044

32 <.032 <.032 <.032 <.032 <.032 <.032

3 <.13 <.13 <.13 <.13 <.13 <.13

64 <.064 <.064 <.064 <.064 <.064 <.064

32 <.032 <.032 <.032 <.032 <.032 <.032

66 <.066 <.066 <.066 <.066 <.066 <.066

44 <.044 <.044 <.044 <.044 <.044 <.044

26 <.026 <.026 <.026 <.026 <.026 <.026

3 <.23 <.23 <.23 <.23 <.23 <.23

<.2 <.2 <.2 <.2 <.2 <.2
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Pesticides, USGS SC2001, filtered, in micrograms per liter—Continued

Pendimethalin <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.

Phorate <.002 <.002 <.002 <.002 <.002 <.002 <.002 <.002 <.002 <.002 <.002 <.002 <.002 <.0

Prometon <.018 <.018 <.018 <.018 <.018 <.018 <.018 <.018 <.018 <.018 <.018 <.018 <.018 <.0

Propachlor <.007 <.007 <.007 <.007 <.007 <.007 <.007 <.007 <.007 <.007 <.007 <.007 <.007 <.0

Propanil <.004 <.004 <.004 <.004 <.004 <.004 <.004 <.004 <.004 <.004 <.004 <.004 <.004 <.0

Propargite <.08 -- <.013 <.013 <.013 <.013 <.003 <.013 <.013 <.013 <.013 <.013 <.013 <.0

Propyzamide <.003 <.003 <.003 <.003 <.003 <.003 <.003 <.003 <.003 <.003 <.003 <.003 <.003 <.0

Simazine <.005 <.005 <.005 <.005 <.005 <.005 <.005 <.005 <.005 <.005 <.005 <.005 <.005 <.0

Tebuthiuron <.01 <.01 <.01 <.01 <.01 <.01 <.01 <.01 <.01 <.01 <.01 <.01 <.01 <.0

Terbacil <.007 <.007 <.007 <.007 <.007 <.007 <.007 <.007 <.007 <.007 <.007 <.007 <.007 <.0

Terbufos <.013 <.013 <.013 <.013 <.013 <.013 <.013 <.013 <.013 <.013 <.013 <.013 <.013 <.0

Thiobencarb <.002 <.002 <.002 <.002 <.002 <.002 <.002 <.002 <.002 <.002 <.002 <.002 <.002 <.0

Triallate <.001 <.001 <.001 <.001 <.001 <.001 <.001 <.001 <.001 <.001 <.001 <.001 <.001 <.0

Trifluralin <.002 <.002 <.002 <.002 <.002 <.002 <.002 <.002 <.002 <.002 <.002 <.002 <.002 <.0

alpha-HCH <.002 <.002 <.002 <.002 <.002 <.002 <.002 <.002 <.002 <.002 <.002 <.002 <.002 <.0

cis-Permethrin <.005 <.005 <.005 <.005 <.005 <.005 <.005 <.005 <.005 <.005 <.005 <.005 <.005 <.0

p,p’-DDE <.006 <.006 <.006 <.006 <.006 <.006 <.006 <.006 <.006 <.006 <.006 <.006 <.006 <.0

Volatile organic compounds, USGS SC2020, unfiltered, in micrograms per liter

1,1,1,2-Tetrachloroethane <.044 <.044 <.044 <.044 <.044 <.044 <.044 <.044 <.044 <.044 <.044 <.044 <.044 <.0

1,1,1-Trichloroethane <.032 <.032 <.032 <.032 <.032 <.032 <.032 <.032 <.032 <.032 <.032 <.032 <.032 <.0

1,1,2,2-Tetrachloroethane <.13 <.13 <.13 <.13 <.13 <.13 <.13 <.13 <.13 <.13 <.13 <.13 <.13 <.1

1,1,2-Trichloroethane <.064 <.064 <.064 <.064 <.064 <.064 <.064 <.064 <.064 <.064 <.064 <.064 <.064 <.0

1,1,2-Trichloro-
trifluoroethane

<.032 <.032 <.032 <.032 <.032 <.032 <.032 <.032 <.032 <.032 <.032 <.032 <.032 <.0

1,1-Dichloroethane <.066 <.066 <.066 <.066 <.066 <.066 <.066 <.066 <.066 <.066 <.066 <.066 <.066 <.0

1,1-Dichloroethylene <.044 <.044 <.044 <.044 <.044 <.044 <.044 <.044 <.044 <.044 <.044 <.044 <.044 <.0

1,1-Dichloropropene <.026 <.026 <.026 <.026 <.026 <.026 <.026 <.026 <.026 <.026 <.026 <.026 <.026 <.0

1,2,3,4-
Tetramethylbenzene

<.23 <.23 <.23 <.23 <.23 <.23 <.23 <.23 <.23 <.23 <.23 <.23 <.23 <.2

1,2,3,5-
Tetramethylbenzene

<.2 <.2 <.2 <.2 <.2 <.2 <.2 <.2 <.2 <.2 <.2 <.2 <.2 <.2

Table 5. Results of physical and chemical analyses of water samples from domestic water-supply wells co
central Kansas, 1999—Continued

Date, time, physical 
property, or 
constituent

Map index numbers for domestic water-supply wells (fig
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<0.27 <0.27 <0.27 <0.27 <0.27 <0.27

<.16 <.16 <.16 <.16 <.16 <.16

<.12 <.12 <.12 <.12 <.12 <.12

<.19 <.19 <.19 <.19 <.19 <.19

<.056 <.056 <.056 <.056 <.056 <.056

<.21 <.21 <.21 <.21 <.21 <.21

<.036 <.036 <.036 <.036 <.036 <.036

<.048 <.048 <.048 <.048 <.048 <.048

<.13 <.13 <.13 <.13 <.13 <.13

<.068 <.068 <.068 <.068 <.068 <.068

<.044 <.044 <.044 <.044 <.044 <.044

<.054 <.054 <.054 <.054 <.054 <.054

<.12 <.12 <.12 <.12 <.12 <.12

<.05 <.05 <.05 <.05 <.05 <.05

<.078 <.078 <.078 <.078 <.078 <.078

<1.6 <1.6 <1.6 <1.6 <1.6 <1.6

<.042 <.042 <.042 <.042 <.042 <.042

<.7 <.7 <.7 <.7 <.7 <.7

<.2 <.2 <.2 <.2 <.2 <.2

<.056 <.056 <.056 <.056 <.056 <.056

<.11 <.11 <.11 <.11 <.11 <.11

<.37 <.37 <.37 <.37 <.37 <.37

<5 <5 <5 <5 <5 <5

<1.2 <1.2 <1.2 <1.2 <1.2 <1.2

<.1 <.1 <.1 <.1 <.1 <.1

ted in Quaternary deposits, south-
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Volatile organic compounds, USGS SC2020, unfiltered, in micrograms per liter—Continued

1,2,3-Trichlorobenzene <0.27 <0.27 <0.27 <0.27 <0.27 <0.27 <0.27 <0.27 <0.27 <0.27 <0.27 <0.27 <0.27 <0.27

1,2,3-Trichloropropane <.16 <.16 <.16 <.16 <.16 <.16 <.16 <.16 <.16 <.16 <.16 <.16 <.16 <.16

1,2,3-Trimethylbenzene <.12 <.12 <.12 <.12 <.12 <.12 <.12 <.12 <.12 <.12 <.12 <.12 <.12 <.12

1,2,4-Trichlorobenzene <.19 <.19 <.19 <.19 <.19 <.19 <.19 <.19 <.19 <.19 <.19 <.19 <.19 <.19

1,2,4-Trimethylbenzene <.056 <.056 <.056 <.056 <.056 <.056 <.056 <.056 <.056 <.056 <.056 <.056 <.056 <.056

1,2-Dibromo-3-
chloropropane

<.21 <.21 <.21 <.21 <.21 <.21 <.21 <.21 <.21 <.21 <.21 <.21 <.21 <.21

1,2-Dibromoethane <.036 <.036 <.036 <.036 <.036 <.036 <.036 <.036 <.036 <.036 <.036 <.036 <.036 <.036

1,2-Dichlorobenzene <.048 <.048 <.048 <.048 <.048 <.048 <.048 <.048 <.048 <.048 <.048 <.048 <.048 <.048

1,2-Dichloroethane <.13 <.13 <.13 <.13 <.13 <.13 <.13 <.13 <.13 <.13 <.13 <.13 <.13 <.13

1,2-Dichloropropane <.068 <.068 <.068 <.068 <.068 <.068 <.068 <.068 <.068 <.068 <.068 <.068 <.068 <.068

1,3,5-Trimethylbenzene <.044 <.044 <.044 <.044 <.044 <.044 <.044 <.044 <.044 <.044 <.044 <.044 <.044 <.044

1,3-Dichlorobenzene <.054 <.054 <.054 <.054 <.054 <.054 <.054 <.054 <.054 <.054 <.054 <.054 <.054 <.054

1,3-Dichloropropane <.12 <.12 <.12 <.12 <.12 <.12 <.12 <.12 <.12 <.12 <.12 <.12 <.12 <.12

1,4-Dichlorobenzene <.05 <.05 <.05 <.05 <.05 <.05 <.05 <.05 <.05 <.05 <.05 <.05 <.05 <.05

2,2-Dichloropropane <.078 <.078 <.078 <.078 <.078 <.078 <.078 <.078 <.078 <.078 <.078 <.078 <.078 <.078

2-Butanone <1.6 <1.6 <1.6 <1.6 <1.6 <1.6 <1.6 <1.6 <1.6 <1.6 <1.6 <1.6 <1.6 <1.6

2-Chlorotoluene <.042 <.042 <.042 <.042 <.042 <.042 <.042 <.042 <.042 <.042 <.042 <.042 <.042 <.042

2-Hexanone <.7 <.7 <.7 <.7 <.7 <.7 <.7 <.7 <.7 <.7 <.7 <.7 <.7 <.7

3-Chloropropene <.2 <.2 <.2 <.2 <.2 <.2 <.2 <.2 <.2 <.2 <.2 <.2 <.2 <.2

4-Chlorotoluene <.056 <.056 <.056 <.056 <.056 <.056 <.056 <.056 <.056 <.056 <.056 <.056 <.056 <.056

4-Isopropyl-1-
methylbenzene

<.11 <.11 <.11 <.11 <.11 <.11 <.11 <.11 <.11 <.11 <.11 <.11 <.11 <.11

4-Methyl-2-pentanone <.37 <.37 <.37 <.37 <.37 <.37 <.37 <.37 <.37 <.37 <.37 <.37 <.37 <.37

Acetone <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5

Acrylonitrile <1.2 <1.2 <1.2 <1.2 <1.2 <1.2 <1.2 <1.2 <1.2 <1.2 <1.2 <1.2 <1.2 <1.2

Benzene <.1 <.1 <.1 <.1 <.1 <.1 <.1 <.1 <.1 <.1 <.1 <.1 <.1 <.1

Table 5. Results of physical and chemical analyses of water samples from domestic water-supply wells comple
central Kansas, 1999—Continued

Date, time, physical 
property, or 
constituent

Map index numbers for domestic water-supply wells (fig. 6)
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nued

036 <0.036 <0.036 <0.036 <0.036 <0.036 <0.036

44 <.044 <.044 <.044 <.044 <.044 <.044

48 <.048 <.048 <.048 <.048 <.048 <.048

<.1 <.1 <.1 <.1 <.1 <.1

<.1 <.1 <.1 <.1 <.1 <.1

5 <.15 <.15 <.15 <.15 <.15 <.15

9 <.19 <.19 <.19 <.19 <.19 <.19

7 <.37 <.37 <.37 <.37 <.37 <.37

28 <.028 <.028 <.028 <.028 <.028 <.028

2 <.12 <.12 <.12 <.12 <.12 <.12

52 .25 <.052 <.052 <.052 <.052 <.052

5 <.25 <.25 <.25 <.25 <.25 <.25

8 <.18 <.18 <.18 <.18 <.18 <.18

5 <.05 <.05 <.05 <.05 <.05 <.05

4 <.14 <.14 <.14 <.14 <.14 <.14

8 <.38 <.38 <.38 <.38 <.38 <.38

7 <.17 <.17 <.17 <.17 <.17 <.17

98 <.098 <.098 <.098 <.098 <.098 <.098

8 <.28 <.28 <.28 <.28 <.28 <.28

54 <.054 <.054 <.054 <.054 <.054 <.054

3 <.03 <.03 <.03 <.03 <.03 <.03

4 <.14 <.14 <.14 <.14 <.14 <.14

6 <.36 <.36 <.36 <.36 <.36 <.36

32 <.032 <.032 <.032 <.032 <.032 <.032

4 <1.4 <1.4 <1.4 <1.4 <1.4 <1.4

7 <.57 <.57 <.57 <.57 <.57 <.57

1 <.21 <.21 <.21 <.21 <.21 <.21

5 <.35 <.35 <.35 <.35 <.35 <.35

5 <.25 <.25 <.25 <.25 <.25 <.25

42 <.042 E.045 <.042 <.042 <.042 <.042

mpleted in Quaternary deposits, south-
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Volatile organic compounds, USGS SC2020, unfiltered, in micrograms per liter—Conti

Bromobenzene <0.036 <0.036 <0.036 <0.036 <0.036 <0.036 <0.036 <0.036 <0.036 <0.036 <0.036 <0.036 <0.036 <0.

Bromochloromethane <.044 <.044 <.044 <.044 <.044 <.044 <.044 <.044 <.044 <.044 <.044 <.044 <.044 <.0

Bromodichloromethane <.048 <.048 <.048 <.048 <.048 <.048 <.048 <.048 <.048 <.048 <.048 <.048 <.048 <.0

Bromoethene <.1 <.1 <.1 <.1 <.1 <.1 <.1 <.1 <.1 <.1 <.1 <.1 <.1 <.1

Bromoform <.1 <.1 <.1 <.1 <.1 <.1 <.1 <.1 <.1 <.1 <.1 <.1 <.1 <.1

Bromomethane <.15 <.15 <.15 <.15 <.15 <.15 <.15 <.15 <.15 <.15 <.15 <.15 <.15 <.1

Butylbenzene <.19 <.19 <.19 <.19 <.19 <.19 <.19 <.19 <.19 <.19 <.19 <.19 <.19 <.1

Carbon disulfide <.37 <.37 <.37 <.37 <.37 <.37 <.37 <.37 <.37 <.37 <.37 <.37 <.37 <.3

Chlorobenzene <.028 <.028 <.028 <.028 <.028 <.028 <.028 <.028 <.028 <.028 <.028 <.028 <.028 <.0

Chloroethane <.12 <.12 <.12 <.12 <.12 <.12 <.12 <.12 <.12 <.12 <.12 <.12 <.12 <.1

Chloroform <.052 <.052 <.052 <.052 <.052 <.052 <.052 <.052 <.052 <.052 .18 <.052 <.052 <.0

Chloromethane <.25 <.25 <.25 <.25 <.25 <.25 <.25 <.25 <.25 <.25 <.25 <.25 <.25 <.2

Dibromochloromethane <.18 <.18 <.18 <.18 <.18 <.18 <.18 <.18 <.18 <.18 <.18 <.18 <.18 <.1

Dibromomethane <.05 <.05 <.05 <.05 <.05 <.05 <.05 <.05 <.05 <.05 <.05 <.05 <.05 <.0

Dichlorodifluoromethane <.14 <.14 <.14 <.14 <.14 <.14 <.14 <.14 <.14 <.14 <.14 <.14 <.14 <.1

Dichloromethane <.38 <.38 <.38 <.38 <.38 <.38 <.38 <.38 <.38 <.38 <.38 <.38 <.38 <.3

Diethyl ether <.17 <.17 <.17 <.17 <.17 <.17 <.17 <.17 <.17 <.17 <.17 <.17 <.17 <.1

Diisopropyl ether <.098 <.098 <.098 <.098 <.098 <.098 <.098 <.098 <.098 <.098 <.098 <.098 <.098 <.0

Ethyl methacrylate <.28 <.28 <.28 <.28 <.28 <.28 <.28 <.28 <.28 <.28 <.28 <.28 <.28 <.2

Ethyl tert-butyl ether <.054 <.054 <.054 <.054 <.054 <.054 <.054 <.054 <.054 <.054 <.054 <.054 <.054 <.0

Ethylbenzene <.03 <.03 <.03 <.03 <.03 <.03 <.03 <.03 <.03 <.03 <.03 <.03 <.03 <.0

Hexachlorobutadiene <.14 <.14 <.14 <.14 <.14 <.14 <.14 <.14 <.14 <.14 <.14 <.14 <.14 <.1

Hexachloroethane <.36 <.36 <.36 <.36 <.36 <.36 <.36 <.36 <.36 <.36 <.36 <.36 <.36 <.3

Isopropylbenzene <.032 <.032 <.032 <.032 <.032 <.032 <.032 <.032 <.032 <.032 <.032 <.032 <.032 <.0

Methyl acrylate <1.4 <1.4 <1.4 <1.4 <1.4 <1.4 <1.4 <1.4 <1.4 <1.4 <1.4 <1.4 <1.4 <1.

Methyl acrylonitrile <.57 <.57 <.57 <.57 <.57 <.57 <.57 <.57 <.57 <.57 <.57 <.57 <.57 <.5

Methyl iodide <.21 <.21 <.21 <.21 <.21 <.21 <.21 <.21 <.21 <.21 <.21 <.21 <.21 <.2

Methyl methacrylate <.35 <.35 <.35 <.35 <.35 <.35 <.35 <.35 <.35 <.35 <.35 <.35 <.35 <.3

Naphthalene <.25 <.25 <.25 <.25 <.25 <.25 <.25 <.25 <.25 <.25 <.25 <.25 <.25 <.2

Styrene <.042 <.042 <.042 <.042 <.042 <.042 <.042 <.042 <.042 <.042 <.042 <.042 <.042 <.0

Table 5. Results of physical and chemical analyses of water samples from domestic water-supply wells co
central Kansas, 1999—Continued

Date, time, physical 
property, or 
constituent

Map index numbers for domestic water-supply wells (fig
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<0.1 <0.1 <0.1 <0.1 <0.1 <0.1

<.088 <.088 <.088 <.088 <.088 <.088

<9 <9 <9 <9 <9 <9

<.05 <.05 <.05 <.05 <.05 <.05

<.038 <.038 <.038 <.038 <.038 <.038

<.09 <.09 <.09 <.09 <.09 <.09

<.11 <.11 <.11 <.11 <.11 <.11

<.038 <.038 <.038 <.038 <.038 <.038

<.09 <.09 <.09 <.09 <.09 <.09

<.06 <.06 <.06 <.06 <.06 <.06

<.042 <.042 <.042 <.042 <.042 <.042

<.1 <.1 <.1 <.1 <.1 <.1

<.06 <.06 <.06 <.06 <.06 <.06

<.048 <.048 <.048 <.048 <.048 <.048

<.17 <.17 <.17 <.17 <.17 <.17

<.1 <.1 <.1 <.1 <.1 <.1

<.11 <.11 <.11 <.11 <.11 <.11

<.032 <.032 <.032 <.032 <.032 <.032

<.13 <.13 <.13 <.13 <.13 <.13

<.7 <.7 <.7 <.7 <.7 <.7

590 300 260 240 300 220

ted in Quaternary deposits, south-
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Volatile organic compounds, USGS SC2020, unfiltered, in micrograms per liter—Continued

Tetrachloroethylene <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1

Tetrachloromethane <.088 <.088 <.088 <.088 <.088 <.088 <.088 <.088 <.088 <.088 <.088 <.088 <.088 <.088

Tetrahydrofuran <9 <9 <9 <9 <9 <9 <9 <9 <9 <9 <9 <9 <9 <9

Toluene <.05 <.05 <.05 <.05 <.05 <.05 <.05 <.05 <.05 <.05 <.05 <.05 <.05 <.05

Trichloroethylene <.038 <.038 <.038 <.038 <.038 <.038 <.038 <.038 <.038 <.038 <.038 <.038 <.038 <.038

Trichlorofluoromethane <.09 <.09 <.09 <.09 <.09 <.09 <.09 <.09 <.09 <.09 <.09 <.09 <.09 <.09

Vinyl chloride <.11 <.11 <.11 <.11 <.11 <.11 <.11 <.11 <.11 <.11 <.11 <.11 <.11 <.11

cis-1,2-Dichloroethylene <.038 <.038 <.038 <.038 <.038 <.038 <.038 <.038 <.038 <.038 <.038 <.038 <.038 <.038

cis-1,3-Dichloropropene <.09 <.09 <.09 <.09 <.09 <.09 <.09 <.09 <.09 <.09 <.09 <.09 <.09 <.09

m- and p- Xylene <.06 <.06 <.06 <.06 <.06 <.06 <.06 <.06 <.06 <.06 <.06 <.06 <.06 <.06

n-Propylbenzene <.042 <.042 <.042 <.042 <.042 <.042 <.042 <.042 <.042 <.042 <.042 <.042 <.042 <.042

o-Ethyl toluene <.1 <.1 <.1 <.1 <.1 <.1 <.1 <.1 <.1 <.1 <.1 <.1 <.1 <.1

o-Xylene <.06 <.06 <.06 <.06 <.06 <.06 <.06 <.06 <.06 <.06 <.06 <.06 <.06 <.06

sec-Butylbenzene <.048 <.048 <.048 <.048 <.048 <.048 <.048 <.048 <.048 <.048 <.048 <.048 <.048 <.048

tert-Butyl methyl ether <.17 <.17 <.17 <.17 <.17 <.17 <.17 <.17 <.17 <.17 <.17 <.17 <.17 <.17

tert-Butylbenzene <.1 <.1 <.1 <.1 <.1 <.1 <.1 <.1 <.1 <.1 <.1 <.1 <.1 <.1

tert-Pentyl methyl ether <.11 <.11 <.11 <.11 <.11 <.11 <.11 <.11 <.11 <.11 <.11 <.11 <.11 <.11

trans-1,2-
Dichloroethylene

<.032 <.032 <.032 <.032 <.032 <.032 <.032 <.032 <.032 <.032 <.032 <.032 <.032 <.032

trans-1,3-
Dichloropropene

<.13 <.13 <.13 <.13 <.13 <.13 <.13 <.13 <.13 <.13 <.13 <.13 <.13 <.13

trans-1,4-Dichloro-2-
butene

<.7 <.7 <.7 <.7 <.7 <.7 <.7 <.7 <.7 <.7 <.7 <.7 <.7 <.7

Radionuclides, USGS LC1369, filtered, in picocuries per liter

Radon 200 440 260 240 320 280 240 260 230 430 220 340 410 270

Table 5. Results of physical and chemical analyses of water samples from domestic water-supply wells comple
central Kansas, 1999—Continued

Date, time, physical 
property, or 
constituent

Map index numbers for domestic water-supply wells (fig. 6)
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