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Foreword

The U.S. Geological Survey (USGS) is committed to serve the Nation with accurate and timely 
scientific information that helps enhance and protect the overall quality of life and facilitates 
effective management of water, biological, energy, and mineral resources (h���������������ttp://www.usgs.
gov/). Information on the quality of the Nation’s water resources is of critical interest to the 
USGS because it is so integrally linked to the long-term availability of water that is clean and 
safe for drinking and recreation and that is suitable for industry, irrigation, and habitat for fish 
and wildlife. Escalating population growth and increasing demands for multiple water uses 
make water availability, now measured in terms of quantity and quality, even more critical to the 
long-term sustainability of our communities and ecosystems.

The USGS implemented the National Water-Quality Assessment (NAWQA) Program to support 
national, regional, and local information needs and decisions related to water-quality manage-
ment and policy (http://water.usgs.gov/nawqa/). Shaped by and coordinated with ongoing 
efforts of other Federal, State, and local agencies, the NAWQA Program is designed to answer: 
What is the condition of our Nation’s streams and ground water? How are the conditions chang-
ing over time? How do natural features and human activities affect the quality of streams and 
ground water, and where are those effects most pronounced? By combining information on 
water chemistry, physical characteristics, stream habitat, and aquatic life, the NAWQA Program 
aims to provide science-based insights for current and emerging water issues and priorities.  
NAWQA results can contribute to informed decisions that result in practical and effective water-
resource management and strategies that protect and restore water quality.

Since 1991, the NAWQA Program has implemented interdisciplinary assessments in more 
than 50 of the Nation’s most important river basins and aquifers, referred to as Study Units 
(h����������������������������������������ttp://water.usgs.gov/nawqa/nawqamap.html).� �������������������������������������������������       Collectively, these Study Units account for more 
than 60 percent of the overall water use and population served by public water supply and are 
representative of the Nation’s major hydrologic landscapes, priority ecological resources, and 
agricultural, urban, and natural sources of contamination.

Each assessment is guided by a nationally consistent study design and methods of sampling 
and analysis. The assessments thereby build local knowledge about water-quality issues and 
trends in a particular stream or aquifer while providing an understanding of how and why 
water quality varies regionally and nationally. The consistent, multiscale approach helps to 
determine if certain types of water-quality issues are isolated or pervasive and allows direct 
comparisons of how human activities and natural processes affect water quality and ecological 
health in the Nation’s diverse geographic and environmental settings. Comprehensive assess-
ments on pesticides, nutrients, volatile organic compounds, trace metals, and aquatic ecology 
are developed at the national scale through comparative analysis of the Study-Unit findings 
(h��������������������������������������ttp://water.usgs.gov/nawqa/natsyn.html).

The USGS places high value on the communication and dissemination of credible, timely, and 
relevant science so that the most recent and available knowledge about water resources can be 
applied in management and policy decisions. We hope this NAWQA publication will provide you 
the needed insights and information to meet your needs and thereby foster increased awareness 
and involvement in the protection and restoration of our Nation’s waters.

http://www.usgs.gov/
http://www.usgs.gov/
http://water.usgs.gov/nawqa/
http://water.usgs.gov/nawqa/nawqamap.html
http://water.usgs.gov/nawqa/natsyn.html
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The NAWQA Program recognizes that a national assessment by a single program cannot 
address all water-resource issues of interest. External coordination at all levels is critical for a 
fully integrated understanding of watersheds and for cost-effective management, regulation, 
and conservation of our Nation’s water resources. The Program, therefore, depends extensively 
on the advice, cooperation, and information from other Federal, State, interstate, Tribal, and 
local agencies, nongovernment organizations, industry, academia, and other stakeholder groups. 
The assistance and suggestions of all are greatly appreciated.

Robert M. Hirsch 
Associate Director for Water
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					     °F=(1.8×°C)+32
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					     °C=(°F–32)/1.8
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(NGVD 1929).
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Abstract
An assessment of ground-water quality in the northern 

High Plains aquifer was completed during 1997 and 2002–04. 
Ground-water samples were collected at 192 low-capacity, 
primarily domestic wells in four major hydrogeologic units of 
the northern High Plains aquifer—Ogallala Formation, Eastern 
Nebraska, Sand Hills, and Platte River Valley. Each well was 
sampled once, and water samples were analyzed for physical 
properties and concentrations of nitrogen and phosphorus com-
pounds, pesticides and pesticide degradates, dissolved solids, 
major ions, trace elements, dissolved organic carbon (DOC), 
radon, and volatile organic compounds (VOCs). Tritium and 
microbiology were analyzed at selected sites. The results of this 
assessment were used to determine the current water-quality 
conditions in this subregion of the High Plains aquifer and to 
relate ground-water quality to natural and human factors affect-
ing water quality.

Water-quality analyses indicated that water samples rarely 
exceeded established U.S. Environmental Protection Agency 
public drinking-water standards for those constituents sampled; 
13 of the constituents measured or analyzed exceeded their 
respective standards in at least one sample. The constituents 
that most often failed to meet drinking-water standards 
were dissolved solids (13 percent of samples exceeded the 
U.S. Environmental Protection Agency Secondary Drinking-
Water Regulation) and arsenic (8 percent of samples exceeded 
the U.S. Environmental Protection Agency Maximum 
Contaminant Level). Nitrate, uranium, iron, and manganese 
concentrations were larger than drinking-water standards in 
6 percent of the samples.

Ground-water chemistry varied among hydrogeo-
logic units. Wells sampled in the Platte River Valley and 
Eastern Nebraska units exceeded water-quality standards 
more often than the Ogallala Formation and Sand Hills 
units. Thirty-one percent of the samples collected in the 
Platte River Valley unit had nitrate concentrations greater 
than the standard, 22 percent exceeded the manganese 
standard, 19 percent exceeded the sulfate standard, 26 per-
cent exceeded the uranium standard, and 38 percent exceeded 
the dissolved-solids standard. In addition, 78 percent of 
samples had at least one detectable pesticide and 22 percent 
of samples had at least one detectable VOC. In the Eastern 

Nebraska unit, 30 percent of the samples collected had 
dissolved-solids concentrations larger than the standard, 
23 percent exceeded the iron standard, 13 percent exceeded 
the manganese standard, 10 percent exceeded the arsenic 
standard, 7 percent exceeded the sulfate standard, 7 percent 
exceeded the uranium standard, and 7 percent exceeded the 
selenium standard. No samples exceeded the nitrate stan-
dard. Thirty percent of samples had at least one detectable 
pesticide compound and 10 percent of samples had at least 
one detectable VOC. In contrast, the Sand Hills and Ogallala 
Formation units had fewer detections of anthropogenic com-
pounds and drinking-water exceedances. In the Sand Hills 
unit, 15 percent of the samples exceeded the arsenic standard, 
4 percent exceeded the nitrate standard, 4 percent exceeded 
the uranium standard, 4 percent exceeded the iron standard, 
and 4 percent exceeded the dissolved-solids standard. Fif-
teen percent of samples had at least one pesticide compound 
detected and 4 percent had at least one VOC detected. In the 
Ogallala Formation unit, 6 percent of water samples exceeded 
the arsenic standard, 4 percent exceeded the dissolved-solids 
standard, 3 percent exceeded the nitrate standard, 2 percent 
exceeded the manganese standard, 1 percent exceeded the 
iron standard, 1 percent exceeded the sulfate standard, and 
1 percent exceeded the uranium standard. Eight percent of 
samples collected in the Ogallala Formation unit had at least 
one pesticide detected and 6 percent had at least one VOC 
detected. Differences in ground-water chemistry among the 
hydrogeologic units were attributed to variable depth to water, 
depth of the well screen below the water table, reduction-
oxidation conditions, ground-water residence time, interac-
tions with surface water, composition of aquifer sediments, 
extent of cropland, extent of irrigated land, and fertilizer 
application rates.

Introduction
The High Plains aquifer is a nationally important water 

resource. It underlies about 174,400 mi2 in parts of eight 
Western States (fig. 1) and is the primary water supply for 
drinking water, irrigation, animal production, and industry 
in the region. About 27 percent of agricultural land in the 
Nation is in the High Plains region, and about 30 percent 
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Figure 1.  Location of the northern High Plains aquifer.
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of ground water pumped for irrigation in the United States 
is pumped from the High Plains aquifer (Dennehy, 2000). 
In 2000, the High Plains aquifer supplied drinking water to 
1.9 million people, or about 82 percent of the High Plains 
population (Sharon Qi, U.S. Geological Survey, written 
commun., 2005).

Previous ground-water-quality studies provide a wealth 
of local information but lack consistent analytical methodol-
ogy or continuity across political boundaries. These local 
studies of water quality provided nitrate and major-ion data 
across many parts of the High Plains aquifer and indicated that 
the quality of water in the aquifer is generally adequate for 
irrigation purposes; however, several constituents exceeded the 
U.S. Environmental Protection Agency’s drinking-water stan-
dards in some samples (Litke, 2001). Historical water-quality 
information for trace elements, pesticides, volatile organic 
compounds (VOCs), and bacteria were generally lacking in 
many parts of the High Plains aquifer.

In 1991, the U.S. Geological Survey (USGS) imple-
mented the National Water-Quality Assessment (NAWQA) 
Program to provide scientifically sound information for 
managing the Nation’s water resources. The goals of the 
NAWQA Program are to assess the chemical, physical, and 
biological status of the Nation’s surface- and ground-water 
resources, identify long-term trends in these conditions, and 
identify the natural and human factors that affect water qual-
ity (Gilliom and others, 2001). The program is designed to 
collect and analyze data so long-term water-quality informa-
tion describing the condition of surface- and ground-water 
resources is consistent and comparable across the Nation. To 
satisfy the goal of assessing the occurrence and distribution 
of water-quality constituents of regionally important aquifer 
systems, the NAWQA Program conducted the High Plains 
Regional Ground-Water Study. By studying the aquifer using 
the program’s consistent design and sampling and analytical 
methods, data are comparable across the extent of the High 
Plains study area.

For logistical purposes, during the High Plains Regional 
Ground-Water study, the High Plains aquifer was subdivided 
into three geographic subregions (fig. 1)—northern High 
Plains, central High Plains, and southern High Plains. The 
focus of this report is the northern High Plains subregion. 
Water-quality information for the central and southern 
High Plains regions has been described by Fahlquist (2003) 
and Becker and others (2002). The northern High Plains 
aquifer is composed of five major hydraulically connected 
units of different ages and lithologies—Brule and Arikaree 
Formations, Ogallala Formation, Eastern Nebraska, Sand 
Hills, and Platte River Valley (Gutentag and others, 1984). 
Historical ground-water quality data indicate large variations 
in water quality among these hydrogeologic units (Litke, 
2001). This report describes water-quality conditions in hydro-
geologic units and considers the unique hydrogeologic and 
land-use characteristics of each unit in relation to observed 

water-quality conditions. Results for respective hydrogeologic 
units are compared to understand factors that affect ground-
water quality.

Purpose and Scope

This report describes the ground-water quality of the 
northern High Plains aquifer in parts of Colorado, Kansas, 
Nebraska, South Dakota, and Wyoming (fig. 1). Water samples 
were collected between 2002 and 2004 from three principal 
hydrogeologic units of the northern High Plains aquifer—
Ogallala Formation (108 samples), Eastern Nebraska (30 sam-
ples), and Sand Hills (27 samples). Water-quality samples 
were not collected from the Brule and Arikaree Formations or 
the Platte River Valley units due to financial constraints. How-
ever, 27 samples were collected from the Platte River Valley 
in 1997 as part of an earlier NAWQA Program study and are 
included in this report.

Water was collected from low-capacity (primarily domes-
tic water-supply) wells and analyzed for physical properties 
and concentrations of nitrogen and phosphorus compounds, 
pesticides and pesticide degradates, dissolved solids, major 
ions, trace elements, dissolved organic carbon (DOC), radon, 
and VOCs at all sites. Microbiology and tritium were analyzed 
at selected sites. The relation between ground-water quality 
and hydrogeologic and land-use variables in the study area 
was examined.
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Description of Study Area

Hydrogeology

The hydrogeologic characteristics of an aquifer can 
strongly affect water quality. The minerals and elements 
that make up aquifer sediments will dissolve over time and 
determine dissolved-solids, major-ion, and trace-element 
concentrations. Organic matter in an aquifer can influence 
reduction-oxidation processes, which in turn, can affect 
inorganic constituents such as dissolved arsenic, iron, manga-
nese, nitrate, sulfate, uranium, and organic compounds such 
as pesticides and VOCs. The particle sizes of sediments of an 
aquifer affect the rate of water flow. Water moves more easily 
through the pore spaces of sediments with larger particles, 
such as gravels, than it does through sediments with small 
particles, such as clays. The depositional environment will 
affect the sorting of sediment sizes in an aquifer. For example, 
the generally poorly sorted sediments from glacial deposition 
have many different sizes. In this case, smaller particles tend 
to fill the voids between larger particles and inhibit water flow. 
The depositional environment can create geologic layers of 
limited permeability in an aquifer that inhibit the transport of 
water and chemicals from shallow deposits to deep deposits. 
As depth to water increases, the risk of ground-water contami-
nation from human sources typically decreases. Hydrogeologic 
characteristics as determined from previous studies differ 
between the four major units in the northern High Plains aqui-
fer (table 1) (U.S. Department of Agriculture, 1994; Schwarz 
and Alexander, 1995; Sharon Qi, U.S. Geological Survey, writ-
ten commun., 2005).

Bedrock Underlying the Northern High Plains 
Aquifer

The northern High Plains aquifer is underlain by bed-
rock formations of Tertiary age in the west and Cretaceous-
age deposits in the east (fig. 2) (Gutentag and others, 1984). 

The Tertiary-age bedrock formations consist of the Chadron 
Formation and the Brule Formation of the White River Group 
where it is not fractured. These formations are composed of 
clay, silt, siltstone, and consolidated beds of volcanic ash, clay, 
and fine sand that were originally deposited in a freshwater 
environment. The Upper and Lower Cretaceous bedrock for-
mations consist of shales, chalks, limestones, and sandstones 
that were deposited in a marine environment. These rocks con-
tain higher concentrations of soluble minerals and elements 
and can influence the water chemistry of the overlying High 
Plains aquifer if water containing these dissolved minerals 
and elements moves up into the aquifer. Water can flow from 
bedrock into the aquifer when natural ground-water flow paths 
are from lower units to upper units or when pumping in the 
aquifer creates lower pressure in the aquifer, causing water to 
move from higher pressure in the bedrock to lower pressure in 
the aquifer (McMahon and others, 2004b).

Major Hydrogeologic Units

The High Plains aquifer consists of hydraulically 
connected geologic units from the late Tertiary through 
Quaternary geologic time periods (approximately 30 million 
years ago to near present time) (Gutentag and others, 1984). 
The principal water-bearing unit of the High Plains aquifer 
is the Ogallala Formation (OGAL). Sediments composing 
this unit were deposited approximately 5 to 19 million years 
ago. The High Plains aquifer also includes older deposits and 
younger deposits. Older deposits are in the Brule and Arikaree 
Formations (BRAK). The younger deposits in the northern 
High Plains can be divided into three significant sources of 
water—the Eastern Nebraska (EAST), Sand Hills (SAND), 
and Platte River Valley (PLAT) units. For summarizing water 
quality in this report, the northern High Plains aquifer has 
been divided into the five major hydrogeologic units: BRAK, 
OGAL, EAST, SAND, and PLAT (figs. 3 and 4). Samples 
were not collected from the BRAK.

Table 1.  Summary of selected hydrogeologic and land-use characteristics of four major hydrogeologic units of the northern High 
Plains aquifer.

Ogallala  
Formation 

(OGAL)

Eastern  
Nebraska  

(EAST)

Sand Hills  
(SAND)

Platte River 
Valley 
(PLAT)

Median depth to ground water, in feet below land surface1 110 79 20 5
Average soil permeability, in inches per hour2 6.4 1.4 12.4 6.0
Average soil organic matter, in percent by weight2 0.54 0.90 0.40 0.74
Percentage of overlying land area used for cropland3 46 83 10 65
Percentage of overlying land area used for irrigated cropland4 10 34 5 37
Population density in 2000, people per square mile5 6.5 19.9 2.1 66.1

1Source: Sharon Qi, U.S. Geological Survey, written commun., 2005.
2Source: 1994 STATSGO data base (U.S. Department of Agriculture, 1994; Schwarz and Alexander, 1995).
3Source: U.S. Geological Survey, 1992.
4Source: Thelin and Heimes, 1987.
5Source: Kerie Hitt, U.S. Geological Survey, written commun., 2002.
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Ogallala Formation

The High Plains aquifer is sometimes referred to as “the 
Ogallala aquifer” because the OGAL unit is the most areally 
extensive and the most plentiful source of ground water in 
the aquifer. This unit is the result of a major alluvial (river) 
depositional period that occurred during the Tertiary Miocene 
Epoch (between 5 and 19 million years ago). During this 
period, a system of braided streams deposited sediments that 
formed a complex “cut-and-fill” stratigraphy (Swinehart 
and others, 1985; Gutentag and others, 1984; Swinehart and 
Diffendal, 1989). The unit consists of unconsolidated sand, 
gravel, clay, and silt along with layers of calcium carbonate 
and siliceous cementation. In many areas, a zone of post-
deposition cementation exists near the top of this unit, creating 
an erosion-resistant ledge. Periodic episodes of volcanic 

ash deposition also occurred during this period and created 
localized ash beds within the aquifer (Swinehart and others, 
1985; Swinehart and Diffendal, 1997). The OGAL overlies the 
Chadron, Brule, and Arikaree Formations in the western part 
of the northern High Plains and marine Cretaceous rock in the 
eastern part of the northern High Plains. It underlies a variety 
of saturated and unsaturated materials across its extent.

Eastern Nebraska

For purposes of this report, the EAST unit refers to the 
late Tertiary (Pliocene) and Quaternary (Pleistocene) depos-
its in the eastern part of the northern High Plains where the 
OGAL is thin or absent. Sand and gravel originating from the 
west was deposited in valleys during the Pliocene period (2 
to 5 million years ago) (Richmond and others, 1994; Gosselin 

Figure 2.  Bedrock units underlying the northern High Plains aquifer (modified from Gutentag and others, 1984).
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and others, 1996). These deposits contain weathering products 
derived from granite or anorthosite from the Laramie Range 
in Wyoming as well as some quartzite from the Medicine 
Bow Mountains (Richmond and others, 1994). Later, glacial 
processes during the Pleistocene period (0.01 to 2 million 
years ago) continued to fill valleys with coarse sand and 
gravel originating from the north (Gosselin and others, 1996). 
The EAST unit overlies either the OGAL where it is present 
or Cretaceous-age bedrock. It underlies unsaturated glacial 
till (a glacially deposited mixture of clay, sand, gravel, and 

stones of variable sizes) and loess (wind-deposited silt or clay, 
typically deposited during glacial periods). The glacial till 
contains iron sulfide and other minerals that can be sources of 
iron, manganese, sulfate, and calcium (Engberg and Spalding, 
1978). Glacial till and loess can be relatively impermeable. 
The sand and gravel deposits in paleovalleys provide the pri-
mary source of water for high-capacity wells. However, many 
low-capacity domestic and stock wells obtain water from 
lenses of perched or semiperched ground water (Gosselin and 
others, 1996).

Figure 3.  Location of major hydrogeologic units and trace of generalized geologic section A–A' (modified from Gutentag and others, 
1984).
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Figure 4.  Geologic section A–A' in the High Plains aquifer and underlying bedrock (from Bleed and Flowerday, 1989).
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Sand Hills

The SAND unit includes Quaternary (Pleistocene and 
Holocene) and late Tertiary (Pliocene) deposits for purposes 
of this report. The sediments of the SAND unit are thought 
to have been deposited, or reworked, between about 5 mil-
lion and 5 to 10 thousand years ago (Bleed and Flowerday, 
1989). It is composed of river-deposited sand, silt, and gravel 
that originated from Colorado and Wyoming (Swinehart 
and Diffendal, 1989). The Pliocene deposits, primarily the 
Broadwater Formation, in this unit compose the most exten-
sive layer of coarse-grained sediments in the northern High 
Plains (Jim Goeke, Conservation and Survey Division of 
the University of Nebraska, written commun., 2006). These 
sediments generally are the products of weathering of granite, 
anorthosite, or quartzite (Richmond and others, 1994). Dur-
ing the Pleistocene time period, few sediments accumulated. 
However, it is thought that erosion of the local geologic units 
(OGAL and younger deposits) occurred in the north and west 
parts of the unit. During the late Pleistocene and Holocene 
periods, climatic conditions caused the available sands to form 
into dunes (sand hills). Conditions eventually shifted again, 
allowing vegetation to stabilize the dunes into the grass-
covered hills present today. This unit overlies the BRAK in the 
west and the OGAL in the east. Sand and(or) loess overlie this 
unit.

The Sand Hills region is one of the largest grass-
stabilized dune regions in the world. Its unique topography 
consists of dunes as high as 400 ft and as long as 20 mi (Bleed 
and Flowerday, 1989). The hydrology of this region is unlike 
the rest of the northern High Plains. The sandy soils have high 
infiltration rates, and precipitation rarely flows over the land 
surface. Surface water is almost entirely derived from ground-
water discharge and, as a result, streamflows are steady and 
floods rarely occur. Many lakes exist between dunes and are 
an expression of the elevation of the water table. Some of 
the lakes in the western Sand Hills lie in closed basins that 
have no surface drainage from the lake. Lack of drainage and 
high evaporation rates cause these lakes to be highly saline 
(Gosselin and others, 1994b).

Platte River Valley

The PLAT unit includes alluvial sediments within the 
Platte River Valley of the northern High Plains. The PLAT 
unit consists of stream-deposited sand, gravel, and clay of 
Quaternary Pleistocene to Holocene age (5 million years ago 
to near present) (Waite and others, 1949). Although these 
sediments primarily originated from plains and mountains 
west of the study area, some sediments in the eastern part of 
the unit may be derived from glacial outwash. The thickness 
of these deposits is variable, ranging from a few feet to almost 
200 ft (Waite and others, 1949). At the base of this unit lie 
two types of geologic deposits—Cretaceous rocks underlie 
the eastern part of this unit, and the OGAL unit underlies the 

western part of the unit. Unsaturated sands and soil overlie 
this unit. In many areas, regional ground-water flow paths 
converge on the PLAT.

Surficial Geology and Soils
Surficial materials overlying the major hydrogeologic 

units vary across the northern High Plains. The main soil 
types are silt loam and sand; however, clay loam, loam, and 
sandy loam are present to a lesser extent. Either sand or loess 
is the parent material of most soils in the study area (Gutentag 
and others, 1984). The sandy soils that form from sand dunes 
have large infiltration rates, high permeability (fig. 5), and a 
reduced capacity to retain moisture relative to the other soils in 
the study area (Gutentag and others, 1984). As a result, these 
soils generally make poor cropland. The fine-grained loess 
deposits can be as thick as 200 ft and restrict water flow where 
fractures are absent (Richmond and others, 1994; Johnson, 
1960). Loess sediments are known for their ability to produce 
fertile soils. Average permeability and organic matter content 
of the soils in each hydrogeologic unit are listed in table 1.

Land Use

The economy in the northern High Plains is predomi-
nantly based on agriculture. In 1992, about 95 percent of the 
land in the northern High Plains was used either for crop-
land or rangeland/grazing (U.S. Geological Survey, 1992). 
Approximately 58 percent of the study area was rangeland and 
37 percent of the northern High Plains was used for cropland. 
About 32 percent of cropland, or about 12 percent of the 
study area, was irrigated in 1980 (Thelin and Heimes, 1987). 
Less than 1 percent was characterized as urban land use. 
Forest, wetland, open water, and barren lands accounted for 
the remaining 5 percent of the study area (fig. 6). The domi-
nant land uses overlying the aquifer vary by hydrogeologic 
unit (table 1). Rangeland is the primary land use overlying 
the SAND (83 percent) and cropland is the primary land use 
overlying the EAST (83 percent) and PLAT (65 percent) units. 
Land use in the OGAL is split between rangeland (52 percent) 
and cropland (46 percent) (table 2). The most common crops 
raised in the northern High Plains are corn, wheat, hay, soy-
beans, and sorghum.

The Platte River Valley was one of the first areas to be 
settled in the northern High Plains. Widespread agriculture in 
the northern High Plains also was first developed in this area, 
due, in part, to fertile soils, nearly flat land, and availability of 
surface and ground water for irrigation. Human population and 
irrigated cropland in the northern High Plains are most dense 
along the Platte River.

In the northern High Plains, agricultural chemicals, 
typically pesticides, fertilizers, and other amendments used 
to improve the physical properties of soils, are commonly 
applied to the land surface and have the potential to move 
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past the soil horizon to ground water. Application of irriga-
tion water in excess of crop needs further promotes transport 
of these agricultural chemicals to ground water. Nutrients, 
particularly nitrogen in the form of commercial fertilizers or 
manure, are applied to crops to increase yields. The applica-
tion rates of total nitrogen, by hydrogeologic unit, are shown 
in table 3 (David Lorenz, U.S. Geological Survey, writ-
ten commun., 1998). Percentage of cropland, percentage of 
irrigated cropland, and nitrogen application rates by county 
are shown in figure 7. Percent cropland, irrigated cropland, 
and nitrogen application rates are highest over the EAST and 

PLAT units. Pesticides are primarily used in the study area 
to increase crop yields by controlling insects and compet-
ing vegetation. Pesticides also are used in smaller quantities 
around homes and livestock and along roads to control a wide 
variety of pests. The 10 most commonly applied pesticides 
in the northern High Plains are generally herbicides used on 
crops (table 3). Although the estimated application rates do 
not necessarily represent conditions during the time that water 
composing the ground-water samples was recharged, they do 
provide a general idea of the types and relative amounts of 
pesticides that are applied.

Figure 5.  Permeability of soils overlying the northern High Plains aquifer.
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Figure 6.  Land use in the northern High Plains, nominal 1992.

Methods of Investigation

Well Selection

Ground-water samples were collected from four of the 
five major hydrogeologic units in the northern High Plains 
between 1997 and 2004. Water samples were collected 
between 2002 and 2004 from three hydrogeologic units—
108 samples were collected from the OGAL unit during the 
spring and summer months of 2002–04, 30 samples were col-
lected from the EAST unit in the spring and summer of 2003, 

and 27 samples were collected from the SAND unit in the 
summer of 2004. Financial constraints would not allow col-
lection of water-quality samples from the BRAK or the PLAT 
units. However, 27 samples were collected from the PLAT 
in 1997 as part of an earlier NAWQA Program study. Water-
quality results from those 27 samples are included in this 
report because they were collected and analyzed with similar 
methods, are part of an important ground-water resource that 
supplies water to a large part of the area’s population, and pro-
vide additional information about the status of ground-water 
quality in an intensely cropped area.
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Only one type of well was sampled (except in the PLAT 
unit) to obtain comparable and consistent data within the 
study area as well as to facilitate comparisons to other similar 
NAWQA data across the Nation. Bruce and Oelsner (2001) 
identified significant water-quality differences between 
public-supply and domestic wells and concluded that well 
construction and pumping differences can affect the quality of 
the water in wells; therefore, domestic wells generally were 
selected for sampling for this study. Because the construction 
details of the targeted domestic wells were not required to be 
documented and registered with the State of Nebraska until 
fall of 1993, most of the domestic wells sampled in Nebraska, 
with the exception of the wells sampled from the PLAT unit, 
were less than 10 years old. Because the wells in the PLAT unit 
were selected for sampling in 1997, it was difficult to locate 
domestic wells that had documented construction information. 
Therefore, it was sometimes necessary to sample other types of 
small-capacity wells such as stock, monitoring, or observation 
wells. Stock, monitoring, and observation wells are consid-
ered to be small-capacity wells because they are generally 
pumped at a rate of 50 gal/min or less for short periods of time. 
Although it was not ideal to sample other well types, the effect 
of well type on ground-water-quality results should be minimal 
because pumping characteristics of these other small-capacity 
wells are generally similar to domestic wells.

Using domestic wells for evaluating ground-water quality 
in a national water-quality assessment is a good choice because 
of their geographic distribution and their construction and 
pumping characteristics. High-capacity wells, typically irriga-
tion or public supply, are generally present in agricultural areas 
or clustered near municipalities, and domestic wells are more 
evenly distributed. High-capacity wells have longer screened 
intervals, higher pumping rates, and longer pumping periods. 
These characteristics are associated with a greater potential 
to mix younger water from multiple levels within the aquifer, 
which makes interpretations of the occurrence of anthropogenic 
contaminants problematic (Bruce and Oelsner, 2001). Gosselin 
and others (1994a) simulated the movement of ground-water 
contaminants to a high-capacity well and concluded that high-
capacity wells do not accurately measure concentrations of 
contaminants in ground water. Domestic wells typically have 
shorter screened intervals that draw water from a discrete point 
in the aquifer. A random distribution of these short-screened 
domestic wells will produce a set of samples that draw water 
from a range of distinct depths across the aquifer. Sampling 
randomly selected domestic wells therefore provides a good 
indication of the variability of water quality with depth and 
an evaluation of the overall water-quality conditions within 
the aquifer. Domestic wells also were preferred to monitoring 

Table 2.  Land use overlying four hydrogeologic units in the northern High Plains, 1992.

[Values are in percent; OGAL, Ogallala Formation; EAST, Eastern Nebraska; SAND, Sand Hills; PLAT, Platte River Valley; <, less than]

Hydrogeologic 
unit

Cropland Rangeland Forest Wetlands Urban Other

OGAL 46 52 1 <1 <1 <1
EAST 83 12 2 1 1 1
SAND 10 83 1 6 <1 <1
PLAT 65 18 3 7 3 4

Table 3.  Estimated application rates of nitrogen and 10 most commonly applied pesticides.

[Nitrogen-use rates are from estimated county-level fertilizer (1998) and manure (1997) applications (David Lorenz, U.S. Geological Survey, written commun., 
1998); pesticide-use rates compiled by the National Center for Food and Agricultural Policy (NCFAP) (1997) and applied to crop acreage from 1997 Census of 
Agriculture (U.S. Department of Agriculture, 1997); OGAL, Ogallala Formation; EAST, Eastern Nebraska; SAND, Sand Hills; PLAT, Platte River Valley]

OGAL EAST SAND PLAT Northern  
High Plains

Total cropland nitrogen applications divided by total area of hydrogeologic unit, in pounds per acre
Nitrogen 38 96 17 93 41

Total cropland pesticide applications divided by total area of hydrogeologic unit,
in pounds of active ingredient per acre

Atrazine 0.114 0.383 0.031 0.374 0.129
Metolachlor 0.081 0.366 0.030 0.363 0.105
Glyphosate 0.041 0.149 0.010 0.112 0.046
Acetochlor 0.033 0.152 0.013 0.163 0.044
2,4-D 0.046 0.046 0.020 0.049 0.041
Alachlor 0.013 0.070 0.005 0.043 0.017
Cyanazine 0.012 0.051 0.004 0.054 0.015
Terbufos 0.013 0.043 0.004 0.046 0.015
EPTC 0.013 0.034 0.005 0.037 0.014
Dicamba 0.014 0.023 0.006 0.025 0.014
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Figure 7.  Percentage of cropland, percentage of irrigated cropland, and average pounds of nitrogen applied per acre of 
cropland in the northern High Plains.
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wells for purposes of this study because they already existed 
and were therefore a cost-effective alternative to drilling wells 
dedicated to monitoring water-quality conditions.

Investigating the water quality in domestic wells is an 
important step in protecting public health. Although a large 
number of people drink water that is supplied by privately 
owned domestic wells, the quality of this water is not exam-
ined as thoroughly as water from public-supply wells. The 
Safe Drinking Water Act (Public Law Title 42 USC 300j–6; 
40 CFR 141–149) requires public-water suppliers to meet spe-
cific drinking-water standards. These standards are expressed 
as the highest safe concentration of a contaminant in drinking 
water. Regular testing is conducted by public-water suppliers 
to ensure that drinking-water standards are not exceeded. If 
needed, the water is treated to reduce contaminant concentra-
tions to levels that are safe for human consumption, or well 
usage is discontinued. However, the Safe Drinking Water Act 
does not regulate private water-supply wells that serve fewer 
than 25 people (U.S. Environmental Protection Agency, 1999). 
Additional information on domestic well-water quality is of 
great value to landowners and public health agencies.

Potential ground-water sampling locations were selected 
using a grid-based random site-selection computer program 
(Scott, 1990). To utilize the program, the number of samples 
to collect from each unit was first determined. The goal was 
to obtain about one sample for every 500 mi2 or, alternatively, 
a minimum of about 30 samples per hydrogeologic unit. The 
goal of 30 samples per hydrogeologic unit was set to achieve a 
sufficiently large number to satisfy the large-sample approxi-
mation for nonparametric statistical tests (Helsel and Hirsch, 
1992). Once the number of sites was determined, a geographic 
information system (GIS) was used to divide the geographic 
extent of the unit into that number of equal-area cells. The 
computer program then randomly selected one primary and 
one alternate sampling location from a large population of 
potential sites within each cell. Because the OGAL extends 
to the central and southern High Plains, that unit was divided 
into equal-area cells over its entire extent in the High Plains 
to maintain a stratified-random distribution of sites across the 
entire hydrogeologic unit. However, only cells in the northern 
High Plains were considered for purposes of this report.

Existing wells near the randomly selected locations were 
evaluated to determine if they were suitable for sampling. A 
well was considered suitable to sample if (1) it was within 
a 4-mi radius of the randomly selected location; (2) it was a 
domestic well that was currently being used as a source of 
household drinking water (in the PLAT, other small-capacity 
wells also were selected); (3) it could be documented from 
construction information that the well withdrew water from 
the appropriate hydrogeologic unit; (4) it was possible to 
collect a water sample prior to any water treatment or storage 
tank; (5) it had a dedicated submersible pump, or a portable 
submersible pump could be used to collect water; and (6) the 
well owner granted permission to sample. If no wells within 
the 4-mi radius were suitable to sample, wells near the alter-
nate randomly selected location were considered, using the 
listed criteria. If no wells within the alternate 4-mi radius were 

suitable to sample, the search radius was extended to 10 mi, 
first at the primary location, then at the alternate location. If no 
wells were suitable to sample in either the primary or alternate 
10-mi radius, the site was dropped from the sampling network. 
As a result, some cells are not represented by a ground-water-
quality sample: in the OGAL (northern High Plains only) unit, 
133 equal-area cells were created and 108 wells were sampled. 
The cells that were not sampled were mostly in areas where 
the OGAL was overlain by another important ground-water 
source (for example, the SAND) and few domestic wells were 
drilled deep enough to penetrate the OGAL unit. In the SAND 
unit, 45 cells were created and 27 wells were sampled, in the 
EAST unit 30 cells were created and 30 wells were sampled, 
and in the PLAT unit 30 cells were created and 27 wells were 
sampled. Construction information for the sampled wells is 
summarized in Appendix 1.

Sample Collection and Analysis

Ground-water samples were collected from domestic 
wells using procedures described by Koterba and others 
(1995) and the USGS National Field Manual (U.S. Geological 
Survey, variously dated). Water samples were analyzed for 
about 200 constituents at the USGS National Water Quality 
Laboratory (NWQL) in Lakewood, Colorado. Concentra-
tions of nitrogen and phosphorus compounds, pesticides 
and pesticide degradates, dissolved solids, major ions, trace 
elements, DOC, radon, and VOCs were determined in each 
sample (table 4). Water samples from selected sites were 
chosen for tritium age dating to determine a relative estimate 
of when water recharged the aquifer. In general, samples 
without other indicators of modern human effects (no pesti-
cides or VOCs detected and nitrate less than 4 mg/L) were 
submitted for tritium age-dating analysis. Tritium analysis was 
completed by the USGS Isotope Tracers Laboratory in Menlo 
Park, California. Bacteria and viral biological indicators were 
analyzed in water only from the SAND and the EAST units. 
Total coliforms and Escherichia coli (E. coli) samples were 
incubated onsite and resulting bacterial colonies were counted 
the day after sample collection. Viral coliphage analysis 
was completed by the USGS Microbiology Laboratory in 
Columbus, Ohio. Measurements of specific conductance, pH, 
water temperature, turbidity, dissolved oxygen, carbonate 
alkalinity, and depth to ground water were completed onsite. 
Hydrogen sulfide was measured onsite if the dissolved-oxygen 
concentration was less than 1 mg/L.

Water samples were processed and preserved onsite in 
a mobile laboratory by using methods designed to minimize 
alteration of the water-sample chemistry. Water from wells 
was delivered to the mobile laboratory through Teflon tubing 
with stainless-steel connections. The tubing was attached to 
an existing domestic well spigot prior to any water-treatment 
devices or holding tanks. Plumbing connections were some-
times temporarily modified if a spigot prior to treatment or 
holding was not available. If water could not be accessed 
prior to treatment or holding tank, the well was not sampled. 
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Table 4.  Laboratory analysis and field preservation methods for measured water-quality constituents in the northern High Plains, 1997, 
2002–04.

[µm, micrometer; USGS, U.S. Geological Survey; NWQL, National Water Quality Laboratory; C, Celsius; GC/MS, gas chromatography/mass spectrometry; 
HPLC, high-performance liquid chromatography; mm, millimeter; UV, ultraviolet; <, less than; mL, milliliter; E. coli, Escherichia coli]

Constituent or 
constituent group

Analyzing 
laboratory

Analytical method(s) Reference(s) Field preservation  
procedure(s)

Physical  
properties

Analyzed onsite Various methods Koterba and others, 1995 None.

Hydrogen  
sulfide

Analyzed onsite Methylene blue colorimetry U.S. Environmental Protection 
Agency, 1983

None.

Carbonate  
alkalinity

Analyzed onsite Inflection point titration Koterba and others, 1995 Filter through 0.45-µm filter.

Nitrogen and 
phosphorus 
compounds

USGS NWQL Various methods Patton and Kryskalla, 2003; 
Fishman, 1993

Filter through 0.45-µm filter, 
chill and maintain at 4°C.

Pesticides and 
pesticide 
degradates

USGS NWQL C-18 solid-phase extraction 
and capillary-column 
GC/MS; graphitized 
carbon-based solid-phase 
extraction and HPLC/mass 
spectrometry 

Zaugg and others, 1995; Lindley 
and others, 1996; Madsen and 
others, 2003; Furlong and 
others, 2001; Werner and others, 
1996

Filter through 142-mm baked 
glass fiber filter, chill sample 
and maintain at 4°C.

Major ions USGS NWQL Inductively coupled plasma American Public Health 
Association, 1998; Fishman, 
1993; Fishman and Friedman, 
1989

Anions, filter through 0.45-µm 
filter: Cations, filter through 
0.45-µm filter, acidify 
sample to pH <2 with nitric 
acid (HNO

3
).

Trace  
elements

USGS NWQL Inductively coupled plasma, 
atomic absorption 
spectrometry

Faires, 1993; Fishman and 
Friedman, 1989; Garbarino, 
1999; McLain, 1993

Filter through 0.45-µm filter, 
acidify sample to pH <2 with 
nitric acid (HNO

3
).

Dissolved  
organic  
carbon

USGS NWQL UV-light promoted persulfate 
oxidation and infrared 
spectrometry

Brenton and Arnett, 1993 Filter through 25-mm baked 
glass fiber filter, acidify to 
pH <2 with 1 mL of 4.5N 
sulfuric acid (H

2
SO

4
), chill 

and maintain at 4°C.
Radon USGS NWQL Liquid scintillation American Society for Testing  

and Materials, 1996
20-mL glass vial filled with 

10 mL mineral oil liquid 
scintillation cocktail and 
10 mL of sample. Sample 
must be received at 
laboratory within 48 hours  
of collection.

Volatile  
organic  
compounds

USGS NWQL Purge and trap capillary 
column GC/MS

Connor and others, 1998 Completely fill vial with 
sample to exclude air 
bubbles, acidify sample to a 
pH ≤2, protect sample from 
sunlight, chill and maintain 
at 4°C.

Tritium USGS Isotope 
Tracers  
Laboratory

Electrolytic enrichment  
and liquid scintillation

Thatcher and others, 1977 Completely fill bottle to 
exclude air bubbles, 
fill bottle with minimal 
splashing.

Total coliforms 
and E. coli

Analyzed onsite Membrane filtration  
(MI medium)

U.S. Environmental Protection 
Agency, 2002 (Method 1604)

None.

Somatic and 
F-specific 
coliphage

USGS Microbiology 
Laboratory

Two-step enrichment U.S. Environmental Protection 
Agency, 2000 (Method 1601)

Chill and maintain at 4°C. 
Sample must be received at 
laboratory within 48 hours of 
collection.
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Prior to sample collection, at least three casing volumes were 
purged to flush any stagnant water from the well. As the well 
was purged, water temperature, specific conductance, pH, 
dissolved oxygen, and turbidity were measured until readings 
were stable (U.S. Geological Survey, variously dated). Once 
readings had stabilized, water samples were collected in pre-
cleaned bottles within an enclosed chamber to prevent sample 
contamination by airborne particles.

To prevent degradation of water samples and maintain the 
initial concentration of compounds between the time of sample 
collection and laboratory analyses, bottles were preserved 
according to the requirements of the laboratories. Preserva-
tion practices differ among analytes and may include chilling, 
filtration, and(or) chemical treatment (table 4).

Data Treatment

In 1998, the NWQL began implementing a new method 
for reporting analytical results (Childress and others, 1999). 
Two concentration levels are used in the new method, the 
long-term method detection level (LT-MDL) and the laboratory 
reporting level (LRL), to minimize both false positive and false 
negative errors. LT-MDLs and LRLs vary among constituents 
and analytical methods. The LT-MDL is determined from the 
standard deviation of long-term laboratory spike-sample mea-
surements and is set to the level at which false positive errors 
are minimized to no more than 1-percent probability. The LRL 
is set to the level at which false negative errors are minimized 
to no more than 1-percent probability and is generally equal 
to twice the LT-MDL. Using this reporting convention, if a 
reported concentration is greater than both the LRL and the 
smallest laboratory calibration standard, it is not censored 
or qualified. If a reported concentration is smaller than the 
LT-MDL, it is coded as “less than” the LRL, unless informa-
tion-rich laboratory methods (organic constituent methods 
that have additional qualitative information provided by the 
instrumentation) are used. LT-MDLs and LRLs are annually 
reevaluated by the NWQL based on laboratory spike-sample 
measurements and may change with time. Concentrations are 
qualified as estimated in several situations. If a reported con-
centration is smaller than either the LRL or the smallest labora-
tory calibration standard but greater than the LT-MDL, the 
value is qualified as estimated using an “E” remark code. An 
“E” remark code also is used if the reported concentration is 
larger than the largest laboratory calibration standard. Pesticide 
and volatile organic compounds were analyzed and reported 
using information-rich laboratory methods. These methods 
report concentrations smaller than the LT-MDL if an analyte is 
positively identified and all other laboratory quality-control cri-
teria are satisfied. The reported concentrations smaller than the 
LT-MDL are qualified with an “E” remark code. Finally, if a 
compound does not meet method-specific performance criteria, 
it is qualified with an “E” remark code.

Water-quality data characteristically include data “outli-
ers” (observations much larger or smaller than most of the 
data), censored data, and positive skewness (most data are at 

low values, but a few extreme high values are present). For 
these reasons, nonparametric statistical methods were used in 
this report. The nonparametric Wilcoxon, or Mann-Whitney, 
rank-sum test (two-sided) was used to compare observations 
between groups of data (Wilcoxon, 1945). In this report, a 
p-value of 0.10 or lower indicated sufficient confidence that 
there was a significant difference between two groups of 
data. If more than 50 percent of the values were censored, 
no statistical comparison was attempted. The nonparamet-
ric Spearman’s rho test was used to correlate observations 
between variables (Bhattacharyya and Johnson, 1977). In this 
report, a p-value of 0.10 or lower indicated sufficient confi-
dence that two groups of data were correlated.

To apply statistical tests, it was sometimes necessary 
to substitute censored (“less than”) values with a numeric 
value. Substitutions were applied using methods described by 
Helsel (2005) and were dependent upon the laboratory report-
ing methods of each constituent. Data were reported for most 
constituents using the old (pre-1998) and the new NWQL 
methods. For these constituents, censored and estimated data 
values less than the highest reporting level were set to a value 
smaller than the highest reporting level to effectively be treated 
as a tied rank. For constituents having data reported using only 
the new NWQL methods, censored data were set to a value 
smaller than the smallest LT-MDL and estimated values were 
treated as quantitative results. For purposes of this report, a 
concentration was only identified as a detection if the value 
was at or above the highest reporting level reported for that 
analyte.

Quality Assurance

Additional samples were collected to assess the reliability 
of sample processing and analytical methods. These quality-
control samples included field- and source-solution blank 
samples, replicate samples, and matrix-spike samples. Quality-
control samples approach about 30 percent of the total samples 
analyzed.

Field-Blank and Source-Solution Blank Samples

Field-blank samples were collected to determine the 
occurrence and magnitude of sample contamination during 
sample collection, processing, transport, and analysis. Blank 
samples were collected using water that was specially pre-
pared at NWQL and certified to be free of the environmental 
sample analytes. Blank samples were otherwise processed 
using the same procedures and equipment as the environ-
mental samples. Blank samples were analyzed for nitrogen 
and phosphorus compounds, pesticide compounds, major 
ions, trace elements, DOC, and VOCs. It is not possible to 
prepare meaningful dissolved gas or isotope blank samples; 
therefore, radon and tritium blank samples were not collected. 
In addition to the field-blank sample, a filter-blank sample 
was processed prior to collecting total coliforms and E. coli 
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samples to verify that the equipment and supplies were sterile. 
Filter-blank sample results indicated that equipment and sup-
plies did not contaminate bacteria samples.

Field-blank sample results are summarized in table 5. 
Concentrations of analytes detected in blank samples were 
compared with concentrations of analytes in environmental 
samples to determine the potential for environmental sample 
contamination. If the magnitude of the blank sample con-
centration was in close range to the environmental sample 
concentration, environmental sample concentrations may have 
been affected by background contamination. Concentrations in 
blank samples indicated that sample contamination was mini-
mal with the exception of DOC in the PLAT unit and a few 
trace elements and VOCs. These constituents were detected 
in blank samples at concentrations at or above environmental 
sample concentrations, indicating that environmental sample 
data for these constituents should be used with caution. DOC 
was detected in 6 of the 22 blank samples collected from the 
northern High Plains and in all three of the blank samples 
collected from the PLAT unit. The median concentration of 
detected DOC in the three samples from the PLAT unit was 
1.8 mg/L, and the median concentration of detected DOC in 
the three samples from the remaining units was 0.3 mg/L. 
Therefore, DOC values from the PLAT unit were not con-
sidered in this report. Concentrations of aluminum, copper, 

1,2,4-trimethylbenzene, and tetrahydrofuran were detected 
in field-blank samples at similar concentrations to environ-
mental samples; therefore, reported concentrations of these 
constituents may be unreliable. In addition, contamination 
during sample collection and processing was suspected for 
several VOCs (1,2,4-trimethylbenzene, chloromethane, 
meta- + para- xylene, and toluene) in PLAT samples, and 
therefore reported values of those VOCs in PLAT samples 
are not used in this report. Other constituents were detected 
in blank samples but at such a low frequency and concentra-
tion that reported environmental sample concentrations can 
be considered reliable.

An extra quality-assurance step was conducted to 
determine whether the prepared blank water was a potential 
source of contamination in VOC samples. A source-solution 
blank was collected every time a VOC blank sample was col-
lected but generally analyzed only if detections of VOCs were 
detected in the blank sample. This additional blank sample 
was collected by pouring the prepared blank water directly 
into the sample bottles, circumventing the field equipment that 
blank water is normally passed through. The VOCs detected 
in blank samples were not detected in source-solution blanks, 
indicating that the prepared water was not the source of con-
tamination. Styrene was detected in one source-solution blank 
but not in field-blank or environmental samples.

Table 5.  Constituents detected in field-blank samples collected in the northern High Plains 1997, 2002–04.

[mg/L, milligrams per liter; <, less than; --, no data; µg/L, micrograms per liter; E, estimated]

Constituent
Number of  

detections1/number of  
field-blank samples

Median concentration  
of detected analytes  

in field-blank samples 

Maximum  
concentration  
in field-blank  

samples

Range of  
concentrations  

in environmental  
samples

Nitrogen and phosphorus compounds (concentrations in mg/L)
Nitrate 2/17 0.07 0.08 <0.05–48.0
Ammonia 1/17 -- 0.06 <0.01–1.02
Nitrite 1/17 -- 0.029 <0.008–0.172

Pesticides
None detected

Major ions (concentrations in mg/L)
Calcium 15/17 0.02 0.51 7.75–298
Silica 8/17 0.3 0.97 10.2–74.8
Magnesium 1/17 -- 0.212 1.40–65.2
Sodium 1/17  -- 0.43 3.05–396

Trace elements (concentrations in µg/L)
Aluminum 8/24 5 10 <1–52
Copper 4/24 2.8 3.8 <0.2–16.5
Zinc 3/24 4.8 8.3 <0.6–129
Iron 1/17 -- 25 <3–2,710

Dissolved organic carbon (concentrations in mg/L)
Dissolved organic carbon 6/22 1.0 6.8 <0.3–25.5

Volatile organic compounds (concentrations in µg/L)
1,2,4-trimethylbenzene 2/23 0.6 1.13 <0.06–E0.09
Toluene 2/23 0.09 0.12 None detected1

Tetrahydrofuran 1/23 -- E3 <1–E4
meta- plus para- Xylene 1/23 -- E0.06 None detected1

Benzene 1/23 -- E0.04 None detected1

1At or above the highest laboratory reporting level (LRL).
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Replicate Samples
Replicate samples are two environmental samples col-

lected sequentially to represent a duplication of the same 
sample water. They are collected to determine variability 
of the data as a result of sampling and analytical procedures. 
The relative percent difference (RPD) between concentrations 
of paired replicate samples was calculated using the formula:

	

RPD
sample 1 sample 2

sample 1 sample 2
=

−
+





×

2

100

When there is no variability between the paired analyses, 
the RPD will be zero percent. RPD calculations are summa-
rized in table 6. The RPD was not calculated if one or both of 
the paired replicate concentrations were below a laboratory 
reporting level (LRL) or identified as an estimated value by 
the laboratory. The median RPD of constituent groups ranged 
from 0.0 to 4.3 percent. Constituent groups having larger 
median RPDs generally had many constituents with concentra-
tions near the LRL. At such low concentrations, small differ-
ences can cause large calculated variability. The individual 
constituents having the largest average RPDs were aluminum 
(29 percent), ammonia plus organic nitrogen (22 percent), 
thallium (15 percent), and iron (10 percent). In general, 
RPDs for constituents indicated that the amount of variabil-
ity between paired environmental and replicate samples was 
within acceptable limits.

Matrix-Spike Samples
Environmental field-matrix spikes typically are used for 

organic compounds. They are collected to quantify the gain or 
loss of analytes due to water-matrix properties, sample holding 
time, or field and laboratory procedures. A spike recovery of 
100 percent indicates no matrix interference or degradation. 
Environmental field-matrix spike samples were prepared by 
injecting exact amounts of target analytes into replicate sample 
bottles while onsite.

A pesticide field matrix-spike sample was prepared at 
14 sites. The prepared spike solution contained 110 pesticide 
compounds. Table 6 summarizes the percent recoveries of 
the spiked pesticide samples. The median percent recovery of 
all pesticide compounds in the 14 spiked samples was about 
90 percent. The mean percent recovery of each pesticide 
compound was calculated from the 14 matrix-spike samples 
and is reported in Appendix 2. Ninety of the 110 pesticide 
compound matrix spikes analyzed were within an acceptable 
range (60 to 120 percent, Furlong and others, 2001). Of the 
remaining 20 pesticide compounds analyzed that did not fall 
into the range of acceptable recovery, 15 are always reported 
as estimated values by the NWQL because of known problems 
with gas chromatography or extraction or do not otherwise 
meet method performance criteria (Zaugg and others, 1995; 
Furlong and others, 2001; James Lewis, U.S. Geological 
Survey, written commun., 2003). Two pesticides (bentazon 
and deethylatrazine) detected in environmental samples col-
lected from the northern High Plains aquifer had average 

Table 6.  Summary of relative percent differences for replicate samples and percent recoveries for field matrix-spike samples 
collected in the northern High Plains, 1997, 2002–04.

[--, not calculated, few replicated values]

Compound class
Number of 
replicated 

values1

Minimum
Percentile

Maximum10 25 50 75 90

Environmental sample replication (relative percent difference, in percent)1

Nutrients (5 constituents) 30 0.0 0.0 0.0 1.0 6.2 22.4 28.6
Pesticide and pesticide degradates (106 compounds) 2 0.0 -- -- -- -- -- 5.5
Dissolved solids 14 0.0 0.3 0.5 0.8 1.9 4.3 9.7
Major ions (10 constituents) 143 0.0 0.0 0.0 0.6 1.3 2.9 28.6
Trace elements (24 constituents) 290 0.0 0.0 0.0 1.6 6.0 16.9 94.4
Dissolved organic carbon 7 0.0 0.0 0.0 0.0 7.7 18.1 22.2
Radon 15 0.0 0.0 2.6 4.3 12.1 17.4 20.7
Volatile organic compounds (85 compounds) 0 -- -- -- -- -- -- --
Tritium 4 0.0 0.0 0.0 1.4 3.0 3.5 3.9
Indicator bacteria 114 0.0 0.0 0.0 0.0 0.0 0.0 200
Viral coliphage 2 0.0 -- -- -- -- -- 0.0

Field matrix-spike replication (relative percent difference, in percent)
Pesticide and pesticide degradates (70 compounds)2 134 0.0 0.0 1.6 4.8 9.5 15.0 50.0

Field matrix-spike recoveries (in percent)
Pesticide and pesticide degradates (110 compounds) 1,333 0.0 46.3 72.6 89.8 101.4 116.2 224.5
Volatile organic compounds (14 compounds)2 28 0.0 60.7 81.5 91.9 94.6 98.9 103.8

Laboratory matrix-spike recoveries (in percent)
Volatile organic compounds (85 compounds) 340 42.1 82.9 89.3 100.0 110.6 118.0 148.9

1Percent difference was not calculated if the laboratory results of either the environmental or replicate sample were qualified with “E” or “<”.

2Only collected and analyzed in samples collected from the Platte River Valley hydrogeologic unit.
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matrix-spike recoveries of less than 60 percent. These com-
pounds are always reported as estimated by the NWQL, and 
environmental sample results should be used with caution. In 
addition to environmental field-matrix spikes, two replicate 
matrix-spike samples were collected from the PLAT unit. The 
RPDs between paired replicate matrix spikes is summarized in 
table 6.

A VOC matrix-spike sample was prepared at six sites. 
Two of the VOC matrix-spike samples were field-prepared 
spikes; spike solution containing 14 VOCs was added to 
sample bottles onsite. Four of the VOC matrix-spike samples 
were laboratory-prepared spikes; spike solution containing 
85 VOCs was added to sample bottles at the NWQL. Table 6 
summarizes percent recoveries of field and laboratory matrix-
spike samples. The median percent recovery of the field-
prepared spikes was about 92 percent, and the median percent 
recovery of the laboratory-prepared spikes was about 100 per-
cent. The mean percent recovery for each VOC compound 
was calculated for the two field-prepared spikes and the four 
laboratory-prepared spikes separately (Appendix 3). The mean 
percent recovery of field-prepared matrix spikes ranged from 
0.0 to 103.8 percent. The mean percent recovery of laboratory-
prepared matrix spikes ranged from 74.6 to 118.0 percent, 
indicating that environmental results are probably not affected 
by matrix interference, method performance, or sample 
degradation.

Ground-Water Quality
Ground water from 192 wells was analyzed or mea-

sured for physical properties, field measurements of carbon-
ate alkalinity, hydrogen sulfide, and ground-water level, 
and concentrations of nitrogen and phosphorus compounds, 
pesticides and pesticide degradates, dissolved solids, major 
ions, trace elements, DOC, radon, and VOCs. Bacteria, 
viral coliphage, and tritium concentrations were analyzed 
at selected sites. Results are provided as part of this report 
on CD-ROM, in Microsoft Access and tab-delimited ASCII 
formats. Concentrations of constituents were compared with 
U.S. Environmental Protection Agency (USEPA) drinking-
water standards (U.S. Environmental Protection Agency, 
2004) in order to place the quality of rural domestic drinking 
water in the context of nationally recognized public-supply 
criteria. The USEPA has established several kinds of drinking-
water standards. The maximum contaminant level (MCL) 
is the highest level of a contaminant that is allowed in pub-
licly supplied drinking water. The secondary drinking-water 
regulation (SDWR) is a nonenforceable guideline regarding 
cosmetic or esthetic effects of drinking water. The maximum 
contaminant level goal (MCLG) as defined by the USEPA is 
“a nonenforceable health goal set at a level at which no known 
or anticipated adverse effect on the health of persons occurs 
and which allows an adequate margin of safety.” The treatment 
technique (TT) specifies a constituent concentration above 

which a public water supplier is required to physically remove 
the constituent from delivered water. The USEPA defines the 
Lifetime Health Advisory (LTHA) as the “concentration of a 
chemical in drinking water that is not expected to cause any 
adverse noncarcinogenic effects for a lifetime of exposure.” 
Relations between concentrations of water-quality constitu-
ents and hydrogeologic and land-use factors were evaluated 
statistically.

Physical Properties and Field Measurements

Turbidity, dissolved oxygen, pH, water temperature, 
specific conductance, and carbonate alkalinity were measured 
onsite at every well. These properties are measured onsite 
because accurate field equipment is available to measure 
them and they are generally unstable and would likely change 
during sample transport to the laboratory. Carbonate alkalin-
ity concentrations are discussed in the “Dissolved Solids, 
Major Ions, and Trace Elements” section. Hydrogen sulfide 
was measured onsite when the dissolved-oxygen concentra-
tion was less than 1 mg/L. Depth to water was measured at 
184 sites (Appendix 1). This measurement was not possible 
at eight wells due to obstructions in those wells; therefore, a 
previously measured water level is reported.

Turbidity

Turbidity is a measurement of the concentration of 
suspended sediment in water. Turbidity was generally low in 
the northern High Plains aquifer. The median turbidity was 
0.1 nephelometric turbidity unit (NTU) (table 7). Turbidity 
was significantly larger in the EAST unit than in either the 
OGAL (p=0.030) or the SAND (p=0.041) units. Turbidity was 
not measured in the PLAT unit. One sample in the EAST unit 
(NQS-113) exceeded the USEPA TT of 5 NTU.

Dissolved Oxygen and Redox Conditions
The concentration of dissolved oxygen in ground water 

can help predict microbially mediated reduction-oxidation 
(redox) reactions in the aquifer. These reactions play a promi-
nent role in many ground-water contamination investigations 
and can affect the concentrations of nitrogen compounds, 
some major ions and trace elements, and organic compounds 
such as DOC, pesticides, and VOCs. Oxygen concentrations 
in water can be reduced when the oxygen acts as an electron 
receptor in redox reactions with material such as organic 
matter (animal waste, decomposed plant material, pesticides, 
or VOCs) or reduced inorganic minerals along the flow path. 
If organic matter and dissolved oxygen are present in ground 
water, microorganisms can facilitate reactions of oxygen with 
decomposing organic matter to produce carbon dioxide and 
water. In this process, organic compounds are oxidized, releas-
ing electrons that oxygen atoms accept to become reduced. 
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If oxygen is depleted, bacteria can use nitrate, if available, as 
the electron acceptor, eventually converting nitrate to inert 
nitrogen gas through a series of reactions. This process, called 
denitrification, can naturally decrease nitrate concentrations 
in aquifers. If oxygen and nitrogen are consumed in ground 
water, microorganisms will typically then use manganese, then 
ferric iron, then sulfate as the electron acceptors in that order 
(Stumm and Morgan, 1996). In very “reduced” water, methane 
gas can be produced. The order in which the electron accep-
tors are consumed is a function of the amount of energy the 
reaction can provide to microorganisms. Oxygen is generally 
consumed first because it supplies the most energy; methane 
production supplies the least. Instead of organic material, 
sometimes “reduced” inorganic metals, such as pyrite, can 
supply electrons. If electron donors are not available, redox 
reactions will not occur.

Dissolved-oxygen concentrations in ground-water 
samples from the northern High Plains indicated that the 
aquifer generally was well oxygenated (table 7). Redox condi-
tions can be categorized as oxic (dissolved oxygen > 1 mg/L), 
post-oxic (dissolved oxygen < 1 mg/L, no hydrogen sulfide 
present), sulfidic (dissolved oxygen <1 mg/L, hydrogen sulfide 
present), or methanogenic (methane present) (Berner, 1981). 
Redox conditions in the northern High Plains were primar-
ily oxic—141 samples (73 percent) were oxic, 47 samples 
(24 percent) were post-oxic, and 4 samples (2 percent) were 
sulfidic. The number of methanogenic samples is unknown 
because methane was not analyzed. The OGAL had the 
highest median dissolved-oxygen concentration (7.50 mg/L) 
and the PLAT had the lowest median dissolved-oxygen 
concentration (0.60 mg/L). Dissolved oxygen in the OGAL 
was significantly larger than the other three units (p-values 
<0.10). Concentrations in the SAND were also significantly 
larger than in the PLAT unit (p=0.041). Unlike the other units, 
the majority (66 percent) of samples collected from PLAT 
were post-oxic. The reducing conditions observed in ground 
water in the PLAT likely result from the greater abundance of 
organic matter present in the relatively young river-deposited 
sediments along the Platte River.

pH
pH is a measure of the hydrogen ion concentration. A pH 

of 7 is neutral, a pH less than 7 is acidic, and a pH greater than 
7 is basic. pH can affect the capacity of water to dissolve min-
erals and trace elements; water that has low pH is generally 
more corrosive and will more readily dissolve the minerals and 
elements from aquifer sediments or plumbing components. 
pH also can affect biological processes. The median pH of the 
northern High Plains aquifer was near neutral at 7.5. Values 
ranged from 6.2 to 8.4. Acceptable pH values for drinking 
water are 6.5 to 8.5 according to the SDWR established by the 
USEPA. Only one water sample (CNBR-18) had a pH value 
outside the acceptable range (6.2). Water collected from the 
OGAL unit had significantly higher pH values than the other 
units (p-values <0.10) (table 7). Also, pH values in the SAND 
were significantly higher than in the PLAT (p=0.055).

Temperature
Measuring the temperature of ground water is useful 

because temperature can influence chemical reactions and bio-
logical processes and can be used as an indication of proximity 
to recharge. Extreme temperatures in ground water reduce its 
usefulness for drinking-water purposes. The median ground-
water temperature of the northern High Plains was 13.4°C. 
Temperatures generally increased with depth below the water 
table (rho=0.479, p=<0.001). Water collected from the OGAL 
had significantly higher temperatures than the other units 
(p-values < 0.10) (table 7). Differences between the remaining 
units were not statistically significant.

Specific Conductance
Specific conductance is the measure of the water’s ability 

to conduct an electric current. Conductance is also indirectly 
related to the ion concentration in water; as the concentration 
of charged ions increases in water, the conductance increases 

Table 7.  Median values for physical properties, water levels, and depths of well screen in the northern High Plains aquifer, 1997, 
2002–04.

[OGAL, Ogallala Formation; EAST, Eastern Nebraska; SAND, Sand Hills; PLAT, Platte River Valley; mg/L, milligrams per liter; --, no standard has been deter-
mined; SDWR, Secondary Drinking-Water Regulations; µS/cm, microsiemens per centimeter; °C, degrees Celsius; NTU, nephelometric turbidity unit; NA, not 
measured; TT, Treatment Technique]

Constituent or property OGAL EAST SAND PLAT
Northern 

High Plains

USEPA drinking-
water standard / 
type of standard1

Turbidity, in NTU 0.1 0.2 0.1 NA 0.1 5 / TT
Dissolved oxygen, in mg/L 7.5 3.1 2.2 0.6 5.4 --
pH, in standard units 7.6 7.2 7.4 7.2 7.5 6.5–8.5 / SDWR
Temperature, in °C 14.2 12.7 12.1 12.5 13.4 --
Specific conductance, in µS/cm at 25°C 399 620 181 721 429 --
Water level, in feet below land surface 77.11 89.58 18.20 6.13 58.04 --
Depth of well-screen midpoint below water table, in feet 100.39 82.91 77.00 24.60 81.18 --

1Source: U.S. Environmental Protection Agency, 2004.

Ground-Water Quality    19



(Hem, 1985). Because conductance values change with tem-
perature, measurements are reported as the specific conduc-
tance by correcting to a standard temperature of 25 degrees 
Celsius (°C). Specific-conductance values in the northern High 
Plains ranged from 79.0 to 2,870 microsiemens per centimeter 
(µS/cm) at 25°C, with a median of 429 µS/cm at 25°C. Larger 
median specific-conductance concentrations were detected 
in the EAST and PLAT units, and the median specific con-
ductance concentration was much smaller in the SAND unit 
(table 7). Differences between specific conductance concentra-
tions were significantly different between all units (p-values 
<0.10) except between the EAST and PLAT units.

Depth to Water

Depth to water in the northern High Plains aquifer was 
variable and ranged from 0 to about 272 ft below land surface 
(Appendix 1). Median ground-water levels were shallower in 
the SAND and the PLAT units than in the OGAL or EAST 
units (table 7). Depths to water were significantly smaller in 
the PLAT than the other units (p-values <0.10). Differences 
between the other units were not significantly different. Water 
samples were collected at variable depths within the aquifer. 
The distance of the well-screen midpoint from the water table 
surface ranged from 6.00 ft above the water table to 615.36 ft 
below the water table. The median depth of well-screen mid-
points below the water table was significantly less in the PLAT 
than the other units (p-values <0.10) (table 7). Differences 
between the other units were not significantly different.

Nitrogen and Phosphorus Compounds

Nitrogen and phosphorus compounds can exist in differ-
ent forms in water. Water samples collected for this study were 
analyzed for nitrite plus nitrate as nitrogen, nitrite as nitrogen, 
and ammonia as nitrogen. Ammonia plus organic nitrogen as 
nitrogen concentrations were determined in the OGAL, EAST, 
and PLAT units. Phosphorus was measured in the form of 
orthophosphate as phosphorus. Because the analytical results 
for nitrite showed it to be negligible in sampled water, nitrite 
plus nitrate concentrations are composed almost entirely of 
nitrate. Therefore, the concentration of nitrite plus nitrate will 
be referred to as “nitrate” in this report.

Nitrogen and phosphorus are essential plant nutrients; 
however, excessive amounts can be harmful to the envi-
ronment and human health. The USEPA has determined 
that nitrate concentrations greater than 10 mg/L in drink-
ing water may present potential health risks to humans 
(U.S. Environmental Protection Agency, 2004). As a result, 
nitrate concentrations have been extensively studied in the 
High Plains aquifer. Historically, nitrate concentrations in 
ground water have been increasing since the 1970s (Litke, 
2001). The median nitrate concentration between 1930 and 

1970 in the entire High Plains aquifer (northern, central, and 
southern) was 1.7 mg/L, and the median nitrate concentration 
in the 1980s and 1990s was 3.2 mg/L. Dissolved phosphorus 
concentrations are typically small in ground water because 
phosphorus has a very low solubility and readily sorbs to soil 
particles. Therefore, most of the following discussion will 
focus on nitrogen compounds.

Sources of nitrogen and phosphorus include fertilizers, 
human or animal waste, decay of plant material, the atmo-
sphere, and certain minerals. The average nitrogen application 
rate from fertilizer and manure in the northern High Plains 
was 41 pounds of nitrogen per acre per year (table 3). Ani-
mal feedlots provide another potential source of nitrogen to 
ground water. Elliott and others (1972) suggest that feedlot 
management can affect the amount of nitrogen a feedlot will 
contribute to deep soil profiles. They found that as long as a 
feedlot was in use, the soil underneath the feedlot remained 
firmly packed. The packed soil reduced infiltration rates and 
the soil profile remained anaerobic to assist denitrification. In 
these cases, feedlots contributed less nitrogen to the deeper 
soil profile than cropped fields where regular tilling loosens 
soil and mixes nitrogen. Nitrogen from decayed plants can 
be concentrated in soils and mobilized when the soil is first 
tilled. Precipitation or irrigation water moves more easily 
through cultivated soils than through soils covered with natural 
vegetation. Dissolved nitrogen will move with the infiltrating 
water to the saturated zone. Individual septic systems also can 
contribute nitrogen to ground water, but the low areal density 
of septic systems in most places probably limits the amount of 
nitrogen added to ground water from septic systems relative 
to other sources. However, septic systems could act as point 
sources and provide a locally important source of nitrate; in 
particular, many rural households with domestic wells have 
septic systems nearby. Precipitation contributes an average 
annual nitrogen load of 3.5 pounds per acre in the High Plains 
study area (National Atmospheric Deposition Program, 2000). 
This annual load is equivalent to a concentration of 0.7 mg/L 
nitrogen per acre per year if all nitrate in precipitation reached 
ground water without reacting with soils.

Because nitrate can be present as a result of natural 
processes as well as human activities, it is useful to know 
the background nitrate concentration in ground water from 
natural sources. This background nitrate concentration for 
ground water considered to be unaffected by human activities 
can be difficult to determine and may differ regionally. The 
NAWQA Program analyzed nitrate data from ground-water 
samples collected throughout the Nation in areas thought 
to be minimally affected by human activities (Mueller and 
Helsel, 1996). Analysis of those data indicated that back-
ground nitrate concentrations generally were less than 
2.0 mg/L. In another national study evaluating nitrate, concen-
trations of more than 3 mg/L were considered to be indicative 
of human impacts (Madison and Brunett, 1985). Gosselin 
(1991) suggested that background nitrate concentrations were 
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less than 3.0 mg/L in northeast Nebraska. Becker and others 
(2002) collected 74 ground-water samples in the central High 
Plains and found that nitrate concentrations in water with 
no detectable tritium ranged from 1.07 to 3.98 mg/L, with a 
median of 2.04 mg/L. For purposes of this study, nitrate con-
centrations greater than 4 mg/L were considered to be affected 
by human activities. Nitrate concentrations less than 4 mg/L 
were considered to be unaffected when the water was oxic. 
At some sites, nitrate concentrations were less than 4 mg/L 
and dissolved-oxygen concentrations were less than 1 mg/L 
(indicating conditions where denitrification could be occur-
ring). It could not be determined whether water was affected 
or unaffected at these sites because nitrate concentrations 
could have initially been more than 4 mg/L and then reduced 
by denitrification.

The median nitrate concentration in the northern High 
Plains was 1.93 mg/L. Median nitrate concentrations were 
largest in the PLAT (2.84 mg/L), followed by the OGAL 
(2.04 mg/L), EAST (1.92 mg/L), and SAND (0.73 mg/L) 
units (table 8). Nitrate concentrations were significantly lower 
in the SAND than in the OGAL (p=0.002) or PLAT (p=0.084) 
units. Differences between other units were not statistically 
significant. Thirty-seven (19 percent) samples collected in 
the northern High Plains had nitrate concentrations greater 
than 4 mg/L, indicating that those samples included ground 
water that was affected by human activities. Ten (38 percent) 
samples collected from the PLAT, six (20 percent) samples 
from the EAST, five (19 percent) samples collected from the 
SAND, and 16 (15 percent) samples from the OGAL had 
nitrate concentrations greater than 4 mg/L (fig. 8). Twelve 
samples (6 percent) exceeded the USEPA MCL in the northern 
High Plains. Eight (31 percent) of the water samples collected 
from the PLAT, one (4 percent) of the samples collected from 
the SAND, and three (3 percent) of the samples collected 
from the OGAL exceeded the USEPA MCL. Geographically, 
nitrate concentrations more often exceeded the USEPA MCL 
in areas near major streams (fig. 8). These areas were gener-
ally converted to cropland earlier than other parts of the study 
area because settlement occurred first along river valleys with 
fertile soils and surface water available for irrigation.

Concentrations of dissolved oxygen in ground water 
can affect concentrations of nitrogen compounds. Nitrite, 
ammonia, and organic nitrogen are more stable in post-oxic 
conditions. Conversely, nitrate is very soluble in oxic water 
and, therefore, can readily be transported to the aquifer with 
oxygenated recharge water. Nitrate concentrations were 
positively correlated with dissolved-oxygen concentrations 
(rho=0.536, p=<0.001), but ammonia (rho= –0.420, p=<0.001) 
and nitrite (rho= –0.280, p=<0.001) were negatively correlated 
with dissolved-oxygen concentrations.

Nitrate concentrations were affected by hydrogeologic 
and land-use factors. Nitrate concentrations decreased as the 
depth below the water table from which a sample was col-
lected increased (rho= –0.350, p=<0.001). Nitrate concentra-
tions also were positively correlated with dissolved solids 
(rho=0.259, p=<0.001), sulfate (rho=0.207, p=0.004), and 
chloride (rho=0.450, p=<0.001) concentrations, indicating that 
the factors that affect these constituents in the aquifer may also 
influence nitrate. Likely factors are the application of agricul-
tural chemicals at the land surface, application of irrigation 
water, thickness of the unsaturated zone, permeability of soil 
and aquifer sediments, and concentrating of chemicals in the 
soil through evapotranspiration.

Nitrite was only detected in 14 samples (7 percent) in 
the northern High Plains. The largest nitrite concentration 
was 0.172 mg/L. Nitrite was detected in 10 (37 percent) of 
the PLAT samples, three (10 percent) of the EAST samples, 
one (1 percent) of the OGAL samples, and none of the SAND 
samples. Ammonia was detected in 23 (10 percent) of the 
samples in the northern High Plains. In general, ammonia 
was only present when neither nitrate nor nitrite was detected. 
Ammonia was detected more often in the EAST (23 percent), 
followed by the SAND (15 percent), PLAT (15 percent), and 
the OGAL (5 percent). The largest ammonia concentration 
(1.02 mg/L) was detected in the EAST unit. Orthophosphate 
was detected at 67 percent of the sampled sites. Concentra-
tions ranged from less than 0.02 to 0.90 mg/L, with a median 
of 0.04 mg/L. Median concentrations were largest in the 
SAND and smallest in the OGAL (table 8).

Table 8.  Median concentrations of nitrogen and phosphorus compounds in the northern High Plains aquifer, 1997, 2002–04.

[Constituents are dissolved. Units are milligrams per liter; OGAL, Ogallala Formation; EAST, Eastern Nebraska; SAND, Sand Hills; PLAT, Platte River Valley; 
USEPA, U.S. Environmental Protection Agency; N, nitrogen; NA, not analyzed; --, no standard has been determined; LTHA, Lifetime Health Advisory; MCL, 
Maximum Contaminant Level; <, less than; P, phosphorus]

Constituent or property OGAL EAST SAND PLAT
Northern  

High Plains
USEPA drinking-water  

standard / type of standard1

Ammonia plus organic nitrogen as N <0.2 <0.2 NA <0.2 <0.2 --
Ammonia as N <0.04 <0.04 <0.04 <0.04 <0.04 30 / LTHA
Nitrite + nitrate as N (nitrate) 2.04 1.92 0.73 2.84 1.93 10 / MCL
Nitrite as N <0.01 <0.01 <0.01 <0.01 <0.01 1 / MCL
Orthophosphate as P 0.04 0.10 0.16 0.14 0.04 --

1Source: U.S. Environmental Protection Agency, 2004.
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Figure 8.  Distribution of nitrate concentrations by hydrogeologic unit in the northern High Plains aquifer, 1997, 2002–04.
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Pesticides and Pesticide Degradates

The widespread use of pesticides in the United States 
began after World War II. Since then, the amount of applied 
pesticides has steadily increased—total use of herbicides and 
insecticides on crops and pastureland grew from 190 million 
pounds of active ingredient in 1964 to 660 million pounds of 
active ingredient in 2000 (Gilliom and others, 1985; Kiely and 
others, 2004). When pesticides migrate past the soil profile 
where they are applied at the land surface, ground-water qual-
ity can be degraded and can pose potential health hazards.

Some factors that affect the mobility of pesticides from 
the land surface to ground water are physical barriers to water 
flow such as clay layers, redox conditions, organic matter, 
and the chemical properties of a pesticide. Redox conditions 
can affect the mobility of pesticides; especially pesticide 
degradates (Barbash and Resek, 1996). Although degradation 
of a pesticide can increase, decrease, or cause no change in 
mobility, pesticide degradates generated in oxic conditions 
are generally more water soluble (and less toxic) than par-
ent compounds. For example, deethylatrazine is less likely to 
sorb to soils than its parent compound atrazine. Pesticides and 
other organic compounds may be attracted to solid organic 
matter or dissolved organic matter, including DOC. When 
pesticides sorb to solid organic matter, solubility will decrease. 
Conversely, when pesticides are attracted to dissolved organic 
matter, the solubility of the pesticide can increase (Barbash 
and Resek, 1996, p. 188). Chemical properties of a pesticide 
that can affect the movement and availability are the soil 
half-life, the sorption coefficient, and water solubility. The 
soil half-life is the time it takes for a pesticide to degrade to 
one-half of its original concentration. A pesticide is generally 
considered to be nonpersistent if it degrades to one-half of its 
original concentration in less than 30 days. The sorption coef-
ficient measures the tendency to bind to soil particles, thereby 
limiting the movement of a pesticide; the larger the sorption 
coefficient, the greater the tendency to bind to soil. Water solu-
bility is the amount of pesticide that will dissolve in a quantity 
of water. The chemical properties of most pesticides that were 
analyzed for this study have been published (Wauchope and 
others, 1992; Augustijn-Beckers and others, 1994).

Pesticides can migrate to ground water as the original 
compound or can break down into degradate products. Water 
samples were analyzed for 95 pesticides and 17 pesticide 
degradates. They were selected for analysis by the NAWQA 
Program on the basis of national agricultural and nonagri-
cultural use, potential environmental effects, and chemical 
properties that allow analysis by gas chromatography/mass 
spectrometry. General information about the pesticides and 
degradates is shown in Appendix 2. Figure 9 shows all pesti-
cide compound concentrations above and below the highest 
laboratory reporting level. Only the pesticide concentrations 
not qualified with a “less than” remark code are presented. 
For purposes of this report, a pesticide concentration was only 
identified as a detection if the value was at or above the high-
est LRL reported for that pesticide compound.

Nine pesticides and two pesticide degradates were 
detected in the northern High Plains aquifer. All pesticide 
concentrations were well below the applicable USEPA 
MCLs. The herbicide atrazine and its degradation product 
deethylatrazine were detected most frequently (in water from 
33 and 38 wells respectively). Detected atrazine concentra-
tions ranged from 0.007 to 0.691 µg/L, and deethylatrazine 
was detected at estimated concentrations ranging from 0.006 
to 0.802 µg/L. Other pesticide compounds detected were 
simazine (seven wells), metolachlor (five wells), prometon 
(three wells), 2-hydroxyatrazine (two wells), diuron (two 
wells), tebuthiuron (one well), 2,4-D methyl ester (one well), 
bentazon (one well), and diazinon (one well). Forty-three of 
the 192 sampled wells (22 percent) had one or more pesticides 
or pesticide degradates detected (fig. 10).

Most of the pesticide detections were from water samples 
collected in the PLAT unit—57 of the 94 pesticide detections 
in the northern High Plains were in the PLAT. Water from 
21 wells (78 percent) sampled in the PLAT unit had one or 
more pesticide compounds detected. Three pesticides were 
detected in more than 25 percent of the wells in the PLAT—
21 wells (78 percent) had detectable atrazine, 20 wells (74 per-
cent) had detectable deethylatrazine, and 7 wells (26 percent) 
had detectable simazine. Other pesticides detected in the 
PLAT were metolachlor (three wells), prometon (three wells), 
diuron (one well), bentazon (one well), and tebuthiuron (one 
well). The EAST unit had the next highest number of pesticide 
detections (16 detections). Water from nine wells (30 percent) 
had at least one pesticide detected. Atrazine was detected at 
six wells (20 percent), deethylatrazine was detected at seven 
wells (23 percent), and 2-hydroxyatrazine, metolachlor, and 
diazinon were detected at one well each. Although more than 
three times as many samples were collected from the OGAL 
than other units, only 13 of the 94 pesticide detections were in 
water samples from that unit. Water from nine wells (8 per-
cent) in the OGAL had at least one pesticide detected. Five 
different pesticide compounds were detected—atrazine (three 
wells), deethylatrazine (seven wells), 2-hydroxyatrazine (one 
well), diuron (one well), and 2,4-D methyl ester (one well). 
Eight of the 94 pesticide detections were in the SAND, and 
water from four wells (15 percent) had at least one pesticide 
detected. Three pesticide compounds were present at detect-
able levels in that unit—deethylatrazine (four wells), atrazine 
(three wells), and metolachlor (one well).

The number of pesticide detections was affected by 
hydrogeologic and land-use factors. The number of pesticide 
detections in a sample was inversely correlated with depth to 
water (rho= –0.319, p=<0.001) and the depth below the water 
table that a sample was collected (rho= –0.390, p=<0.001). 
The number of detections in a sample was positively cor-
related with nitrate (rho=0.349, p=<0.001), dissolved solids 
(rho=0.441, p=<0.001), sulfate (rho=0.496, p=<0.001), and 
chloride (rho=0.525, p=<0.001) concentrations, indicating 
that the factors that affect these constituents in the aquifer 
may have a similar effect on pesticides.
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Dissolved Solids, Major Ions, and Trace 
Elements

Ground water is never pure and generally contains a 
wide variety of dissolved solids and gases. Major ions and 
trace elements are discussed with dissolved solids because 
they generally account for the bulk of dissolved solids in 
a water sample. The primary major ions that contribute 
to dissolved-solids concentrations are bromide, calcium, 
carbonate alkalinity, chloride, fluoride, magnesium, potassium, 
silica, sodium, and sulfate. Nitrogen compounds and organic 
material also can be substantial components of dissolved-
solids concentrations. Water also commonly contains trace 
amounts of many minor elements such as aluminum, arsenic, 
copper, iron, lead, selenium, and uranium.

Hydrogeologic, climatic, and land-use factors can affect 
the availability of minerals for dissolution and eventual trans-
port to ground water. When water comes in contact with soil 
or rock minerals, the solid minerals dissolve until the water 
becomes saturated or the minerals are depleted. The dissolu-
tion rate of the various minerals depends on their individual 
solubility and environmental conditions. Mineral concentra-
tions in soil generally increase as evapotranspiration rates 

increase. As dilute water is selectively evaporated or used by 
plants, minerals are left behind. Over time, the concentration 
of minerals in the soil steadily increases and is available to be 
leached into the ground water. Underlying bedrock units that 
have hydraulic connection with the High Plains aquifer can 
affect dissolved-solids concentrations (McMahon and others, 
2004a). Salinity in the lower part of an aquifer can increase 
if the bedrock unit below the aquifer contains soluble depos-
its of high mineral content and ground-water flow paths are 
upwards toward the aquifer. This condition potentially could 
exist in some parts of the northern High Plains study area. 
Farming practices can increase dissolved-solids concentra-
tions in ground water. Irrigation water not used by crops can 
leach minerals from the soil profile and unsaturated sediments 
into the ground water. When this occurs, dissolved-solids 
concentrations increase near the top of the aquifer. In addition, 
some fertilizers and soil amendments contain minerals such 
as calcium, chloride, magnesium, potassium, and sulfate that 
can be leached. Indirect effects of agricultural amendments 
on dissolved-solids, major-ion, and trace-element concentra-
tions include lowered pH, increased rate of aquifer sediment 
dissolution, and changes to ion-exchange reactions (Böhlke, 
2002).

Figure 9.  Pesticide compound concentrations in the northern High Plains aquifer, 1997, 2002–04.
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Figure 10.  Distribution of pesticide detections by hydrogeologic unit in the northern High Plains aquifer, 1997, 2002–04.
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Dissolved Solids
The concentration of dissolved solids is an indicator 

of ground-water quality. High concentrations of dissolved 
solids can limit the use of ground water for drinking water, 
application to crops, and industrial purposes. Although 
large concentrations of dissolved solids generally are not 
hazardous to health, the USEPA has set the nonenforceable 
SDWR for dissolved solids at 500 mg/L. This standard was 
set to minimize mineral deposits, discolored water, stain-
ing, and salty taste (U.S. Environmental Protection Agency, 
2004). Livestock also are sensitive to large dissolved-solids 
concentrations; however, most livestock can tolerate much 
larger concentrations than humans. Irrigation water contain-
ing large concentrations of dissolved solids can be harmful to 
sensitive crops and is of most concern in arid regions where 
precipitation is insufficient to provide low-salinity water to 
crops (Hergert and Knudsen, 1977; Hoffman, undated). Dis-
solved boron, chloride, and sodium are particularly toxic to 
plants.

Dissolved-solids concentrations, reported as total solids 
residue on evaporation, in the northern High Plains ranged 
from 80 to 2,190 mg/L, with a median of 290 mg/L. The 
PLAT had the highest median dissolved-solids concentration 
(440 mg/L), and the SAND had the lowest median dissolved-
solids concentration (159 mg/L) (table 9). Twenty-four of the 
samples (13 percent) collected from the northern High Plains 
had dissolved-solids concentrations greater than the USEPA 
SDWR. Nineteen of those 24 samples were in either the EAST 
or PLAT unit. Concentrations among all units were signifi-
cantly different (p=<0.10) except between the EAST and 
PLAT units.

Hydrogeologic and land-use variables affected 
dissolved-solids concentrations. Dissolved-solids concen-
trations decreased with increased depth below water table 
(rho= –0.203, p=0.005) and were positively correlated with 
chloride concentrations (rho=0.756, p=<0.001), indicating 
that evaporative processes have concentrated dissolved solids 
in the subsoil, which may be contributing to concentrations in 
ground water. Dissolved-solids concentrations were signifi-
cantly larger (p=<0.001) in samples affected by agricultural 
activities (nitrate concentrations greater than 4 mg/L or at least 
one detectable pesticide compound). Concentrations in sam-
ples affected by agriculture ranged from 164 to 2,190 mg/L, 
with a median of 394 mg/L; concentrations in unaffected 
samples ranged from 80 to 964 mg/L, with a median of 
257 mg/L. Dissolved-solids concentrations were positively 
correlated with nitrate (rho=0.259, p=<0.001), providing fur-
ther evidence that agricultural practices affect dissolved-solids 
concentrations.

Major Ions
When elements dissolve in water, they dissociate into 

either positively charged ions (cations) or negatively charged 
ions (anions). The major cations in ground water typically 

are calcium, magnesium, potassium, and sodium. The major 
anions in ground water typically are carbonate alkalinity 
(reported as calcium carbonate [CaCO

3
] equivalent), chloride, 

fluoride, and sulfate. When nitrate is present in substantial 
quantities, it can also be a major anion. The total electrical 
charge (or milliequivalents) of all cations and anions in a 
solution must balance to maintain electrical neutrality. One 
way to represent the relative percentage of the major ions 
in water is to plot them on a trilinear diagram. Figure 11 
shows trilinear diagrams of the major-ion compositions for 
the samples collected in the four hydrogeologic units. These 
diagrams plot the relative percentages of total milliequivalents 
per liter of major ions for many samples at once. A cation 
or anion is referred to as “dominant” if it accounts for more 
than 60 percent of the total cations or anions. The dominant 
cation was most commonly calcium and the dominant anion 
was most commonly carbonate alkalinity, principally in the 
form of bicarbonate (HCO

3
–). Many samples also had no 

dominant cation or anion but had nearly equal mixtures of 
more than one cation or anion. In a few samples, the domi-
nant anion was sulfate (five samples), chloride (one sample), 
or nitrate (one sample). The five samples with sulfate as the 
dominant anion were from the PLAT unit or within several 
miles of the Platte River. The sample (NOS-1017) dominated 
by chloride was collected from the OGAL unit in the western 
part of the study area where precipitation is low. The sample 
(CNBR-18) dominated by nitrate was collected from a shallow 
well (19 feet deep) in the PLAT unit. Median concentrations 
of individual ions are summarized in table 9. Water in eight 
samples (4 percent) exceeded the USEPA SDWR of 250 mg/L 
for sulfate concentrations. Most of the samples that exceeded 
the sulfate SDWR were in the PLAT unit. All other major-ion 
concentrations were considered suitable for drinking-water 
purposes.

To examine the effects of agricultural practices on the 
relative percentages of major ions, trilinear diagrams for sam-
ples containing agricultural chemicals (at least one pesticide 
compound detected and[or] nitrate equal to or greater than 
4 mg/L) and samples not containing agricultural chemicals (no 
pesticides detected and nitrate less than 4 mg/L with dissolved 
oxygen more than 1 mg/L) were compared (fig. 12). The 
major-ion composition in water not containing agricultural 
chemicals (fig. 12, Unaffected) was dominated by calcium 
and carbonate alkalinity. These sites mostly had similar ion 
compositions. In contrast, the samples containing agricultural 
chemicals (fig. 12, Affected) had ion compositions that were 
more variable. The dominant cation ranged from calcium to 
sodium plus potassium, and the dominant anion ranged from 
carbonate alkalinity to either sulfate or chloride, fluoride, and 
nitrate. The 14 sites where the effect of agriculture was not 
known (no pesticides detected and nitrate less than 4 mg/L 
with dissolved oxygen less than 1 mg/L) had similar major-ion 
chemistry as the samples unaffected by agricultural chemicals. 
Therefore, these samples also may have been primarily 
unaffected by agricultural activities.
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Ion compositions in samples collected near the Platte 
River indicate that ground water may have contained a com-
ponent of surface water. Trilinear diagrams for ground-water 
samples collected from the PLAT unit and surface-water sam-
ples collected from the Platte River near Duncan, Nebraska, 
in 1994 and the Platte River near Grand Island, Nebraska, in 
1995 are shown in figure 13. PLAT samples that plot closer to 
the Platte River water may represent the mixed-ion composi-
tion of ground water and surface water.

Trace Elements

Some trace elements in drinking water are potentially 
harmful to human health. The fate of trace elements in natural 
waters is dependent upon many factors including pH, redox 
conditions, availability of certain ions and minerals, and the 
presence of organic matter. Most toxic trace elements are gen-
erally insoluble when pH is near neutral. However, some trace 
elements, such as arsenic, chromium, selenium, and uranium, 

Table 9.  Median concentrations of major ions, trace elements, dissolved organic carbon, and radon in the northern High Plains aquifer, 
1997, 2002–04.

[Constituents are dissolved. OGAL, Ogallala Formation; EAST, Eastern Nebraska; SAND, Sand Hills; PLAT, Platte River Valley; mg/L, milligrams per liter; --, 
no standard has been determined; SDWR, Secondary Drinking-Water Regulations; NA, not analyzed; MCL, Maximum Contaminant Level; <, less than; µg/L, 
micrograms per liter; LTHA, Lifetime Health Advisory; pCi/L, picocuries per liter]

Constituent or property OGAL EAST SAND PLAT
Northern 

High Plains
USEPA drinking-water  

standard / type of standard1

Major ions (concentrations in milligrams per liter)
Calcium 42.5 86.8 25.2 81.2 49.2 --
Magnesium 10.7 13.5 3.3 18.5 11.0 --
Potassium 7.38 6.17 4.48 9.05 6.64 --
Sodium 11.3 22.8 6.2 35.2 12.6 --
Carbonate alkalinity, as CaCO

3
157 241 75 239 167 --

Bromide 0.05 0.09 <0.03 0.08 0.05 --
Chloride 4.2 9.3 0.9 14.6 4.5 250 / SDWR
Fluoride 0.47 0.31 0.20 0.40 0.38 4 / MCL
Silica 56.8 36.1 54.8 37.7 53.5 --
Sulfate 13.4 42.5 3.2 78.3 16.3 250 / SDWR
Dissolved solids 278 413 159 440 290 500 / SDWR

Trace elements (concentrations in micrograms per liter)
Aluminum <2 <2 <2 4 <2 50–200 / SDWR
Antimony <1 <1 <1 <1 <1 6 / MCL
Arsenic 5.9 3.7 4.9 5.0 5.5 10 / MCL
Barium 112 128 66 95 108 2,000 / MCL
Beryllium <1 <1 <1 <1 <1 4 / MCL
Boron 49 44 16 NA 42 600 / LTHA
Cadmium <1 <1 <1 <1 <1 5 / MCL
Chromium <1 <1 <1 3 1.2 100 / MCL
Cobalt <1 <1 <1 <1 <1 --
Copper <1 1.6 <1 1.5 <1 1,300 / TT
Iron <10 <10 <10 <10 <10 300 / SDWR
Lead <1 <1 <1 <1 <1 15 / TT
Lithium 18.5 18.8 8.8 NA 17.3 --
Manganese <1 <1 <1 6.9 <1 300 / LTHA
Molybdenum 2.5 2.1 <1 4.9 2.3 40 / LTHA
Nickel <1 2.33 <1 2.11 <1 100 / LTHA
Selenium 1.8 5.9 <1 1.0 1.7 50 / MCL
Silver <1 <1 <1 <1 <1 100 / LTHA
Strontium 442 494 106 NA 405 4,000 / LTHA
Thallium <0.04 <0.04 <0.04 NA <0.04 2 / MCL
Uranium 5.92 3.86 <1 8.16 4.92 30 / MCL
Vanadium 15.5 5.9 7.2 NA 12.4 --
Zinc 5.3 9.3 4.8 2.9 5.0 2,000 / LTHA

Dissolved organic carbon (concentrations in milligrams per liter)
Dissolved organic carbon 0.3 0.7 0.5 -- 0.4 --

Radon (concentrations in picocuries per liter)
Radon 320 280 230 290 290 300 / MCL2

1Source: U.S. Environmental Protection Agency, 2004.

2Proposed drinking-water standard.
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become more soluble as pH increases and can be present at 
large concentrations in water with near-neutral pH. These 
compounds are therefore more commonly detected in ground 
water than most trace elements (Smedley and Kinniburgh, 
2002).

Arsenic, uranium, and selenium were the only trace 
elements that exceeded USEPA enforceable (MCL or TT) 
drinking-water standards in the northern High Plains. Arsenic 
was the trace element with the highest percentage of sam-
ples that had concentrations larger than the drinking-water 

standard—8 percent of the samples collected exceeded the 
USEPA MCL of 10 µg/L. Consumption of arsenic in drinking 
water has been linked to an increased risk of cancer as well 
as cardiovascular, pulmonary, immunological, neurological, 
and endocrine effects (U.S. Environmental Protection Agency, 
2004).

The areal distribution of arsenic concentrations 
greater than the USEPA MCL is shown in figure 14. The 
OGAL unit had the highest median (5.9 µg/L) arsenic 
concentration (table 9), and the SAND unit had the highest 

Figure 11.  Trilinear diagrams showing the relations between compositions of major ions in water by hydrogeologic unit in the northern 
High Plains aquifer, 1997, 2002–04.
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percentage (15 percent) of concentrations that exceeded the 
drinking-water standard. When compared statistically, arsenic 
concentrations were significantly greater in the OGAL than in 
the EAST (p=0.001) but were not significantly greater than the 
PLAT (p=0.305) or the SAND (p=0.377) units. The highest 
arsenic concentration (55.6 µg/L) was in a water sample col-
lected from the SAND unit (NSS-204). Evaporative processes 
may have concentrated dissolved arsenic at the land surface 
near this well based upon consistently high concentrations of 

many dissolved constituents. The well is located in the western 
Sand Hills in an area of “closed basin” lakes that have little or 
no natural drainage.

Sources of arsenic can be natural or anthropogenic. Arsenic 
is naturally present in some geologic formations—most com-
monly in marine shales, volcanic rocks, and metamorphic rocks 
formed from sedimentary deposits. Anthropogenic sources of 
arsenic include organic and inorganic pesticide compounds. Dis-
solution of arsenic from natural sources is commonly associated 

Figure 12.  Trilinear diagrams showing the relations between compositions of major ions at sites affected by agricultural activities, 
sites unaffected by agricultural activities, and sites not known to be affected by agricultural activities in the northern High Plains 
aquifer, 1997, 2002–04.
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with the presence of other elements such as molybdenum, 
selenium, uranium, and vanadium (Rankama and Sahama, 1950; 
White and Waring, 1963; U.S. Geological Survey, 1964, 1975; 
Harshman, 1972). Arsenic concentrations in the northern High 
Plains were positively correlated with vanadium (rho=0.467, 
p=<0.001) and molybdenum (rho=0.271, p=<0.001). These cor-
relations and the relatively uniform concentrations within natural 
ranges indicate that the sources of arsenic in the northern High 
Plains are naturally occurring.

The ions and minerals that are likely to be associated with 
natural sources of arsenic in the northern High Plains can be 
in marine shales, glacial deposits containing weathered marine 
shales, volcanic ash, and iron oxides in some sediments, par-
ticularly those deposited by streams (Welch and others, 2000). 
Some bedrock formations in the eastern part of the study area 
are marine shale; some glacial sediments in the EAST unit 
originate from marine shales north of the study area. The 
Brule and Arikaree Formations contain substantial quantities 
of volcanic ash, and the OGAL contains localized volcanic ash 
beds.

The underlying bedrock units containing either marine 
shale or volcanic ash did not appear to affect arsenic concen-
trations. Forty-nine water samples were collected from wells 
screened within 50 ft of the underlying Cretaceous (marine 
shale) bedrock. Those water samples had a median arsenic 
concentration (5.0 µg/L) similar to water samples collected 
from wells screened more than 50 ft above the Cretaceous 
bedrock (4.8 µg/L) (p=0.573). Volcanic ash in the underlying 
Brule and Arikaree Formations did not appear to affect arsenic 
concentrations. Water samples collected from wells screened 
within 50 ft of the Brule and Arikaree Formations had a 

median arsenic concentration (5.80 µg/L) similar to those 
wells screened more than 50 ft above the Brule and Arikaree 
Formations (5.70 µg/L) (p=0.880).

Localized volcanic ash deposits are present in the OGAL 
and may explain the slightly larger median arsenic concentra-
tion in that unit. Because the OGAL has a large amount of rhy-
olitic ash (ash with silica content greater than about 68 weight 
percent) (Swinehart and others, 1985), larger silica concentra-
tions could indicate areas of volcanic ash deposition. However, 
arsenic concentrations in the OGAL were not correlated with 
silica concentrations (rho= –0.011, p=0.909). Volcanic ash also 
typically contains sodium and potassium. Arsenic concentra-
tions in the OGAL were positively correlated with potassium 
(rho=0.321, p=0.001) but not sodium (rho=0.144, p=0.137).

The glacial sediments in the EAST unit contain weathered 
marine shales. These sediments contain iron pyrites that are 
commonly associated with arsenic. The median arsenic concen-
tration was smallest in the EAST unit (table 9). However, arse-
nic was positively correlated (rho=0.741, p=0.076) with iron at 
the seven sites in the EAST where dissolved-oxygen concentra-
tions were less than 1.0 mg/L. This correlation indicates that 
dissolution of iron oxide is a source of arsenic at these sites. 
These reduced conditions favor the dissolution of iron oxides 
and the release of arsenic (Welch and others, 2000). Arsenic 
was inversely correlated with iron (rho= –0.249, p=0.078) when 
all samples in the northern High Plains with dissolved-oxygen 
concentrations less than 1.0 mg/L were examined. Also, arsenic 
concentrations in neither the EAST unit nor the northern High 
Plains were significantly correlated with sulfate concentrations. 
A positive correlation between arsenic and sulfate may indicate 
pyrite oxidation as a source of arsenic (Welch and others, 2000).

Figure 13.  Trilinear diagrams showing the relations between compositions of major ions in samples collected from the Platte River 
Valley Quaternary unit and samples collected from the Platte River.
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Figure 14.  Distribution of arsenic concentrations by hydrogeologic unit in the northern High Plains aquifer, 1997, 2002–04.
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Water properties can affect arsenic concentrations. As 
previously mentioned, arsenic becomes more soluble as pH 
increases to values greater than about 8. In the northern High 
Plains, arsenic concentrations were positively correlated with 
pH (rho=0.273, p=<0.001). The median arsenic concentra-
tion of samples with pH less than 7 was 3.90 µg/L, and the 
median arsenic concentration of samples with pH greater than 
7 was 5.55 µg/L (p=0.011). Arsenic is soluble in a wide range 
of redox conditions, albeit as different species (McLean and 
Bledsoe, 1992). Arsenic in natural waters is primarily pres-
ent as the arsenite species when water is post-oxic and as the 
less harmful arsenate species when water is oxic. The relative 
magnitude of the two arsenic species was not investigated as 
part of this study.

Six percent of the water samples had uranium concen-
trations that exceeded the USEPA MCL of 30 µg/L. Drink-
ing water containing elevated levels of uranium is associ-
ated with an increased risk of cancer and kidney problems 
(U.S. Environmental Protection Agency, 2004). Uranium 
concentrations in the northern High Plains aquifer are shown 
in figure 15. The median uranium concentration was largest 
in the PLAT (8.16 µg/L) (table 9). Water collected from the 
PLAT also had the largest percentage of MCL exceedances 
(26 percent) and the highest overall uranium concentration 
(174 µg/L) in a single sample. The SAND unit had the lowest 
uranium concentrations. Only one water sample collected from 
this unit had detectable uranium. Concentrations in the PLAT 
were significantly greater than the OGAL (p=0.016) or EAST 
(p=0.025) units. Concentrations in OGAL and EAST units 
were not significantly different from each other. Concentra-
tions were not compared between the SAND and other units 
because more than 50 percent of concentrations in the SAND 
were censored (less than the highest LRL).

Uranium is a radionuclide that is present in some geo-
logic materials. In the northern High Plains, uranium con-
centrations were positively correlated with dissolved solids 
(rho=0.609, p=<0.001) and chloride (rho=0.618, p=<0.001) 
concentrations as well as concentrations of all other major ions 
except silica, indicating evaporative concentration as a factor 
affecting uranium concentrations in ground water. Addition-
ally, the Platte River imports water with high uranium con-
centrations (over 30 µg/L in some reaches) into the northern 
High Plains study area. Elevated uranium concentrations 
in the Platte River are thought to originate from dissolution 
of uraniferous deposits in the Front Range of the Laramie 
Mountains (Snow and Spalding, 1994) and Cretaceous shale 
underlying the South Platte River in Colorado (Breton Bruce, 
U.S. Geological Survey, written commun., 2005). Elevated 
uranium in the river may enrich ground-water uranium 
through canal leakage, application of river water to irrigated 
crop fields, or mixing between surface water and ground water 
(Verstraeten and others, 2001). Snow and Spalding (1994) 
reported that elevated uranium concentrations in ground water 
in the North Platte, South Platte, and Platte River valleys were 
more frequently detected in areas that used diverted river water 

for irrigation. As previously mentioned, ion compositions in 
water from wells in the PLAT unit provided evidence of mix-
ing with river water.

Marine shales and glacial deposits have been cited as 
sources of uranium in other regions (Morrow, 2001; Naftz, 
1996). The median concentration of uranium in wells screened 
within 50 ft of the Cretaceous (marine shale) bedrock was 
6.85 µg/L, and wells screened more than 50 ft above the 
Cretaceous had a median of 3.53 µg/L (p=0.015). The EAST is 
the only unit with a large component of glacial deposits in the 
northern High Plains. The median uranium concentration was 
3.86 µg/L, slightly lower than the median uranium concentra-
tion of all wells (4.92 µg/L).

Uranium is most soluble under oxidizing conditions. 
The median uranium concentration was 5.07 µg/L in oxic 
water, 3.70 µg/L in post-oxic water, and not detected in 
sulfidic water. Uranium can be persistent in mildly reducing 
conditions, and concentrations as high as 126.0 µg/L were 
detected in post-oxic water. A statistical comparison between 
uranium concentrations in oxic and post-oxic waters indicated 
that uranium concentrations were not significantly higher 
(p=0.59) in oxic waters.

Concentrations of uranium were significantly higher 
in water affected by agricultural land use (nitrate concentra-
tion greater than 4 mg/L and[or] at least one pesticide com-
pound detection). Uranium concentrations ranged from <1 
to 174 µg/L with a median of 7.23 µg/L at affected sites and 
ranged from <1 to 91.9 µg/L with a median of 4.70 µg/L at 
unaffected sites (p=<0.001). Elevated uranium concentrations 
were primarily in samples collected from the PLAT unit; the 
unit with the highest percentage of irrigated cropland. This is 
likely, at least partially, due to the oxidation and evaporative 
conditions associated with areas of intense agriculture.

Phosphate fertilizer can contain uranium and might be 
expected to affect ground-water concentrations. Spalding 
and Sackett (1972) suggest that phosphate fertilizer applica-
tions have resulted in increased uranium in North American 
rivers. In the PLAT, however, where uranium concentrations 
in ground water are highest, phosphate fertilizers are not com-
monly used (Snow and Spalding, 1994). In addition, phos-
phate fertilizers typically have low solubility in water and will 
bind to soil particles. When uranium is sorbed to phosphorus, 
it also has low solubility and will be relatively immobile in the 
subsurface (Naftz and others, 2002).

Selenium concentrations exceeded the USEPA MCL of 
50 µg/L in 1 percent (two samples) of the total samples. In 
small quantities, selenium is an essential nutrient for good 
health; however, drinking water containing selenium in con-
centrations higher than 50 µg/L can potentially cause hair or 
fingernail loss, damage to the nervous and circulatory sys-
tems, or damage kidney and liver tissue (U.S. Environmental 
Protection Agency, 2004). Natural sources of selenium are 
soils and aquifer materials. Human sources of selenium 
include uranium, bentonite, and coal-mining waste prod-
ucts, oil refinery wastewater, and irrigation wastewater 
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Figure 15.  Distribution of uranium concentrations by hydrogeologic unit in the northern High Plains aquifer, 1997, 2002–04.
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(U.S. Department of the Interior, 1998). Selenium concen-
trations varied among the hydrogeologic units. The highest 
median selenium concentration (5.9 µg/L) was in the EAST 
unit, and the lowest median (<1 µg/L) was in the SAND unit 
(table 9). The EAST unit also had the highest overall selenium 
concentration (71.3 µg/L) in a single sample as well as the 
greatest percentage of samples that exceeded the USEPA MCL 
(7 percent).

Trace elements that exceeded a nonenforceable USEPA 
drinking-water standard (SDWR or LTHA) in the 192 sam-
ples collected in the northern High Plains were aluminum 
(<1 percent), boron (<1 percent), iron (6 percent), manganese 
(6 percent), and molybdenum (<1 percent). Trace elements 
that were detected but did not have or did not exceed either an 
enforceable or unenforceable USEPA drinking-water standard 
were antimony, barium, cadmium, chromium, cobalt, copper, 
lead, lithium, nickel, strontium, thallium, vanadium, and zinc. 
Trace elements that were analyzed but not detected were 
beryllium and silver. Aluminum and copper concentrations 
were detected in blank samples near environmental sample 
concentrations; therefore, concentrations of these constituents 
in samples might be artificially higher than actual ground-
water conditions.

Dissolved Organic Carbon

Sources of DOC are numerous and can include the decay 
of organic materials in the soil, landfill leachate, petroleum 
products, animal waste, and the aquifer sediments. As pre-
viously mentioned, organic carbon is influential in redox 
conditions. DOC concentrations were relatively low in the 
northern High Plains, ranging from <0.3 to 3.9 mg/L, with the 
exception of one sample. Water from NSS-204 had a DOC 
concentration of 25.5 mg/L. This water sample was collected 
from a shallow domestic well in the small town of Lakeside, 
Nebraska. The sample also had relatively large concentra-
tions of dissolved solids, ions, and trace elements compared to 
other samples collected in the northern High Plains. No point 
sources of DOC were observed; however, likely sources might 
be private septic systems or nearby shallow lakes. Lakes in the 
Sand Hills are organically productive. Nash (1978) measured 
DOC in 14 lakes in Sheridan County and reported concentra-
tions ranging from 139 to 572 mg/L. As discussed previously, 
the water chemistry from NSS-204 indicates evaporative 
processes have concentrated dissolved solids. Therefore, the 
source of elevated DOC in water from this well probably is 
decayed organic matter from the nearby shallow lakes that 
has moved into shallow ground water. Water collected from a 
deeper well (NOS-1082) located less than 800 ft away from 
NSS‑204 had a much smaller DOC concentration (0.6 mg/L).

DOC concentrations varied among the units. The median 
DOC concentration was smallest in the OGAL (0.3 mg/L); 
the SAND (0.5 mg/L) and EAST (0.7 mg/L) units had slightly 
larger median concentrations (table 9). The median DOC con-

centration was not calculated in the PLAT because DOC was 
detected in all of the field blanks from that unit at concentra-
tions at or near environmental sample concentrations. Con-
centrations were significantly different among the other three 
units (p-values <0.10)

Radon

Radon is a radioactive gas that occurs naturally in the 
environment when uranium in soil, rock, or water decays. 
The source of radon in wells is rock material immediately 
surrounding the well because the velocity of ground-water 
flow and the relatively short half-life (3.8 days) of radon 
(Hem, 1985) limit the distance that radon can travel before it 
decays. Although radon is a degradate of uranium, concentra-
tions of uranium and radon did not significantly correlate. This 
relation is expected because uranium and radon have different 
chemical properties and decay half-lives.

Breathing radon is the second leading cause of lung can-
cer in the United States and therefore is a serious health risk 
(U.S. Environmental Protection Agency, 2003). The USEPA 
estimates that radon from indoor air causes about 21,000 can-
cer deaths per year, and radon from drinking water causes 
about 168 cancer deaths per year. Radon in soil under homes 
is the primary source in indoor air. Tapwater only contributes 
about 1 to 2 percent of radon in indoor air but still poses a 
health risk to humans who are exposed over long periods of 
time. The health risks associated with radon in drinking water 
occur when the water is ingested or when radon escapes from 
the water and is inhaled. An MCL of 300 pCi/L for radon 
in drinking water has been proposed but has not yet been 
approved (U.S. Environmental Protection Agency, 2004).

Radon concentrations in the northern High Plains 
ranged from 100 to 1,640 pCi/L, with a median of 290 pCi/L. 
Eighty-seven of the 187 samples (47 percent) analyzed had a 
radon concentration higher than the proposed USEPA MCL 
of 300 pCi/L. Water samples collected from the OGAL had 
the highest median radon concentration (320 pCi/L) (table 9). 
The five highest radon concentrations were also from water 
samples collected from the OGAL. The SAND unit had the 
lowest median radon concentration (230 pCi/L). Radon con-
centrations were significantly smaller in the SAND than the 
other three units (p-values <0.10), but differences between the 
other units were not statistically significant.

Volatile Organic Compounds

VOCs are a group of carbon-based, generally syn-
thetic compounds with properties that allow them to readily 
change from a solid or liquid to a gas. Many VOCs are toxic. 
Health concerns include cancer; liver, kidney, lung, circula-
tion, nervous- and respiratory-system effects; eye, skin, and 
throat irritation; mental confusion; and damage to blood 
cells (U.S. Environmental Protection Agency, 1994, 1996). 
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VOCs are used for many purposes and are present in common 
products such as solvents, paints, glues, petroleum products, 
and household cleaners. VOCs can be grouped into seven 
categories: fumigants, gasoline hydrocarbons, compounds 
used in organic synthesis, oxygenates, refrigerants, solvents, 
and trihalomethanes (Moran and others, 2002). The first six 
categories are commonly used in households and are potential 
point-source contaminants to domestic wells. VOCs in the 
seventh category, trihalomethanes, are typically generated as 
a byproduct of water disinfection and are created when chlo-
rinated compounds react with organic matter. Shock chlorina-
tion of domestic wells is a common practice in the study area 
and can provide a source of trihalomethanes.

The NAWQA Program chose 86 VOCs to be analyzed. 
They were chosen with consideration to physical properties, 
potential risk to human health, toxicity to aquatic organ-
isms, frequency of detection in ground water, surface water, 
or drinking water, and importance for other reasons such 
as bioaccumulation in aquatic organisms or atmospheric 
ozone depletion (Bender and others, 1999). General informa-
tion about VOCs that were analyzed for in this study is in 
Appendix 3. Figure 16 shows all VOC concentrations above 
and below the highest LRL. For purposes of this report, a 
VOC concentration was only identified as a detection if the 
concentration was at or above the highest LRL. Nine VOCs 
were detected in the northern High Plains. Locations of water 
samples with VOC detections are shown in figure 17. Sixteen 
wells in the study area had one or more VOCs detected. All 
VOC concentrations were below the highest concentration 
allowed by USEPA drinking-water standards. The most com-
monly detected VOCs were trihalomethanes and solvents.

The PLAT had the highest percentage of VOC detec-
tions. Twenty-two percent of wells sampled in the PLAT unit 
produced water that had at least one detectable VOC—11 per-
cent of sites in that unit had detectable trichloromethane 
(chloroform), 11 percent had detectable tetrahydrofuran, and 
4 percent had detectable dichlorodifluoromethane (CFC12). 
Water from wells completed in the OGAL had more types 
of VOCs detected but at lower frequencies: trichloro-
methane (4 percent), bromodichloromethane (1 percent), 
tribromomethane (1 percent), 1,2-dichlorobenzene (1 percent), 
and tetrachloromethane (1 percent). Two VOCs were detected 
in the EAST unit—1,2,4-trimethylbenzene (7 percent) and 
1,2‑dichloroethane (3 percent). 1,2-dichloroethane was 
detected at 4 percent of the wells in the SAND. Concentra-
tions of tetrahydrofuran and 1,2,4-trimethylbenzene in blank 
samples were near environmental sample concentrations; 
therefore, reported concentrations of these constituents may 
be higher than actual aquifer conditions.

Tritium

Isotopes, forms of an element with the same number of 
protons but differing numbers of neutrons, can help determine 
the sources, residence time, quality, chemical evolution, and 

recharge processes of ground water. Tritium is an isotope of 
hydrogen that is used to estimate the relative residence time 
of water in an aquifer. Though tritium is produced naturally 
in the upper atmosphere when cosmic rays interact with air 
molecules, it is also a byproduct of nuclear weapons explo-
sions. Bomb testing in the 1950s and 1960s caused tritium in 
the atmosphere to increase many times above natural levels. 
As a result, tritium in precipitation and thus, in recharge water, 
also increased substantially. In 1963, the United States and the 
Soviet Union banned atmospheric nuclear bomb testing; con-
sequently, the input of tritium into the atmosphere dropped off 
to near background levels. Since then, tritium levels have grad-
ually decreased by radioactive decay (half-life = 12.43 years, 
Unterweger and others, 1980). Once water has entered an 
aquifer or is otherwise no longer in contact with the atmo-
spheric tritium source, tritium levels will gradually decrease 
by radioactive decay. Bomb-released tritium that entered 
ground water during the 1950s and 1960s provided such a 
substantial initial input that radioactive decay has not entirely 
depleted it by the time samples were collected for this study. 
Ground water that was affected by bomb-released tritium 
will still have more than about 1.5 pCi/L tritium (Thatcher, 
1962; Clark and Fritz, 1997). Water pumped from wells is 
typically a mixture of ground waters of different age over the 
length of the screen. The occurrence of tritium in a ground-
water sample at concentrations greater than 1.5 pCi/L is an 
indication that at least some portion of the water sample was 
recharged after about 1960; the entire sample does not neces-
sarily, and generally does not, have a residence time of less 
than 50 years.

Tritium concentrations were analyzed at 121 of the 
192 wells. All of the sites in the PLAT were analyzed for tri-
tium. In the other units, tritium typically was analyzed for only 
if there was no other evidence that water had been recently 
recharged. A detection of either a pesticide or VOC and(or) 
a nitrate concentration above 4 mg/L provided evidence of 
recent recharge. In a few cases, financial constraints prevented 
analyzing for tritium when there was no evidence of recent 
recharge.

Fifty-two of the 121 wells analyzed had detectable 
tritium. Concentrations ranged from less than 1 to 113 pCi/L, 
with a median of less than 1 pCi/L. The tritium concentration 
in 48 samples was higher than 1.5 pCi/L, indicating that 
some portion of the water in those samples had been recently 
recharged. The median tritium concentration in samples 
collected from the PLAT (37 pCi/L) was much higher than 
in the other units (ranging from <1 to 1 pCi/L). However, 
comparing relative concentrations between the PLAT unit 
and the other units is misleading because tritium in the 
OGAL, EAST, and SAND units was analyzed only at sites 
showing no other evidence of young water. The process 
of selecting sites to be analyzed for tritium in those units 
eliminated many sites that might have had high tritium 
concentrations.
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Figure 16.  Volatile organic compound (VOC) concentrations in the northern High Plains aquifer, 1997, 2002–04.
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Figure 17.  Distribution of volatile organic compound (VOC) detections by hydrogeologic unit in the northern High Plains aquifer, 1997, 2002–04.
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The amount of time that water has resided as ground 
water (not in contact with the atmosphere) can have mean-
ingful implications for ground-water quality. Widespread 
irrigation and application of agricultural chemicals have only 
been in practice in the northern High Plains for about 50 years 
(Kuzelka and Flowerday, 1993). Therefore, ground water that 
entered the saturated zone less than 50 years ago has a higher 
potential to be affected by agricultural activities than older 
water. Some ground water in the northern High Plains aquifer 
has been dated using carbon-14 to be as much as 12,000 years 
old (Peter McMahon, U.S. Geological Survey, written com-
mun., 2005). It should be expected that human activities have 
not affected ground-water quality in these waters. However, 
older ground water is typically considered to be more likely to 
have higher dissolved-solids concentrations, including some 
potentially harmful minerals and elements such as fluoride, 
arsenic, and uranium.

Concentrations of nitrate, pesticides, VOCs, and tritium 
were used to determine the relative age of the ground-water 
samples. Of the 192 samples collected, 85 were classified 
as containing some fraction of water younger than 50 years 
by nitrate greater than 4 mg/L, the presence of one or more 
pesticide compounds, one or more VOCs, or tritium greater 
than 1.5 pCi/L. Water from 99 wells was considered to be 
older than 50 years as indicated by nitrate less than 4 mg/L 
with oxic water, no detectable pesticide compounds or VOCs, 
and tritium less than 1.5 pCi/L (or not analyzed). Water from 
eight wells could not be classified. These wells had nitrate 
concentrations less than 4 mg/L with post-oxic or sulfidic 
water, had no detectable pesticides or VOCs, and were not 
analyzed for tritium.

As is typically determined, samples containing water 
less than 50 years old were present at shallower depths than 
samples with water more than 50 years old. The depth of the 
middle of the well screen below the water table was compared 
for samples with young and old water. Samples containing 
water younger than 50 years had a median depth below water 
table of 52.50 ft, and water samples having water older than 
50 years had a median depth below water table of 104.66 ft 
(p=<0.001). Young water indicators (nitrate, pesticide com-
pounds, VOCs, and tritium) are shown relative to depth below 
the water table in figure 18. In general, elevated nitrate, 
pesticide compound detections, VOC detections, and elevated 
tritium are present near the water table.

The geographic distribution of samples with water 
less than 50 years old, water more than 50 years old, and 
water with unknown age is shown in figure 19. Water from 
samples collected in the PLAT unit was recharged within 
the last 50 years more frequently than water samples from 
the other units. Eighty-nine percent of samples in the PLAT 
unit, 57 percent of samples in the EAST unit, 52 percent of 
samples in the SAND unit, and 28 percent of samples in the 
OGAL unit contained water less than 50 years old. Fifty-six 
(66 percent) of the samples containing young water were 
affected by agricultural activities as indicated by the presence 
of at least one detected pesticide compound and nitrate larger 
than 4 mg/L.

Microbiology

Total coliforms and E. coli are two indicator bacteria 
that, although not harmful themselves, indicate the likely pres-
ence of waterborne disease-causing organisms. Coliforms are 
naturally present in the environment, including feces. Total 
coliforms is a measure of all bacteria species of the coliform 
group. E. coli is a type of coliform bacteria that is only present 
in animal and human fecal waste. Therefore, E. coli is the pre-
ferred indicator of fecal contamination (U.S. Environmental 
Protection Agency, 2004). The NAWQA Program began 
regularly analyzing indicator bacteria in ground water in 
2003. Total coliforms and E. coli were collected and analyzed 
by the sampling teams in the study area only in the units 
that were sampled since then—the SAND and EAST units. 
Thirty samples were collected in the EAST unit; however, one 
sample was ruined and therefore indicator bacteria were not 
counted for that sample. E. coli was not detected in any of the 
samples, and total coliforms were detected in six samples. The 
maximum total coliforms count was 15 colonies per 100 milli-
liters. In the SAND unit, one sample was ruined and indicator 
bacteria are only available for 26 samples. Twenty-four wells 
in the SAND unit had no detections of indicator bacteria, one 
sample had 18 colonies per 100 milliliters of total coliforms 
and E. coli, and one sample had one colony per 100 milliliters 
of total coliforms and E. coli. The USEPA has set the MCLG 
for E. coli to 0 colonies per 100 milliliters. Of the 55 indicator 
bacteria samples analyzed, two samples (4 percent) exceeded 
the USEPA MCLG for E. coli. Multiple samples are required 
to determine whether the USEPA MCLG for total coliforms is 
exceeded. Therefore, it could not be determined using results 
from a single sampling event whether total coliforms exceeded 
the USEPA standard.

Samples analyzed for bacteria also were analyzed for 
coliphages. Coliphages are viruses that infect and replicate in 
fecal bacteria. Although they are not pathogenic to humans, 
they have similar structure, transport, and persistence in the 
environment as the enteric viruses that are pathogenic to 
humans. For these reasons, they are used to predict the likely 
presence of enteric viruses. The two main groups of coli-
phages are somatic and F-specific. Raw sewage typically con-
tains somatic and F-specific coliphage concentrations of 1,000 
plaque-forming units per milliliter (Bushon, 2003). Neither 
coliphage was detected in water samples.

Relation Between Hydrogeologic and 
Land-Use Variables and Ground-Water 
Quality

The four units have unique hydrogeologic properties 
that influence ground-water chemistry and the transport of 
anthropogenic chemicals to ground water. Land-use practices 
also differ among the four units and can affect ground-water 
chemistry. Important differences among the units include 
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Figure 18.  Distribution of nitrate concentrations, pesticide detections, volatile organic compound (VOC) detections, and tritium concentrations relative to depth 
below the water table in the northern High Plains aquifer, 1997, 2002–04.
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Figure 19.  Distribution of samples containing water recharged in the last 50 years by hydrogeologic unit in the northern High Plains aquifer, 1997, 2002–04.
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depth to water, depth of the well screen below the water table, 
redox conditions, ground-water residence time, interactions 
with surface water, composition of aquifer sediments, extent 
of cropland, extent of irrigated land, and fertilizer application 
rates.

Few anthropogenic compounds were detected in water 
from the OGAL unit. Of the samples collected in the OGAL, 
3 percent exceeded the nitrate MCL, 8 percent had at least one 
pesticide compound detected, 6 percent had at least one VOC 
detected, 4 percent exceeded the dissolved-solids SDWR, 
and 1 percent exceeded the sulfate SDWR. Large depths to 
water and relatively lower percentages of land use dedicated 
to cropland and irrigated cropland may explain the relatively 
low number of anthropogenic compounds detected in ground 
water. Wells sampled in the OGAL unit had the second larg-
est median depth to water (77 ft) below land surface and the 
largest median depth of well screens (100 ft below the water 
table) (table 7). Forty-six percent of the land overlying this 
unit was cropland and 10 percent was irrigated cropland 
(table 1)—smaller percentages than the PLAT and the EAST 
units. The median dissolved-oxygen concentration was larg-
est in the OGAL unit, and only 16 percent of samples had 
post-oxic water; therefore, denitrification would probably not 
explain the smaller nitrate concentrations in the unit. Several 
constituents found in the OGAL but not typically associated 
with human activities exceeded drinking-water standards—the 
arsenic MCL was exceeded in 6 percent of samples, the iron 
SDWR was exceeded in 1 percent of samples, the manganese 
LTHA was exceeded in 2 percent of samples, the uranium 
MCL was exceeded in 1 percent of samples, and the proposed 
radon MCL was exceeded in 54 percent of samples.

The EAST unit has some characteristics that can reduce 
aquifer vulnerability, or risk, to contamination from anthro-
pogenic compounds and some characteristics that enhance 
vulnerability to contamination. A relatively thick layer of loess 
overlies much of this unit to inhibit downward flow of water 
and contaminants. Wells sampled in the EAST unit had the 
largest median depth to water (89.58 ft below land surface; 
table 7). Wells also withdrew water from relatively deep in 
the unit. The median depth of well-screen midpoints was 
82.91 ft below the water table. Other factors offset the hydro-
geologic characteristics that limit movement of chemicals 
to ground water. Eighty-three percent of the overlying land 
is dedicated to cropland (table 2) and 34 percent is irrigated 
cropland, indicating that agricultural chemicals are likely 
to be applied over a large portion of the unit. Nitrogen and 
pesticide application rates were similar to the PLAT unit. This 
unit is also in the wettest part of the northern High Plains and, 
therefore, recharge rates are larger (Dugan and Zelt, 2000). 
Larger recharge rates coupled with the heavy irrigation over 
this unit may be more likely to move chemicals from the land 
surface to ground water. Also, irrigation withdrawals may pull 
young water down to the aquifer faster than would otherwise 
occur. This unit had the second largest percentage of samples 
(57 percent) with at least one indicator of young water, 

indicating that ground water may likely be affected by recent 
human activities. Thirty percent of water samples in this unit 
exceeded the dissolved-solids SDWR, 7 percent exceeded the 
sulfate SDWR, 23 percent had at least one detectable pesticide 
compound, and 10 percent had at least one detectable VOC. 
However, the median nitrate concentration in the EAST unit 
(1.92 mg/L) was lower than either the PLAT or the OGAL 
unit, and the drinking-water standard for nitrate was not 
exceeded in any water sample. The relatively low nitrate con-
centrations might be related to denitrification. Eleven samples 
(37 percent) had dissolved-oxygen concentrations less than 
1 mg/L, conditions favorable for denitrification. Concentra-
tions of several constituents generally associated with geologic 
sediments exceeded drinking-water standards. Ten percent 
of samples exceeded the arsenic MCL, 23 percent exceeded 
the iron SDWR, 13 percent exceeded the manganese LTHA, 
selenium and uranium concentrations exceeded their respec-
tive MCL in 7 percent of the samples, 3 percent exceeded the 
boron LTHA, and 45 percent exceeded the proposed radon 
MCL.

The SAND unit shared similar hydrogeologic proper-
ties with the PLAT unit—shallow depths to water and porous 
soils and aquifer sediments. However, anthropogenic com-
pounds such as elevated nitrate, pesticides, and VOCs were 
frequently not detected—4 percent of samples exceeded the 
nitrate MCL, 15 percent of samples had at least one pesticide 
detected, 4 percent had at least one VOC detected, 4 per-
cent exceeded the dissolved-solids SDWR, and no samples 
exceeded the sulfate SDWR. Although this unit is suscep-
tible to contamination, the absence of anthropogenic com-
pounds can be attributed to the nonintensive land use of the 
area—mainly rangeland (table 2). Because cropland accounted 
for only a small portion of the land use overlying the SAND 
unit, nitrogen and pesticide application rates were smallest 
over this unit. Other constituents exceeded drinking-water 
standards—15 percent exceeded the arsenic MCL, 4 percent 
exceeded the aluminum SDWR, 4 percent exceeded the iron 
SDWR, 4 percent exceeded the uranium MCL, and 23 percent 
exceeded the proposed radon MCL. One shallow well in the 
SAND unit (NSS-204) had anomalously high concentrations 
of many major ions, trace elements, and DOC and accounts for 
several of the drinking-water exceedances. This well is in an 
area where evaporative processes probably have concentrated 
these constituents in “closed-basin” lakes.

The PLAT unit has hydrogeologic and land-use char-
acteristics associated with an increased risk of ground-water 
contamination relative to the other units—shallow depth to 
ground water, permeable soils and aquifer sediments, dense 
population, short ground-water residence times (young water), 
intensively cropped agricultural lands, and relatively large 
nitrogen and pesticide application rates. Wells sampled in 
this unit drew water from shallower depths in the aquifer 
where influence from activities at the land surface is typi-
cally more pronounced. Additionally, in many areas, regional 
ground-water flow paths converge on the PLAT unit, which 
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could result in higher dissolved solids. When this condition is 
coupled with intense irrigation, evaporative concentration may 
further increase dissolved solids in soils and ground water. In 
the PLAT unit, 31 percent of the water samples exceeded the 
nitrate MCL, 78 percent of samples had at least one pesti-
cide compound detected, 18 percent of samples had at least 
one VOC detected, 38 percent exceeded the dissolved-solids 
SDWR, and 19 percent exceeded the SDWR for sulfate. Fifty-
nine percent of the wells sampled in this unit were post-oxic, 
indicating that conditions are favorable for denitrification. 
Nitrate concentrations in this unit might be larger if water 
were primarily oxic. Constituents not generally associated 
with anthropogenic activities also exceeded drinking-water 
standards—26 percent exceeded the uranium MCL, 22 percent 
exceeded the manganese LTHA, 11 percent exceeded the 
arsenic MCL, 7 percent exceeded the iron SDWR, 4 percent 
exceeded the molybdenum LTHA, and 41 percent exceeded 
the proposed radon MCL.

Summary
An assessment of ground-water quality in the northern 

High Plains aquifer was completed during 1997 and 2002–04. 
Ground-water samples were collected at 192 low-capacity 
wells in four of the five major hydrogeologic units of the 
northern High Plains aquifer. Each well was sampled once, 
and water at all sites was analyzed for physical properties and 
concentrations of nitrogen and phosphorus compounds, pes-
ticides and pesticide degradates, dissolved solids, major ions, 
trace elements, DOC, radon, and VOCs. Measurements made 
at the time of sample collection were turbidity, dissolved oxy-
gen, pH, water temperature, specific conductance, carbonate 
alkalinity, and depth to water. Hydrogen sulfide was measured 
at sites with dissolved oxygen less than 1 mg/L. Microbiology 
and tritium were analyzed at selected sites. The results of this 
assessment were compared to national public-supply drinking-
water standards to determine the relative quality of private 
water supplies. Results were related to natural and human 
factors in an attempt to understand the processes that control 
the occurrence and concentrations of selected constituents in 
ground water.

Nitrate concentrations exceeded the MCL in water from 
6 percent of samples. Nineteen percent of samples had nitrate 
concentrations higher than 4 mg/L, indicating that some parts 
of the aquifer have been affected by human activities. Ammo-
nia, nitrite, ammonia plus organic nitrogen, and orthophos-
phate were measured at relatively low concentrations in the 
aquifer. Because the majority of water samples were oxic, 
the principal form of nitrogen in the northern High Plains 
aquifer was nitrate, and denitrification is not likely to lower 
nitrate concentrations in most parts of the aquifer. However, 
dissolved-oxygen concentrations were less than 1 mg/L in 
26 percent of the samples and samples with these redox condi-
tions could facilitate denitrification.

Nine pesticides and two pesticide degradates were 
detected in the northern High Plains aquifer with concentra-
tions well below their respective maximum concentration 
allowed in drinking water. Atrazine and deethylatrazine 
were detected most frequently. Detected atrazine concentra-
tions ranged from 0.007 to 0.691 µg/L, and deethylatrazine 
was detected at estimated concentrations ranging 0.006 
to 0.802 µg/L. Other pesticide compounds detected were 
simazine, metolachlor, prometon, 2‑hydroxyatrazine, diuron, 
tebuthiuron, 2,4-D methyl ester, bentazon, and diazinon. Most 
of the pesticide detections were in water samples collected 
from the PLAT unit. The number of pesticide detections in 
a sample was negatively correlated with depth to the water 
table and the depth of well-screen midpoints below the water 
table. The number of pesticide detections was positively 
correlated with nitrate, dissolved solids, sulfate, and chloride 
concentrations.

The median dissolved-solids concentration was 
290 mg/L. Twenty-four samples (13 percent) exceeded the 
USEPA SDWR. Nineteen of those 24 samples that violated 
the SDWR were in the EAST or PLAT units. Dissolved-solids 
concentrations decreased as the depth that a sample was col-
lected below the water table increased. Dissolved-solids con-
centrations were positively correlated with nitrate and chloride 
concentrations. Dissolved-solids concentrations were signifi-
cantly larger in samples with an elevated nitrate concentration 
and(or) where at least one pesticide detected.

The dominant cation was calcium, and the dominant 
anion was most commonly carbonate alkalinity. In a few 
samples collected in the PLAT unit or near the Platte River, the 
dominant anion was sulfate. Major-ion compositions in sam-
ples collected near the Platte River indicate that ground water 
may contain a component of surface water. Four percent of 
water samples collected in the northern High Plains exceeded 
the USEPA SDWR of 250 mg/L for sulfate concentrations. 
Most of the samples that exceeded the sulfate SDWR were in 
the PLAT unit.

Arsenic, uranium, and selenium were the only trace 
elements that exceeded USEPA enforceable drinking-water 
standards in the northern High Plains. Trace elements that 
exceeded a nonenforceable USEPA drinking-water standard 
were aluminum, boron, iron, manganese, and molybdenum. 
Trace elements that were present but did not have or did 
not exceed either an enforceable or nonenforceable USEPA 
drinking-water standard were antimony, barium, cadmium, 
chromium, cobalt, copper, lead, lithium, nickel, strontium, 
thallium, vanadium, and zinc.

Eight percent of the samples collected exceeded the 
USEPA MCL for arsenic. Arsenic was positively correlated 
with vanadium and molybdenum, indicating that the sources 
of arsenic in the northern High Plains are probably natural. 
Arsenic concentrations also were positively correlated with 
pH. In the EAST unit, arsenic was positively correlated with 
iron in post-oxic waters, indicating that dissolution of iron 
oxide is a source of arsenic in parts of that unit.
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Six percent of the water samples had uranium concentra-
tions greater than the USEPA MCL for uranium. The median 
uranium concentration was highest in the PLAT. Water col-
lected from the PLAT also had a higher percentage of MCL 
exceedances and the highest overall uranium concentration. 
The SAND unit had the lowest uranium concentrations. 
Uranium was positively correlated with concentrations of 
dissolved solids, chloride, and almost all other major ions, 
indicating that evaporative processes may affect uranium 
concentrations in ground water. Uranium concentrations also 
were significantly higher in samples screened within 50 feet of 
underlying Cretaceous (marine shale) bedrock.

Forty-seven percent of samples exceeded the proposed 
USEPA MCL of 300 pCi/L for radon. Water samples collected 
from the OGAL had the highest median radon concentration 
and the five highest radon concentrations. The SAND had the 
lowest median radon concentration.

Nine VOCs were detected in the northern High Plains. 
Sixteen wells (17 percent) in the study area had one or more 
VOCs detected. All VOC concentrations were below the high-
est concentration allowed by USEPA drinking-water standards. 
The most commonly detected VOCs were trihalomethanes and 
solvents. The PLAT had the highest percentage of wells with 
at least one VOC detected.

Fifty-two of the 121 wells analyzed had detectable tritium 
ranging from 1 to 113 pCi/L. The tritium concentration in 
48 samples was higher than 1.5 pCi/L, indicating that some 
portion of the water in those samples had been recharged dur-
ing the last 50 years.

Concentrations of nitrate, pesticides, VOCs, and tritium 
were used to determine the relative age of the ground-water 
samples. Forty-four percent of the samples were classified 
as containing some fraction of water younger than 50 years. 
Eighty-nine percent of samples in the PLAT unit, 57 percent 
of samples in EAST unit, 52 percent of samples in the SAND 
unit, and 28 percent of sites in the OGAL unit contained 
water less than 50 years old. Sixty-six percent of the samples 
with young water were affected by agricultural activities as 
indicated by the presence of at least one detectable pesticide 
and nitrate concentration larger than 4 mg/L. Water less than 
50 years old was present at shallower depths than water more 
than 50 years old.

Total coliforms, E. coli, and viral coliphages were col-
lected and analyzed in the EAST and SAND units. In the 
EAST, E. coli was not detected in any of the wells and total 
coliforms were detected in six wells. The maximum total coli-
forms count was 15 colonies per 100 milliliters. In the SAND, 
one well had 18 colonies per 100 milliliters of total coliforms 
and E. coli, and one well had one colony per 100 milliliters of 
total coliforms and E. coli. Viral coliphages were not detected 
in water samples.

Hydrogeologic and land-use characteristics affected 
ground-water chemistry. Hydrogeologic and land-use factors 
in the OGAL are associated with a decreased risk of contami-
nation by human activities. As a result, few anthropogenic 
compounds were detected in samples collected from that 
unit. The EAST unit has some hydrogeologic and land-use 

characteristics associated with an increased risk to con-
tamination; other hydrogeologic factors may be limiting the 
movement of chemicals to ground water. This unit had the 
second largest number of pesticide and VOC detections and 
dissolved-solids concentrations. However, the median nitrate 
concentration was lower than either the PLAT or the OGAL 
unit. The SAND unit had hydrogeologic properties favor-
able for movement of chemicals to the ground water, but the 
land use is primarily rangeland. Anthropogenic compounds 
such as elevated nitrate, pesticides, and VOCs were generally 
not detected. The hydrogeologic and land-use setting in the 
PLAT is generally associated with an increased potential to be 
affected by human activities. Samples collected in the PLAT 
unit more often exceeded drinking-water standards for many 
constituents and had more samples with pesticide and VOC 
detections than the other units.
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Appendixes



Appendix 1.  Selected well-construction information for wells sampled in the northern High Plains aquifer, 1997, 2002–04.—Continued

[Depths are in feet below land surface. OGAL, Ogallala Formation; EAST, Eastern Nebraska; PLAT, Platte River Valley; SAND, Sand Hills; E, estimated]

Site number Site name
Field 

identifier

Hydro-
geologic 

unit

Land- 
surface  

elevation  
at well1

Well 
type

Well 
depth

Depth to  
water

Date of  
water- 
level  

measurement

Well  
screen  

depth(s) 

Well- 
construction  

date

390254100010901 11S 24W32CBCC1 NOS-2221 OGAL 2542 Domestic 120 91.15 06/02/2003 80–120 07/09/2001
390404102164301 SC 01104330BC NOS-1087 OGAL 4215 Domestic 180 135.00 05/07/2003 140–180 05/30/1996
391832102254101 SC 00804533AA NOS-2075 OGAL 4249 Domestic 232 187.55 05/07/2003 212–232 05/16/1973
391907100553501 8S 32W32BBCC1 NOS-2170 OGAL 3117 Domestic 190 139.14 06/01/2003 170–190 04/08/1988
392102100284801 8S 28W19AAAA1 NOS-2186 OGAL 2755 Domestic 220 115.00 08/05/2003 180–220 04/19/1976
392420103094201 SC 00705225CD NOS-1020 OGAL 4997 Domestic 169 135.60 05/28/2003 149–169 10/09/1993
392637101210901 7S 36W16CBCC1 NOS-1153 OGAL 3411 Domestic 280 161.35 05/29/2003 260–280 09/04/1987
393501102550101 SC 00505025AA NOS-1045 OGAL 4600 Domestic 281 228.08 04/24/2003 241–281 11/22/1973
393614102433601 SC 00504822AD NOS-2054 OGAL 4349 Domestic 285 164.33 05/28/2003 245–285 10/23/1974
393705102150701 SC 00504414DC NOS-1086 OGAL 3709 Domestic 100 18.62 05/06/2003 80–100 09/19/1990
393748100140701 5S 26W10CBCA1 NOS-1200 OGAL 2618 Domestic 200 146.47 06/01/2003 180–200 12/19/1980
393923102071101 SC 00504206CB NOS-1107 OGAL 3719 Domestic 200 155.00 05/09/2003 190–200 07/21/1969
394120103085901 SC 00405224CA NOS-1019 OGAL 4780 Domestic 50 37.12 04/23/2003 30–50 09/08/1998
394153101254001 4S 37W24BBBA1 NOS-1138 OGAL 3330 Domestic 166 119.90 08/05/2003 156–166 09/25/1991
394612101464201 3S 40W26BAA 1 NOS-1119 OGAL 3392 Domestic 63 58.07 05/28/2003 53–63 09/20/1977
394709101330701 3S 38W14CDDB1 NOS-2139 OGAL 3486 Domestic 307 239.34 05/22/2002 297–307 08/29/1978
395126101152901 2S 35W28BBBA1 NOS-1152 OGAL 3231 Domestic 278 157.92 05/30/2003 238–278 07/29/1994
395216100080001 2S 25W16DDDD1 NOS-1201 OGAL 2554 Domestic 193 142.42 05/31/2003 183–193 08/24/1984
395321102354201 SC 02504712DA NOS-2076 OGAL 4114 Domestic 320 138.25 05/29/2003 300–320 02/11/1972
395636099521401 1S 23W26AAAA1 NOS-1220 OGAL 2435 Domestic 143 112.06 05/31/2003 103–143 08/13/1997
395651100530001 1S 32W23CDBB1 NOS-1185 OGAL 2889 Domestic 170 118.26 05/30/2003 150–170 06/24/1993
400044103022001 SB 00105135DA NOS-1046 OGAL 4492 Domestic 160 115.00 05/08/2003 120–160 06/12/1979
400055099334201 1N 20W34ABBC1 NOS-1228 OGAL 2172 Domestic 115 54.95 08/19/2002 95–115 11/14/1994
400430102425701 SB 0014811BB NOS-2053 OGAL 4136 Domestic 310 199.89 05/06/2003 290–310 10/02/1975
400813102113101 SB 00204317AD NOS-1085 OGAL 3672 Domestic 170 94.58 05/30/2003 140–170 11/15/1971
400840097545201 2N 5W17BBC 1 NQS-111 EAST 1693 Domestic 190 55.00 05/19/2003 130–190 11/07/1994
400914098550601 2N 14W 8DAAA1 NQS-101 EAST 2075 Domestic 200 150.40 05/21/2003 180–200 09/05/1975
401026100473701 2N 31W 2BBAD1 NOS-2184 OGAL 2788 Domestic 181 165.65 05/20/2002 151–181 10/15/1998
401220098570701 3N 14W19CCCC1 NQS-102 EAST 2110 Domestic 230 164.13 05/13/2003 210–230 10/07/1998
401440101033601 3N 33W 9BCBB1 NOS-1171 OGAL 2970 Domestic 310 232.51 08/07/2002 270–310 07/16/1998
401659100110801 4N 25W30DBCB1 NOS-1202 OGAL 2295 Domestic 67 53.76 08/06/2002 49–67 05/27/1997
402009097064201 4N 3E 5DCDC1 NQS-123 EAST 1433 Domestic 160 82.45 04/10/2003 140–160 06/21/2000
402041098151401 4N 8W 5BCDB1 NQS-103 EAST 1842 Domestic 232 58.00 05/01/2003 192–232 11/02/1994
402049101171101 4N 35W 5AADD1 NOS-1151 OGAL 3155 Domestic 390 262.97 05/23/2002 378–390 10/07/1997
402148098124101 5N 8W34ABBD1 NQS-110 EAST 1801 Domestic 130 95.40 04/29/2003 105–125 04/26/1999
402248098273801 5N 10W20DDDD1 NQS-104 EAST 1922 Domestic 185 106.36 04/30/2003 165–185 06/01/1995
402249099451501 5N 21W19CCCC1 NOS-1219 OGAL 2330 Domestic 205 119.09 07/18/2002 195–205 09/06/1994
402343097263201 5N 1W16CCAC1 NQS-122 EAST 1590 Domestic 158 34.11 06/03/2003 138–158 09/05/1996
402351099390201 5N 21W13DCCA1 NOS-1229 OGAL 2239 Domestic 231 76.59 07/17/2002 221–231 05/23/1994
402356101580401 5N 41W15CBBC1 NOS-1108 OGAL 3505 Domestic 225 60.26 08/09/2002 185–225 08/26/1999
402450097350001 5N 2W 7DBDC1 NQS-112 EAST 1617 Domestic 180 82.90 04/08/2003 160–180 10/24/1980
402703100490501 6N 31W34AAAD1 NOS-2172 OGAL 2690 Domestic 170 30.96 05/21/2002 150–170 09/15/1993
402802102315601 SB 00604630AA NOS-2077 OGAL 3942 Domestic 294 270.00 08/20/1973 234–294 08/20/1973
402807101445901 6N 39W21DCBA1 NOS-1118 OGAL 3274 Domestic 253 33.93 08/09/2002 193–223

243–253
10/07/1994

402824098041101 6N 7W24CBBB1 NQS-109 EAST 1780 Domestic 200 90.37 04/28/2003 180–200 04/18/1996
402903098571001 6N 15W13DDAA1 NOS-2259 OGAL 2180 Domestic 215 77.63 07/13/2002 195–215 11/03/1999
403038102410601 SB 0064811AA NOS-2052 OGAL 4041 Domestic 205 143.00 05/05/2003 185–205 02/01/1972
403428101374101 7N 38W15BCCC1 NOS-1140 OGAL 3285 Domestic 280 118.73 08/08/2002 220–280 03/12/1992
403502098304901 7N 11W12CCDC1 NQS-105 EAST 1980 Domestic 229 106.46 05/28/2003 209–229 11/16/1998
403518099235901 7N 18W 7DADA1 NOS-1230 OGAL 2297 Domestic 203 18.10 08/27/2002 198–203 09/30/1993
403738099144901 8N 17W33BA 1 CNBR-1 PLAT 2240 Domestic 60 31.10 11/17/1997 40–60 04/14/1994
403818096592701 8N 4E29AAA 1 NQS-124 EAST 1412 Domestic 202 69.32 04/24/2003 192–202 06/25/1996
403826099070601 8N 16W27BBAA1 CNBR-2 PLAT 2157 Stock 53 4.00 11/16/1997 33–53 04/1991
403828097405401 8N 3W20CDDD1 NQS-113 EAST 1682 Domestic 190 108.51 04/09/2003 170–190 04/12/1969
403913098153501 8N 8W20BBBC1 NQS-108 EAST 1873 Domestic 170 105.55 06/04/2003 150–170 12/02/1993
404032102375001 SB 0080478BD NOS-1078 OGAL 4044 Domestic 315 158.40 06/01/2003 275–315 08/31/1978
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Appendix 1.  Selected well-construction information for wells sampled in the northern High Plains aquifer, 1997, 2002–04.—Continued

[Depths are in feet below land surface. OGAL, Ogallala Formation; EAST, Eastern Nebraska; PLAT, Platte River Valley; SAND, Sand Hills; E, estimated]

Site number Site name
Field 

identifier

Hydro-
geologic 

unit
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404209098481201 9N 13W32DCAA1 CNBR-3 PLAT 2036 Monitoring 14 4.84 11/16/1997 9–14 09/08/1993
404257099455201 9N 21W30CCDA1 NOS-1218 OGAL 2398 Domestic 317 9.98 07/15/2002 297–317 06/14/2000
404422099321201 9N 19W19BBD 1 CNBR-4 PLAT 2320 Domestic 47 11.27 10/28/1997 17–37 07/02/1996
404446097242401 9N 1W15DADD1 NQS-121 EAST 1568 Domestic 242 86.14 04/14/2003 222–242 02/11/2000
404500099191201 9N 18W13DBBA1 NOS-1231 OGAL 2385 Domestic 300 149.85 07/16/2002 230–300 08/19/1997
404518102133601 SB 00904414BC NOS-1084 OGAL 3722 Domestic 260 192.00 06/01/2003 245–260 06/20/1964
404524098525101 9N 14W15ABAB1 NOS-1258 OGAL 2078 Domestic 205 29.02 07/12/2002 170–205 04/23/1999
404620098200201 9N 9W 3CDCA1 NQS-106 EAST 1938 Domestic 210 78.74 04/03/2003 180–210 05/13/1994
404621099380601 9N 20W 5CC 1 CNBR-5 PLAT 2360 Dewatering 40 E10 11/04/1997 20–40 05/24/1996
404634099244901 9N 10W 2CBCA1 CNBR-6 PLAT 1900 Domestic 40 8.21 10/29/1997 20–40 1969
404711098290601 10N 10W31CDD 1 CNBR-7 PLAT 1925 Domestic 13 2.86 11/17/1997 10–13 1995
404858100060001 10N 24W19CDDD1 NOS-1203 OGAL 2585 Domestic 260 13.96 07/16/2002 240–260 12/30/1997
404912099531701 10N 23W24DA 1 CNBR-8 PLAT 2450 Fire protection 40 6.36 10/28/1997 20–40 09/18/1994
405127098190904 10N 9W11BBBB4 CNBR-9 PLAT 1852 Domestic 12 4.07 10/29/1997 9.5–12 07/18/1994
405143099565001 10N 23W 4DC 1 CNBR-10 PLAT 2490 Stock 43 13.40 10/23/1997 33–43 10/19/1979
405151101232301 10N 36W 2CAAA1 NOS-1150 OGAL 3390 Domestic 460 272 08/30/2000 400–460 08/30/2000
405414099595301 11N 24W24DDCD1 NOS-1217 OGAL 2527 Domestic 240 12.41 07/14/2002 220–240 05/17/1995
405445100074001 11N 25W24BCB 1 CNBR-11 PLAT 2545 Observation 23 3.90 10/22/1997 13–23 06/23/1988
405500098100401 11N 7W18CCCA1 NQS-107 EAST 1850 Domestic 183 93.05 07/23/2003 173–183 09/12/2000
405510101593901 11N 41W15CCBB1 NOS-1109 OGAL 3581 Domestic 377 248.34 06/27/2002 337–377 06/29/1977
405545097395301 11N 3W16BAAD1 NQS-214 EAST 1655 Domestic 156 44.49 04/02/2003 130–150 10/14/1998
405632098373501 11N 12W12BCB 1 CNBR-12 PLAT 1951 Domestic 124 25.23 11/17/1997 25–124 08/31/1978
405740101524601 12N 40W34DDDB1 NOS-1117 OGAL 3500 Domestic 390 271.30 06/28/2002 330–390 09/02/1982
405756100351001 12N 29W35ADDC1 NOS-1183 OGAL 2870 Domestic 265 91.00 07/11/2002 254–265 09/30/1998
405808100153001 12N 26W35BCA 1 CNBR-13 PLAT 2610 Stock 62 8.15 10/23/1997 42–62 06/06/1996
405936103081101 SB 01205223DD NOS-1047 OGAL 4445 Domestic 140 73.50 06/02/2003 120–140 12/21/1972
405949098351701 12N 11W20BCCC1 NOS-1257 OGAL 1946 Domestic 155 50.97 08/22/2002 145–155 04/18/1996
410012099145001 12N 17W15CDDC1 NOS-1232 OGAL 2172 Domestic 280 36.65 09/09/2002 240–280 08/15/2000
410101097245201 12N 1W15ABB 1 NQS-120 EAST 1610 Domestic 161 77.05 03/31/2003 138–158 04/13/1999
410324101285501 13N 36W31ADDA1 NOS-1141 OGAL 3331 Domestic 345 228.82 06/26/2002 285–345 05/26/1998
410331100332201 13N 28W32BACA1 CNBR-14 PLAT 2715 Domestic 40 3.52 10/21/1997 30–40 1973
410357097584801 13N 6W35BBB 1 CNBR-15 PLAT 1725 Domestic 50 28 11/19/1997 30–50 1972
410500102054101 13N 42W23DAAA1 NOS-2110 OGAL 3591 Domestic 220 167.20 07/12/2003 179–189

200–210
07/27/2001

410552097424501 13N 3W18BCCC1 NQS-115 EAST 1691 Domestic 114 46.97 05/27/2003 104–114 03/20/1997
410618098113401 13N 8W11DDDD1 CNBR-16 PLAT 1772 Domestic 20 3.94 11/18/1997 15–20 09/19/1986
410624101195301 13N 35W 9DDC 1 NOS-2149 OGAL 3154 Domestic 225 62.29 07/13/2003 185–225 05/26/1999
410647100312901 13N 28W10BCCB1 NOS-1204 OGAL 2802 Domestic 137 60 04/12/1996 117–137 04/12/1996
410651100421501 13N 30W12ACBC1 NOS-2182 OGAL 2776 Domestic 310 10.32 07/13/2003 290–310 08/08/1996
410713101025401 13N 33W 1DCCD1 NOS-1173 OGAL 2954 Domestic 170 20.52 07/10/2002 150–170 12/01/1997
410721101482301 13N 39W 4CCBC1 NOS-2116 OGAL 3335 Domestic 235 112.82 07/12/2003 225–235 12/28/2001
410758100415601 13N 30W 1AABA1 CNBR-17 PLAT 2778 Domestic 81 7.00 10/23/1997 41–81 05/1968
410943097575001 14N 6W26AAAA1 CNBR-18 PLAT 1673 Domestic 19 4.26 11/18/1997 14–19 09/19/1986
411035103520301 14N 57W21BABA1 NOS-1014 OGAL 5089 Domestic 220 139.96 06/21/2002 140–220 03/10/1994
411127099425501 14N 21W10CCDD1 NOS-1233 OGAL 2387 Domestic 115 3.84 08/23/2002 65–75

105–115
10/25/1994

411204096184801 14N 10E 8A 1 CNBR-19 PLAT 1105 Domestic 60 3.00 11/11/1997 50–60 09/1995
411332100532701 15N 31W32DACA1 NOS-2174 OGAL 2880 Domestic 247 9.55 04/19/2004 227–247 10/05/1999
411410102580901 SB 01504929CD NOS-2051 OGAL 4272 Domestic 300 146.00 06/02/2003 240–300 08/11/1994
411421103411501 15N 56W25DDBB1 NOS-2018 OGAL 4740 Domestic 160 68.22 06/19/2002 120–160 03/12/1996
411500103420801 15N 56W26AAAA1 NOS-1015 OGAL 4721 Domestic 120 38.78 06/21/2002 100–120 06/13/1996
411526101380601 15N 38W23DAAA1 NOS-2142 OGAL 3260 Domestic 128 63.55 07/14/2003 71–121 11/29/1999
411631098124901 15N 8W15AADD1 NOS-1256 OGAL 1719 Domestic 90 21.49 08/20/2002 85–90 11/30/1999
411731097370601 15N 3W11AAA 1 CNBR-20 PLAT 1540 Domestic 88 6.13 11/13/1997 48–88 04/18/1995
411734096220201 15N 9E 1CCC 1 CNBR-21 PLAT 1135 Domestic 47 4.00 11/10/1997 37–47 05/16/1997
411738097264301 15N 1W 9BBBB1 CNBR-22 PLAT 1525 Domestic 51 18.49 11/12/1997 20–51 10/11/1988
411914103183601 16N 52W32BAAA1 NOS-1017 OGAL 4598 Domestic 340 270.87 06/20/2002 300–340 11/06/1999
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Appendix 1.  Selected well-construction information for wells sampled in the northern High Plains aquifer, 1997, 2002–04.—Continued

[Depths are in feet below land surface. OGAL, Ogallala Formation; EAST, Eastern Nebraska; PLAT, Platte River Valley; SAND, Sand Hills; E, estimated]
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411918099575601 16N 23W28CCDD1 NOS-2215 OGAL 2567 Domestic 135 0 12/12/1996 108–135 12/12/1996
411936104500001 16N 67W25DBAB1 NOS-2016 OGAL 6215 Domestic 233 83.15 06/18/2002 183–233 08/01/1980
412106098304701 16N 10W18CCCA1 NOS-1255 OGAL 1939 Domestic 180 55.34 08/22/2002 140–180 10/25/1996
412125100293801 16N 28W14DBBB1 NSS-127 SAND 3002 Domestic 237 150 05/04/2002 217–237 04/22/2002
412159097220901 16N 1W12DDD 1 CNBR-23 PLAT 1445 Domestic 94 5.86 11/13/1997 80–94 1991
412242100211701 16N 27W12AABC1 NOS-2205 OGAL 2970 Domestic 312 184.19 07/15/2003 281–312 12/30/1996
412257103063501 16N 51W 1DDAC1 NOS-1048 OGAL 4391 Domestic 376 263.32 06/22/2002 336–376 10/11/2000
412302102480101 16N 48W 2CCBA1 NOS-1079 OGAL 4124 Domestic 337 227.73 06/23/2002 297–337 07/08/1999
412331096264401 16N 9E 6AAAC1 CNBR-24 PLAT 1176 Observation 38 5.11 11/11/1997 28–38 Unknown
412342100331701 17N 28W33CCDA1 NSS-126 SAND 3028 Domestic 265 144 07/25/1995 255–265 07/24/1995
412429099370201 17N 20W33AAAD1 NOS-1234 OGAL 2469 Domestic 220 29.60 09/10/2002 200–220 07/18/2000
412446099392001 17N 20W30DADD1 NOS-1216 OGAL 2520 Domestic 224 56.43 07/16/2003 204–224 03/07/2000
412510097060302 17N 3E29AA 2 CNBR-25 PLAT 1380 Observation 55 9.64 11/11/1997 42–55 10/1968
412817097045601 17N 3E 4DAC 1 CNBR-26 PLAT 1370 Domestic 75 14.12 11/12/1997 55–75 09/12/1994
412931096530801 18N 5E32B 1 CNBR-27 PLAT 1300 Domestic 36 5.62 11/12/1997 26–36 08/29/1997
413124098040101 18N 7W24ABAA1 NOS-2254 OGAL 1798 Domestic 190 58.71 06/07/2002 180–190 03/06/1998
413302101010901 18N 32W 9BBCA1 NSS-214 SAND 3272 Domestic 293 90 06/03/1999 283–293 06/03/1999
413412101414501 19N 38W33DDDA1 NSS-112 SAND 3655 Domestic 232 36.75 06/07/2004 212–232 06/20/2002
413506097191001 19N 1E28DCCB1 NQS-119 EAST 1625 Domestic 232 98.18 05/12/2003 212–232 09/25/2000
413534098491601 19N 13W28BDBA1 NOS-1253 OGAL 1995 Domestic 162 13.25 08/25/2002 107–162 05/16/1997
413629096585901 19N 4E21BCBB1 NQS-125 EAST 1460 Domestic 330 140.90 04/15/2003 310–330 10/25/1995
413747100563401 19N 31W 7CBCB1 NSS-225 SAND 3302 Domestic 356 118.85 05/11/2004 346–356 07/21/1995
413821099241701 19N 18W 8AAAA1 NOS-1235 OGAL 2327 Domestic 160 11.41 08/21/2002 140–160 07/28/1999
414318097381901 20N 3W11CBBB1 NQS-116 EAST 1770 Domestic 190 107.90 04/17/2003 170–190 12/11/1996
414342097250901 20N 1W10BABA1 NQS-118 EAST 1545 Domestic 112 33.45 05/06/2003 92–112 06/08/2001
414352096404801 20N 6E 1DCAA1 NQS-126 EAST 1342 Domestic 134 56.63 07/24/2003 114–134 04/17/1997
414429098293001 21N 10W32DDCD1 NSS-139 SAND 2010 Domestic 140 59.70 05/11/2004 120–140 06/06/1996
414526102263401 21N 44W32ABBB1 NOS-2083 OGAL 3830 Domestic 149 15.31 06/25/2002 109–149 04/08/1998
414633099085301 21N 16W22DABD1 NOS-1251 OGAL 2178 Domestic 180 15.40 08/24/2002 160–180 08/01/1997
414748100090901 21N 25W13ABAA1 NSS-128 SAND 2755 Domestic 140 94.60 06/14/2004 120–140 10/18/2000
414806097445801 21N 4W11CDCA1 NOS-1252 OGAL 1920 Domestic 360 189.02 08/28/2002 320–360 07/20/1998
414814099100901 21N 16W 9DACB1 NOS-1236 OGAL 2160 Domestic 150 8.43 04/20/2004 120–150 12/07/2001
415319097055201 22N 3E 8DDDD1 NQS-127 EAST 1575 Domestic 320 143.05 05/05/2003 300–320 06/30/1999
415814096422501 23N 6E14BCB 1 NQS-228 EAST 1470 Domestic 195 148.50 05/07/2003 175–195 07/27/1994
420011098342001 24N 11W34DDDB1 NSS-140 SAND 2076 Domestic 110 4.30 05/12/2004 100–110 10/15/1998
420203102512101 24N 48W23CCBA1 NOS-2050 OGAL 3949 Domestic 102 19.05 07/08/2003 62–102 04/23/1996
420323102254101 24N 44W16CADA1 NOS-1082 OGAL 3875 Domestic 140 7.40 07/11/2003 120–140 05/08/2001
420326102253201 24N 44W16DBDB1 NSS-204 SAND 3880 Domestic 50 7.77 06/08/2004 30–50 09/02/1999
420458101270201 24N 36W 2DABC1 NOS-1143 OGAL 3537 Domestic 670 4.64 06/08/2004 580–660 07/16/2003
420515101363901 24N 37W 4ACBB1 NSS-116 SAND 3720 Domestic 100 87.65 06/23/2004 90–100 03/22/1996
420527097355901 25N 2W31CCCD1 NSS-241 SAND 1742 Domestic 238 143.60 05/20/2004 218–238 06/21/1995
420535102385801 24N 46W 3BBBB1 NOS-1080 OGAL 3892 Domestic 140 22.90 07/08/2003 120–140 09/10/2001
420542097021601 25N 3E35DADD1 NQS-129 EAST 1515 Domestic 108 33.44 04/23/2003 98–108 10/06/1994
420544097185601 25N 1E33DBDB1 NOS-1248 OGAL 1759 Domestic 400 228.80 07/30/2002 360–400 11/24/1997
420625097265201 25N 1W29DDDB1 NOS-1247 OGAL 1547 Domestic 110 13.11 08/26/2003 90–110 05/22/1998
420717098563101 25N 14W22CBCD1 NSS-138 SAND 2284 Domestic 195 47.41 05/13/2004 175–195 04/26/1996
420821099351101 25N 20W13ADAC1 NSS-137 SAND 2459 Domestic 110 7.15 06/24/2004 100–110 08/15/2002
421004098445301 25N 12W 5CBBB1 NSS-142 SAND 2122 Domestic 100 7.75 05/14/2004 90–100 03/15/1999
421317101540201 26N 39W19ADCB1 NSS-210 SAND 3822 Domestic 90 39.22 06/16/2004 70–90 06/25/2000
421445097312901 26N 2W10ADAD1 NOS-2246 OGAL 1648 Domestic 180 48.97 07/30/2002 140–180 08/03/2000
421637098445301 27N 12W30DDD 1 NSS-143 SAND 2090 Domestic 77 10.92 05/15/2004 67–77 01/03/2001
421833100320301 27N 28W13CCBA1 NSS-122 SAND 2855 Domestic 150 10.55 05/12/2004 140–150 03/06/1995
421940097313601 27N 2W10DABD1 NOS-1245 OGAL 1692 Domestic 220 103.81 07/29/2002 200–220 03/07/2000
422010097131701 27N 2E 8ABBB1 NQS-117 EAST 1742 Domestic 297 202.40 05/29/2003 277–297 06/26/2001
422018098320401 27N 11W 1DDAA1 NSS-144 SAND 1975 Domestic 62 4.50 06/01/2004 52–62 07/07/2000
422120102175301 27N 43W 2AADB1 NSS-105 SAND 3912 Domestic 80 15.24 06/16/2004 60–80 03/29/2002
422125100280501 28N 27W33ACCC1 NOS-1207 OGAL 2890 Domestic 205 22.75 08/06/2003 165–205 07/25/2002
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Appendix 1.  Selected well-construction information for wells sampled in the northern High Plains aquifer, 1997, 2002–04.—Continued

[Depths are in feet below land surface. OGAL, Ogallala Formation; EAST, Eastern Nebraska; PLAT, Platte River Valley; SAND, Sand Hills; E, estimated]
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422138101282601 28N 36W36CBBB1 NSS-117 SAND 3473 Domestic 80 8.75 06/15/2004 60–80 04/15/2002
422208097080901 28N 2E25DDA 1 NQS-130 EAST 1590 Domestic 180 88.78 04/22/2003 160–180 03/14/2000
422231097520601 28N 5W26BCAA1 NOS-2244 OGAL 1715 Domestic 210 23.41 07/29/2002 190–210 10/26/1995
422609098260901 29N 10W36DCCA1 NOS-1243 OGAL 1985 Domestic 204 99.30 08/27/2003 184–204 03/24/2000
422716102243801 29N 43W31BAAD1 NOS-1112 OGAL 3742 Domestic 120 12.05 07/10/2003 100–120 02/07/1998
422721099061401 29N 15W29CBAC1 NSS-135 SAND 2205 Domestic 74 6.79 05/16/2004 64–74 08/02/1994
422830101411101 29N 37W20DCDA1 NSS-109 SAND 3538 Domestic 113 9 06/20/1995 92–113 06/20/1995
422854100182001 29N 26W13DBDD1 NSS-131 SAND 2798 Domestic 120 7.50 06/02/2004 100–120 07/17/1995
422950102350401 29N 45W15ABBD1 NOS-1081 OGAL 3730 Domestic 180 65.12 06/24/2002 140–180 05/10/1994
423209099384501 30N 20W27DCCC1 NOS-2240 OGAL 2441 Domestic 240 93.11 08/08/2003 220–240 10/21/1996
423306100003301 30N 23W21DDAD1 NOS-1212 OGAL 2589 Domestic 180 19.38 08/08/2003 170–180 03/13/2000
423308098204001 30N 9W26BBB 1 NOS-1242 OGAL 1881 Domestic 235 65.03 08/27/2003 215–235 04/02/1996
423435099003101 30N 14W18BBCC1 NSS-134 SAND 2125 Domestic 85 45.34 05/18/2004 75–85 07/03/1998
423443099510101 30N 22W13BBBA1 NOS-2211 OGAL 2463 Domestic 270 11.54 08/07/2002 260–270 02/22/1997
423701099021401 31N 15W35ACCD1 NSS-145 SAND 2105 Domestic 75 18.20 05/17/2004 65–75 11/19/2001
423725099052901 31N 15W32DDDD1 NOS-1241 OGAL 2135 Domestic 116 13.70 04/18/2004 106–116 12/28/1999
424016101592901 31N 40W15AABA1 NOS-1114 OGAL 3515 Domestic 100 22.20 07/10/2003 80–100 01/05/2001
424403100253501 32N 27W24ACBB1 NSS-232 SAND 2760 Domestic 175 13.15 06/03/2004 155–175 07/10/1994
425110100300301 33N 27W 9ABAB1 NOS-2209 OGAL 2570 Domestic 159 118.80 08/07/2003 139–159 03/12/2001
425154100342301 33N 28W 1BB 1 NSS-133 SAND 2598 Domestic 180 102.07 06/09/2004 160–180 05/19/1997
425256100351301 34N 28W35BBA 1 NOS-2178 OGAL 2630 Domestic 180 100.60 08/07/2003 130–160 10/16/1999
425330101564701 34N 39W29CBCD1 NOS-1113 OGAL 3420 Domestic 172 10.05 07/09/2003 152–172 07/10/1997
425859101501101 35N 38W30ACCB1 NOS-1145 OGAL 3379 Domestic 68 8.10 07/09/2003 58–68 05/26/2001
431201100470801 37N 29W 8BBBB1 NOS-1177 OGAL 2881 Domestic 270 147.19 08/06/2002 260–270 1992

1Vertical coordinate information is referenced to the North American Vertical Datum of 1929 (NGVD 29).
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Appendix 2.  Pesticides analyzed in ground-water samples collected from the northern High Plains aquifer, 1997, 2002–04.—Continued

[Concentrations are in micrograms per liter. USGS, U.S. Geological Survey; CAS, Chemical Abstracts Service; USEPA, U.S. Environmental Protection 
Agency; --, no data; LTHA, Lifetime Health Advisory; MCL, Maximum Contaminant Level; NA, not analyzed]

Pesticide name
USGS  

parameter  
code

CAS number
Number of  
samples  
analyzed

Highest 
laboratory  

reporting level  
(LRL)3

Mean  
field-matrix  

spike recovery  
(in percent)4

Pesticide  
type(s)

USEPA 
drinking-water 
standard / type 

of standard5

1-Naphthol1 49295 90-15-3 19 0.01 9.6 Degradate --
2,4,5-T 39742 93-76-5 27 0.04 84.6 Herbicide 70 / LTHA
2,4-D methyl ester 50470 1928-38-7 162 0.009 72.5 Herbicide --
2,4-D 39732 94-75-7 189 0.04 111.0 Herbicide 70 / MCL
2,4-DB2 38746 94-82-6 189 0.04 75.5 Herbicide --
2,6-Diethylaniline 82660 579-66-8 191 0.006 103.8 Degradate --
Deethylatrazine (CIAT)2 04040 6190-65-4 192 0.006 52.5 Degradate --
2Methyl 4,6-dinitrophenol (DNOC) 49299 534-52-1 27 0.04 61.3 Herbicide --
Deisopropylatrazine (CEAT)2 04038 1007-28-9 162 0.04 71.7 Degradate --
2-Hydroxyatrazine (OIET)2 50355 2163-68-0 162 0.008 NA Degradate --
3-Hydroxy carbofuran 49308 16655-82-6 189 0.01 82.9 Degradate --
3-Ketocarbofuran2 50295 16709-30-1 162 2 0.0 Degradate --
Acetochlor 49260 34256-82-1 191 0.006 104.9 Herbicide --
Acifluorfen 49315 50594-66-6 189 0.04 78.1 Herbicide --
Alachlor 46342 15972-60-8 191 0.005 100.0 Herbicide 2 / MCL
Aldicarb sulfone2 49313 1646-88-4 189 0.02 58.3 Degradate 3 / MCL
Aldicarb sulfoxide2 49314 1646-87-3 189 0.02 43.2 Degradate 4 / MCL
Aldicarb2 49312 116-06-3 189 0.04 21.4 Insecticide 3 / MCL
Alpha-HCH 34253 319-84-6 191 0.005 102.9 Insecticide / 

Degradate
--

Atrazine 39632 1912-24-9 192 0.01 108.1 Herbicide 3 / MCL
Azinphos-methyl2 82686 86-50-0 191 0.050 91.3 Insecticide --
Bendiocarb 50299 22781-23-3 162 0.03 63.0 Insecticide --
Benfluralin 82673 1861-40-1 191 0.010 81.7 Herbicide --
Benomyl 50300 17804-35-2 162 0.004 59.5 Fungicide --
Bensulfuron 61693 83055-99-6 162 0.02 107.4 Herbicide --
Bentazon2 38711 25057-89-0 189 0.01 37.8 Herbicide 200 / LTHA
Bromacil2 04029 314-40-9 189 0.04 61.1 Herbicide 90 / LTHA
Bromoxynil2 49311 1689-84-5 189 0.04 60.9 Herbicide --
Butylate 04028 2008-41-5 191 0.004 97.0 Herbicide 400 / LTHA
Carbaryl 49310 63-25-2 189 0.03 83.6 Insecticide 700 / LTHA
Carbofuran 82674 1563-66-2 189 0.02 113.1 Insecticide 40 / MCL
Chloramben methyl ester2 61188 7286-84-2 189 0.02 56.5 Herbicide --
Chlorimuron 50306 90982-32-4 162 0.01 101.7 Herbicide --
Chlorodiamino-s-triazine (CAAT)2 04039 3397-62-4 159 0.04 NA Degradate --
Chlorothalonil2 49306 1897-45-6 189 0.04 16.3 Fungicide --
Chlorpyrifos 38933 2921-88-2 191 0.005 94.4 Insecticide 20 / LTHA
cis-Permethrin 82687 54774-45-7 191 0.006 63.4 Insecticide --
Clopyralid 49305 1702-17-6 189 0.05 66.0 Herbicide --
Cyanazine 04041 21725-46-2 191 0.018 101.8 Herbicide 1 / LTHA
Cycloate2 04031 1134-23-2 162 0.01 55.1 Herbicide --
Dacthal monoacid 49304 887-54-7 189 0.02 91.8 Degradate --
DCPA 82682 1861-32-1 189 0.003 102.4 Herbicide 70 / LTHA
Desulfinylfipronil 62170 -- 113 0.012 116.2 Degradate --
Diazinon 39572 333-41-5 191 0.005 106.2 Insecticide 0.6 / LTHA
Dicamba 38442 1918-00-9 189 0.04 87.7 Herbicide --
Dichlobenil 49303 1194-65-6 27 0.02 57.3 Herbicide --
Dichlorprop 49302 120-36-5 189 0.03 85.0 Herbicide --
Dieldrin 39381 60-57-1 191 0.009 95.7 Insecticide --
Dinoseb 49301 88-85-7 189 0.04 77.4 Herbicide 7 / MCL
Diphenamid 04033 957-51-7 162 0.03 90.2 Herbicide 200 / MCL
Disulfoton 82677 298-04-4 191 0.02 56.8 Insecticide 0.3 / LTHA
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Appendix 2.  Pesticides analyzed in ground-water samples collected from the northern High Plains aquifer, 1997, 2002–04.—Continued

[Concentrations are in micrograms per liter. USGS, U.S. Geological Survey; CAS, Chemical Abstracts Service; USEPA, U.S. Environmental Protection 
Agency; --, no data; LTHA, Lifetime Health Advisory; MCL, Maximum Contaminant Level; NA, not analyzed]
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Diuron 49300 330-54-1 189 0.02 92.5 Herbicide 10 / LTHA
EPTC 82668 759-94-4 191 0.004 98.4 Herbicide --
Esfenvalerate1 49298 66230-04-4 19 0.02 35.3 Insecticide --
Ethalfluralin 82663 55283-68-6 191 0.009 93.0 Herbicide --
Ethoprop 82672 13194-48-4 191 0.005 93.2 Insecticide --
Fenuron 49297 101-42-8 189 0.03 53.9 Herbicide --
Desulfinylfipronil amide 62169 -- 113 0.029 114.7 Degradate --
Fipronil sulfide 62167 120067-83-6 113 0.013 109.4 Degradate --
Fipronil sulfone 62168 120068-36-2 113 0.024 99.5 Degradate --
Fipronil 62166 120068-37-3 113 0.016 118.9 Insecticide --
Flumetsulam2 61694 98967-40-9 162 0.01 104.7 Herbicide --
Fluometuron 38811 2164-17-2 189 0.04 92.2 Herbicide 90 / LTHA
Fonofos 04095 944-22-9 191 0.003 97.3 Insecticide 10 / LTHA
Imazaquin2 50356 81335-37-7 162 0.02 137.6 Herbicide --
Imazethapyr2 50407 81335-77-5 161 0.02 115.0 Herbicide --
Imidacloprid 61695 138261-41-3 162 0.007 127.0 Insecticide --
Lindane 39341 58-89-9 191 0.004 103.2 Insecticide 0.2 / MCL
Linuron 82666 330-55-2 191 0.035 114.1 Herbicide --
Malathion 39532 121-75-5 191 0.027 91.5 Insecticide 100 / LTHA
MCPA 38482 94-74-6 189 0.05 81.5 Herbicide 4 / LTHA
MCPB2 38487 94-81-5 189 0.04 75.7 Herbicide --
Metalaxyl 50359 57837-19-1 162 0.02 87.1 Fungicide --
Methiocarb2 38501 2032-65-7 189 0.03 57.8 Insecticide --
Methomyl2 49296 16752-77-5 189 0.02 63.3 Insecticide 200 / LTHA
Methyl parathion 82667 298-00-0 191 0.015 90.3 Insecticide 2 / LTHA
Metolachlor 39415 51218-45-2 191 0.013 102.3 Herbicide 100 / LTHA
Metribuzin 82630 21087-64-9 191 0.006 83.8 Herbicide 200 / LTHA
Metsulfuron2 61697 74223-64-6 162 0.03 39.8 Herbicide --
Molinate 82671 2212-67-1 191 0.004 96.1 Herbicide --
N-(4-Chlorophenyl)-N’-methyl urea 61692 5352-88-5 162 0.02 88.9 Degradate --
Napropamide 82684 15299-99-7 191 0.007 89.8 Herbicide --
Neburon 49294 555-37-3 189 0.01 91.7 Herbicide --
Nicosulfuron2 50364 111991-09-4 162 0.01 121.5 Herbicide --
Norflurazon2 49293 27314-13-2 189 0.02 88.3 Herbicide --
Oryzalin 49292 19044-88-3 187 0.02 74.3 Herbicide --
Oxamyl 38866 23135-22-0 189 0.02 61.1 Insecticide 200 / MCL
p,p’-DDE 34653 72-55-9 191 0.006 68.9 Degradate --
Parathion 39542 56-38-2 191 0.010 94.3 Insecticide --
Pebulate 82669 1114-71-2 191 0.004 96.6 Herbicide --
Pendimethalin 82683 40487-42-1 191 0.022 83.0 Herbicide --
Phorate 82664 298-02-2 191 0.011 76.2 Insecticide --
Picloram 49291 1918-02-1 189 0.05 76.3 Herbicide 500 / MCL
Prometon 04037 1610-18-0 191 0.02 105.5 Herbicide 100 / LTHA
Propyzamide 82676 23950-58-5 191 0.004 95.4 Herbicide 50 / LTHA
Propachlor 04024 1918-16-7 191 0.025 101.3 Herbicide 90 / LTHA
Propanil 82679 709-98-8 191 0.011 105.2 Herbicide --
Propargite 82685 2312-35-8 191 0.02 92.7 Acaricide --
Propham 49236 122-42-9 189 0.04 90.3 Herbicide 100 / LTHA
Propiconazole 50471 60207-90-1 162 0.02 98.3 Fungicide --
Propoxur 38538 114-26-1 189 0.04 93.9 Insecticide --
Siduron 38548 1982-49-6 162 0.02 93.5 Herbicide --
Silvex 39762 93-72-1 27 0.02 80.7 Herbicide 50 / MCL
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Appendix 2.  Pesticides analyzed in ground-water samples collected from the northern High Plains aquifer, 1997, 2002–04.—Continued

[Concentrations are in micrograms per liter. USGS, U.S. Geological Survey; CAS, Chemical Abstracts Service; USEPA, U.S. Environmental Protection 
Agency; --, no data; LTHA, Lifetime Health Advisory; MCL, Maximum Contaminant Level; NA, not analyzed]

Pesticide name
USGS  

parameter  
code

CAS number
Number of  
samples  
analyzed

Highest 
laboratory  

reporting level  
(LRL)3

Mean  
field-matrix  

spike recovery  
(in percent)4

Pesticide  
type(s)

USEPA 
drinking-water 
standard / type 

of standard5

Simazine 04035 122-34-9 191 0.005 89.9 Herbicide 4 / MCL
Sulfometuron2 50337 74222-97-2 162 0.009 104.2 Herbicide --
Tebuthiuron 82670 34014-18-1 192 0.02 113.4 Herbicide 500 / LTHA
Terbacil 82665 5902-51-2 191 0.034 89.2 Herbicide 90 / LTHA
Terbufos 82675 13071-79-9 191 0.02 80.1 Insecticide 0.9 / LTHA
Thiobencarb 82681 28249-77-6 191 0.010 104.4 Herbicide --
Triallate 82678 2303-17-5 191 0.002 101.6 Herbicide --
Triclopyr 49235 55335-06-3 189 0.05 91.3 Herbicide --
Trifluralin 82661 1582-09-8 191 0.009 82.0 Herbicide 5 / LTHA

1No longer analyzed as part of this method as of 12/15/1997 due to unacceptable method performance.

2These pesticides are qualitatively identified and reported with an E (estimated value) because of problems with gas chromatography or extraction or do not 
meet laboratory method performance criteria (Zaugg and others, 1995).

3Source: U.S. Geological Survey National Water Quality Laboratory.

4Values in bold indicate mean percent recovery of compound did not fall within the acceptable performance range (60 to 120 percent).

5Source: U.S. Environmental Protection Agency, 2004.
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Appendix 3.  Volatile organic compounds analyzed in ground-water samples collected from the northern High Plains aquifer, 1997, 
2002–04.—Continued

[Concentrations are in micrograms per liter. USGS, U.S. Geological Survey; CAS, Chemical Abstracts Service; USEPA, U.S. Environmental Protection Agency; 
LTHA, Lifetime Health Advisory; MCL, Maximum Contaminant Level; --, no data]

Volatile organic  
compound name

USGS  
parameter  

code

CAS  
number

Highest  
laboratory  
reporting  

level 
(LRL)

Mean  
laboratory  

matrix spike 
recovery 

(in percent)

Mean field- 
matrix 
spike  

recovery 
(in percent)

Predominant 
use1

USEPA 
drinking- 

water  
standard / type  

of standard2

1,1,1,2-Tetrachloroethane 77562 630-20-6 0.04 97.4 0.0 Solvent 70 / LTHA
1,1,1-Trichloroethane 34506 71-55-6 0.03 106.4 89.0 Solvent 200 / MCL
1,1,2,2-Tetrachloroethane 34516 79-34-5 0.16 102.9 -- Solvent 0.3 / LTHA
CFC-113 77652 76-13-1 0.06 98.4 -- Refrigerant --
1,1,2-Trichloroethane 34511 79-00-5 0.06 100.8 -- Solvent 5 / MCL
1,1-Dichloroethane 34496 75-34-3 0.07 108.1 -- Solvent --
1,1-Dichloroethene 34501 75-35-4 0.04 99.0 80.9 Organic synthesis 7 / MCL
1,1-Dichloropropene 77168 563-58-6 0.05 100.8 -- Organic synthesis --
1,2,3,4-Tetramethylbenzene 49999 488-23-3 0.2 106.3 -- Gasoline hydrocarbon --
1,2,3,5-Tetramethylbenzene 50000 527-53-7 0.2 105.1 -- Gasoline hydrocarbon --
1,2,3-Trichlorobenzene 77613 87-61-6 0.3 94.5 -- Organic synthesis --
1,2,3-Trichloropropane 77443 96-18-4 0.18 100.3 -- Fumigant 40 / LTHA
1,2,3-Trimethylbenzene 77221 526-73-8 0.1 99.6 -- Gasoline hydrocarbon --
1,2,4-Trichlorobenzene 34551 120-82-1 0.2 85.6 -- Solvent 70 / MCL
1,2,4-Trimethylbenzene 77222 95-63-6 0.06 103.7 -- Gasoline hydrocarbon --
Dibromochloropropane 82625 96-12-8 0.5 98.2 -- Fumigant 0.2 / MCL
1,2-Dibromoethane 77651 106-93-4 0.04 98.5 -- Fumigant 0.05 / MCL
1,2-Dichlorobenzene 34536 95-50-1 0.05 100.5 -- Solvent 600 / MCL
1,2-Dichloroethane 32103 107-06-2 0.1 110.4 103.8 Solvent 5 / MCL
1,2-Dichloropropane 34541 78-87-5 0.07 102.8 -- Fumigant 5 / MCL
1,3,5-Trimethylbenzene 77226 108-67-8 0.04 97.3 -- Gasoline hydrocarbon --
1,3-Dichlorobenzene 34566 541-73-1 0.05 95.2 -- Solvent 600 / LTHA
1,3-Dichloropropane 77173 142-28-9 0.1 103.5 -- Organic synthesis --
1,4-Dichlorobenzene 34571 106-46-7 0.05 94.7 95.6 Fumigant 75 / MCL
2,2-Dichloropropane 77170 594-20-7 0.08 90.5 -- Organic synthesis --
2-Chlorotoluene 77275 95-49-8 0.04 95.2 -- Solvent 100 / LTHA
2-Ethyltoluene 77220 611-14-3 0.1 95.2 -- Gasoline hydrocarbon --
3-Chloropropene3 78109 107-05-1 0.5 107.6 -- Organic synthesis --
4-Chlorotoluene 77277 106-43-4 0.06 94.2 -- Solvent 100 / LTHA
4-Isopropyltoluene 77356 99-87-6 0.12 93.2 -- Gasoline hydrocarbon --
Acetone 81552 67-64-1 7 118.0 -- Solvent --
Acrylonitrile 34215 107-13-1 1 107.3 -- Organic synthesis --
Benzene 34030 71-43-2 0.04 111.2 -- Gasoline hydrocarbon 5 / MCL
Bromobenzene 81555 108-86-1 0.04 94.8 -- Solvent --
Bromochloromethane 77297 74-97-5 0.12 99.6 -- Organic synthesis 90 / LTHA
Bromodichloromethane 32101 75-27-4 0.05 109.8 99.2 Trihalomethane4 80 / MCL5

Bromoethene 50002 593-60-2 0.1 102.4 -- Organic synthesis --
Bromomethane3 34413 74-83-9 0.3 74.6 -- Fumigant 10 / LTHA
Carbon disulfide 77041 75-15-0 0.08 80.3 -- Organic synthesis --
Chlorobenzene 34301 108-90-7 0.03 95.8 -- Solvent 100 / MCL
Chloroethane 34311 75-00-3 0.1 110.6 -- Solvent --
Chloromethane3 34418 74-87-3 0.3 107.0 -- Solvent 30 / LTHA
cis-1,2-Dichloroethene 77093 156-59-2 0.04 104.4 -- Solvent 70 / MCL
cis-1,3-Dichloropropene 34704 10061-01-5 0.09 92.8 -- Fumigant --
Dibromochloromethane 32105 124-48-1 0.2 103.7 96.0 Trihalomethane 80 / MCL5

Dibromomethane 30217 74-95-3 0.05 108.0 -- Solvent --
Dichlorodifluoromethane  

(CFC-12)3

34668 75-71-8 0.18 86.9 -- Refrigerant 1,000 / LTHA

Dichloromethane 34423 75-09-2 0.4 101.2 -- Solvent 5 / MCL
Diethyl ether 81576 60-29-7 0.2 100.0 -- Solvent --
Diisopropyl ether 81577 108-20-3 0.1 98.1 -- Fuel oxygenate --
Ethyl methacrylate 73570 97-63-2 0.3 97.4 -- Organic synthesis --
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Appendix 3.  Volatile organic compounds analyzed in ground-water samples collected from the northern High Plains aquifer, 1997, 
2002–04.—Continued

[Concentrations are in micrograms per liter. USGS, U.S. Geological Survey; CAS, Chemical Abstracts Service; USEPA, U.S. Environmental Protection Agency; 
LTHA, Lifetime Health Advisory; MCL, Maximum Contaminant Level; --, no data]

Volatile organic  
compound name

USGS  
parameter  

code

CAS  
number

Highest  
laboratory  
reporting  

level 
(LRL)

Mean  
laboratory  

matrix spike 
recovery 

(in percent)

Mean field- 
matrix 
spike  

recovery 
(in percent)

Predominant 
use1

USEPA 
drinking- 

water  
standard / type  

of standard2

Ethyl methyl ketone 81595 78-93-3 5 107.7 -- Solvent 4,000 / LTHA
Ethylbenzene 34371 100-41-4 0.03 100.0 90.4 Gasoline hydrocarbon 700 / MCL
Hexachlorobutadiene 39702 87-68-3 0.1 84.9 -- Organic synthesis 1 / LTHA
Hexachloroethane 34396 67-72-1 0.4 100.6 -- Solvent 1 / LTHA
Iodomethane3 77424 74-88-4 0.35 92.3 -- Organic synthesis --
Isobutyl methyl ketone 78133 108-10-1 0.4 98.3 -- Solvent --
Isopropylbenzene 77223 98-82-8 0.06 95.7 -- Gasoline hydrocarbon --
Methyl acrylonitrile 81593 126-98-7 0.8 108.1 -- Organic synthesis --
Methyl acrylate 49991 96-33-3 2 110.0 -- Organic synthesis --
Methyl methacrylate 81597 80-62-6 0.3 92.0 -- Organic synthesis --
Methyl tert-pentyl ether (TAME) 50005 994-05-8 0.11 94.3 -- Fuel oxygenate --
meta- + para- Xylene6 85795 108-38-3,  

106-42-3
0.06 100.2 -- Gasoline hydrocarbon 10,000 / MCL7

Naphthalene 34696 91-20-3 0.5 89.7 -- Gasoline hydrocarbon 100 / LTHA
Methyl n-butyl ketone 77103 591-78-6 0.7 97.8 -- Solvent --
n-Butylbenzene 77342 104-51-8 0.2 86.1 -- Gasoline hydrocarbon --
n-Propylbenzene 77224 103-65-1 0.04 92.0 -- Solvent --
o-Xylene 77135 95-47-6 0.07 104.5 -- Gasoline hydrocarbon 10,000/ MCL7

sec-Butylbenzene 77350 135-98-8 0.06 97.3 -- Gasoline hydrocarbon --
Styrene 77128 100-42-5 0.04 94.7 -- Gasoline hydrocarbon 100 / MCL
t-Butyl ethyl ether (ETBE) 50004 637-92-3 0.05 96.2 -- Fuel oxygenate --
Methyl t-butyl ether (MTBE) 78032 1634-04-4 0.2 98.2 92.9 Fuel oxygenate --
t-Butylbenzene 77353 98-06-6 0.1 104.3 -- Gasoline hydrocarbon --
Tetrachloroethene 34475 127-18-4 0.06 97.1 64.0 Solvent 5 / MCL
Tetrachloromethane  

(Carbon tetrachloride)
32102 56-23-5 0.09 109.8 92.8 Solvent 5 / MCL

Tetrahydrofuran 81607 109-99-9 2 105.6 -- Solvent --
Toluene 34010 108-88-3 0.05 101.1 -- Gasoline hydrocarbon 1,000 / MCL
trans-1,2-Dichloroethene 34546 156-60-5 0.03 97.9 -- Solvent 100 / MCL
trans-1,3-Dichloropropene 34699 10061-02-6 0.13 101.8 -- Fumigant --
trans-1,4-Dichloro-2-butene 73547 110-57-6 0.7 109.3 -- Organic synthesis --
Tribromomethane 32104 75-25-2 0.1 97.7 90.2 Trihalomethane4 80 / MCL5

Trichloroethene (TCE) 39180 79-01-6 0.04 97.9 92.5 Solvent 5 / MCL
Trichlorofluoromethane (CFC-11) 34488 75-69-4 0.16 109.4 -- Refrigerant 2,000 / LTHA
Trichloromethane (Chloroform) 32106 67-66-3 0.05 114.7 -- Trihalomethane4 80 / MCL5

Vinyl chloride 39175 75-01-4 0.1 101.0 60.7 Organic synthesis 2 / MCL
1Source: David Bender, U.S. Geological Survey, written commun., 2005.
2Source: U.S. Environmental Protection Agency, 2004.
3These VOCs are qualitatively identified and reported with an E (estimated value) because of excessive standard deviations (Connor and 

others, 1998).
4Although classified as a trihalomethane, this compound is used predominantly as a solvent.
5MCL is for sum of all trihalomethanes.
6Analytical result reported as the sum of concentrations for these two compounds by the U.S. Geological Survey National Water Quality 

Laboratory.
7MCL is for sum of all xylenes.
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The northern High Plains ground-water quality database is 
on the CD–ROM in Microsoft Access and tab-delimited ASCII 
flat files. The MS Access 2000 database file requires the user 
to have a copy of MS Access 2000 available on their computer. 
It can be opened by double-clicking on the data file name. 
ASCII files can be used as they are or loaded into any database 
software that reads standard ASCII format.

The database includes results from samples col-
lected in four hydrogeologic units (Ogallala Formation, 

Eastern Nebraska, Sand Hills, and Platte River Valley). 
There are three primary linked tables (see below) con-
tained in the database (SAMPLES, QW_RESULTS, 
and PARAMETERS). The tables prefixed with “tbl” 
are lookup tables that contain the meanings of some of 
the codes used in the database. Also included are 10 tables 
prefixed with “NHP” that represent some standard result 
tables from the database for the major constituent  
groups.

Appendix 4.  Description of CD–ROM contents.
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