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Abstract

This report presents data collected as part of a recon-
naissance study to evaluate the occurrence of perchlorate in
rivers and streams and in shallow aquifers in selected areas of
the United States. Perchlorate, a component in rocket fuels,
fireworks, and some explosives is soluble in water and persists
in soils and water for long periods. It is biologically active at
relatively low-levels in the environment, and has been identi-
fied as an endocrine-disrupting chemical. The purpose of this
reconnaissance was to determine the occurrence of perchlorate
in agricultural areas of the Midwestern and North-Central
United States and in arid Central and Western parts of the
United States.

Samples were collected from 171 sites on rivers and
streams and 146 sites from wells during the summer and
early fall of 2004. Samples were collected from surface-water
sites in 19 states and from wells in 5 states. Perchlorate was
detected in samples collected in 15 states and was detected in
34 of 182 samples from rivers and streams and in 64 of 148
groundwater samples at concentrations equal to or greater
than 0.4 micrograms per liter. Perchlorate concentrations were
1.0 micrograms per liter or greater in surface-water samples
from seven states and in groundwater samples in four states.
Only one surface-water and one groundwater sample had
concentrations greater than 5.0 micrograms per liter. Perchlo-
rate concentrations in followup samples collected from 1 to 3
months after the initial sample were unchanged at four of five
stream sites.

Introduction

Perchlorate (ClO,), a naturally occurring and manmade
compound that is a component in rocket fuels, fireworks, and
some explosives, has been detected in many water supplies
throughout the country. Most documented occurrences of
perchlorate have been related to military and chemical-manu-
facturing operations. However, a number of studies have docu-
mented the presence of perchlorate in nitrate-bearing minerals
from Chile that have been or are still being used as fertilizers
in the United States.

Although perchlorate has been documented as a point-
source contaminant in groundwater near areas where ammo-
nium perchlorate is produced and where solid-fuel rockets,
fireworks, and other explosives are manufactured or used,
recent studies (Parker and others, 2008) have found perchlo-
rate in areas with no apparent anthropogenic sources and
where agricultural activities (fertilizers and irrigation) are
prevalent. Small-scale studies have documented perchlorate
in groundwater in the Texas High Plains (Rajagopalan and
others, 20006), leafy vegetables (Sanchez and others, 2005),
beef cattle (Cheng and others, 2004) and selected dairy milk
from supermarket shelves in Texas (Kirk and others, 2003).
Perchlorate occurs naturally in precipitation (Rajagopalan and
others, 2009) and may accumulate in the unsaturated zone in
areas with low precipitation (deserts) by deposition processes
similar to nitrate (Walvoord and others, 2003). Infiltration of
irrigation water can mobilize accumulated perchlorate and
transport it from the unsaturated zone to the underlying aquifer
(Scanlon and others, 2008).

The identification of perchlorate in sodium nitrate fertiliz-
ers derived from Chilean caliche (Urbansky and others, 2001a)
may support this suggestion. Although identified in Chilean
caliche, perchlorate does not generally occur in manufactured
nitrogen fertilizers (Urbansky and others, 2001b), but some
questions remain on its occurrence in potash minerals (Orris
and others, 2003). Perchlorate in groundwater in the United
States has been documented by the U.S. Environmental Pro-
tection Agency (2003), but the areal occurrence has not been
investigated.

Perchlorate is soluble in water and persists in soils and
water for long periods. It is biologically active at relatively
low-levels in the environment, and its role as an endocrine-
disrupting chemical has been documented in some fish (Patino
and others, 2003; Crane and others, 2005). Uptake by plants
(Nzengung and others, 1999) and microbial degradation (Cole-
man and others, 2003; Sturchio and others, 2003) also has
been established. The U.S. Environmental Protection Agency
established a chronic oral reference dose (RfD) for humans
0f 0.0007 milligrams per kilogram body weight per day. The
RfD equates to a Drinking Water Equivalent Level (DWEL)
of 24.5 micrograms per liter (ug/L), or approximately equal to
parts per billion (ppb). A DWEL is a lifetime exposure concen-
tration protective of adverse, noncancer health effects that
assumes all of the exposure to a contaminant is from drinking
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water. (U.S. Environmental Protection Agency, 2008). A num-
ber of states have set advisory levels less than the DWEL and
as low as 1.0 pg/L (Interstate Technology Regulatory Council,
2005).

The occurrence of perchlorate has been documented in
groundwater at pristine areas across the United State (Parker
and others, 2008) and has been extensively studied in ground-
water in the southern High Plains in Texas and New Mexico
(Rajagopalan and others, 2006), Southwestern United States
(Balaji and others, 2007), and California. However, additional
information on the occurrence of perchlorate in the Central
and Midwestern United States is still needed. Research has
centered mainly on the occurrence in groundwater, and the
occurrence of perchlorate in streams and rivers has not been
investigated extensively.

Purpose and Scope

A reconnaissance sampling was conducted in 2004 to: (1)
collect data to determine the occurrence of perchlorate over a
gradient of agricultural land-use intensity in areas of the Mid-
western and North Central United States and (2) collect data
to determine if varying annual precipitation across the middle
and western parts of the United States affects the occurrence
of perchlorate in rivers and streams.

Surface-water and groundwater data were collected in
agricultural areas. Surface-water data were collected at sites
on small third-order streams draining agricultural watersheds
in the Midwestern corn belt in the fall of 2004 during low-
flow periods when most water in the stream originates from
groundwater discharge. Followup samples were collected
from five streams | to 3 months after the initial sampling to
document any seasonal variability. Groundwater data were
collected from shallow aquifers in the summer and early fall of
2004 that have relatively “young” waters that may be suscep-
tible to contamination from current land-use practices.

Surface-water data were collected in the summer and
early fall of 2004 from streams and rivers in the Central and
Southwestern United States to determine if varying annual
rainfall influenced perchlorate occurrence in surface water.
Sites were located on small to medium-sized streams that
drained a watershed with a single primary land use and larger
rivers that integrated multiple land use in the watershed.

The purpose of this report is to present data collected as
part of the perchlorate occurrence study in the Central and
Southwestern United States. Data includes those from the agri-
cultural land-use gradient component and from the precipita-
tion gradient component of the reconnaissance study. Inter-
pretation of the relations between perchlorate occurrence and
geologic, climatologic, and anthropogenic factors is beyond
the scope of this report.

Description of the Study Area

The reconnaissance study was concentrated in the Central
and Southwestern part of the United States (fig. 1). Perchlorate
samples were based on the availability of wells and streams
being sampled as part of other U.S. Geological Survey’s
(USGS) programs. The ongoing USGS water-quality programs
include the National Water-Quality Assessment Program
(NAWQA): joint US Environmental Protection Agency (EPA)
and USGS Landscape Indicators (EPALIPS) project; and sev-
eral USGS/State cooperative studies. Because of the integrated
design, an extensive set of water-chemistry data that include
physical properties, major ions, nutrients, and in some cases,
trace elements are available in addition to the perchlorate data
presented in this report. A list of projects that provided assis-
tance in sample collection and selected reports documenting
their findings is provided in appendix 1.

Selection of Sampling Sites

Several criteria were used to select stream and river sites
and wells where perchlorate samples were added to existing
data collection efforts to determine if perchlorate contamina-
tion is more prevalent in areas where nitrogen and potassium
minerals are used as fertilizers for agriculture and to determine
if perchlorate contamination is more prevalent in areas that
receive less rainfall where perchlorate may not be readily
flushed through the hydrologic system.

Surface-water and groundwater sites were selected to
obtain data on the occurrence of perchlorate in agricultural
areas (table 1, at the back of this report). Surface-water sites
on medium to large streams and rivers that drain agricul-
tural, urban, and undisturbed watersheds from Texas through
Arizona, New Mexico, and California (fig. 1) were sampled to
obtain data on the occurrence of perchlorate in streams in rela-
tion to a range of annual rainfall.

Water samples were collected from groundwater in an
area with a gradient of agricultural intensity and of fertilizer
use from Minnesota and lowa southwest to Colorado. Shal-
low groundwater that has most likely infiltrated within the
last 50 years was sampled to define perchlorate occurrence in
aquifers. An extensive set of wells (table 1, at the back of this
report) was sampled in Nebraska for perchlorate along with
the standard suite of other water-quality constituents. Thirty-
eight municipal supply wells were sampled in lowa during
the summer of 2004. These 38 wells occur in shallow alluvial
deposits and were selected because the aquifer is susceptible
to contamination from land-surface activities. Although these
are municipal wells, the wells are located in or near farmland.
Additional wells were sampled in Colorado where agricultural
land-use intensity is minimal. Small third-order streams that
drain primarily agricultural areas in the Midwestern corn-
belt were selected to determine if groundwater flowing to
streams contained perchlorate. One hundred and ten sites in
10 Midwestern corn-belt states were sampled. Additional sites
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Figure 1.

at the mouth of agricultural and undisturbed watersheds were
sampled in Minnesota, lowa, Nebraska, and Colorado during
late summer or early fall.

In addition to the perchlorate data presented in this report,

major ion, nutrient, pesticide, and, in some cases, trace ele-
ment data for these sites are available online from the USGS
NWISweb (http://waterdata.usgs.gov/nwis/) and NAWQA
data warehouse (http.//infotrek.er.usgs.gov/traverse/f?p=NAW
QA:HOME:927964592963779).

Methods

Sample Collection Methods

Perchlorate samples were collected using methods that
ensured representative surface-water and groundwater sam-
ples. For rivers and streams this means that any water-quality
variability with depth or variability across the river was
integrated into the sample. For groundwater this means that
stagnant water in the well casing was removed before water

Location of surface-water and groundwater sites for reconnaissance sampling, 2004.

3

from the aquifer was collected. Once the sample was obtained,

appropriate filtration and preservation techniques were used
to ensure that water quality did not change during transit to
the laboratory. Detailed sampling techniques are provided in
the USGS National Field Manual for the collection of water-
quality data (U.S. Geological Survey, 1998) and are briefly
summarized in the following sections.

All equipment used to collect and process perchlorate
samples were precleaned with a 0.1-percent nonphosphate
detergent, rinsed with tap water, and then rinsed with deion-
ized water. Once cleaned, equipment was air dried, wrapped
in aluminum foil or in plastic bags, and stored in a dust-free
environment to ensure clean equipment for the next sample.
Detailed cleaning procedures for equipment are described by
Wilde (2004).

Surface Water

Samples from flowing streams were collected using
depth-integrating sampling methods, described in detail by
Webb and others (1999), to obtain a representative sample. A
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brief summary follows. Collection of depth-integrated samples
involves using an equal-width-increment (EWTI) or equal-
discharge-increment (EDI) sampling method. The EWI or

EDI methods produce a composite sample that represents the
discharge weighted concentrations of the stream cross sec-
tion being sampled. Samples were collected at verticals from
increments of the cross section of a stream having a specified
width. The number of verticals sampled varies based on the
width of the stream. Generally 10—15 vertical samples were
composited at each site. However, in narrow streams where

it was not practical to obtain multiple vertical samples, one
vertical sample was collected. Occasionally, low-flow condi-
tions (stream depth less than about 15 cm deep, or the stream
velocity is less than about 0.45 m/s) rendered the use of an iso-
kinetic sampler impractical. In these conditions, a dip sample
was collected.

Groundwater

Detailed groundwater sampling protocol is provided in
the groundwater sampling section (Chapter 42, by Gibbs
and Wilde, 1999) of the National Field Manual and in a report
documenting NAWQA protocols (Koterba and others, 1995).
Initially, a water-level measurement was made to document
natural or anthropogenic stresses on the aquifer. Wells were
pumped for a sufficient amount of time so that a minimum of
three well volumes were removed and so that temperature,
specific conductance, and pH of the discharged water were
stable. Once purged, the well was sampled by pumping the
water through a 0.45 pm capsule filter into a polyethylene
bottle as described below.

Sample Processing

Water collected from wells and streams was filtered
through a capsule filter with a pore size of 0.45 um for the
perchlorate sample after filtering for major ions, nutrients,
alkalinity, radiochemicals, and stable isotopes sample was
completed. This ensured that several hundred milliliters of
ambient water had been flushed through the filter before water
was collected for the perchlorate sample. In addition, the first
20-25 mL of filtrate was used to rinse the polyethylene sample
bottle to remove any foreign material. The sample bottle then
was filled, capped securely, put in a ziplock bag, and chilled
on ice for shipment to the laboratory. Once collected, the
sample is kept chilled until analyzed at the laboratory.

Analytical Methods

The perchlorate analysis procedure was modified from
that of Wagner and others (2004). Samples were analyzed for
perchlorate using a Dionex DX-500 Ion Chromaograph (IC)
system with a GP40 pump and ED40 electrochemical detector,
2 millimeter AG16 guard and AS16 analytical columns, and
35 millimole potassium hydroxide eluent flowing at a flow rate

of 0.25 milliliters per minute (mL/min). A 50-microliter injec-
tion loop was used for samples with concentrations greater
than 10 pg/L, and 1,000 microliter injection loop used for
lower concentrations (less than or equal to 1 pg/L). A mem-
brane suppression unit in the recycle mode was used with a
current of 50 milliamps. Samples were pretreated with the
barium, silver, and hydrogen cartridges. With the 2-millime-
ter column system, the signal to noise ratio at 0.2 ug/L was
approximately 5.

Quality Assurance

An extensive array of quality-assurance (QA) samples
were analyzed to ensure that results were representative of
those in the environment and were not because of introduc-
tion of perchlorate during equipment cleaning or from cross
contamination from previous samples (field blank samples).
QA samples also were analyzed to ensure that the analytical
method can determine accurate concentrations and can reliably
reproduce results (replicate samples). In addition to the stan-
dard QA samples, perchlorate concentrations were measured
in prepared solutions for more than 600 days to document the
long-term stability of perchlorate in samples.

Field Blank Samples

Field blank samples (blank samples) were collected to
measure contamination introduced by the site environment
(atmosphere) and by sample handling, processing, and analy-
sis. Generally, blank samples were collected routinely during
the collection period of environmental water samples and were
distributed among sites to assess a broad range of locations,
hydrologic conditions, and water types. Blank samples were
collected, processed, and analyzed in a manner that simulates
the collection, processing, transport, and analysis of environ-
mental water samples through clean sampling and processing
equipment. The collection and processing of surface-water
samples were simulated by pouring blank water (pesticide-
grade water suitable for use in the collection of field blanks)
into the sampler bottle, capping the sampler bottle and nozzle
assembly, shaking, and pouring the blank water into a split-
ter. Blank water from the splitter then was filtered into sample
bottles. Blank samples from surface-water sites were col-
lected prior to the collection of environmental water samples
to determine if cleaning procedures removed contamination
introduced by water at the previous site, and if contamination
was introduced by the transport of equipment to the current
site. No field blank samples contained detectable concentra-
tions of perchlorate (table 2).
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Table 2. Quality-assurrance-quality-control samples (field blanks) for perchlorate reconnaissance study in selected areas of

the United States.

[<, less than]

Map identifica-

Sample date Perchlorate

tion number Site number Site name (month/day/ Sample time concentration
) (24 hour)
(figures 2-9) year) (ng/L)
1A-01 05387313 Unknown Tributary to Beaver Creek 10/26/2004 1320 <0.4
near Lime Springs, IA
MN-02 05316983 County Ditch 24 near Clements, MN 10/07/2004 0900 <4
NV-01 094196783 Las Vegas Wash below Flamingo Wash 08/17/2004 1020 <.4
Confluence near Las Vegas, NV
OH-12 405251082164801  Jerome Fork near Ashland, OH 10/01/2004 1008 <4
SD-01 431559096350100 Little Beaver Creek near Canton, SD 09/02/2004 0830 <4

Replicate Samples

Replicate samples were collected and analyzed to esti-
mate the precision of concentration values from sample pro-
cessing and analysis. Each replicate is an aliquot of the native
sample water processed in the field through the same sample
equipment and processed using identical procedures. Labo-
ratory replicates are an aliquot of an environmental sample
submitted for analysis.

Most of the replicate samples (table 3, at the back of this
report) did not contain detectable concentrations of perchlo-
rate. Analytical results of replicate samples from 10 sites had
concentrations below the detection limit (0.4 pg/L) in both
the ambient and replicate sample. Results of replicate samples
from five sites had low levels of perchlorate (0.41 to 0.96
pg/L) in the ambient sample but no detectable concentration in
the replicate sample. Results from one site had a detection in
the replicate but not in the ambient sample.

Laboratory Quality Assurance Procedures

Approximately 10 percent of samples were analyzed in
duplicate to ensure that there is reproducibility among analy-
sis. Standards were analyzed between every 5-10 samples
and a blank was analyzed approximately every 15 samples
to ensure accuracy of data and to verify that no carry over
occured between samples. The precision of the method was
determined by calculating the standard deviation in the ana-
lyzed concentration of standard solutions of 100 and 1 ug/L.
To ensure that there was no loss or enrichment of perchlorate
during sample preparation, standards were analyzed after
preparation in the same manner as samples. The recovered
concentrations were found to be within the standard deviation
of the original standards.

Stability of Perchlorate in Water Samples

The long-term stability of perchlorate in deionized water
and in a common water matrix was determined to quantify any

changes in perchlorate concentrations from the time of sample
collection until sample analysis. Sets of samples containing
1,000, 100, 10, 1, 0.5 and 0 pug/L perchlorate in deionized
water and also in local tap water were formulated. These
samples were analyzed by ion chromatography and were
compared to perchlorate concentration in freshly prepared
standards every 24 hours for the first 7 days, biweekly for the
next 4 weeks, and periodically after that for a total of 400 or
610 days for the two lowest concentrations and a total of 428
or 638 days for the high concentrations (Stetson and others,
2006). Perchlorate was found to be stable allowing for holding
times of at least 90 days for surface-water samples and at least
300 days for groundwater samples (Stetson and others, 2006).

Occurrence of Perchlorate

Samples were collected from 171 sites on rivers and
streams and 146 sites from wells during the summer and early
fall of 2004. Samples were collected from surface-water sites
in 19 states and from wells in 5 states.

Perchlorate was detected in samples collected in 15 states
and was detected in 34 of 182 samples from rivers and streams
and in 64 of 148 groundwater samples at concentrations equal
to or greater than the 0.4 micrograms per liter (ug/L) reporting
limit. Perchlorate concentrations were 1.0 pug/L or greater in
surface-water samples from seven states and in groundwater
samples in four states (table 5, at the back of this report). Only
one surface water and one groundwater sample had concentra-
tions greater than 5.0 pg/L. The results of the reconnaissance
study, summarized by State, are shown in table 4 (at the back
of this report) and illustrated in figures 2-9.

Perchlorate concentrations in followup samples collected
from 1 to 3 months after the initial sample were unchanged at
four of five stream sites (table 5). The perchlorate concentra-
tion decreased from 0.8 pg/L on August 23, 2004, to less than
detection level on October 7, 2004, in the Little Cobb River
near Beauford, Minnesota (table 5).
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Figure 2. Perchlorate concentrations at selected surface-water and groundwater sites in Arkansas and Texas, 2004.
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Occurrence of Perchlorate 9

110° 106° 102° 98°

41°

38°

Base from U.S. Geological Survey 0 50 100 150 MILES
digital data, 1:200,000, 2005, EXPLANATION Pty ! |
Albers Equal-Area Conic projection (identiﬁer used in tables is next to symbol) 0 50 100 150KILOMETERS
Groundwater sampling site  Surface-water sampling site
® Not detected A Not detected
O 0.40-0.99 A 0.40-0.99
@ 1.00 or greater A 1.00 or greater

For sites with multiple samples, symbol corresponds
to sample of first occurence

Figure 5. Perchlorate concentrations at selected surface-water and groundwater sites in Colorado, Wyoming, and

South Dakota, 2004.
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Perchlorate Data for Streams and Groundwater in Selected Areas of the United States, 2004
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Table 5. Summary of perchlorate detections and concentrations in selected states.

[ng/L, micrograms per liter; <, less than]

Number of samples

Numberof  with detectable con- Percent of samples  Percent of samples  Percent of samples Maximum

State samplos centration (0.4 pg/L or with concentration  with concentration  with concentration concentration
greater) 1.0 pg/L or greater 2.0 pg/L or greater 5.0 pg/L or greater (pg/L)
Surface water
Arizona 11 1 0 0 0 0.6
Arkansas 3 1 0 0 0 .68
California 2 0 0 0 .87
Colorado 17 1 0 0 0 .63
Illinois 17 0 0 0 0 <4
Indiana 15 3 13 0 0 1.58
Towa 30 7 3 0 0 1.12
Michigan 8 1 0 0 0 .85
Minnesota 14 4 14 7 0 2.53
Missouri 2 0 0 0 <4
Montana 1 1 0 0 .68
Nebraska 6 1 0 0 48
Nevada 4 1 25 25 25 6.23
New Mexico 8 3 38 12 0 2.06
Ohio 15 3 20 0 0 1.58
South Dakota 3 0 0 0 0 <4
Texas 3 0 0 0 0 <4
Wisconsin 18 4 6 0 0 1.41
Wyoming 4 1 0 0 0 49
Groundwater
Arkansas 1 1 0 0 0 .92
California 8 4 13 0 0 1.93
Colorado 21 5 19 9 0 4.19
Towa 38 9 11 0 0 1.73
Nebraska 80 45 31 6 1.25 20.9

Table 6. Perchlorate concentrations in streams sampled twice during the reconnaissance study.

M:i‘(l:“' '::l':ltlll:::ra- Site number Site name ?:lr(:l:tl:/::\t{‘; Sample time (24 Perchlo_rate concen-

(figs. 2-9) year) hours) tration (ug/L)
IL-01 05525500 Sugar Creek at Milford, IL 08/06/2004 1005 <0.4
1L-01 05525500 Sugar Creek at Milford, IL 12/15/2004 1245 <4
1L-02 05572000 Sangamon River at Monticello, IL 08/05/2004 1330 <4
1L-02 05572000 Sangamon River at Monticello, IL 10/05/2004 0915 <4
MN-04 05320270 Little Cobb River near Beauford, MN 08/23/2004 1310 8
MN-04 05320270 Little Cobb River near Beauford, MN 10/07/2004 1005 <4
NE-01 06800000 Maple Creek near Nickerson, NE 07/13/2004 1030 <4
NE-01 06800000 Maple Creek near Nickerson, NE 10/12/2004 0930 <4
OH-02 04186500 Auglaize River near Fort Jennings, OH 09/08/2004 1100 <4

OH-02 04186500 Auglaize River near Fort Jennings, OH 10/20/2004 0930 <4
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Appendix 1.  Project support.

Core funding was provided by the U.S. Geological Survey's Central Region Integrated Science Program.

Collection of samples from such a large part of the United States was only possible because of the willingness of personnel working
on Federal/State cooperative (COOP) projects, the National Water-Quality Assessment program (NAWQA) , and U.S. Geological
Survey/ U.S. Environmental Protection Agency Landscape Indicators (EPALIPS) project to collect an additional water sample.
Collection of perchlorate samples was supported as part of the following programs.

Federal/State Cooperative Program

Water Science Center

Project/cooperator

Description

Arkansas

Arizona

California

Colorado

Iowa

Montana

Nebraska

New Mexico

Master well monitoring

Arizona Department of Environmental

Quality (AZDEQ)

Groundwater Ambient Monitoring and

Assessment (GAMA)/California

State Water Resources Control Board

Water Quality in the Arkansas River

basin near Pueblo, CO/ Southeastern
Colorado Water Activity Enterprise

Iowa Groundwater Monitoring Net-

work (IAGWM) /Iowa Department

of Natural Resources

Tongue River Surface-Water-Quality
Monitoring Network (TRIVER)

City of Seward (SEWARD)

Statewide monitoring

An assessment of groundwater quality in areas where
public supply wells are an important source of drink-
ing water (Wright and others, 2005). Perchlorate
samples are routinely analyzed by a commercial
laboratory as part of the GAMA project, but addi-
tional samples were collected for this study.

Monitoring in the Fountain and Monument Creek wa-
tersheds from 1981 through 2006 to evaluate the ef-
fects of stormflow and wastewater-treatment effluent
on Fountain and Monument Creeks in the Colorado
Springs, Colorado area. (Mau and others, 2007)

38 of 150 municipal supply wells completed in shallow
alluvial deposits that are susceptible to contamina-
tion from land surface were sampled for perchlorate.
(Littin, 2004)

Monitoring surface water within or near the Powder
River structural basin in northeastern Wyoming and
southeastern Montana to characterize water quality

in streams draining an area of coalbed natural gas
development. (Clark and Mason, 2007)

A study of groundwater age and quality was conducted
to improve understanding of: (1) travel times from
recharge areas to public-supply wells, (2) the effects
of geochemical reactions in the aquifer on water
quality, and (3) how water quality has changed his-
torically in response to land-use practices. (Stanton
and others, 2007)

National Water-Quality Assessment Program (NAWQA)

Topical Study

Study Unit

Description

Surface-WaterTrends (SWTREND)

Central Arizona Basins

Central Nebraska Basins (CNBR)
Eastern lowa Basins

Nevada Basin and Range

Ozark Plateaus

Rio Grande (RIOG)

Santa Ana

Ambient resource assessment over decades with a
regional and national perspective to evaluate eco-
logical conditions and the occurrence, trends, and
transport of nutrients and pesticides in rivers and
streams. Twenty-five surface-water sites on both
medium-sized rivers indicative of a single land use
and large rivers that integrate the effects of agricul-
tural and urban land use.
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Appendix 1.  Project support—Continued
Core funding was provided by the U.S. Geological Survey's Central Region Integrated Science Program.

Collection of samples from such a large part of the United States was only possible because of the willingness of personnel working
on Federal/State cooperative (COOP) projects, the National Water-Quality Assessment program (NAWQA), and U.S. Geological
Survey/ U.S. Environmental Protection Agency Landscape Indicators (EPALIPS) project to collect an additional water sample.
Collection of perchlorate samples was supported as part of the following programs.

National Water-Quality Assessment Program (NAWQA)—Continued

Topical Study Study Unit Description
Agricultural Chemical Transport Central Nebraska Basins A study to (1) understand the links between the sources
(ACT) of water and agricultural chemicals (nutrients and

pesticides) and their behavior and transport through
the environment; (2) predict the behavior and
transport of water and agricultural chemicals in other
agricultural areas not being studied; and (3) evalu-
ate what the study results mean for management of
water and water quality in a variety of agricultural
settings. (Fredrick and others, 2006)

Transport of Anthropogenic and Natu-  Central Nebraska Basins Study of the hydrogeology and geochemistry of the

ral Contaminants Study (TANC) High Plains aquifer in a 42-square-mile study area

at York, Nebraska that contains the zone of contri-
bution to a public supply well (PSW). Data were
used to describe factors controlling the transport of

selected anthropogenic and natural contaminants to
PSWs. (Landon and others, 2008)

Groundwater trends South Platte River Basin

Topical Study Description
High Plains Regional Ground Water Water quality of the High Plains aquifer was assessed for the period 1999-2004 through a strati-
Study (HPGW) fied, nested group of studies designed to assess linkages between the quality of water recharg-

ing the aquifer, the effect of transport through the hydrologic system on water quality, and the
quality of the resource used for human consumption and agricultural applications. (McMahon
and others, 2007)

USGS/USEPA Landscape Indicators Project (EPALIPS)

Water Science Centers Description
[llinois, Indiana, lowa, Michigan, There were 110 third order streams draining agricultural watersheds in 10 corn-belt States that
Minnesota, Missouri, Nebraska, were sampled in September 2004 during base flow when most streamflow was derived from
Ohio, South Dakota, Wisconsin groundwater discharge. Samples collected at base flow integrated the water quality of a water-

shed over temporal and geographical scales.
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