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Cover image: Locations of stream-water sites selected for trend analysis in this study. (See 
figure 1 and accompanying text and tables in report.)
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Foreword

The U.S. Geological Survey (USGS) is committed to providing the Nation with reliable scientific 
information that helps to enhance and protect the overall quality of life and that facilitates 
effective management of water, biological, energy, and mineral resources (http://www.usgs.
gov/). Information on the Nation’s water resources is critical to ensuring long-term availability 
of water that is safe for drinking and recreation and is suitable for industry, irrigation, and fish 
and wildlife. Population growth and increasing demands for water make the availability of that 
water, measured in terms of quantity and quality, even more essential to the long-term sustain-
ability of our communities and ecosystems.

The USGS implemented the National Water-Quality Assessment (NAWQA) Program in 1991 
to support national, regional, State, and local information needs and decisions related to 
water-quality management and policy (http://water.usgs.gov/nawqa). The NAWQA Program 
is designed to answer: What is the quality of our Nation’s streams and groundwater? How are 
conditions changing over time? How do natural features and human activities affect the quality 
of streams and groundwater, 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. From 1991 to 2001, the NAWQA Program completed interdisciplinary assess-
ments and established a baseline understanding of water-quality conditions in 51 of the Nation’s 
river basins and aquifers, referred to as Study Units (http://water.usgs.gov/nawqa/studies/
study_units.html).

National and regional assessments are ongoing in the second decade (2001–2012) of the 
NAWQA Program as 42 of the 51 Study Units are selectively reassessed. These assessments 
extend the findings in the Study Units by determining water-quality status and trends at sites 
that have been consistently monitored for more than a decade, and filling critical gaps in 
characterizing the quality of surface water and groundwater. For example, increased emphasis 
has been placed on assessing the quality of source water and finished water associated with 
many of the Nation’s largest community water systems. During the second decade, NAWQA is 
addressing five national priority topics that build an understanding of how natural features and 
human activities affect water quality, and establish links between sources of contaminants, the 
transport of those contaminants through the hydrologic system, and the potential effects of con-
taminants on humans and aquatic ecosystems. Included are studies on the fate of agricultural 
chemicals, effects of urbanization on stream ecosystems, bioaccumulation of mercury in stream 
ecosystems, effects of nutrient enrichment on aquatic ecosystems, and transport of contami-
nants to public-supply wells. In addition, national syntheses of information on pesticides, vola-
tile organic compounds (VOCs), nutrients, trace elements, and aquatic ecology are continuing. 

The USGS aims to disseminate credible, timely, and relevant science information to address 
practical and effective water-resource management and strategies that protect and restore 
water quality. We hope this NAWQA publication will provide you with insights and information 
to meet your needs, and will foster increased citizen awareness and involvement in the protec-
tion 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/studies/study_units.html
http://water.usgs.gov/nawqa/studies/study_units.html
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The USGS 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 cost-effective man-
agement, regulation, and conservation of our Nation’s water resources. The NAWQA Program, 
therefore, depends on advice and information from other agencies—Federal, State, regional, 
interstate, Tribal, and local—as well as nongovernmental organizations, industry, academia, and 
other stakeholder groups. Your assistance and suggestions are greatly appreciated.

       
William H. Werkheiser 

USGS Associate Director for Water
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Sources and Preparation of Data for Assessing Trends 
in Concentrations of Pesticides in Streams of the United 
States, 1992–2010

By Jeffrey D. Martin, Michael Eberle, and Naomi Nakagaki

Abstract 
This report updates a previously published water-quality 

dataset of 44 commonly used pesticides and 8 pesticide degra-
dates suitable for a national assessment of trends in pesticide 
concentrations in streams of the United States. Water-quality 
samples collected from January 1992 through September 2010 
at stream-water sites of the U.S. Geological Survey National 
Water-Quality Assessment Program and the National Stream 
Quality Accounting Network were compiled, reviewed, 
selected, and prepared for trend analysis as described in 
this report. Samples analyzed at the U.S. Geological Survey 
National Water Quality Laboratory by a gas chromatography/
mass spectrometry analytical method were the most extensive 
in time and space and were selected for national trend analy-
sis. The selection criteria described in the report produced a 
trend dataset of 21,144 pesticide samples at 212 stream and 
river sites.

Introduction
A primary goal of the National Water-Quality Assess-

ment (NAWQA) Program is to assess and understand long-
term trends in the quality of the Nation’s streams and rivers, 
hereafter collectively referred to as “streams.” A key aspect of 
water quality that presents unique data-analysis problems for 
trend assessment is pesticide concentrations in stream water. 
Analyses to date by the U.S. Geological Survey (USGS) have 
included assessments of trends in diazinon and other insec-
ticides in urban streams of the northeastern and midwestern 
United States (Phillips and others, 2007), trends in major 
herbicides in agricultural streams of the Corn Belt (Sulli-
van and others, 2009; Vecchia and others, 2009), and trends 
in selected herbicides and insecticides in urban streams of 
the United States (Ryberg and others, 2010). Pesticide data 
from NAWQA and the National Stream Quality Accounting 
Network (NASQAN) were used for these trend assessments. 
These data, however, require several specific preparation 
steps to address potential biases from differences in sampling 

strategies among sites, including different sampling periods 
and intensities, and changes over time in performance of the 
analytical method and changes in data-reporting practices. 

A previous report (Martin, 2009) described the steps 
taken to prepare data for trend analysis and provided the 
resulting trend dataset for the period 1992–2006. In January 
2011, similar procedures were used to obtain, screen, and 
prepare pesticide data for the period 1992–2010.1 

Purpose and Scope

This report updates previous datasets published in Martin 
(2009) and briefly describes the procedures and criteria used 
to compile, review, select, and prepare pesticide-concentration 
data for trend analysis. The data are from water samples 
collected from January 1992 through September 2010 at 
NAWQA and NASQAN stream-water sites. Water samples 
were analyzed at the USGS National Water Quality Laboratory 

1 Although water-quality data for the period 1992–2006 were previously 
compiled and prepared for trend analysis by Martin (2009), this report repeats 
the compilation and preparation process for the entire period 1992–2010 
rather than just for the recent, “updated” period 2007–10. This was done for 
several reasons related to data management and the development and applica-
tion of recovery models used to prepare the data. 

The database used to store USGS water-quality data is a dynamic database. 
Data and coding of samples and sites may be updated by local data managers 
as needed. For example, site identification numbers, concentration data, or 
codes used to indicate data quality might change through time. Data for the 
entire period were recompiled to ensure that the most up-to-date information 
was used. In addition, recovery models must be modeled as a single time 
series. It would be inappropriate to merge recovery-adjusted data from Martin 
(2009) for 1992–2006 with recovery-adjusted data on the basis of a model for 
the period 2007 –10. 

The data user should note that some of the samples and sites in Martin 
(2009) are not in this report, most likely because of changes to site or sample 
coding. In addition, the recovery-adjusted concentrations reported in Martin 
(2009) often are different than the recovery-adjusted concentrations in this 
report. The differences are small and result from small changes in the recovery 
models, particularly for the period 2005–6. Differences in trend results for 
similar time periods using data from Martin (2009) and data from this report 
have not been investigated but are expected to be negligible.
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(NWQL) by a gas chromatography/mass spectrometry (GCMS) 
method for as many as 44 commonly used pesticides and 8 
pesticide degradates (hereafter referred to collectively as “pes-
ticides”). Stream-water sites with 3 or more years of data, each 
with six or more samples per year, were selected for pesticide 
trend analysis. These and other selection criteria described in 
the report yielded a dataset of 21,144 pesticide samples2 at 212 
sites that is suitable for a national assessment of trends in pesti-
cide concentrations in streams of the United States.

Monitoring Programs for Pesticides
The NAWQA Program, which began monitoring for pes-

ticides in 1992, and NASQAN, which began monitoring for 
pesticides in 1995, are national USGS water-quality monitor-
ing programs that collect data suitable for a national assess-
ment of trends in pesticide concentrations in the Nation’s 
streams. Details about the NAWQA and NASQAN monitoring 
approaches can be found in Martin (2009); a brief summary of 
those approaches follows. 

National Water-Quality Assessment Program 

Monitoring of streams for the NAWQA Program initially 
(1992–2001) focused on assessing water-quality conditions 
in 51 of the Nation’s river basins and aquifers, referred to as 
“Study Units,” on a rotational schedule—20 Study Units dur-
ing 1992–95, 16 during 1996–98, and 15 during 1998–2001 
(Gilliom and others, 2006, p. 32). The number of stream-water 
sites monitored and the number of pesticide samples3 col-
lected also followed a rotational schedule of heavier sampling 
during a 3- to 4-year period of active assessment followed by 
a 6-year period of reduced sampling until the next period of 
active assessment (Gilliom and others, 1995, p. 2–5). Pesti-
cide samples generally were collected at each site by using a 
combination of fixed-interval and high-flow sampling (Gil-
liom and others, 1995, p. 16). The active-assessment sampling 
involved a combination of fixed-interval or fixed-frequency 
sampling—collection of water samples at regular intervals, 
yielding a time where the number of days between samples is 
about the same—and additional samples collected during peri-
ods of high streamflows. For the fixed-interval sampling, two 
to four samples generally were collected each month during 
seasonal periods of high use and runoff of pesticides (typi-
cally 3 to 9 months) and one to two samples a month during 
other periods. High-flow sampling generally was discontinued 
during the 6-year period of low-level monitoring that followed 
the 3- to 4-year period of active assessment (Gilliom and oth-
ers, 2001). Changes to the design of the NAWQA Program in 

2 The dataset provided in appendix 4 comprises 21,988 samples, 844 of 
which are considered inappropriate for trend analysis but are included in the 
dataset for uses other than trend analysis.

3 That is, water samples for analysis of pesticides.

2001 included reduction in the number of long-term monitor-
ing sites and an increased emphasis on regional assessments. 
Information on the USGS NAWQA Program is available at 
http://water.usgs.gov/nawqa/.

National Stream Quality Accounting Network 

NASQAN was redesigned in 1995 to estimate the mass 
flux of pesticides and other constituents at 41 monitoring sites 
in the drainage basins of 4 large river systems: the Mississippi, 
the Rio Grande, the Columbia, and the Colorado. As in the 
NAWQA sampling, pesticide samples generally were col-
lected at each site by using a combination of fixed-interval and 
high-flow sampling (Hooper and others, 2001, p. 1093). Also 
similar to the NAWQA Program, the frequency of fixed-inter-
val sampling typically changed seasonally, with more frequent 
samples during the peak pesticide-runoff periods. Sampling 
frequency at sites downstream of major reservoirs was reduced 
(typically 6 samples per year), whereas the frequency at sites 
on free-flowing reaches was 8 to 12 fixed-interval samples 
per year, plus 0 to 4 high-flow samples per year (Hooper and 
others, 2001, p. 1093; U.S. Geological Survey, 2006). The 
NASQAN sampling strategy was revised in 2000 (U.S. Geo-
logical Survey, 2010); changes included reduced monitoring in 
the Columbia and Colorado River Basins. Information on the 
USGS NASQAN is available at http://water.usgs.gov/nasqan/.

Sample Collection, Processing, and Field 
Quality Control 

NAWQA and NASQAN water samples for pesticide 
analyses are collected and processed by use of similar equip-
ment and procedures. Flow-weighted, depth- and width-
integrated water samples for the analysis of pesticides were 
collected with Teflon-coated isokinetic samplers and processed 
in accordance with standard USGS methods (U.S. Geological 
Survey, variously dated; Shelton, 1994; Edwards and Glysson, 
1999). Equipment that came in contact with sample water was 
constructed of Teflon, glass, aluminum, or stainless steel and 
was cleaned with a dilute solution of phosphate-free detergent 
and rinsed with deionized water and pesticide-grade methanol. 
Water samples were filtered through pre-combusted glass-fiber 
filters with a nominal 0.7-micrometer (µm) pore diameter to 
remove suspended particulate matter, collected in baked amber 
glass bottles, placed on ice in coolers, and shipped to the 
NWQL in Denver, Colorado, for pesticide analysis. 

The quality of the stream-water pesticide data collected 
for the NAWQA Program was monitored by using quality-
control (QC) procedures presented in Mueller and others 
(1997). The field QC program included the collection of 
field blank water samples to assess potential contamination; 
replicate water samples to assess variability; and field matrix 
spikes to assess bias from the analytical method, potential 
pesticide degradation, or matrix effects. Contamination in 
field blank water samples is summarized in Martin and others 

http://water.usgs.gov/nasqan/
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(1999). Variability in replicate water samples is summarized 
in Martin (2002). Pesticide recovery in laboratory reagent 
spikes and field matrix spikes is summarized in Martin (1999), 
Martin and others (2009), and Martin and Eberle (2011). 
NASQAN followed similar QC procedures and collected the 
same types of field-submitted QC samples. The NASQAN QC 
program is summarized in Hooper and others (2001, p. 1095).

Pesticides, Analytical Method, Reporting 
Levels, and Laboratory Quality-Control Programs

The NAWQA Program has used many analytical methods 
and multiple laboratories to measure a wide variety of pesti-
cides in water samples, whereas NASQAN primarily has used 
one analytical method and laboratory. Trend analysis of pesti-
cide data analyzed by different analytical methods or different 
laboratories has the potential to identify trends caused solely 
by differences in the performance of the analytical meth-
ods. The water-quality data review and selection procedures 
described in Martin (2009, appendix 1) ultimately determined 
that only pesticide data from a single laboratory (NWQL) and 
analytical method commonly used by both programs (GCMS) 
were sufficiently extensive in time and space for a national 
assessment of trends. The analytical method, GCMS, is 
described in this section. 

All water-quality samples selected for trend analysis were 
analyzed by NWQL personnel using the GCMS method. Pes-
ticides are isolated from filtered water samples by solid-phase 
extraction and analyzed by capillary-column GCMS with 
selected-ion monitoring (Zaugg and others, 1995; Lindley and 
others, 1996; Madsen and others, 2003). The GCMS method 
provides low-level analyses of as many as 44 commonly used 
pesticides and 8 pesticide degradates4 (table 1). The pesticide 
acetochlor was added to the GCMS method in 1994 (Lindley 
and others, 1996), and the pesticide fipronil and four degra-
dates of fipronil were added to the GCMS method in 1999 
(Madsen and others, 2003).

The GCMS analytical method does not have specified 
“detection limits” for each pesticide analyte. Compounds 
detected and conclusively identified by retention time and 
spectral characteristics are quantified and reported (Zaugg and 

4 The actual number of pesticides analyzed by the GCMS method depends 
on the NWQL analytical “schedule” used to request a pesticide analysis. A 
schedule is a suite of pesticides to be measured by one or more analytical 
methods. Four NWQL schedules used the GCMS method for analysis: 2001, 
2010, 2003, and 2033. Schedules 2001 and 2010 differ only in the location 
of pesticide extraction—2001 is extracted in the laboratory, whereas 2010 
is extracted in the field (Zaugg and others, 1995, p. 43–45). Schedules 2003 
and 2033 are extracted in the laboratory but, compared to schedules 2001 
and 2010, have a reduced number of pesticides analyzed by GCMS (table 
1). NASQAN used schedules 2001 and 2010 exclusively from 1995 through 
October 2007 and used schedule 2033 extensively from November 2007 
through 2010. The NAWQA Program used schedules 2001 and 2010 exten-
sively from 1992 through October 2004, used schedule 2003 extensively from 
November 2004 through May 2005, and used schedule 2033 extensively from 
June 2005 through 2010. The pesticides “selected” for trend analysis are those 
measured in schedules 2001 and 2010.

others, 1995, p. 19–21). Nondetections of pesticides (analyses 
that do not meet identification criteria based on retention time 
and spectral characteristics) are reported as less than the “rou-
tine” reporting level (for example: <0.005 microgram per liter 
(µg/L)). A small number of samples have “matrix effects” or 
other analytical difficulties that interfere with the measurement 
of pesticide retention time or spectral characteristics. Under 
conditions of interference, pesticides (1) cannot be identified/
detected if they are present at concentrations less than the level 
of interference and (2) are reported as nondetections less than 
a “raised” reporting level (for example: <0.03 µg/L; 6 times 
the routine reporting level). Nondetections at raised reporting 
levels indicate the maximum possible concentration of the 
pesticide based on the magnitude of the interference. Raised 
reporting levels always are greater than routine reporting lev-
els. Raised reporting levels are sample-specific and determined 
by the magnitude of the interference. Routine reporting levels 
are the same for all samples (for a given time period) that are 
not affected by interference.

The types and numerical values of routine reporting 
levels used to report nondetections analyzed by GCMS have 
changed over time. Prior to October 2000, GCMS routine 
reporting levels were minimum reporting levels (MRLs) that 
were statistically determined as a function of the standard 
deviation of seven replicate low-level measurements (Zaugg 
and others, 1995, p. 21–33; U.S. Geological Survey, 1994; 
Oblinger Childress and others, 1999, p. 2, 3). MRLs were 
assessed only during the initial stages of method develop-
ment and were not reassessed annually. MRLs for a pesticide 
typically did not change during the pre-October 2000 period. 
Beginning in October 2000, GCMS routine reporting lev-
els were changed from MRLs to laboratory reporting levels 
(LRLs) that were statistically determined as a (more complex) 
function of the standard deviation of at least 24 replicate low-
level measurements (Oblinger Childress and others, 1999). 
LRLs are reassessed annually, and LRLs for a single pesticide 
typically did change during the post-October 2000 period.

A concentration value of approximately 3 times the stan-
dard deviation of the 24 (or more) replicate low-level mea-
surements used to determine the LRL is known as the “long-
term method detection level” (LT-MDL). The maximum value 
of the LT-MDL for water years5 1994–2010 (maxLT-MDL, 
table 1) is the concentration value used in a later section of 
this report to “reassign” the temporally inconsistent concentra-
tion value for routine nondetections to a uniform, temporally 
consistent concentration value for trend analysis.6 The types of 
reporting levels used by NWQL, procedures used to set report-
ing levels, and considerations for data analysis are discussed 
in Oblinger Childress and others (1999). 

5 A water year is the period October 1 through September 30 and is named 
for the year in which it ends.

6 The maxLT-MDL reported in table 1 is rounded according to the rules 
given later in the report.
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6  Sources and Preparation of Data for Assessing Trends in Concentrations of Pesticides in U.S. Streams, 1992–2010

As previously explained, low-level detections of pes-
ticides analyzed by GCMS are not censored at the report-
ing level. All detections meeting identification criteria are 
quantified and reported, although concentrations less than 
the routine reporting level are reported with an “E” remark 
to indicate that the concentration—but not the presence—is 
estimated. In addition, concentrations less than the lowest 
calibration standard or concentrations extrapolated above the 
highest calibration standard also are remarked “E” (Oblinger 
Childress and others, 1999, p. 8–10). Any detection of the 
pesticides azinphos-methyl, carbaryl, carbofuran, deethylat-
razine, or terbacil are reported with an “E” remark, regardless 
of concentration, because these pesticides have lower or more 
variable recovery than other pesticides analyzed by the method 
(Zaugg and others, 1995, p. 35). Data users should infer that 
the uncertainty in the measured concentration (the precision of 
the concentration—not uncertainty in detection) for a concen-
tration remarked “E” is expected to be greater than that for a 
concentration without an “E” remark. 

QC procedures for analytical data produced by the 
NWQL are described at http://nwql.usgs.gov/quality.shtml. 
Laboratory quality-control charts and statistics for the pesti-
cide data provided in this report (since 2001) are available at 
http://nwql.usgs.gov/Public/PublicQAQC/AggregatedCharts.
html. In addition to internal QC programs used by the NWQL, 
the quality of the analytical data produced by the NWQL is 
independently monitored by the USGS Branch of Quality 
Systems (BQS) (http://bqs.usgs.gov/). Blind QC samples are 
made by BQS and submitted to the NWQL as routine environ-
mental samples. The bias and variability of analytical results 
are reported for each pesticide by schedule (http://bqs.usgs.
gov/obsp/). The frequency and magnitude of contamination 
also is measured (http://bqs.usgs.gov/bbp/).

Sources of Water-Quality Data
Water-quality data collected for both the NAWQA Pro-

gram and NASQAN are stored in USGS National Water Infor-
mation System (NWIS) databases and are periodically aggre-
gated into the NAWQA Data Warehouse (DWH) (http:/water.
usgs.gov/nawqa/data). Data aggregations for both monitoring 
programs are subjected to program-specific automated data-
checking routines intended to identify erroneous or incomplete 
coding and missing or unusual pesticide concentrations.

Water-quality data were provided by the DWH (Jessica L. 
Thompson, Information Technology Specialist, U.S. Geologi-
cal Survey, written commun., January 19, 2011). Any water-
quality sample in the DWH with analyses of one or more pes-
ticides of interest was retrieved along with selected supporting 
sample information. 

Review, Selection, and Preparation of 
Water-Quality Data

The principal steps in data review for trend analysis 
were to (1) identify analytical method and schedule, (2) verify 
sample-level coding, (3) exclude inappropriate samples or 
results, (4) review pesticide detections per sample, (5) review 
high pesticide concentrations, and (6) review the spatial and 
temporal extent of pesticide data and selection of analytical 
methods for trend analysis. A detailed discussion of data-
review procedures is provided in Martin (2009, appendix 1).

The principal steps in data preparation for trend analysis 
were to (1) select stream-water sites for trend analysis, (2) 
round concentrations to a consistent level of precision for the 
concentration range, (3) identify routine reporting levels used 
to report nondetections unaffected by matrix interference, 
(4) reassign the concentration value for routine nondetections 
to the maxLT-MDL, (5) adjust concentrations to compensate 
for temporal changes in bias of recovery of the GCMS analyti-
cal method, and (6) identify samples considered inappropriate 
for trend analysis. Details of these procedures are provided in 
the following sections. 

Selection of Stream-Water Sites for Trend 
Analysis

As stated previously, only samples analyzed by the GCMS 
method at NWQL were selected for trend analysis (Martin 
2009, appendix 1). Stream-water sites with at least 3 water years 
of data (and at least six GCMS samples per water year) were 
deemed the minimum data requirements to be potentially useful 
for pesticide trend analysis. The 212 stream-water sites7 that 
met these minimum data requirements are shown in figure 1 and 
listed in table 3. NAWQA Program Study-Unit identifiers used 
in table 3 are explained in table 2.

7 The NAWQA DWH is a dynamic database. Data and coding for samples 
and sites may be updated by local data managers as needed. Five sites 
identified as having sufficient data for trend analysis by Martin (2009) no 
longer have sufficient data for this report. The reason for the decrease in 
the number of samples is not known but likely is the result of changes to 
sample coding or other data-management activities. Similarly, data for 
certain individual samples in the 2009 report may not be included in the data 
appendixes in this report, and vice versa.

http://nwql.usgs.gov/quality.shtml
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Figure 1. Locations of stream-water sites selected for trend analysis.

Table 2. National Water-Quality Assessment Program Study-Unit identifiers (NASQAN sites are coded as “NSQN.”)

Identifier Study Unit name

ACAD Acadian-Pontchartrain Drainages
ACFB Apalachicola-Chattahoochee-Flint River Basin
ALBE Albemarle-Pamlico Drainage Basin
CAZB   Central Arizona Basins
CCYK Central Columbia Plateau-Yakima River Basin
CNBR Central Nebraska Basins
CONN Connecticut, Housatonic, and Thames River Basins
DELR Delaware River Basin
EIWA Eastern Iowa Basins
GAFL Georgia-Florida Coastal Plain
GRSL Great Salt Lake Basins
HDSN Hudson River Basin
LERI Lake Erie-Lake Saint Clair Drainages
LINJ Long Island-New Jersey Coastal Drainages
LIRB Lower Illinois River Basin
LSUS Lower Susquehanna River Basin
MISE Mississippi Embayment
MOBL Mobile River Basin
NECB New England Coastal Basins
NVBR Las Vegas Valley Area and Carson and Truckee River Basins
OZRK Ozark Plateaus

Identifier Study Unit name

PODL Potomac River Basin and Delmarva Peninsula
PUGT Puget Sound Basin
REDN Red River of the North Basin
RIOG Rio Grande Valley
SACR Sacramento River Basin
SANA Santa Ana Basin
SANJ San Joaquin-Tulare Basins
SANT Santee River Basin and Coastal Drainages
SCTX South-Central Texas
SOFL Southern Florida
SPLT South Platte River Basin
TENN Tennessee River Basin
TRIN Trinity River Basin
UCOL Upper Colorado River Basin
UIRB Upper Illinois River Basin
UMIS Upper Mississippi River Basin
USNK Upper Snake River Basin
WHMI White, Great Miami, and Little Miami River Basins
WILL Willamette Basin
WMIC Western Lake Michigan Drainages
YELL Yellowstone River Basin
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16  Sources and Preparation of Data for Assessing Trends in Concentrations of Pesticides in U.S. Streams, 1992–2010

Precision and Rounding

Water-quality data from different periods of time are 
rounded differently. Prior to April 1997, pesticide data 
reported by NWQL were rounded to a greater degree than data 
reported subsequently (U.S. Geological Survey, 1997). Incon-
sistent rounding has the potential to adversely affect trend 
analysis, especially for nonparametric trend approaches based 
on the ranks of the concentrations. Consequently, all pesticide 
concentrations in the trend dataset were rounded to the degree 
used for the pre-April 1997 data (table 4). The same rounding 
rules also were applied to the maxLT-MDL for water years 
1994–2010 (table 1). 

Determination of Reporting Levels 

The types and values of the routine reporting level in 
effect at the time of sample analysis have been recorded in 
the data transmitted to NWIS only since 2001. The need to 
distinguish between routine reporting levels for nondetec-
tions and raised reporting levels for nondetections caused by 
matrix interference was anticipated for some types of analysis 
activities. In this report, the term “routine reporting level” 
refers to the “less than” concentration value used to report 
a pesticide nondetection in the absence of interference. The 
term “raised reporting level” is the “less than” concentra-
tion value used to report a pesticide nondetection in the 
presence of interference. (See section “Pesticides, Analytical 
Method, Reporting Levels, and Laboratory Quality-Control 
Programs.”) A raised reporting level is always greater than 
routine reporting level (for a given period of time). 

The types and values of routine reporting levels and the 
effective dates of their use were obtained from internal NWQL 
files. The values of the routine reporting levels used by NWQL 
were rounded to the precision listed in table 4 and joined to 
the trend data, nondetections in the trend data were classified 
as routine or raised, and time-series plots of reporting levels 
for pesticide nondetections were examined. Several aspects of 
data reporting were observed to change over time: (1) prior to 
December 1994, no information on reporting levels used; (2) 
a period of “overlap” as routine reporting levels changed; and 
(3) a few isolated reporting levels at concentration values less 
than routine reporting levels.

These issues were resolved as follows: (1) reporting 
levels for pre-December 1994 samples were inferred from the 
pattern and values of nondetections in the trend data for this 
period; (2) periods of overlapping routine reporting levels 
were identified by visual inspection of the time-series plots, 
and reporting levels misclassified as raised were manually 
corrected; and (3) unusually low reporting levels were 
attributed to data-management/data-editing errors and were 
changed to nondetections at routine reporting levels. 

A time-series plot of reporting levels for nondetections of 
simazine in the original concentration data provided for all sites 
in the trend dataset is shown in the first panel of figure 2. Time-
series plots of reporting levels for nondetections in the original 
concentration data for all GCMS pesticides are provided in 
first panels of the figures in appendix 1. 

Table 4. Precision of pesticide data reported by the National Water Quality Laboratory  
(U.S. Geological Survey, 1997).

[µg/L, microgram per liter; <, less than]

Pesticide  
concentration  

(µg/L)

Precision of pesticide data (µg/L)

Data prior to April 
1997

Data during and after 
April 1997

Final rounding for 
trend analysis

< 0.001 0.001 0.0001 0.001
0.001 to < 0.01 0.001 0.0001 0.001
0.01 to < 0.1 0.001 0.0001 0.001

0.1 to < 1 0.01 0.001 0.01
1 to < 10 0.1 0.01 0.1

10 to < 100 1 0.1 1
100 to < 1000 10 1 10
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Figure 2. Example time−series plots of nondetections (of simazine) for all sites in the trend dataset showing (1) original
reporting levels; (2) rounded reporting levels and, for routine nondetections, reporting levels reassigned to the maximum
value of the long−term method detection level (maxLT−MDL); and (3) raised reporting levels adjusted for temporal changes
in recovery. Temporal changes in recovery are shown in panel 2 of the figures in appendix 2.

Figure 2. Example time-series plots of nondetections (of simazine) for all sites in the trend dataset showing (1) original reporting levels; 
(2) rounded reporting levels and, for routine nondetections, reporting levels reassigned to the maximum value of the long-term method 
detection level (maxLT-MDL); and (3) raised reporting levels adjusted for temporal changes in recovery.
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Reassigning the Concentration Value for Routine 
Nondetections

Temporal changes in the types and magnitude of report-
ing levels used to report routine nondetections have the 
potential to adversely affect trend analysis because they 
introduce a temporal “structure” to the time series of routine 
nondetections. The temporal structure of routine nondetections 
was removed for trend analysis by “reassigning” the tempo-
rally inconsistent concentration value to a uniform, temporally 
consistent concentration value. The concentration value of all 
pesticide nondetections at routine reporting levels was reas-
signed to a concentration value equal to the maxLT-MDL for 
water years 1994–2010 (table 1). Pesticide nondetections at 
raised reporting levels were not reassigned to maxLT-MDL. 
For most but not all pesticides and time periods, reassigning 
the concentration value of routine nondetections to the maxLT-
MDL resulted in an increase in the nondetected “less than” 
concentration (appendix 1). 

The maxLT-MDL was determined from records provided 
by NWQL (http://nwql.cr.usgs.gov/usgs/ltmdl/ltmdl.cfm). It 
is expected that the maxLT-MDL will be used as a tempo-
rally consistent, conservatively high estimate of the detection 
limit for some types of trend-analysis activities. Data users 
are reminded that the reporting level is not a detection limit 
and that changes in the reporting level reflect changes in the 
variability/precision of low-level quantification or policy 
changes, not changes in detection capability. A time-series plot 
of reporting levels for nondetections of simazine reassigned to 
maxLT-MDL and rounded according to the rules in this section 
for all sites in the trend dataset is shown in the second panel of 
figure 2. 

Adjustment of Concentrations for Temporal 
Changes in Recovery

Temporal changes in the performance of the GCMS 
analytical method used to measure pesticide concentrations 
during 1992–2010 have the potential to mask true trends 
in environmental concentrations or to identify trends in 
environmental concentrations that are caused solely by trends 
in the performance of the GCMS method. Consequently, 
measured concentrations of pesticides were adjusted for 
temporal changes in analytical recovery (Martin and Eberle, 
2011). Data and procedures for modeling temporal changes in 
recovery bias are summarized below.

Recovery of a pesticide compound in the analytical 
process is measured by analysis of “spiked” QC samples. 
“Spikes” are water samples where a known amount of 
pesticide is added to the water sample. Recovery is the 
measured concentration of the pesticide divided by the 
expected concentration and is expressed as a percentage. Both 
bias in recovery and variability of recovery are characteristics 
of method performance. Bias is the systematic error in the 
measurement process and results in measurements that differ 

from the true (or expected) value in the same direction. 
Variability is the random error in the measurement process. 
Changes in the bias of recovery, however, were considered 
more important for trend analysis than changes in the 
variability of recovery.

A locally weighted scatterplot smoothing (lowess) 
procedure was used to fit a center smooth (Cleveland and 
McGill, 1985, p. 833; Helsel and Hirsch, 2002, p. 45–47) to a 
time series of pesticide recovery for 1,819 stream-water matrix 
spikes collected between 1992 and 2010. Temporal changes 
in lowess-modeled recovery of more than 50 percent were 
observed for 18 pesticides (Martin and Eberle, 2011, table 2). 
Measured concentrations of pesticides were adjusted to 100 
percent recovery to compensate for changes in recovery over 
time. Concentrations were adjusted by dividing the measured 
concentration by the lowess-modeled recovery, where 
recovery was expressed as a fraction. Recovery-adjusted 
concentrations were rounded using the criteria in table 4.

Concentrations of nondetections at raised reporting 
levels also were adjusted to 100 percent recovery (third panel 
of fig. 2 and the figures in appendix 1). Some nondetections 
at raised reporting levels were downward adjusted to 
concentrations less than or equal to the maxLT-MDL. These 
recovery-adjusted nondetections were changed to routine 
nondetections at maxLT-MDL. Routine nondetections 
at maxLT-MDL were not adjusted for lowess-modeled 
recovery. Routine nondetections were not adjusted because 
adjustment would create a temporal structure to the time 
series of nondetections and defeat the original purpose of 
reassigning routine nondetections to the maxLT-MDL (see 
section “Reassigning the Concentration Value for Routine 
Nondetections”).

Time-series plots of recovery-adjusted raised reporting 
levels for nondetections of simazine compared to unadjusted 
raised reporting levels for all sites in the trend dataset are 
shown in the third panel of figure 2 and for all GCMS 
pesticides in the third panels of the figures in appendix 1. 
A time-series plot of rounded, detected concentrations of 
simazine in relation to maxLT-MDL for all sites in the trend 
dataset is shown in the first panel of figure 3. Similar time-
series plots of rounded, detected concentrations for all GCMS 
pesticides are provided in the first panels of the figures in 
appendix 2. Lowess-modeled recovery of simazine in stream-
water matrix spikes is shown in the second panel of figure 
3 and for all GCMS pesticides in the second panels of the 
figures in appendix 2. Time-series plots of recovery-adjusted 
concentrations of simazine at White River at Hazleton, 
Indiana, compared to unadjusted concentrations are shown in 
the third panel of figure 3 and for all GCMS pesticides in the 
third panels of the figures in appendix 2.

http://nwql.cr.usgs.gov/usgs/ltmdl/ltmdl.cfm
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Figure 3. Examplpe time−series plots of (1) rounded concentrations (of simazine) in relation to the maximum value of the
long−term method detection level (maxLT−MD) for all sites in the trend data set; (2) modeled temporal changes in recovery;
and, (3) for detections at White River at Hazleton, IN, a comparison of recovery−adjusted versus unadjusted concentrations.
(Concentrations greater than 10 micrograms per liter or recovery greater than 200 percent, if any, are not shown.)

Figure 3. Example time-series plots of (1) rounded concentrations (of simazine) in relation to the maximum value of the long-term 
method detection level (maxLT-MDL) for all sites in the trend dataset; (2) modeled temporal changes in recovery; and, (3) for detections 
at White River at Hazleton, IN, a comparison of recovery-adjusted versus unadjusted concentrations.
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Identification of Samples Considered 
Inappropriate for Trend Analysis

Many trend-analysis approaches require the removal of 
samples collected too frequently in time. Samples collected 
too frequently in time typically have highly correlated, redun-
dant information that is inappropriate for use in trend analy-
ses. At some sites, samples were collected frequently during 
periods of storm runoff to characterize changes in pesticide 
concentrations during storm runoff. This storm-sampling strat-
egy resulted in a series of samples at the site that, for some 
samples, differed only days, hours, or even minutes in time. 

In view of the sampling strategies used since 1992, an 
approximately weekly sampling frequency was considered the 
maximum frequency for a national trend analysis of these data. 
All samples at a site were assigned to calendar weeks (Sunday 
through Saturday). If two or more samples were collected dur-
ing the same calendar week, only the sample collected closest 
in time to noon Wednesday was retained for trend analysis. 
This procedure identified 844 samples that were collected too 
frequently and, hence, are considered inappropriate for trend 
analysis. All samples, however, were retained in the trend 
dataset because they have uses beyond trend analysis (for 
example, load calculations or toxicity assessments). Samples 
considered appropriate for trend analysis are identified by the 
variable “trend = KEEP” in the dataset (appendix 4).

Dataset for Trend Assessment
The site- and sample-selection criteria described in the 

preceding sections produced a dataset of 21,988 pesticide 
samples at 212 stream-water sites (table 3). Only 21,144 
pesticide samples, however, are considered appropriate for 
trend analysis. Tab-delimited American Standard Code for 
Information Interchange (ASCII) data files and metadata are 
provided in appendixes 3–5. Data for stream-water sites and 
their drainage basins are provided in appendix 3, data for pes-
ticide concentrations in stream-water samples are provided in 
appendix 4, and data for pesticides selected for trend analysis8 
are provided in appendix 5.

Summary
This report provides a water-quality dataset of 44 com-

monly used pesticides and 8 pesticide degradates suitable for 
a national assessment of pesticide trends in streams and rivers 
of the United States. Water-quality samples collected from 

8 The pesticides “selected” for trend analysis are those measured by the 
GCMS analytical method in schedules 2001 and 2010 (table 1). Martin (2009, 
appendix 1) determined that only pesticides analyzed by the GCMS analytical 
method were sufficiently extensive in time and space for a national assessment 
of trends.

January 1992 through September 2010 at stream-water sites of 
the U.S. Geological Survey (USGS) National Water-Quality 
Assessment (NAWQA) Program and the National Stream 
Quality Accounting Network (NASQAN) were compiled, 
reviewed, selected, and prepared for trend analysis. The 
principal steps in data review for trend analysis were to (1) 
identify analytical schedule, (2) verify sample-level cod-
ing, (3) exclude inappropriate samples or results, (4) review 
pesticide detections per sample, (5) review high pesticide 
concentrations, and (6) review the spatial and temporal extent 
of NAWQA pesticide data and selection of analytical methods 
for trend analysis. The principal steps in data preparation for 
trend analysis were to (1) select stream-water sites for trend 
analysis, (2) round concentrations to a consistent level of pre-
cision for the concentration range, (3) identify routine report-
ing levels used to report nondetections unaffected by matrix 
interference, (4) reassign the concentration value for routine 
nondetections to the maximum value of the long-term method 
detection level (maxLT-MDL), (5) adjust concentrations to 
compensate for temporal changes in bias of recovery of the 
gas chromatography/mass spectrometry (GCMS) analytical 
method, and (6) identify samples considered inappropriate for 
trend analysis.

Samples analyzed at the USGS National Water Quality 
Laboratory (NWQL) by the GCMS analytical method were 
the most extensive in time and space and, consequently, were 
selected for trend analysis. Stream-water sites with 3 or more 
water years of data with six or more samples per year were 
selected for pesticide trend analysis. The selection criteria 
described in the report produced a dataset of 21,988 pesticide 
samples at 212 stream-water sites. Only 21,144 pesticide sam-
ples, however, are considered appropriate for trend analysis.
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Appendixes

The appendixes are separate documents, available for downloading at—

 http://pubs.usgs.gov/ds/655/ 

Appendixes 1 and 2 are series of graphs; appendixes 3 through 5 are datasets and  
accompanying metadata. 

Appendixes:
 1.  Time-series plots of nondetections of pesticides for all sites in the trend dataset  

showing (1) original reporting levels; (2) rounded reporting levels and, for routine  
nondetections, reporting levels reassigned to the maximum value of the long-term 
method detection level (maxLT-MDL); and (3) raised reporting levels adjusted for tem-
poral changes in recovery.

 2.  Time-series plots of (1) rounded concentrations of pesticides in relation to the  
maximum value of the long-term method detection level (maxLT-MDL) for all sites in 
the trend dataset; (2) modeled temporal changes in recovery; and, (3) for detections 
at White River at Hazleton, IN, a comparison of recovery-adjusted versus unadjusted 
concentrations.

 3.  Data file of stream-water sites selected for trend analysis.
 4.  Data files of pesticide concentrations in stream-water samples.
 5.  Data file of pesticides selected for trend analysis.

http://pubs.usgs.gov/ds/655/
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