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Trends in Pesticide Concentrations in Urban Streams in 
the United States, 1992–2008

By Karen R. Ryberg, Aldo V. Vecchia, Jeffrey D. Martin, and Robert J. Gilliom

Abstract
Pesticide concentration trends in streams dominated 

by urban land use were assessed using data from 27 urban 
streams sampled as part of the U.S. Geological Survey 
National Water-Quality Assessment Program. The sites were 
divided into four regions, Northeast, South, Midwest, and 
West, to examine possible regional patterns. Three partially 
overlapping 9-year periods (1992–2000, 1996–2004, and 
2000–2008) were examined for eight herbicides and one 
degradation product (simazine, prometon, atrazine, deethyla-
trazine, metolachlor, trifluralin, pendimethalin, tebuthiuron, 
and Dacthal), and five insecticides and two degradation 
products (chlorpyrifos, malathion, diazinon, fipronil, fipro-
nil sulfide, desulfinylfipronil, and carbaryl). The data were 
analyzed for trends in concentration using a parametric 
regression model with seasonality, flow-related variability, and 
trend, called SEAWAVE-Q. The SEAWAVE-Q model also was 
used to generate estimated daily concentration percentiles for 
each analysis period to provide a summary of concentration 
magnitudes. 

For herbicides, the largest 90th percentiles of estimated 
concentrations for simazine were in the South, prometon at 
some sites in all of the regions, atrazine and deethylatrazine 
in the South and Midwest, metolachlor in the Midwest and a 
few sites in the South, pendimethalin at scattered sites in all of 
the regions, and tebuthiuron in the South and a few sites in the 
Midwest and West. For insecticides, the largest 90th percen-
tiles of estimated concentrations for diazinon and carbaryl 
were distributed among various sites in all regions (especially 
during 1996–2004), and fipronil at isolated sites in all of the 
regions during 2000–2008.

Trend analysis results for the herbicides indicated many 
significant trends, both upward and downward, with varying 
patterns depending on period, region, and herbicide. Overall, 
deethylatrazine showed the most consistent pattern of upward 
trends, especially in the Northeast (2000–2008), South (1996–
2004 and 2000–2008), and Midwest (1996–2004 and 2000–
2008). Other herbicides showed less consistent upward trends, 
including simazine in the South (1996–2004), prometon in the 
Midwest (2000–2008), and atrazine in the South (1996–2004). 
The most consistent downward trends were for simazine in 

the Northeast and Midwest (1996–2004), prometon in the 
Northeast and Midwest (1996–2004) and West (1996–2004 
and 2000–2008), and tebuthiuron in the South (1996–2004 and 
2000–2008) and West (2000–2008). 

Strong similarity existed between the trends for atrazine 
and deethylatrazine during 1996–2004. During 2000–2008, 
however, there were mixed upward and downward trends in 
atrazine and predominantly upward trends in deethylatrazine. 
Ten sites with a downward trend in atrazine were paired with 
an upward trend in deethylatrazine and for three of these sites 
(1 in the South and 2 in the Midwest) both opposing trends 
were significant. Opposing trends showing a decrease in 
atrazine and an increase in deethylatrazine may indicate that 
decreases in atrazine from surface runoff are being offset in 
some cases by increases in deethylatrazine from groundwater 
for the latter analysis period. 

Trend results for insecticides indicated widespread 
significant downward trends for chlorpyrifos (especially 
1996–2004), diazinon (1996–2004 and 2000–2008), and 
malathion (especially 1996–2004); widespread signifi-
cant upward trends for fipronil and its degradation prod-
ucts (2000–2008); and mostly nonsignificant trends for 
carbaryl (1996–2004 and 2000–2008). The downward trends 
for chlorpyrifos and diazinon were consistent with the regula-
tory phaseout of residential uses of these insecticides and 
the upward trends for fipronil and its degradation products 
were consistent with its introduction in 1996 and subsequent 
increasing use as a possible substitute for chlorpyrifos and 
diazinon. The downward trends in malathion may be caused 
by voluntary substitution of pyrethroids or fipronil for mala-
thion. Although carbaryl trends were mostly nonsignificant, 
most of the trends for 1996–2004 were upward and four of 
the upward trends were significant. The upward tendency in 
carbaryl concentrations during that time may indicate some 
substitution of carbaryl for chlorpyrifos and diazinon. For 
2000–2008, carbaryl trends were mixed upward and down-
ward and the trends were mostly nonsignificant. Despite 
voluntary cancellation of some residential uses of carbaryl 
beginning in about 2000, there were only four significant 
downward trends during 2000–2008 and two significant 
upward trends during that time. Voluntary cancellations of 
some carbaryl uses may not have decreased overall carbaryl 
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usage in some areas, or decreases in some uses may have been 
offset by substitution of carbaryl for chlorpyrifos and diazinon.

Introduction
More than 450 million kilograms (kg) of pesticides are 

used each year in the United States to control weeds, insects, 
and other pests in agricultural areas, urban areas, and a variety 
of other land-use settings (Gilliom and others, 2006). The 
use of pesticides has resulted in a range of benefits, includ-
ing increased food production and a decrease in insect-borne 
disease. However, the use of pesticides also raises questions 
about possible adverse effects on the environment, including 
water quality. Once released into the environment, pesticides 
can move through the hydrologic system to streams and 
groundwater, where they may have unintended effects on 
humans, aquatic life, or wildlife (Gilliom and others, 2006). 

The National Water-Quality Assessment (NAWQA) 
Program of the U.S. Geological Survey (USGS) has conducted 
a series of regional and national assessments of pesticide 
trends for streams with a variety of land use, geographic, and 
hydrologic settings throughout the country. Information is 
needed that focuses on pesticide trends in streams dominated 
by urban land use. To address this need, the USGS analyzed 
pesticide data from 27 urban streams, sampled throughout 
the United States as part of NAWQA studies, for trends in the 
concentrations of the most frequently detected pesticides for 
the sampling period 1992–2008.

The use of pesticides in urban settings changes over time 
in response to changes in factors such as land use, pesticide 
effectiveness, regulations, market forces, and development of 
new pesticides. Unlike agricultural uses for which pesticide 
use can be reasonably estimated for a particular basin and year 
(Sullivan and others, 2009), the amount of a pesticide applied 
in an urban setting is virtually impossible to estimate because 
few records of use are available. In addition to urban uses, 
some of the urban streams included in the study have some 
agricultural land in their drainage basins, which could contrib-
ute some pesticides, and some of the streams are in agricul-
tural regions, which may contribute pesticides to urban areas 
by atmospheric deposition. 

 Evaluation of trends in pesticide concentrations in urban 
streams provides valuable insight for understanding how 
concentrations of individual pesticides may be changing in 
relation to potential causal mechanisms, such as changes in 
use of pesticides because of factors ranging from national 
scale changes (including mandated phasing out of pesticides, 
voluntary cancellation of uses, and substitution of new pesti-
cides for phased-out pesticides) to localized factors (including 
increases in urbanization). Although quantitative estimates 
of pesticide usage in urban settings are not readily available, 

qualitative information regarding changes in regulation and 
phase out of pesticides is. By identifying the directions, 
periods, and statistical significance of past trends, in context 
with regulation changes, the study described in this report 
provides a step toward achieving the goal of definitive attribu-
tion of trends in urban-stream pesticide detection. 

Purpose and Scope

The purpose of this report is to assess trends in the 
concentrations of commonly detected pesticides in streams 
dominated by urban land use and, to the extent possible, 
interpret the trends in relation to available information on 
pesticide uses and regulations during 1992–2008. Concentra-
tion trends were assessed for eight herbicides and one degra-
dation product (simazine, prometon, atrazine, deethylatrazine, 
metolachlor, trifluralin, pendimethalin, tebuthiuron, and 
Dacthal) and five insecticides and two degradation products 
(chlorpyrifos, malathion, diazinon, fipronil, fipronil sulfide, 
desulfinylfipronil, and carbaryl). An overview of concentration 
patterns is also provided as context for the trend analysis. All 
of these most commonly detected herbicides and insecticides 
have known nonagricultural uses, although not well quantified, 
and some pesticides may be contributed to the streams from 
nearby agricultural usage. 

Data from 27 urban-stream sites sampled throughout 
the United States were used in the assessment, including 
sites from each of 4 regional groupings—Northeast, South, 
Midwest, and West (fig. 1). Pesticide concentrations for these 
27 sites were analyzed for trends during each of three partially 
overlapping 9-year periods: 1992–2000, 1996–2004, and 
2000–2008. Depending on minimum data requirements for 
assessing trends as described in the Selection of Pesticides and 
Time Periods for Trend Analysis section, different subsets of 
the sites were included for each period and pesticide. 
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Study Design and Methods

Site Selection

The 27 stream sites analyzed in this study (table 1; fig. 1) 
are a subset of 201 sites that were sampled as part of NAWQA 
studies and the USGS National Stream Quality Accounting 
Network (NASQAN), and which were selected as part of a 
national set of sites that have adequate pesticide data for trend 
analysis (Martin, 2009). The 27 sites were those classified 
as “urban,” based on the criteria of greater than 25 percent 
of the drainage basin in urban land use and agricultural land 
use of no more than 25 percent (Martin, 2009). The land use 
was determined from drainage basin boundaries provided by 
NAWQA (as of March 11, 2009) overlain with 30-meter (m) 
resolution National Land Cover Database (NLCD) land-cover 
data (Martin, 2009, appendix 4; Homer and others, 2004). 
Drainage areas for the sites range from 26.0 to 6,250 square 
kilometers (km2; median 80.7 km2); urban land use in 2001 
ranged from 27.6 to 100 percent of the drainage areas (median 
73.9 percent); and population density in 2000 ranged from 
275 to 2,364 people per km2 (median 847 people per km2). 
In addition to the land-use requirements, each of the 27 sites 
had at least 5 years of concentration data and concurrent daily 
streamflow data.

Sample Collection, Processing, and Field 
Quality-Control Program

Sampling strategies varied by site and among some years, 
but followed guidelines established by the NAWQA Program 
(Crawford, 2004; Gilliom and others, 1995). Samples were 
collected using a combination of fixed-interval and high-flow 
sampling procedures. The fixed-interval sampling was more 
frequent during the times of year when pesticide concentra-
tions usually were greatest, typically during the growing 
season. The typical frequency of sampling ranged from four 
times per month to once a month or once every other month, 
depending on the time of the year. 

Flow-weighted, depth- and width-integrated water 
samples for the analysis of pesticides were collected using 
Teflon-coated isokinetic samplers and processed following 
standard USGS methods (U.S. Geological Survey, variously 
dated; Shelton, 1994; Edwards and Glysson, 1999). Most 
water samples were collected from bridges or by wading. 
All sample-collection and processing equipment that came 
in contact with sample water were constructed of Teflon, 
glass, aluminum, or stainless steel. Equipment was cleaned 
with a dilute solution of phosphate-free detergent and rinsed 
with deionized water and pesticide-grade methanol. Water 
samples were filtered using pre-combusted glass-fiber 
filters with a nominal 0.7-micrometer (μm) pore diameter to 
remove suspended particulate matter and collected in baked 
amber glass bottles. Filtered samples were placed on ice in 

coolers and shipped to the National Water Quality Laboratory 
(NWQL) in Denver, Colorado, for pesticide analysis.

The quality of the stream-water pesticide data was 
monitored 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 variabil-
ity, 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 (1999). Variability in field replicate water 
samples is summarized in Martin (2002). Pesticide recovery 
in laboratory reagent spikes and field matrix spikes is summa-
rized in Martin and others (2009). QC data are stored in the 
NAWQA Data Warehouse, http://water.usgs.gov/nawqa/data.

Analytical Method for Pesticides

All water-quality samples for pesticide trend analysis 
were analyzed by NWQL using a gas chromatography/mass 
spectrometry (GCMS) method. Pesticides were 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). This method is available from the National 
Environmental Methods Index (http://www.nemi.gov/) as 
USGS-NWQL method O–1126–95. The GCMS method 
provides low-level analyses of as many as 44 commonly used 
pesticides and 8 pesticide degradates. The pesticide fipronil 
and four degradates 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 
conclusively identified (detected) by retention time and 
spectral characteristics are quantified and reported (Zaugg 
and 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 reporting level (for example: <0.005 μg/L [less than 
0.005 micrograms per liter]). The types and numerical values 
of reporting levels used to report nondetections of pesticides 
analyzed by GCMS have changed through time. Martin (2009) 
has additional information on reporting procedures for GCMS 
analytical data.

Sources and Preparation of Concentration Data 
for Trend Analysis

For the trend analyses in this report, the pesticide data 
set (1992–2006) provided in Martin (2009, Appendix 5a) 
was extended with approximately 2 additional years of data 
(through summer 2008) obtained from NAWQA Data Ware-
house data managers (Jessica L. Thompson, U.S. Geologi-
cal Survey, written commun., November 5, 2008). Pesticide 

http://water.usgs.gov/nawqa/data


Table 1. Selected information for stream sites dominated by urban land use and selected for pesticide trend analysis, 1992–2008.
[USGS, U.S. Geological Survey; km2, square kilometers; basins were delineated by a number of USGS hydrologists and geographers in National Water-Quality Assessment Program study units using a variety 
of methods using data sources at multiple scales and were current as of December 2009 (N. Nakagaki, U.S. Geological Survey, 2009, written commun.); NLCD, National Landcover Database, U.S. Geological 
Survey, 2007, and Fry and others, 2009; population data based on 1990 and 2000 population counts (U.S. Bureau of the Census, 1992, and Geolytics, Inc., 2001) and 1990 and 2000 census block group bound-
aries (U.S. Bureau of the Census, 2001a and 2001b)]

Site 
number 
(fig. 1)

Site 
short 
name

USGS station 
number

Site name
Drainage 

area  
(km2)

Percent land use Population density

Urban 2001 
from NLCD 

Change 
Product

Urban 1992 
from NLCD 

Change 
Product

Urban land use, 
percent change 

in total from  
1992 to 2001

2000 
(People 
per km2)

1990 
(People 
per km2)

Percent change 
from  

1990 to 2000

Northeast

1 ABERJ 01102500 Aberjona River at Winchester, Mass. 59.8 79.3 78.0 1.7 1,141 1,126 1.3
2 CHRLS 01104615 Charles River above Watertown Dam at Watertown, Mass. 695 41.2 40.1 2.7 571 534 6.9
3 NRWLK 01209710 Norwalk River at Winnipauk, Conn. 85.1 27.6 27.1 1.7 281 255 10.2
4 LISHA 01356190 Lisha Kill near Niskayuna, N.Y. 40.0 51.2 49.3 3.9 552 524 5.3
5 BOUND 01403900 Bound Brook at Middlesex, N.J. 126 61.2 60.3 1.6 1,391 1,292 7.7
6 ACCOT 01654000 Accotink Creek near Annandale, Va. 60.7 61.8 59.0 4.8 1,610 1,440 11.8

South
7 SWIFT 02087580 Swift Creek near Apex, N.C. 53.9 73.9 64.4 14.8 726 489 48.5
8 GILLS 02169570 Gills Creek at Columbia, S.C. 154 51.8 50.7 2.2 481 445 8.1
9 SOPEC 02335870 Sope Creek near Marietta, Ga. 79.5 74.4 68.3 9.0 902 793 13.7

10 CHATT 02338000 Chattahoochee River near Whitesburg, Ga. 6,250 28.8 25.4 13.3 311 231 34.6
11 CAHAB 0242354750 Cahaba Valley Creek at Cross Creek Road at Pelham, Ala. 66.1 30.2 28.4 6.4 275 216 27.3
12 FLTCH 07031692 Fletcher Creek at Sycamore View Road at Memphis, Tenn. 79.0 85.0 70.7 20.3 847 442 91.6
13 WHITE 08057200 White Rock Creek at Greenville Avenue at Dallas, Tex. 173 91.2 77.1 18.2 1,510 987 53.0
14 SALAD 08178800 Salado Creek at Loop 13 at San Antonio, Tex. 506 53.7 46.1 16.6 624 508 22.8

Midwest

15 HOLES 393944084120700 Holes Creek at Huffman Park at Kettering, Ohio 51.9 85.5 82.4 3.8 650 572 13.6
16 LBUCK 03353637 Little Buck Creek near Indianapolis, Ind. 44.6 86.9 71.9 20.9 749 572 30.9
17 LINCO 040869415 Lincoln Creek at 47th Street at Milwaukee, Wis. 26.0 91.6 91.0 .7 2,222 2,184 1.7
18 CLINT 04161820 Clinton River at Sterling Heights, Mich. 803 48.5 46.6 4.1 469 413 13.6
19 SHING 05288705 Shingle Creek at Queen Avenue at Minneapolis, Minn. 73.0 78.4 76.3 2.7 1,093 1,045 4.6
20 SALTC 05531500 Salt Creek at Western Springs, Ill. 291 90.7 87.0 4.3 1,183 1,116 6.0
21 DPLAI 05532500 Des Plaines River at Riverside, Ill.  1,630 63.0 60.0 5.0 868 780 11.3

West

22 LCOTT 10168000 Little Cottonwood Creek at Jordan River near Salt Lake City, 
Utah

117 29.0 28.1 3.3 493 473 4.2

23 WARMC 11060400 Warm Creek near San Bernardino, Calif. 30.9 96.1 95.6 .5 1,900 1,887 .7
24 SANTA 11074000 Santa Ana River below Prado Dam, Calif. 3,730 39.1 37.5 4.2 539 451 19.5
25 ARCAD 11447360 Arcade Creek near Del Paso Heights, Calif. 81.5 100.0 97.9 2.1 2,034 1,986 2.4
26 THORN 12128000 Thornton Creek near Seattle, Wash. 29.2 95.8 95.7 .1 2,364 2,205 7.2
27 FANNO 14206950 Fanno Creek at Durham, Oreg. 80.7 87.0 85.2 2.1 1,502 1,202 25.0
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Table 2. Pesticides and degradates selected for 1992–2008 urban-stream trend analysis.

[Sorted by U.S. Geological Survey (USGS) parameter code with the exception of degradation products which are listed after parent product regardless of param-
eter code; DCPA, dimethyl tetrachloroterephthalate; CAS, Chemical Abstracts Service; year registered from U.S. Environmental Protection Agency (USEPA) 
registration and reregistration documents (variously dated); --, not defined or not applicable]

Pesticide  
compound  
(synonym)

USGS 
parameter 

code

CAS  
numbera Pesticide class (subclass)

Parent  
pesticide, 

if degradate

Year first  
registered for 
use by USEPA

Herbicides and degradates

Simazine 04035 122-34-9 Triazine (chlorotriazine) -- 1984
Prometon 04037 1610-18-0 Triazine (methoxytriazine) -- 1959
Atrazine 39632 1912-24-9 Triazine (chlorotriazine) -- 1958
Deethylatrazine 04040 6190-65-4 degradate Atrazine --
Metolachlor 39415 51218-45-2 Amide (chloroacetanilide) -- 1976
Trifluralin 82661 1582-09-8 Dinitroaniline -- 1963
Pendimethalin 82683 40487-42-1 Dinitroaniline -- 1974
Tebuthiuron 82670 34014-18-1 Urea (thiadiazolylurea) -- 1974
Dacthal (DCPA) 82682 1861-32-1 Chlorobenzoic acid ester/organochlorine -- 1958

Insecticides and degradates

Chlorpyrifos 38933 2921-88-2 Organophosphate (pyridine organothiophosphate) -- 1965
Malathion 39532 121-75-5 Organophosphate (aliphatic organothiophosphate) -- 1956
Diazinon 39572 333-41-5 Organophosphate (pyrimidine organothiophosphate) -- 1956
Fipronil 62166 120068-37-3 Pyrazole (phenylpyrazole) -- 1996
Fipronil sulfide 62167 120067-83-6 degradate Fipronil --
Desulfinylfipronil 62170 -- degradate Fipronil --
Carbaryl 82680 63-25-2 Carbamate -- 1959

aThis report contains CAS Registry Numbers®, which is a registered trademark of the American Chemical Society. CAS recommends the verification of the 
CASRNs through CAS Client ServicesSM.
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data analyzed by the GCMS method for the 201 stream sites 
selected by Martin (2009, table 2) were identified and samples 
collected prior to September 1, 2005, from Martin (2009) were 
merged with samples collected on or after September 1, 2005, 
from the November 2008 data retrieval.

Pesticide concentration data were prepared for trend 
analysis using the approach presented in Martin (2009). The 
principal steps in data preparation were to (1) identify routine 
reporting levels used to report nondetections; (2) reassign the 
concentration value for routine nondetections to the maximum 
value of the long-term method detection level; (3) round 
concentrations to a consistent level of precision for the 
concentration range; (4) adjust concentrations to compensate 
for temporal changes in bias of recovery of the GCMS analyti-
cal method; and (5) identify and remove samples collected too 
frequently in time for trend analysis. In addition to the proce-
dures used by Martin (2009), at selected sites with sufficient 
low-level pesticide detections, the concentration for routine 
nondetections was lowered from the maximum of the long-
term method detection level (maxLT-MDL) to the median 
concentration of the low-level detections (qlow50). These 
data-preparation steps are further described in appendix 1 (at 
the back of this report).

Selection of Pesticides and Time Periods for 
Trend Analysis

Of the 52 pesticide compounds included in the USGS 
GCMS method described in the Analytical Methods for Pesti-
cides section, 16 compounds with the highest overall rates of 
detection (based on initial exploratory data analysis and the 
data requirements for trend analysis) for the 27 urban sites 
were selected for trend analysis (table 2), including 9 herbi-
cides and degradates and 7 insecticides and degradates. The 
16 compounds span a considerable range of characteristics and 
factors that can affect trends and a considerable range of rela-
tive importance among urban and agricultural applications.

The two considerations that determined the time periods 
for trend analysis and interpretation for each pesticide were: 
(1) the dates for which water samples were collected and 
analyzed for a particular site needed to be representative of 
the trend period being assessed and (2) there needed to be at 
least 10 uncensored concentrations (detections at or above 
the censoring level) for a particular site-pesticide combina-
tion. The first consideration, representative sample cover-
age, is illustrated by the example in table 3, which shows for 



Table 3. Annual sample sizes for carbaryl for selected urban-stream sites, 1992–2008.

[Yellow bar indicates that carbaryl samples at particular sites were sufficient for analysis for the 1992–2000 period; green bar indicates that carbaryl samples at 
particular sites were sufficient for analysis for the 1996–2004 period; blue bar indicates that carbaryl samples at particular sites were sufficient for analysis for 
the 2000–2008 period.]

Site 
number 
(fig. 1)

Site 
short 
name

Number of samples used for trend assessment

1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008

3 NRWLK 0 32 26 0 0 13 17 17 17 13 28 16 8 4 6 0 0

4 LISHA 0 0 18 18 0 0 0 0 3 10 8 8 8 7 19 2 11

8 BOUND 0 0 0 0 18 19 3 0 0 10 9 8 7 0 3 16 0

7 SWIFT 0 0 0 0 0 0 0 0 0 8 22 14 8 6 10 18 0

10 CHATT 0 0 3 3 0 8 5 12 12 13 16 17 7 6 9 18 9

12 FLTCH 0 0 0 0 4 19 0 0 0 8 9 9 7 0 0 0 0

16 LBUCK 23 29 14 11 13 9 11 8 13 19 22 14 7 0 0 0 0

27 FANNO 0 13 9 5 0 0 0 0 0 18 25 13 10 6 9 17 0
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selected sites the number of carbaryl concentration values that 
were available for trend analysis for each year, regardless of 
whether or not the values were censored. The sample sizes for 
the other pesticides analyzed, except fipronil and its degra-
dates, were similar to carbaryl (fipronil and its degradates 
were not analyzed before 1999). The years in which samples 
were collected varied considerably from site to site (table 3). 
Therefore, to facilitate comparisons among trends from differ-
ent sites, the entire sampling interval (1992–2008) was split 
into three partially overlapping 9-year periods: 1992–2000, 
1996–2004, and 2000–2008.

The minimum sampling criteria for a particular site to 
be considered adequately representative of a particular 9-year 
trend assessment period were (1) at least 2 years with four or 
more samples collected during the first 5 years of the assess-
ment period and (2) at least 2 years with four or more samples 
collected during the last 5 years of the assessment period. 
For the sites shown in table 3 and the first assessment period 
(1992–2000), only two sites (3, NRWLK and 16, LBUCK) 
met these criteria. Two sites (4, LISHA and 27, FANNO) did 

not have enough samples during the last part of the period 
(1996–2000), three sites (8, BOUND; 10, CHATT; and 12, 
FLTCH) did not have enough samples during the first part 
(1992–96), and one site (7, SWIFT) did not have any samples 
during 1992–2000. For the 1996–2004 assessment period, all 
of the sites in table 3 except 4, LISHA; 7, SWIFT; and 27, 
FANNO met the criteria and for the 2000–2008 period, all of 
the sites except 12, FLTCH and 16, LBUCK met the criteria. 

The sites and pesticides that satisfied the minimum 
sampling criteria for each trend assessment period are shown 
in table 4. Sites not listed for an assessment period were not 
representative of the given period, regardless of the pesticide 
being considered. In the trend results described the Trends in 
Pesticide Concentration section, such cases will be referred 
to as “NR” for “not representative” of the trend assessment 
period. Unshaded cells in the table indicate cases where there 
were enough samples collected for that site, but for which the 
data were too highly censored to analyze trends for the given 
pesticide (except for fipronil and its degradates, which were 
not collected for the first two assessment periods).  



Table 4. Number of uncensored concentrations for pesticides in urban-stream samples, 1992–2008.

[Shaded cells indicate site/pesticide samples with at least 10 uncensored concentrations during the trend assessment period; DCPA, dimethyl tetrachloro- 
terephthalate; --, indicates that fipronil and its degradates were not considered for trend analysis in the first two periods because samples were not analyzed  
for fipronil and its degradates until 1999] 

Trend  
assess-

ment 
period

Site  
number 
(fig. 1)

Site  
short  
name

Number of uncensored concentrations

Simazine Prometon Atrazine Deethylatrazine Metolachlor Trifluralin Pendimethalin Tebuthiuron
Dacthal 
(DCPA)

1992–2000 3 NRWLK 43 97 80 42 32 10 1 0 11
6 ACCOT 76 78 64 48 74 11 29 6 21
9 SOPEC 78 39 75 36 9 8 23 61 5

16 LBUCK 113 118 118 112 118 29 21 46 47

1996–2004 1 ABERJ 21 51 40 17 28 16 7 9 0
2 CHRLS 5 14 29 8 3 0 1 0 4
3 NRWLK 28 112 88 58 42 13 0 1 1
5 BOUND 45 66 67 58 52 16 13 28 20
6 ACCOT 104 112 88 64 99 25 30 10 12
8 GILLS 77 71 76 68 19 0 4 74 1
9 SOPEC 92 57 88 64 5 11 23 90 7

10 CHATT 88 67 87 43 13 1 4 60 2
11 CAHAB 86 30 85 82 6 12 10 12 0
12 FLTCH 56 43 54 51 54 13 20 19 2
13 WHITE 120 114 120 120 117 11 66 37 16
14 SALAD 43 70 70 65 15 0 3 69 2
15 HOLES 74 99 104 94 73 27 23 0 0
16 LBUCK 96 116 116 110 112 11 13 8 8
18 CLINT 58 60 69 63 63 6 4 1 7
19 SHING 6 82 73 51 56 8 4 32 19
20 SALTC 44 59 66 63 54 11 5 2 5
21 DPLAI 30 50 53 51 48 9 3 25 3
22 LCOTT 11 68 54 45 0 7 17 39 26
23 WARMC 42 36 2 2 2 0 0 18 25
25 ARCAD 50 69 16 0 48 18 13 23 41
26 THORN 30 68 17 0 0 6 0 1 1

2000–2008 2 CHRLS 4 13 38 15 7 0 1 0 0
3 NRWLK 10 73 54 37 20 8 0 1 0
4 LISHA 8 39 29 16 33 1 3 0 0
5 BOUND 20 45 48 37 34 5 4 14 3
6 ACCOT 85 93 70 51 78 17 21 7 4
7 SWIFT 83 74 69 36 44 7 9 8 1
8 GILLS 56 53 58 52 23 0 0 53 1
9 SOPEC 109 82 106 85 4 9 24 105 5

10 CHATT 106 82 105 69 23 2 5 76 5
11 CAHAB 81 24 81 78 5 9 7 6 0
13 WHITE 107 92 107 107 96 9 60 13 8
14 SALAD 59 80 80 77 9 3 8 76 7
17 LINCO 24 64 70 63 51 1 11 60 3
18 CLINT 37 44 53 47 47 3 2 1 1
19 SHING 2 67 59 44 45 1 3 26 6
20 SALTC 37 62 75 72 63 11 6 2 2
22 LCOTT 7 62 49 47 0 7 12 39 24
24 SANTA 83 69 59 37 16 1 2 6 48
25 ARCAD 53 76 12 2 60 20 26 17 44
26 THORN 22 61 7 0 0 11 0 1 6
27 FANNO 87 71 83 43 48 24 6 57 2
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Table 4. Number of uncensored concentrations for pesticides in urban-stream samples, 1992–2008.—Continued

[Shaded cells indicate site/pesticide samples with at least 10 uncensored concentrations during the trend assessment period; DCPA, dimethyl tetrachloro- 
terephthalate; --, indicates that fipronil and its degradates were not considered for trend analysis in the first two periods because samples were not analyzed  
for fipronil and its degradates until 1999] 

Trend  
assessment 

period

Site  
number  
(fig. 1)

Site  
short  
name

Number of uncensored concentrations

Chlorpyrifos Malathion Diazinon Fipronil
Fipronil 
sulfide

Desulfinyl-
fipronil

Carbaryl

1992–2000 3 NRWLK 2 2 30 -- -- -- 26
6 ACCOT 41 11 75 -- -- -- 49
9 SOPEC 39 10 70 -- -- -- 33

16 LBUCK 64 26 109 -- -- -- 36

1996–2004 1 ABERJ 3 0 55 -- -- -- 38
2 CHRLS 0 0 21 -- -- -- 13
3 NRWLK 3 1 36 -- -- -- 28
5 BOUND 24 7 59 -- -- -- 37
6 ACCOT 25 11 105 -- -- -- 69
8 GILLS 32 32 63 -- -- -- 21
9 SOPEC 20 5 76 -- -- -- 30

10 CHATT 9 3 81 -- -- -- 44
11 CAHAB 22 2 60 -- -- -- 15
12 FLTCH 30 25 47 -- -- -- 37
13 WHITE 54 22 120 -- -- -- 55
14 SALAD 12 9 52 -- -- -- 24
15 HOLES 18 8 90 -- -- -- 36
16 LBUCK 18 12 111 -- -- -- 34
18 CLINT 8 1 51 -- -- -- 17
19 SHING 1 4 54 -- -- -- 19
20 SALTC 2 6 54 -- -- -- 26
21 DPLAI 1 3 41 -- -- -- 21
22 LCOTT 1 11 64 -- -- -- 29
23 WARMC 5 3 40 -- -- -- 5
25 ARCAD 42 33 71 -- -- -- 58
26 THORN 3 6 55 -- -- -- 15

2000–2008 2 CHRLS 0 0 12 11 19 16 19
3 NRWLK 1 1 24 0 4 2 18
4 LISHA 1 1 31 0 1 1 31
5 BOUND 3 0 30 13 16 19 18
6 ACCOT 6 8 69 36 21 27 52
7 SWIFT 4 0 50 52 49 52 39
8 GILLS 3 15 31 16 18 19 16
9 SOPEC 15 4 58 43 42 40 35

10 CHATT 5 2 62 49 40 41 55
11 CAHAB 17 1 31 31 31 27 20
13 WHITE 30 26 87 48 36 46 49
14 SALAD 3 7 32 16 20 26 26
17 LINCO 0 2 45 0 1 5 16
18 CLINT 1 0 28 6 1 1 20
19 SHING 0 2 36 4 8 17 19
20 SALTC 9 5 33 33 24 29 29
22 LCOTT 1 3 46 0 1 1 26
24 SANTA 3 9 39 23 31 41 23
25 ARCAD 39 35 77 58 50 56 60
26 THORN 0 1 21 5 4 16 22
27 FANNO 17 2 61 22 26 30 62

Study Design and Methods  9
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Such cases will be referred to as “HC” for too “highly 
censored” to analyze trends. Shaded cells indicate cases where 
the data were sufficient for reporting trend results. 

Statistical Method for Analyzing Trends in 
Pesticide Concentrations

Sullivan and others (2009) compared several methods 
for analyzing trends in pesticide concentrations for 31 sites 
and 11 pesticides, including several of the pesticides analyzed 
in this report. The methods compared included the seasonal 
Kendall (SEAKEN) test for non-flow-adjusted concentra-
tions, a parametric regression model with seasonality and 
trend called SEAWAVE, and a parametric regression model 
with seasonality, flow-related variability, and trend, called 
SEAWAVE-Q. The best approach in terms of maximizing 
the number of sites and pesticides that could be assessed and 
accounting for variable streamflow conditions when compar-
ing trends for multiple sites and pesticides was determined to 
be the SEAWAVE-Q model. Based on those results (Sullivan 
and others, 2009), the SEAWAVE-Q model was selected as the 
statistical tool for analyzing trends for this study. 

The SEAWAVE-Q model is a parametric regression 
model specifically designed for analyzing seasonal- and flow-
related variability and trends in pesticide concentrations. The 
model is expressed as follows,

Log C(t) = β0 + β1 W(t) + β2 LTFA(t) + β3 MTFA(t) + β4 
STFA(t) +β5 t + η(t)  (1)

where 
 Log  denotes the base-10 logarithm; 
 t  is decimal time, in years, with respect to an 

arbitrary time origin;
 C  is pesticide concentration, in micrograms per 

liter; 
 W  is a seasonal wave representing intra-annual 

variability in concentration; 
LTFA, MTFA, and STFA are dimensionless flow anomalies 

computed from daily streamflow 
(described later in this section); 

 β0 , β1 , …,  are regression coefficients; and 
 η(t)  is the model error.

The seasonal wave is a dimensionless, periodic function of 
time with an annual cycle, similar to a mixture of sine and 
cosine functions often used to model seasonality in concen-
tration data. However, the seasonal wave is better suited for 
modeling seasonal behavior of pesticide data than a mixture 
of sines and cosines. The seasonal wave is a periodic (with a 
period of 1 year) solution to the following differential equation 
(Vecchia and others, 2008):

 ( ) ( *) ( )
d

W t t s W t
dt

 = + −  (2)

where 
 λ(.)  is a pulse input function with λ(.) > 0 during 

specified application season(s) and λ(.)=0 
otherwise;

 s*  is a seasonal shift that determines the time at 
which W reaches its maximum; and

 φ  is a “decay rate” corresponding with an 
approximate half-life of 12/φ months. 

As in Sullivan and others (2009, appendix 2), the pulse input 
function is selected from a menu of 14 choices with either 
one or two distinct application seasons (when pesticides may 
be transported to the stream) of lengths from 1 to 6 months 
and the half-life is selected from four choices (1, 2, 3, or 4 
months). The half-life is referred to as a model half-life when 
discussing model results to distinguish it from the chemical 
half-life of pesticides. Thus, 56 (14x4) choices for the wave 
function are available. As described in Sullivan and others 
(2009, appendix 2), the observed concentration data were used 
to select the best wave function and to estimate the seasonal 
shift (s*) through a combination of graphical and maximum 
likelihood techniques.

Three dimensionless flow anomalies were included in the 
SEAWAVE-Q model to help account for flow-related variabil-
ity in pesticide concentrations. The anomalies were computed 
using log-transformed daily flow aggregated over various time 
scales. The first anomaly represented short-term (day-to-day) 
flow variability, and was defined as

 STFA(t) = X(t) – X10(t) (3)

where
 STFA  is the short-term flow anomaly 

(dimensionless);
 X(t)  is log-transformed daily flow in cubic meters 

per second; and
 X10(t)  is the average of log-transformed daily flow 

for 10 days up to and including time t. 
Large positive values of STFA and associated increases in 
pesticide concentrations tended to occur near the beginning 
of a substantial rainfall-runoff event, whereas negative values 
of STFA and associated decreases in pesticide concentra-
tions tended to occur after the event passes. The second flow 
anomaly represents mid-term (10- to 100-day) flow variability 
and was defined as

 MTFA(t) = X10(t) – X100(t)  (4)

where
 MTFA  is the mid-term flow anomaly 

(dimensionless); and
 X100(t)  is the average of log-transformed daily flow 

for 100 days up to and including time t.
The third flow variable added to the model represented long-
term (greater than 100-day) flow variability and was defined as

 LTFA(t) = X100(t) – X* (5)
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where 
 LTFA  is the long-term flow anomaly 

(dimensionless); and
 X*  is the average of log-transformed daily 

flow for the specified trend assessment 
period (either 1992–2000, 1996–2004, or 
2000–2008).

Unlike STFA, which tends to affect pesticide concentrations in 
a relatively consistent manner among different sites and pesti-
cides, MTFA and LTFA can affect pesticide concentrations in 
different ways and to different degrees depending on the type 
of pesticide, the size of the basin, and the climatic and hydro-
logic properties of the basin. For example, for a relatively 
large basin with substantial non-urban runoff, higher-than-
normal seasonal flow conditions (as indicated by a positive 
value for LTFA) can cause decreased pesticide concentrations 
because of more dilution from non-urban runoff. 

The SEAWAVE-Q model (eq. 1) was fitted to the pesti-
cide data using maximum likelihood methods for censored 
data, as described in Sullivan and others (2009), using the 
statistical software R and the survival package for R (R Devel-
opment Core Team, 2010; Therneau, 2009). The flow anoma-
lies used in this report, although defined in a manner similar 
to that used in Sullivan and others (2009), are not identical. 
The time scales used to define the anomalies can be changed 
depending on the sites and pesticides being considered for 
analysis. In this report, the sites analyzed generally were much 
smaller in drainage area than the corn-belt sites analyzed in 
Sullivan and others (2009). Therefore, the shorter time scales 
(10- and 100-day) used here to define the anomalies produced 
better results for these sites as compared to the longer time 
scales (30- and 365-day) used for the previous report.

Statistical significance was determined using the t-test 
(Neter and others, 1996) of significance of the model coef-
ficients, (β1-β5, eq. 1). A p-value greater than or equal to 0.10 
indicated that a model variable or trend was not statistically 
significant. A p-value less than 0.10 indicated a statistically 
significant model variable or an upward or downward trend. 
A p-value of less the 0.01 also was used to indicate highly 
significant upward or downward trends.

To illustrate the SEAWAVE-Q model, results for three 
of the pesticides for site 9 (SOPEC) and the 2000–2008 trend 
assessment period are provided. Daily streamflow for this 
site is shown in figure 2 along with the flow anomalies. The 
flow anomalies partition the variability of log-transformed 
daily flows around their mean into orthogonal (uncorrelated) 
components representing short-, mid-, and long-term vari-
ability. This site has a small drainage basin (79.5 km2) and 
is dominated by storm runoff, thus the short-term variability 
(STFA) is particularly strong (STFA has a higher degree 
of variability than LTFA and MTFA, extending further on 
the y-axis, and STFA has a greater frequency than the other 
anomalies with more frequent changes between positive and 
negative values). 

The fitted (estimated) and observed concentrations for 
simazine, pendimethalin, and carbaryl (fig. 3) show distinct 

patterns of seasonality, flow-related variability, and trend. 
There was a very small and nonsignificant upward trend 
for simazine (1.1 percent per year [pct/yr], p-value=0.681), 
a highly significant downward trend for pendimethalin 
(-9.3 pct/yr, p-value=0.005), and a nonsignificant upward 
trend for carbaryl (6.7 pct/yr, p-value=0.160). The fitted 
values for the seasonal wave plus the trend (the estimated 
values for β0 + β1 W(t) +β5 t , eq. 1) are shown in figure 4 for 
each pesticide. The optimal seasonal wave for simazine had 
a 3-month application season extending from mid-September 
to mid-December and a 4-month model half-life. The optimal 
seasonal wave for pendimethalin had two applications 
seasons—a 2-month season extending from mid-January to 
mid-March and a less intensive 2-month application season 
from mid-August to mid-October—and a 4-month model half-
life. The optimal seasonal wave for carbaryl had a 3-month 
application season extending from early April to early July and 
a 2-month model half-life. 

The fitted values for the flow-related variability plus the 
trend (the estimated values for β0 + β2 LTFA(t) + β3 MTFA(t) 
+ β4 STFA(t) +β5 t ; eq. 1), similar to the seasonal waves, 
differed substantially among the three compounds (fig. 5). 
Simazine did not have much flow-related variability and the 
variability consisted primarily of mid-frequency variability. 
Only the coefficient for MTFA (0.55, p-value<0.001) was 
significant for that compound. Pendimethalin had more flow-
related variability than simazine and the variability consisted 
of both mid-frequency and high-frequency variability. Both 
the coefficients for MTFA (0.90, p-value<0.001) and STFA 
(0.50, p-value<0.001) were significant for pendimethalin. 
Carbaryl also had more flow-related variability than simazine 
and was dominated by high-frequency variability. Only the 
coefficient for STFA (0.73, p-value <0.001) was significant for 
that compound. 

Use and Properties of Pesticides
Eight herbicides, one herbicide degradation product, 

five insecticides, and two insecticide degradation products 
were analyzed at the urban sites (table 2). The general use 
characteristics and properties of the 16 pesticide compounds 
evaluated are described in this section as background informa-
tion for understanding the trend analysis results. In describing 
pesticide properties, mobility is discussed in relation to move-
ment in dissolved forms. Thus, pesticides with a relatively low 
organic carbon-water partition coefficient are more mobile 
than those with a high coefficient.

Herbicides

Three of the herbicides, simazine, prometon, and 
atrazine, as well as the degradation product of atrazine, 
deethyl-atrazine, are triazine compounds. Triazines inhibit 
photosynthesis in susceptible plants and the class has a wide 
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Figure 2. Daily streamflow and dimensionless long-term (LTFA), mid-term (MTFA), and short-term (STFA) flow anomalies for site 9 
(SOPEC) for the 2000–2008 period.
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Figure 3. SEAWAVE-Q model results for simazine, pendimethalin, and carbaryl for site 9 (SOPEC) 
for the 2000–2008 period.

         
               
                       
 
                              
    
 
             
                                                                                           

                        
   
 
      
          
 
          
 
 
   
     
 
 
            
 
       

        
       
                 
       

 

        
  
        
        
   
 
                
  
          
 
                         
                                  
               
 
    
 
  
     
 
                             
 
                                
        
    
      
                       
                     
     
 
                 
                      
      
 
               
            
      
 
  
           
            
  
 
         
      
        
          
 

 

      
                                   
      
            
                      
 
   
           
 

             
  

 

  
                     
 
     
 
       
 
   
 
                            
 
    
                      
         
       
 
               
                         
                              
    
 
  

      
             
 
     
             
        
       
      
                  
     
           
    
 
                                     
               
 
                     
 
           

 

                   
                     
            
          
            
 
                
   
 
  
              
 

             

 

                 
            
 
               
 
    
                        
        
        
         

 

        
 
           
           
  
        
             
                                               
            
              
 
                                   
 
                  
        
 
                   
       
    
 
                       
        
 
     
                             
           
 
                    
     
        
         
 
          
                   
   
              
          
          
 
              
   
              
                      
                      
                 
       
                              
  
                                                               
      
                              
 
 
   
                                
                
                             
          
             
       
           
         

 

      
        
      
          
                                 
      
               
                 
                     
 
      
                               
                           
                                      
                           
            
               
     
      
                 
           
            
          
 
     
     
 
                  
   
 

            
                    
            
          
 
                                                  
              
                                                        
 
                               
     
                 
            
     
                                           
  
           
 
               
 
          
    
    
   

 

          
 
  

 

                
     
        
 
           
        

 

    
           

 

    
 
                                 
      
 

          
     
           
  
 
              
                  
                                      
                                        
 
     
 
              
      
         
                                 
  
                                   
 

o o

Uncensored concentration
Censored concentrationo
Fitted concentration (SEAWAVE-Q)
Trend

    

 
    

 
 

       
   
 
  

 
     
              
 
  

 

            
      
 
      
     

 
  
 

 

  
           

   
                                                         

 

                
  
 
 
  

 

       
 
             
          

 
 
   

 

 
 
  

  
       
 
 

          

 

 

  
 

 
   

  

 

  
           

 

      

 
   
 
          

 
                        

 

       
  

 

       
 
 
 
     

 
        
 
          
 
 

  
          
 
           
 
         

  
 
 
         

 
           
     
 
 
     

 
   
 
    
 
 
 
       

 

 
 
 

    

 

 
 
      
 
    
 
           
 
                              

 

   
 
 
    
 
  

 
 

  

 
   
 

 

 
                
 
    
 

 
 
  
  
 
              

 
    

 

          
     
  

  

                  
 
 
  
      

 

            
  
 

          

 

     

 

  
 
          
 
               

 

             
   
   

 

 
 
         
 
 

 
     

 
 
    
  
   

 

         

 
            

 
 
 
 
 
 
 
 

           

  
                        

 
         
 
 
         
 
   

 
 
 

  

 
 
           
        
 

     
 
 
 
   
  
 
  
 

 

            
 
  
 

            

 

    

   
      

 

            

 

 
      
  
 

     

 

  
   
        

 
 
 
 
    
 
 
 
      

 

        
 

 
    
 

 

               

 

      
 

  
  

 

  

 

   
            
 
  

 

     

  
    
       

  
     
 

  
 
    

 
     
 

   
 
             

 

    

 
 
       

 
 
 
   

 

 
      
              

 

       
 
 
     
 
 
    
 
  
 
   
 
     

 
     

 
          
  

 

           
 
                   
                 
 
   

  
        

 

 

         
 
  
 
   
 
      
 
     
 
   
 
 
   

  
  
  
  
   
         

 
 
 
       

 

  
  
 

        
 
      
 

 

   

 
      
 
 

 

               

 

 
  
 
           

 

           

 
               
 
         

 

        

 
                     

  
 
    
 
  
  
           

 
   
 
 
 

 
       
 
           
             
       

 
       
  
 
 

 
     

 
  
            
         
 
 
                       
 
           
  

 
             
 
     
 
       

 
     
 
  

 
  
           
 
      
 
    

 
 

 
 
    

 

     

  
                     
     
 

  
 
 
       

 

 
 
    

 
      

 

      

 
   
 
 

       

 
 
       

 

 
 
        

  

                    

 
             

  
 
                
 
 
  

  
 
         

 
  

 
 
            

 
                    

 
 
 
              
    
  
 
         

 
      

   

 

   

 
      
                
  
   

 
 
 

 

 
  
    
 
 
             
  
      
 
              
 
           

 

   
  

 
   
 
 

   
  

 
 
      
  

    
    
 
     
 

 

 

   

 

  
  
 
             
 
       
      
 
               

  
         

 

                 
          

               
                          

 

 
 
   

 
 
     
 
 
    
 
 
         

 
         
 
       

 
          
    

  
    

 
            
 
 

  
              

    
 
           
 
   
 
      
 
 
 

                
 
            
 
 
              
 
  
  
       

 

                                     

   
                
 
       
 
     

 

     
 
    
  
  
    
      
 
 
     

          

 

 
 
    

 
     
 
    
  
                     

 
   
  
    

 

 
 
        
 
 
 
     

 

 
 
 

            

 
                     
 
  
 
     

 
 
   
  
  
   

 

         
  
 
        

 
                   

 
    
 
  

  
              
                 
   
          
 
                    
 
   

 

      
 
        

 

           
    
 
  
  

 

              

 

 
            

 

 
 
  

 

 
    
    

 

   
   
          

 

       
       

 

  

 
   
 
  
     

 

       
       

 

              
 
 
  

 
 
 

 

          
 

  
                    
 
 

 

      

 

   
  

 

     
 
         

 

  
  
    
  
 
 
 
  

 
  
 

           
 
     

 
      

 

      
 
 

 
    
 
 
          

 
 
 
 
 
 
   
 
      

 
   
 
       
 
    

 
 
         
 
     
 
 
            
 
        
             

 

  
 
   
  
      
 
 
          

 

       
   
 
   

 

    
 
 

      
 
  

 

    

    
  
 
        

 
 
       
    
         
 
          

 
 
 

                                   

oo ooooooooo o ooooooooo ooooooooooooooooooooooooo o oo oo o o oo o o o oo o o oooooooooooooooo oooooo

Uncensored concentration
Censored concentrationo
Fitted concentration (SEAWAVE-Q)
Trend

    

 

    

 
 

 
      
  
 

 

 
 

 

 
    
              

 

  

 

            
 
     

 

      
     

 

 
 
 

 

 
 

 

    
 
     

 
 
 

         
        

 

  
    
      
 
                
       
 
  
 
                

  

 

 

  
 
   
  
  

 

 
  
 
 
  
 
    
 
 
 
        

 

 

 
  
 
 

 

  

 
 

 
 
 
    

 

 

 
        
 

 

 

 
 

 

 

 

 
 

 

 

 

 
 

           

 

      

 

 

 

 
 

 
   
     
 

 

 
                       

 

       

  

 

 

      
 
 

 

 
    

 

   

 

    
 
          

 
 

  

 
 
 
       

 

           

 

   
 
     

  

 

 

 
        

 

           
   
  
 

 

    

 
 

 
  
 

    

 
 

 
  

 

    

 

 
 

 

 
   

 

 
 
      

 
    

 

           

 

   

 

           
       
         
 
   

 

 

    

 
  

 
 

  

 

  
  

 

 

 
 
   
          
 

 

 
  
 
 

 

 
  
   

    
 
         

 

 
   

 

 
 
 
  
     
 
  
 
   

  

                
 
 

 
 
 
 
      

 

            
  

 

          

 

 
    

 

  

 

          

 

                            
   

   

 

 

 

         

 

 

 
   
  

 

 
    

 
 
   

 

         

 

            

 

 

 
 

 
 
 
 

 
          

 
 

        

 

    
       

 

   

 

 
        

 
 

 
 
       

 

   

 
 

 

  

 

 

 
 
      
   

  
      

 

     

 

 
 
 
  

  

 

 
 

 

 

 
 
          
 
  

 

         
 
  
 
    

 
 
 

        
        
  
 

  

 
     

  

 

        

 
  

        

  
 

 

    
 

 
 
      

 

        

 

 

 
 
 
 
 
 

 
              

 

      

 

 
 

 
 

 

 
 

 

 
  

   
      
  
 
 

  

 

    
 

 
 

    
 

      

  

 
    
 

 

 

 
  

 

 

 

 
   
 

 

   

 

             

 

    

 

 

 
 
     

 

 

 
   

 

 
      
 
 
 
      
     

 

 
       
 

     

 
 

    
 
 
 
 
   
 

  

 

  

 
 
    

 

    
 
     
  

 

     

 

  
  
 
 

  
 
         
 
     

 

           

 

     

 
   

 
 

     

 

   

 

 

 
 
     

 

 

 
 
 

 

 
 
 

 

  
  
  

 

     

 

   
 
 

   

  

  
  

  

 
 
       
  
 

 
 

 

       

 

 
  
 

 

   
    
 
 

       
 
 
 

 

 

 
  
 
  

 
 

 

 
 
        
     

 

 

 
 
 

           

 

           

 

 
              

 

         

 

        

 

 
        
            

  

 

 
   
 
 
 

  

           

 

 
  
 

 

 

 
 
      
 

           
 
   
 
        
 
      

 

 
      
 
 
 
 

 

 
    

 

  
 
 
   

 

      
 
         
 

                  

 

    

 
 
         
 

 
 

 

       

 

     

 
     

 
       

 
   
  
 
 
 

  
 
 
  
 
    
   

 

     
  
    

 
 

 
 

    

 

   
  

 
 

  
          
        
      
 

 
 

 

 
       

 

 

 

    

 

      
 
   
 
  

 

 
  
 

 

   
    

 

 

       

 

 

 

 
       

 
 

 
        
           

 

 
 
           

   

       
 
        
 

 
 

 

 
 

 

    
 
    

 

 
 

 

 

 
 
         
 

 

 
            
  
 
    

   

              
    

 
 

 

         

 

     
 

 

 
 

 

   

 

      
 
 

       
 
  

 

   

  

   

 

 

 

 

 

 
 

    

 
     
         
 
 

  
 
   

 

            
  

 
    
 
          

 
 

 

 
  
 

 

   

  

 

 
      

 
 

 
 
  

  
  
 
   
 
 

 

 

 

 
 

 
 
 
  
 

 
    
 
       

 
       

  
   
  

 
 
             

 
 

         

 

                 

 
         

  
 
            
  
                        

 

 

 

   

 

 

     
 
 

    

 

 

 
  
 
     

 

 
        

 
       

 
        
  

 
 
  

 
 

    

 

 
 

          

 

 

 
 

   
 
          

  

  
 

           

 

   

 

 

 

    

 

 

 

         
       

 
          
  
 
 

           
   

 
  
  
              
        
                     
  

 
 
 

                
 
  
    
 

 

 
   
  
    
 

 

   
   

  
   
 
 
  

  
 

 
 

  
   

 
    
 
 
 
  

 
 

 
    

 

 
   
 
 

    

  

   
 
                 

 

 
 
 

  

    

 

 

 

        

 

 
 
     

 

 
 
 

            

 

 
           
         

 

  

 
     

 
 

   

 
 

  

   

 

    
 
    
 
 

 

        

 

 
          
        

 

    

 

  

  

             

 

 
                
   

         
 

 

          
         
 

 

          

 
                 
   

    
 

  
  
 

             

 

 
 
  
  
     
 
 
 

 

 
 

  

 

 

 
  
 
 
 

  
 
   

 
 
 
          
 
       

 
      

 
 
 

 

 
  

 

  

     

 

       
  
     

 

              
 
 

  

 

 
 

 

         
 

 

 

 

 

 
               
     
  

      

 

 
 
 

 
 

 

     

 

         

 

  

  

    
 
 

 

 

 

 
 
   

 

 
 

       

 
 

 

     

 

     
 

 

      

 

 

 

 
   
 
 

      
 
   

 

 

 

 

 
 

 
  

 
      

 

 
 

 

 

 
     
 
 
   

 
 

 
        

 
 

    
 
 
 

 
     
 
    
 
 
 
 
      

   
           
 
 

 

   

 
 
    
 

 

 

 
 
              
    
  
 

 

 
 
 
 

    
 

 

     
 
 

  

 

   
 

   

 

 
 

 

 
       

 
 
      
  
   

    
 
    

 
          

 

 

 

 

 
                  
 
              

ooo o ooooooooooo ooooooooooooooooo ooooooo oooo o ooo o o o o o o o o oo o o oooooooo ooooooooo

Uncensored concentration
Censored concentrationo
Fitted concentration (SEAWAVE-Q)
Trend

-3

−2

−1

0

1

2

−4

−3

−2

−1

0

CO
N

CE
N

TR
AT

IO
N

, A
S 

BA
SE

-1
0 

LO
GA

RI
TH

M
 O

F 
M

IC
RO

GR
AM

S 
PE

R 
LI

TE
R

2000 2001 2002 2003 2004 2005 2006 2007 2008
−3

−2

−1

0

Simazine

Pendimethalin

Carbaryl

Use and Properties of Pesticides  13



Figure 4. Fitted seasonal waves for simazine, pendimethalin, and carbaryl for site 9 (SOPEC) for 
the 2000–2008 period.
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Figure 5. Fitted flow-related variability for simazine, pendimethalin, and carbaryl for site 9 
(SOPEC) for the 2000–2008 period.
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range of uses. Triazines have been used for many years, with 
research on triazines for weed control beginning in the 1950s 
(Fishel, 2006).

Simazine is applied as a pre- or post-emergent herbi-
cide that is absorbed through leaves and roots and selectively 
controls annual grasses and broadleaf weeds (U.S. Environ-
mental Protection Agency, 2006d). Uses of simazine include 
weed control in turfgrass grown for commercial sod, weed 
control in right-of-way or industrial sites, commercial and 
residential use on lawns and golf courses, and as an algaecide 
in ornamental ponds and aquariums less than 1,000 gallons. 
Simazine is used in a number of agricultural applications 
as well, including weed control for fruits, nuts, and corn 
(U.S. Environmental Protection Agency, 2006d). Simazine is 
relatively persistent in soil (as indicated by a 91-day chemi-
cal half-life; table 5) and mobile (as indicated by a low soil 
organic carbon-water partition coefficient; table 5), indi-
cating that it could be transported to surface water during 
runoff events while dissolved in water (U.S. Environmental 
Protection Agency, 2006d). Runoff and detection in surface 
water has been related to the seasonal application of simazine 
(Gunasekara, 2004).

Prometon is a non-selective herbicide that is used as a 
pre- or post-emergent herbicide for total vegetation control. 
Prometon is persistent in soil (932-day half-life; table 5) and, 
therefore, weed control, resulting in bare ground, may last 
for a year or more (U.S. Environmental Protection Agency, 
2008c). According to U.S. Environmental Protection Agency 
(USEPA) data collected for reregistration (2008c; reregistra-
tion is an USEPA program for reviewing previously registered 
pesticides), approximately 60 percent of prometon use is for 
vegetation control along building perimeters and fencerows, 
30 percent is for vegetation control in industrial sites, and 
less than 10 percent is for right-of-way areas. Geographically, 
the greatest use occurs in the Midwest, South, and Southeast. 
One common use is to extend the life of asphalt pavement by 
preventing vegetation from emerging through the pavement 
(Capel and others, 1999). Prometon use is restricted in Colo-
rado, Texas, and Washington (U.S. Environmental Protection 
Agency, 2008c). 

Atrazine is a selective pre- or post-emergent herbicide 
that is used to control broadleaf weeds and some grassy 
weeds and is one of the most widely used agricultural pesti-
cides in the United States. Although urban use of atrazine 
is limited compared to agricultural use, atrazine was one of 
the most widely detected herbicides for the predominantly 
urban streams analyzed in this report and thus was included 
in the analysis. Based on use estimates from 1990 to 1997, 
less than 2 percent of atrazine is applied to forestry, turf, or 
other non-agricultural uses. Much of the use on golf courses 
and residential lawns is confined to Florida and the Southeast 
(U.S. Environmental Protection Agency, 2006a). Atrazine is 
“mobile and persistent in the environment” and, therefore, is 
expected to be present in surface water (U.S. Environmental 
Protection Agency, 2006a). Numerous changes to atrazine 
regulation have occurred during the study period. In the early 

1990s, the USEPA’s Office of Water began to regulate atrazine 
under the Safe Drinking Water Act (the maximum contaminant 
level for atrazine in drinking water is 3 µg/L; U.S. Environ-
mental Protection Agency, 2009). In addition, in the early 
1990s, risk reduction measures were instituted to address 
concerns about surface-water contamination. Measures 
included a decrease in application rates for corn and sorghum, 
a decrease in maximum application rates for non-crop land 
use, deletion of uses for total vegetation control, well-head 
protection requiring 15-meter setbacks around wells when 
workers mix and load atrazine-containing products, a 61-meter 
application setback around lakes and reservoirs, and classifica-
tion of all atrazine-containing products (except those for lawn 
and turf care and conifers) as restricted-use pesticides (RUPs). 
In 2003, the USEPA found that registered uses for atrazine 
were eligible for interim reregistration (use for cotton being 
phased out over 5 years), with a number of label changes and 
risk management measures, further explained in the Interim 
Reregistration Eligibility Decision for Atrazine (U.S. Envi-
ronmental Protection Agency, 2006a). Atrazine has four 
hydroxyatrazine compounds and three chlorinated atrazine 
compounds as degradation products. This study included one 
of the chlorinated degradation products, deethylatrazine (also 
known as desethylatrazine). Metabolic activity of soil fungi 
and bacteria is the primary converter of atrazine to deethylat-
razine. This process can be useful in determining the source of 
contamination by evaluating the atrazine/deethylatrazine ratio. 
In nonpoint-source contamination, atrazine likely has more 
contact with soil microorganisms that would degrade atrazine 
to deethylatrazine, whereas in point-source contamination, 
atrazine would have much less contact with soil microorgan-
isms and would be less likely to degrade to deethylatrazine 
(Scribner and others, 2005). 

Metolachlor is a broad-spectrum chloroacetanilide pre-
emergent herbicide used for general weed control. Metola-
chlor works by inhibiting seedling development. It was first 
registered for use on turf, but now is also registered for use 
on food and feed crops, including corn, alfalfa, sorghum, and 
trees and shrubs. In 1995, the USEPA determined that all 
uses of metolachlor were eligible for reregistration, except 
for potatoes, soybeans, and peanuts. Metolachlor is persistent 
and mobile in the environment and “substantial amounts of 
metolachlor could be available for runoff to surface water 
for several months post-application” (U.S. Environmental 
Protection Agency, 1995). A reformulation of metolachlor, 
called S-metolachlor, was introduced in 1996 and resulted in 
a decrease in the amount of metolachlor required for effective 
weed control (Sullivan and others, 2009).

Trifluralin is a dinitroaniline herbicide that inhibits micro-
tubules by entering plants through developing roots and stop-
ping plant cells from dividing and elongating. Trifluralin may 
be used alone or in pesticide mixtures with multiple active 
ingredients, including two pesticides in this study, tebuthiuron 
and chlorpyrifos. In pesticide products with multiple active 
ingredients, trifluralin also can be used as an acaricide (miti-
cide) and an insecticide. Trifluralin is used for a wide range of 



Table 5. Properties affecting the transport and fate of selected pesticides.

[All values obtained from Gilliom and others (2006), unless otherwise noted; additional information about how the values in Gilliom and others (2006) were 
obtained is available at http://water.usgs.gov/nawqa/pnsp/pubs/circ1291/appendix2.html; all values measured at (or estimated for) 25°C (degrees Celsius), unless 
otherwise noted; numbers of significant figures are identical to those given in original sources. KOC, soil organic carbon-water partition coefficient; SW, water 
solubility; KH, Henry’s law constant; mL/g, milliliters per gram; mg/L, milligrams per liter; Pa•m3/mol, pascal-cubic meters per mole; --, data not available; >, 
greater than; T, temperature]

Pesticide  
compound  
(synonym)

log Koc

(Koc in mL/g)
Sw

(mg/L)
log KH 

(KH in Pa•m3/mol)
Half-life for non-photolytic transformation (days)

Value
Source/ 
remarks

Value
Source/
remarks

Value
Source/ 
remarks

In aerobic soil In water

Value
Source/ 
remarks

Value
Source/
remarks

Herbicides and degradates
Simazine 2.11 5 -3.46  91 >32
Prometon 2.54 750 -4.05  932 >200
Atrazine 2.00 30 -3.54  146 742
Deethylatrazine 1.90 2,700 -4.12  170 --
Metolachlor 2.26 430 -2.63  26 410
Trifluralin 4.14 .5 1.00  169 >32
Pendimethalin 4.13 .0275 .0899  1,300 >200
Tebuthiuron 2.10 2,400 -4.88  1,050 >2,700
Dacthal (DCPA) 3.75 .5 -.66  16 >200

Insecticides and degradates

Chlorpyrifos 3.78 0.73 0.0374 30.5 29
Malathion 3.26 145 -2.64 <1 6.3
Diazinon 2.76 60 -1.39 39 140
Fipronil 2.76 a 2.2 b (T=20°C) -10.19 c (T=24°C) 9.72 d 1,390 e (pH 7.1; 

22°C)
Fipronil sulfide 3.59 a .54 f -5.99 g (T=24°C) 229 a (T=20°C)

z, d
--

Desulfinylfipronil 3.26 h 2.8 f -4.41 g (T=24°C) 662 i (T not given) --
Carbaryl 2.36 120 -4.35 17 11

aVerified value from the FOOTPRINT Pesticide Properties Database (PPDB; http://sitem.herts.ac.uk/aeru/footprint/en/), accessed February 4, 2010.
bTomlin, 2008; value given is the average of values measured at pH 5 (1.9) and 9 (2.4) at 20°C. 
cNgim and Crosby, 2001; “Desthiofipronil” appears to be identical to desulfinylfipronil.
dMeasured in a clay loam soil (weight fraction of organic carbon, foc = 0.0197) by Zhu and others (2004). Value for fipronil consistent with the half-life of 

5 days cited by Gunasekara and others (2007). Value for fipronil sulfide (from FOOTPRINT PPDB) was consistent with results from a study by Zhu and others 
(2004), who observed no discernible disappearance of the degradate over 35 days.

eRamesh and Balasudramanian, 1999; cited by Connelly, 2001.
fObtained by scaling Sw value measured for parent using ratio of Sw values estimated for degradate and parent from octanol water partition coefficient, Kow, 

molecular weight and structure with WsKow v.1.41, EPI (estimation program interface) Suite v.4.0.
gObtained by scaling KH value measured for parent using ratio of KH values estimated for degradate and parent from structure with HenryWin v.3.20, 

EPI Suite v.4.0.
hObtained by scaling Koc value reported for fipronil sulfide using the ratio of Koc values estimated from structure and Kow for desulfinylfipronil and fipronil 

sulfide with KocWin v.2.00, EPI Suite v.4.0. Resulting value is in close agreement (within 30 percent) with those from other studies cited by Gunasekara and 
others (2007).

iRhône-Poulenc, 1998, in Gunasekara and others, 2007. Value given is midpoint of range cited by Gunasekara and others, 2007 (630–693 days).
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non-food and outdoor residential uses, including right of way 
maintenance, forestry and ornamental maintenance, as well as 
on a wide range of food and feed crops (U.S. Environmental 
Protection Agency, 1996b). Trifluralin is moderately persistent 
(half-life of 169 days; table 5) and non-mobile (highest soil 
organic carbon-water partition coefficient in this report) in soil 
(table 5; U.S. Environmental Protection Agency, 1996b). In 
1996, the USEPA determined that trifluralin was eligible for 
reregistration for all uses except for nongrass forage/fodder/
straw/hay and dill.

Pendimethalin is a selective pre- and post-emergent 
dinitroaniline herbicide for control of broadleaf weeds and 
grassy weed species. It inhibits microtubules, stopping plant 
cells from dividing and elongating. Pendimethalin is used 
for turf, outdoor residential sites, Christmas trees, right-of-
way maintenance, and food and feed crops. Transport of 
pendimethalin to surface water during runoff occurring soon 
after application could be “considerable” because of pendi-
methalin’s “persistence and extensive use” (U.S. Environ-
mental Protection Agency, 1997). Pendimethalin is persistent 
(half-life of 1,300 days) and non-mobile (second highest soil 
organic carbon-water partition coefficient in this report) in soil 
(table 5). In 1996, the USEPA determined that pendimethalin 
was eligible for reregistration for all uses.

Tebuthiuron is a “relatively nonselective” herbicide that 
is soil activated and absorbed through plant roots (U.S. Envi-
ronmental Protection Agency, 1994). Tebuthiuron is used 
to control broadleaf and woody weeds, grasses, and brush 
on non-food crops and non-agricultural sites such as rights-
of-way, industrial areas, and under asphalt and concrete 
(U.S. Environmental Protection Agency, 1994). Tebuthiuron 
is persistent and mobile (table 5) and is “resistant to biological 
and chemical degradation under environmental conditions” 
(U.S. Environmental Protection Agency, 1994). The 1987 
registration standard included use for aquatic non-food/ditch-
bank sites, but the manufacturer dropped their support of this 
use in 1992 (U.S. Environmental Protection Agency, 1994). 

Dacthal is the trade name for DCPA, or dimethyl tetra-
chloroterephthalate, a pre-emergent chlorobenzoic acid ester 
herbicide used to control annual grasses and broadleaf weeds. 
Dacthal is used on outdoor residential sites and on food and 
feed crops. Dacthal itself is not very mobile, but its degrada-
tion products are highly mobile in soils. Biodegradation and 
volatilization are primary dissipation routes for Dacthal and 
drift may contaminate areas where Dacthal was not applied 
(U.S. Environmental Protection Agency, 1998). 

Insecticides

Chlorpyrifos, malathion, and diazinon are all organo-
phosphate insecticides (table 2). Organophosphates are widely 
used and largely replaced organochlorines because of their 
relatively fast degradation. Organophosphates affect insects 
and other animals by phosphorylation of an enzyme necessary 

for controlling nerve impulse transmission between nerve 
fibers. Loss of this enzyme function causes an accumulation 
of acetylcholine, which causes unregulated nerve impulses 
(Fishel, 2005).

Chlorpyrifos is an insecticide and acaricide (miticide) 
used on golf courses, cattle ear tags, and Christmas tree farms; 
as a structural treatment for termites; in ship holds, box cars, 
and industrial plants; for fire ant control; and as an adult 
mosquitocide (U.S. Environmental Protection Agency, 2002b). 
It also is used to control foliage and soil-borne insects on a 
variety of food and feed cops (U.S. Environmental Protection 
Agency, 2002a). Chlorpyrifos is one of the least mobile pesti-
cides in this study (table 5). Chlorpyrifos regulation changed 
during data collection for this report. In 1997, the technical 
registrants, in an agreement with the USEPA, eliminated 
indoor broadcast treatments and aerosols, direct application to 
pets, and use as a paint additive to decrease indoor exposure 
to chlorpyrifos. Then, in 2000, the technical registrants, in an 
agreement with the USEPA, eliminated and phased out (sales 
stopped December 31, 2001) almost all home uses that result 
in residential exposures. Use was stopped for tomatoes and 
post-bloom apples on December 31, 2000. Application rates 
for outdoor areas where children will not be exposed, such 
as road medians, industrial sites, and golf-course turf, were 
decreased, effective December 1, 2000. Use for structural 
control of termites was also phased out, effective Decem-
ber 31, 2005. Based on pesticide usage information for 
1987–98, approximately 9.5 million kg of chlorpyrifos were 
used annually (for all uses including urban and agriculture; 
U.S. Environmental Protection Agency, 2002b). Because of 
the eliminated residential uses and phase out of termite uses, 
approximately 4.5 million kg of chlorpyrifos were expected to 
be phased out of the market (U.S. Environmental Protection 
Agency, 2002b).

Malathion is a broad-spectrum organophosphate insec-
ticide and miticide with numerous industrial, governmental 
(mosquito, bollworm, and fruit fly eradication programs), 
homeowner, and agricultural uses, ranging from pharmaceu-
tical use for treatment of head lice to use on food and feed 
crops. Malathion has the highest water solubility of the insecti-
cides in this report and can be highly mobile in soil, although 
is generally nonpersistent, with the shortest soil and water 
half-lives of the pesticides in this study (table 5; Newhart, 
2006; U.S. Environmental Protection Agency, 2006c). 

Diazinon is an insecticide, acaricide, and nematicide 
and has been one of the mostly widely used insecticides in 
the United States. It is used to control foliage and soil-borne 
insects of numerous fruit, nut, vegetable, and ornamental crops 
and is used in cattle ear tags (U.S. Environmental Protec-
tion Agency, 2006b; 2008b). In a December 2000 agreement, 
all indoor and outdoor residential uses were phased out and 
cancelled. Retail sales of indoor residential products ended 
December 31, 2002, and retail sales of outdoor residential 
products ended December 31, 2004 (U.S. Environmental 
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Protection Agency, 2006b; 2008b). Diazinon is moderately 
persistent and mobile in the environment (table 5).

Fipronil is a broad-spectrum phenylpyrazole insecti-
cide that is relatively new compared to most in this study 
(table 2)—first registered for use in the United States in 1996 
(U.S. Environmental Protection Agency, 1996a). Fipronil 
targets the gamma-aminobutyric acid (GABA) receptor system 
of insects (National Pesticide Information Center, 2009) and 
provides an alternative to phyrethroid, organophosphate, 
and carbamate insecticides, to which insects have developed 
resistance (Gunasekara and others, 2007). Fipronil is used as a 
granular turf product, as a topical pet care product for control 
of fleas and ticks, as a liquid termiticide, and in agriculture 
(seed treatment for rice; National Pesticide Information 
Center, 2009). Various reactions degrade fipronil to fipronil 
amide, fipronil sulfide, fipronil sulfone, and desulfinylfipro-
nil (Gunasekara and others, 2007). Two of these degradation 
products (fipronil sulfide and desulfinylfipronil) are included 
in this study.

Fipronil sulfide primarily is the result of reduction and is 
the major degradation product in soil (Gunasekara and others, 
2007), where it has a much longer half-life than fipronil 
(table 5). Fipronil sulfide is 1.9 times more toxic to freshwater 
invertebrates than fipronil (U.S. Environmental Protection 
Agency, 1996a). Fipronil readily degrades to desulfinylfipronil 
when exposed to sunlight either when it is on the soil or on 
foliage after crops have been treated with fipronil (Gunasekara 
and others, 2007). Desulfinylfipronil also has a longer half-life 
than fipronil in soil (table 5). Compared to fipronil, desulfinyl-
fipronil has decreased selectivity between insects and humans 
(Gunasekara and others, 2007; National Pesticide Information 
Center, 2009).

Carbaryl is a carbamate insecticide. Carbaryl’s primary 
mode of action is cholinesterase inhibition. Carbaryl is used 
for professional turf management, ornamental production, 
residential lawn care and gardening, pet care, and on agri-
cultural sites (fruit and nut trees, fruits, vegetables, and grain 
crops). Most agricultural use during 1992 through 2001 was in 
California, Michigan, Indiana, Illinois, Ohio, Texas, Georgia, 
Oklahoma, Mississippi, and Arkansas (U.S. Environmental 
Protection Agency, 2004). Carbaryl is moderately mobile and 
is one of the least persistent pesticides in this study (table 5). 
Carbaryl usage and regulation have changed during data 
collection for this report. In the Interim Reregistration Eligibil-
ity Document (IRED; U.S. Environmental Protection Agency, 
2004), the USEPA indicated a decline in agricultural usage. 
The IRED also required risk mitigation measures and label 
changes. In March 2005, the USEPA issued a cancellation 
order for the liquid broadcast of carbaryl on residential turf 
and issued data call-ins (DCIs) for additional studies and data 
related to carbaryl. “In response to the DCIs, many carbaryl 
registrants chose to voluntarily cancel their carbaryl products, 
rather than revise their labels or conduct studies to support 
these products. Approximately two-thirds of all of the carbaryl 

products registered at the time of the carbaryl IRED (June 
2003) have been canceled through this process” (U.S. Envi-
ronmental Protection Agency, 2007). The 2008 Amended 
Registration Eligibility Decision (RED) for carbaryl, indicated 
that in response to the 2005 DCIs, “approximately 80 percent 
of all of the carbaryl end-use products registered at the time of 
the 2003 IRED have since been canceled through this process 
or other voluntary cancellations” (U.S. Environmental Protec-
tion Agency, 2008a). The amended RED required additional 
worker risk mitigation measures and label amendments.

Overview of Pesticide Concentration 
Patterns

As context for evaluating trends in pesticide concentra-
tions, a statistical overview of concentration magnitudes and 
geographic patterns is provided for the sites and pesticides 
evaluated. Where possible, the results are related to qualitative 
information on use or regulation, or both, although in many 
cases the results are not easily explained by the available 
ancillary information. 

Site and regional patterns in pesticide concentrations 
were evaluated using estimated daily pesticide concentra-
tions generated using the SEAWAVE-Q model. The estimated 
daily concentrations from the model for the respective trend 
analysis periods were detrended and the 90th percentiles of 
the detrended concentrations were computed. The detrended 
concentrations are defined as

 [Log C(t)]DT = Log C(t) − β5(t − tmid  ) (6)

where
 [Log C(t)]DT is the detrended concentration at time t,
 C(t)  is the concentration at time t, 
 β5  is the estimated trend coefficient (eq. 1), and 
 tmid  is the midpoint of the trend analysis interval. 
Using the entire 9-year period to calculate the percentiles 
essentially “averages out” the flow-related variability among 
the years. The 90th percentile is thus an estimate of the 
concentration that is exceeded 10 percent of the time (about 
36 days) in a “typical” year. These percentiles should not be 
confused with the sample percentiles computed using the dis-
crete concentration samples collected at each site. The sample 
percentiles are affected by the annual frequency and timing of 
the samples; because the samples do not represent a random 
sampling of days within each year, the sample percentiles 
cannot be directly related to any particular duration of exceed-
ance. The emphasis in this section is on spatial comparisons 
among the various sites. Therefore, the earliest assessment 
period (1992–2000), which had only four sites with sufficient 
data for analysis, is not included. 

ˆ

ˆ
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Herbicides

Star plots of the estimated 90th percentile concentrations 
for the herbicides in the latter two assessment periods are 
shown in figures 6 and 7. The same scale is used for all sites, 
herbicides, and periods, with the largest segment size repre-
senting a concentration of 10 μg/L and segment sizes decreas-
ing in proportion to the base-10 logarithm of concentration to 
the smallest segment size representative of concentrations of 
0.01 μg/L or less. The smallest segment size (0.01 μg/L) was 
chosen as a conservative upper bound for the 90th percentiles 
for all pesticide/site combinations for which the data were 
too highly censored to estimate daily concentrations using the 
SEAWAVE-Q model (table 4, unshaded cells). 

The 90th percentile concentrations for the herbicides 
generally were similar for both the 1996–2004 and 2000–2008 
assessment periods. The similarity between the two periods 
generally is consistent with the lack of major changes in use 
or regulation for most herbicides during 1996–2008. Only 
atrazine (numerous regulation changes) and metolachlor 
(introduction of S-metolachlor) were subject to documented 
changes, and these changes did not cause major decreases in 
the 90th percentile concentrations for the sites analyzed in 
the two periods (at least at the scale of the graphs shown in 
figures 6 and 7). The following discussion therefore will refer 
to overall patterns for both figures. 

 Simazine concentrations were by far the largest for 
streams in the South, with many sites in that region having 
90th percentile concentrations between about 1 and 10 μg/L. 
Simazine concentration percentiles for the remaining regions, 
though occasionally above 0.01 μg/L, generally were much 
lower than concentrations in the South. The relatively high 
concentrations in the South evidently reflected a combination 
of high simazine use in that region, relatively high persistence 
and mobility of simazine, and rainfall-runoff conditions that 
favor simazine transport to streams during or shortly after the 
application season. 

Prometon concentrations were much more uniform across 
regions and sites compared with simazine concentrations. 
Elevated 90th percentile concentrations for prometon (between 
about 0.05 and 0.5 μg/L) were observed for many sites scat-
tered across all of the regions. Except for the South, where 
simazine concentrations were much higher than prometon 
concentrations, the prometon concentration percentiles tended 
to be higher than those for simazine. The elevated prometon 
concentration percentiles probably indicated a combination 
of the high persistence and mobility of prometon and the 
relatively uniform and widespread use among the urban sites 
analyzed. According to the U.S. Environmental Protection 
Agency (2008c), the areas with the greatest prometon use 
are the Midwest, South, and Southeast and use is restricted 
in Texas, Colorado, and Washington. However, prometon 
90th percentile concentrations are relatively similar in all 
of the regions, including both Texas sites (13, WHITE and 
14, SALAD) and the Washington site (26, THORN).

The highest atrazine concentrations were in the South and 
Midwest, where most of the sites analyzed had 90th percentile 
concentrations between about 0.1 and 1 μg/L. Concentrations 
for the remaining regions generally were low (90th percen-
tiles less than about 0.02 μg/L). The relatively high atrazine 
concentrations in urban streams in the South and Midwest are 
noteworthy because atrazine predominately is an agricultural 
herbicide. Many of the sites in those regions had high 90th 
percentile concentrations despite having some of the largest 
urban land-use percentages of any of the sites (more than 
85 percent urban land use; table 1). Either atrazine runoff from 
agricultural sources is high for these basins, or atmospheric 
deposition of atrazine from neighboring agricultural areas is 
occurring, or there is significant nonagricultural use, such as 
on turf, or some combination of these sources. Deethylatra-
zine concentrations in the South and Midwest regions, though 
generally lower than atrazine, also were elevated (90th percen-
tiles generally between about 0.01 and 0.1 μg/L). 

Metolachlor concentrations also were highest in the 
South and Midwest regions, though generally not as high 
as atrazine or deethylatrazine—90th percentile metolachlor 
concentrations for several sites in those regions ranged from 
about 0.02 to 0.2 μg/L. Metolachlor concentration percentiles 
for the remaining regions generally were low (less than about 
0.02 μg/L). 

Concentrations for the remaining herbicides were 
relatively low (90th percentiles less than about 0.02 μg/L), 
except for pendimethalin and tebuthiuron, which had elevated 
90th percentile concentrations (between about 0.02 and 
0.2 μg/L) for several sites in the South and scattered sites in 
the remaining regions.

Insecticides

The 90th percentiles for the estimated daily insecticide 
concentrations for the latter two assessment periods are shown 
in figures 8 and 9. The same small segment size used for herbi-
cides (less than 0.01 μg/L) is used for the insecticides, but the 
largest segment size for insecticides is 0.4 μg/L. 

For the 1996–2004 period, diazinon had relatively high 
90th percentile concentrations (greater than about 0.02 μg/L) 
for 20 of 22 sites analyzed (fig. 8). Carbaryl had relatively 
high 90th percentile concentrations for 10 of 22 sites, includ-
ing 4 of 5 sites in the Northeast and 5 of 7 sites in the South. 
The percentiles for chlorpyrifos were relatively low for all 
sites and the percentiles for malathion were relatively low 
except for three sites (two in the South and one in the West). 

Compared with the earlier analysis period, the diazinon 
concentration percentiles were much lower for 2000–2008 
(fig. 9). However, a few sites still had relatively high diazinon 
concentration percentiles, including three sites each in the 
South, Midwest, and West. As discussed in the Use and Prop-
erties of Pesticides section, residential uses of diazinon were 
phased out beginning in 2000, and this probably caused the 



Figure 6. Star plots of 90th percentiles of estimated concentrations for herbicides at urban-stream sites, 1996–2004.
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Figure 7. Star plots of 90th percentiles of estimated concentrations for herbicides at urban-stream sites, 2000–2008.
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Figure 8. Star plots of 90th percentiles of estimated concentrations for insecticides at urban-stream sites, 1996–2004.
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Figure 9. Star plots of 90th percentiles of estimated concentrations for insecticides at urban-stream sites, 2000–2008.
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large decrease in the percentiles for the latter period. Carba-
ryl concentration percentiles for 2000–2008 were somewhat 
higher compared to the percentiles for the earlier period, with 
15 of 21 sites having relatively high percentiles, including 
most sites in all of the regions. Chlorpyrifos and malathion 
concentration percentiles were relatively low for all sites for 
the latter period, except for a relatively high percentile for 
malathion at one site in the West. Fipronil and its degradates, 
which were not analyzed for the earlier period, had relatively 
low percentiles except relatively high fipronil percentiles for 5 
of the 21 sites spread over all regions.

The insecticide concentration percentiles generally were 
consistent with the available information for pesticide prop-
erties and use. Diazinon, fipronil, and carbaryl are widely 
used in urban areas and all are relatively mobile compared 
with the other insecticides; consequently, those pesticides 
have the largest concentrations. Chlorpyrifos and the fipronil 
byproducts are relatively immobile in dissolved forms and had 
relatively low concentration percentiles. Malathion, despite 
its short half-life (<1 day in soil, 6.3 days in water, table 5), 
showed elevated concentrations at a few sites.

Insecticide concentration patterns, compared to herbi-
cides, were more similar among regions, but more different 
between the 1996–2004 and 2000–2008 periods. During 
1996–2004, diazinon or carbaryl—sometimes both—had the 
largest concentrations in 21 of 22 streams in the four regions. 
During 2000–2008, concentrations of diazinon were markedly 
lower in all regions and carbaryl concentrations were rela-
tively similar to the previous period.

Pesticide Concentration Trends
Temporal trends in pesticide concentrations were evalu-

ated for each site-pesticide combination with adequate data 
using the SEAWAVE-Q model. For pesticides that have had 
no apparent change in nonagricultural use due to regulations, 
the trend results for urban streams are an indicator of chang-
ing use due to uncontrolled factors, such as market or land-
use changes. For pesticides that had changes in regulations 
intended to decrease or eliminate use, the trend results serve 
to evaluate the effectiveness and temporal distribution of the 
changes in affecting stream concentrations. 

Herbicides

Trends in herbicide concentrations for the three analy-
sis periods are given in table 6. For the earliest period 
(1992–2000), only four sites could be analyzed. Most of the 
significant trends for these four sites were downward trends. 

The Midwest site (site 16, LBUCK) had significant downward 
trends in all nine herbicides. The only significant upward 
trends during 1992–2000 were in the Northeast for metola-
chlor (site 3, NRWLK) and trifluralin (site 6, ACCOT).

For the 1996–2004 analysis period, there were many 
significant trends both upward and downward, and the patterns 
in trend directions varied depending on the herbicide and 
region (table 6). In the Northeast, many more significant 
downward trends (14) were determined than upward trends 
(4). Herbicides with the largest number of significant down-
ward trends were prometon and metolachlor (three sites each) 
followed by simazine and Dacthal (two sites each). The largest 
number of significant upward trends was for atrazine (two 
sites). In the South, there were fewer significant downward 
trends (9) than upward trends (16). Herbicides with the largest 
number of significant downward trends were tebuthiuron 
(three sites) and prometon (two sites). The largest number of 
significant upward trends was for deethylatrazine (six sites) 
followed by simazine (four sites) and atrazine (three sites). 
In the Midwest, significant trends were fairly evenly mixed 
between downward trends (10) and upward trends (9). The 
largest number of significant downward trends was three sites 
each for simazine and prometon and the largest number of 
significant upward trends was for deethylatrazine (four sites), 
followed by atrazine (two sites). In the West, significant trends 
also were mixed between downward (four) and upward (three) 
trends. The largest number of significant downward trends was 
for prometon (two sites) and none of the herbicides had more 
than one site with a significant upward trend.

For the 2000–2008 period, patterns in trend results also 
varied depending on herbicide and region. In the Northeast, 
significant trends were mixed between downward trends 
(three) and upward trends (five). No site had more than one 
significant downward trend and the largest number of signifi-
cant upward trends was for deethylatrazine (four sites). In 
the South, significant trends were mixed between downward 
(12) and upward (13) trends. The largest number of signifi-
cant downward trends was three sites each for simazine and 
prometon and the largest number of significant upward trends 
was for deethylatrazine (six sites), followed by atrazine (three 
sites). In the Midwest, there were six significant downward 
trends and eight significant upward trends. The largest number 
of significant downward trends was for atrazine (two sites) and 
the largest number of significant upward trends was three sites 
each for prometon and deethylatrazine. In the West, there were 
eight significant downward trends and five significant upward 
trends. The largest number of downward trends was for 
tebuthiuron (three sites), followed by prometon and atrazine 
(two sites each). None of the herbicides had more than one 
significant upward trend.



Table 6. Trends, in percent per year, for herbicides at urban-stream sites, 1992–2008.—Continued

[DCPA, dimethyl tetrachloroterephthalate; trend results in bold type are significant at the p<0.10 level; HC, too “highly censored” to analyze trends]

Site num-
ber  

(fig. 1)

Site  
short 
name

Simazine Prometon Atrazine
Deethyl-
atrazine

Metolachlor Trifluralin
Pendi- 

methalin
Tebuthiuron

Dacthal 
(DCPA)

1992–2000 trend result (percent per year)

Northeast

3 NRWLK -10.3 -4.6 -1.1 1.5 11.5 9.4 HC HC -14.8
6 ACCOT -33.9 -20.8 -3.4 -1.6 -2.9 36.8 -13.5 HC -10.3

South

9 SOPEC -9.4 -4.0 -10.0 3.1 HC HC -5.9 2.4 HC

Midwest

16 LBUCK -22.2 -7.3 -10.3 -10.9 -8.3 -21.5 -14.0 -22.7 -25.2

1996–2004 trend result (percent per year)

Northeast

1 ABERJ -7.2 1.2 5.2 24.5 3.0 -14.0 HC HC HC
2 CHRLS HC -6.3 12.0 HC HC HC HC HC HC
3 NRWLK -7.1 -6.2 -8.4 -7.7 -13.6 -15.9 HC HC HC
5 BOUND -1.8 -8.6 -1.7 -3.1 -8.3 -3.5 -4.3 0.0 -26.1
6 ACCOT 9.4 6.6 3.6 -.7 -8.5 -7.1 -16.2 .5 -49.4

South

8 GILLS -4.4 -5.1 -0.8 -1.3 -2.3 HC HC -7.4 HC
9 SOPEC 16.4 15.2 7.7 7.3 HC 0.9 -14.2 -2.3 HC

10 CHATT 21.6 11.6 8.3 16.1 25.6 HC HC 3.6 HC
11 CAHAB -1.7 3.7 2.3 6.5 HC -13.7 -.6 -48.7 HC
12 FLTCH 8.6 7.4 4.1 8.0 -34.3 -9.3 -19.2 -10.9 HC
13 WHITE 10.4 -16.7 1.0 3.1 -6.3 -15.6 .1 -24.4 2.0
14 SALAD -2.0 -.2 15.6 4.4 -5.1 HC HC -3.9 HC

Midwest

15 HOLES -12.1 34.6 1.9 -1.5 -11.2 -0.4 0.7 HC HC
16 LBUCK -8.5 -8.4 -19.8 -10.8 -19.5 -5.0 6.6 HC HC
18 CLINT -5.2 -8.1 3.5 10.8 -.1 HC HC HC HC
19 SHING HC -.8 12.3 10.4 4.8 HC HC -0.8 -12.2
20 SALTC -11.9 -3.6 6.6 19.2 4.6 -1.8 HC HC HC
21 DPLAI -1.0 -7.7 5.4 12.8 20.5 HC HC 21.6 HC

West

22 LCOTT -33.8 -13.5 -10.9 8.7 HC HC 5.8 -1.7 13.7
23 WARMC 30.6 -8.1 HC HC HC HC HC 2.2 1.8
25 ARCAD -2.6 -2.9 -1.6 HC -5.1 1.7 -2.0 14.9 -5.7
26 THORN -.2 -6.4 .4 HC HC HC HC HC HC
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Table 6. Trends, in percent per year, for herbicides at urban-stream sites, 1992–2008.—Continued

[DCPA, dimethyl tetrachloroterephthalate; trend results in bold type are significant at the p<0.10 level; HC, too “highly censored” to analyze trends]

Site num-
ber  

(fig. 1)

Site  
short 
name

Simazine Prometon Atrazine
Deethyl-
atrazine

Metolachlor Trifluralin
Pendi- 

methalin
Tebuthiuron

Dacthal 
(DCPA)

2000–2008 trend result (percent per year)

Northeast

2 CHRLS HC -4.5 -1.2 9.3 HC HC HC HC HC
3 NRWLK -7.0 -10.5 -2.7 8.4 4.4 HC HC HC HC
4 LISHA HC 3.0 7.5 19.1 5.3 HC HC HC HC
5 BOUND -3.9 -1.9 2.3 9.3 4.7 HC HC -24.0 HC
6 ACCOT 3.9 2.8 9.8 7.8 -2.3 -10.6 -6.1 HC HC

South

7 SWIFT -17.3 -10.5 -11.5 -2.1 -0.9 HC HC HC HC
8 GILLS -16.7 10.1 -1.3 17.2 7.8 HC HC 5.0 HC
9 SOPEC 1.1 8.6 20.0 23.0 HC HC -9.3 -.7 HC

10 CHATT 5.7 .7 12.1 19.2 11.4 HC HC 1.6 HC
11 CAHAB -2.7 .1 4.0 11.9 HC HC HC HC HC
13 WHITE -9.0 -8.5 -2.5 3.2 -8.9 HC -3.3 -46.0 HC
14 SALAD 27.9 -7.5 -10.8 5.4 HC HC HC -15.2 HC

Midwest

17 LINCO 20.9 17.3 -2.7 7.7 4.7 HC -17.0 -13.1 HC
18 CLINT 7.7 11.9 -9.0 10.9 11.8 HC HC HC HC
19 SHING HC 8.3 -3.2 2.0 8.9 HC HC 3.7 HC
20 SALTC -2.7 -3.1 -4.7 8.1 -6.2 -21.5 HC HC HC

West

22 LCOTT HC -13.0 -11.6 3.9 HC HC -1.9 -8.7 4.3
24 SANTA 3.9 .1 5.6 2.1 -0.9 HC HC HC 24.8
25 ARCAD 3.2 -10.5 -15.1 HC 7.0 6.6 8.1 -33.0 4.5
26 THORN -17.7 -2.3 HC HC HC 3.4 HC HC HC
27 FANNO 15.2 -.8 2.0 4.6 4.3 9.3 HC -10.2 HC
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Trends for the three most prevalent herbicides, simazine, 
prometon, and atrazine, as well as deethylatrazine, are shown 
in more detail in figs. 10 and 11. During 1996–2004 (fig. 10), 
there were predominantly downward trends in simazine 
(14 downward trends, with 6 significant, for 20 streams with 
adequate data) and prometon (15 downward trends, with 
10 significant, for 22 streams) and upward trends in atra-
zine (15 upward trends, with 7 significant, for 21 streams) 

and deethylatrazine (12 upward trends, all significant, for 
18 streams). For the 2000–2008 analysis period (fig. 11), 
trends in simazine, prometon, and atrazine were more equally 
mixed between upward and downward trends. However, 
deethylatrazine continued to have mostly upward trends. 
Simazine and prometon had generally similar trends for both 
periods. 
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Figure 10. Trends, in percent per year, for simazine, prometon, atrazine, and deethylatrazine for the 1996–2004 period.
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Simazine and Prometon

Simazine concentration trends in streams in the Northeast 
and West, where concentrations were generally low compared 
to concentrations in the South and Midwest (figs. 6 and 7), 
generally were nonsignificant or indeterminable during both 
1996–2004 and 2000–2008 (figs. 10 and 11). Streams in the 
South mostly had upward trends during 1996–2004, with 
four of seven sites having significant upward trends in the 
range of 9 to 22 pct/yr. This shifted to a mixed pattern during 
2000–2008, when there were three significant downward 
trends and two significant upward trends. The pattern was 
opposite for streams in the Midwest, where all five sites with 
adequate data for 1996–2004 had downward trends, with three 
significant. During the second analysis period, only three 
sites had data suitable for analysis, for which there were two 
nonsignificant trends and one significant upward trend.

Trends in prometon concentrations in streams of the 
Northeast, Midwest, and West were mostly downward or 
nonsignificant during 1996–2004 and were similar among the 
three regions, with significant downward trends all within a 
range of 6 to 14 pct/yr (table 6). This pattern remained essen-
tially the same during 2000–2008 for streams in the Northeast 
and West, but the Midwest shifted to upward trends, with 
three of four sites analyzed having significant upward trends 
in the range of 8 to 17 pct/yr (table 6). Streams in the South, 
in contrast to the other regions, had a relatively even mix of 
upward and downward trends during 1996–2004, with two 
each of significant upward and downward trends and three 
nonsignificant trends. This pattern generally continued during 
2000–2008 for the streams in the South, with two significant 
upward trends and three significant downward trends. Signifi-
cant downward trends in the South were in the range of 5 
to 17 pct/yr and significant upward trends were in the range 
of 9 to 15 pct/yr, for the nine significant trends across both 
analysis periods.

Trends for simazine and prometon indicated predomi-
nately downward trends during 1996–2004 except for signifi-
cant upward trends in both simazine and prometon for two 
sites in the South, significant upward trends in simazine for 
two additional sites in the South, and significant upward trends 
for prometon for one site in the Northeast and one site in the 
Midwest. There was strong similarity between the trends 
for simazine and prometon for 1996–2004. There was only 
one site for which there were conflicting significant trends 
(one up, the other down) in simazine and prometon. During 
2000–2008, there were mixed upward and downward trends in 
simazine and prometon and the trends for the two herbicides 
were not as similar as during the earlier period. Simazine 
had the most significant downward trends in the South (three 
sites) and the most significant upward trends in the South (two 
sites). Prometon had the most significant downward trends 
in the South (three sites) and West (two sites) and the most 
significant upward trends in the Midwest (three sites) and 
South (two sites).

Atrazine and Deethylatrazine

Trends in atrazine and deethylatrazine generally were 
consistent with each other, but followed somewhat different 
patterns in each of the four regions (figs. 10 and 11). Overall, 
urban streams in the South and Midwest, where concentra-
tions generally were the largest (figs. 6 and 7), had the most 
distinct patterns in trends, with mostly upward trends during 
1996–2004 and more evenly mixed upward and downward 
during 2000–2008. Streams in the Northeast and West, which 
generally had lower concentrations (figs. 6 and 7), had more 
mixed trend directions and a higher proportion of site-period 
combinations with inadequate data for analysis.

In the Northeast, atrazine trends were mixed during 
both analysis periods, with two significant upward trends, 
one significant downward trend, and two nonsignificant 
trends during 1996–2004, and one significant upward trend 
and four nonsignificant trends during 2000–2008. Deethyl-
atrazine trends in the Northeast were generally similar to 
atrazine during 1996–2004, but more broadly upward during 
2000–2008; all five streams had upward trends, four of the 
five significant.

Streams in the South all had nonsignificant trends or 
significant upward trends in atrazine concentrations during 
1996–2004, and a more mixed combination of two nonsig-
nificant trends, three significant upward trends, and two 
significant downward trends during 2000–2008. During 
1996–2004, deethylatrazine trends were consistent with the 
directions and magnitudes of atrazine trends, but more were 
significant, with six significant upward trends among the 
seven sites evaluated. Atrazine and deethylatrazine trends also 
generally were consistent with each other during 2000–2008, 
although one stream (site 14, SALAD) had a highly significant 
downward trend in atrazine and a significant upward trend 
in deethylatrazine.

In Midwest urban streams, atrazine concentration trends 
generally were upward during 1996–2004, as they were in 
the South, but during 2000–2008 the Midwest had more 
downward trends, with two significant downward trends and 
two nonsignificant downward trends for the four sites evalu-
ated. Deethylatrazine trends were similar to atrazine trends 
during 1996–2004, although more were significant similar to 
that observed for streams in the South. During 2000–2008, 
however, two streams (sites 18, CLINT, and 20, SALTC) had 
significant downward trends in atrazine, but significant upward 
trends in deethylatrazine.

Urban streams in the West, as a group, had the lowest 
atrazine and deethylatrazine concentrations and a number of 
site-analysis period combinations had inadequate data for 
analysis of trends for both compounds. During 1996–2004, 
atrazine had two nonsignificant trends and one significant 
downward trend and during 2000–2008 one nonsignificant 
trend, two significant downward trends, and one significant 
upward trend. Deethylatrazine trends were inconsistent with 
atrazine trends at one site (22, LCOTT) during 1996–2004, 
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which had a significant downward trend in atrazine and a 
significant upward trend in deethylatrazine.

Trends for atrazine and deethylatrazine indicated predom-
inately upward trends in both herbicides during 1996–2004 
except for significant downward trends in both herbicides for 
one site in the Northeast and one in the Midwest and a signifi-
cant downward trend for atrazine for one site in the West. 
There was strong similarity between the trends for the two 
herbicides during 1996–2004. During 2000–2008, there were 
mixed upward and downward trends in atrazine and predomi-
nately upward trends in deethylatrazine. There were 10 sites 
for which a downward trend in atrazine was paired with an 
upward trend in deethylatrazine, and for 3 of these sites (one 
in the South and 2 in the Midwest) both opposing trends were 
significant. Opposing trends showing a decrease in atrazine 
and an increase in deethylatrazine may indicate that decreases 
in atrazine from surface runoff are being offset in many cases 
by increases in atrazine from groundwater for the latter analy-
sis period. Risk reduction measures for atrazine have included 
setbacks and reduced application rates; therefore, less atrazine 
may reach surface water directly, whereas the remaining atra-
zine degrades to deethylatrazine, which can eventually reach 
groundwater.

Other Herbicides
For the remaining herbicides (metolachlor, trifluralin, 

pendimethalin, tebuthiuron, and Dacthal), many of the trends 
could not be estimated because the data were too highly 
censored and many of the trends that could be estimated were 
not significant (table 6). Consequently, regional patterns were 
more difficult to identify. However, a few observations were 
noted for these herbicides. Five sites had significant down-
ward trends in metolachlor concentration during 1996–2004, 
including three sites in the Northeast and one site each in 
the South and Midwest. Metolachlor downward trends were 
determined in an earlier study of streams in the corn belt 
(Sullivan and others, 2009) for a similar period (1996–2002) 
and those trends were attributed to a reformulation of meto-
lachlor (S-metolachlor), introduced in 1996, which decreased 
the amount of chemical required for effective weed control. 
The metolachlor downward trends in this study may be related 
to this change. However, two significant metolachlor upward 
trends were determined during 1996–2004 (sites 10, CHATT, 
and 21, DPLAI) despite the reformulation to a more effective 
compound. For trifluralin, four significant downward trends 
and two significant upward trends were determined; signifi-
cant upward trends occurred in trifluralin for one site in the 
Northeast (6, ACCOT) during 1992–2000 and one site in the 
West (27, FANNO) during 2000–2008. Pendimethalin had 
seven significant downward trends and one significant upward 
trend in the West (25, ARCAD). For tebuthiuron, there were 
11 significant downward trends, including 3 sites in the south 
during 1996–2004 and 3 sites in the West during 2000–2008, 
and only 2 significant upward trends. The only significant 
upward trends were for one site in the Midwest (21, DPLAI) 

and one site in the West (25, ARCAD) during 1996–2004. For 
Dacthal, there were six significant downward trends during 
1992–2000 and 1996–2004 and only one significant upward 
trend for a site in the West (22, LCOTT) during 1996–2004. 

Insecticides

Trends in insecticide concentrations for the three analysis 
periods are given in table 7. For the earliest analysis period 
(1992–2000), all of the significant trends for the four sites 
were downward, including significant downward trends for 
chlorpyrifos for three sites, and for malathion, diazinon and 
carbaryl for one site each. 

For the 1996–2004 analysis period, the organophosphates 
chlorpyrifos and diazinon trended strongly downward for all 
regions (table 7 and fig. 12). All 11 sites analyzed for chlorpy-
rifos had downward trends (10 significant), and 21 of 22 sites 
analyzed for diazinon had downward trends (18 significant). 
No significant upward trends were determined for either insec-
ticide. Malathion concentrations were too highly censored to 
analyze trends for most sites, but those that could be analyzed 
were all downward trends, including two significant down-
ward trends (table 7). In contrast to the other insecticides, 
carbaryl had fewer downward trends (6) than upward trends 
(15). Although most of the carbaryl trends were not signifi-
cant, there were two significant downward trends (sites 5, 
BOUND, and 25, ARCAD) and four significant upward trends 
(sites 1, ABERJ; 12, FLTCH; 19, SHING; and 26, THORN). 

For the 2000–2008 period, diazinon trended even more 
strongly downward than it did during the earlier period 
(fig. 13; table 7), corresponding with the phaseout of several 
diazinon uses. All 21 sites analyzed for diazinon had highly 
significant downward trends during 2000–2008 and these 
trends generally were larger in magnitude than during the 
first period. Although chlorpyrifos and malathion were too 
highly censored to analyze trends for most sites, there were 
no significant upward trends and three significant downward 
trends (all in the South) for these two insecticides (table 7). 
Carbaryl trends were mixed and mostly nonsignificant during 
2000–2008 (fig. 13). However, there were four significant 
downward trends and two significant upward trends during 
2000–2008 compared with two significant downward trends 
and four significant upward trends during the earlier analysis 
period. Fipronil and its degradates trended strongly upward 
during 2000–2008 (fig. 14). Only one site each in the North-
east (site 6, ACCOT) and Midwest (site 20, SALTC) were 
not too highly censored to analyze and both of those sites had 
highly significant upward trends in fipronil and both degra-
dates. In the south, five of seven sites analyzed had significant 
upward trends in fipronil and seven of seven sites had signifi-
cant upward trends in both degradates. Three of three sites 
analyzed in the West had significant upward trends in fipronil 
and both degradates. One site in the South (7, SWIFT) had a 
significant downward trend in fipronil and significant upward 
trends in both degradates. This site had the only significant 
downward trend in fipronil for any of the sites. 



Table 7. Trends, in percent per year, for insecticides at urban-stream sites, 1992–2008.—Continued

[Trend results in bold type are significant at the p<0.10 level; HC, too “highly censored” to analyze trends; --, no data; NR, samples “not representative” of 
trend assessment period]

Site number 
(fig. 1)

Site  
short name

Chlorpyrifos Malathion Diazinon Fipronil
Fipronil 
sulfide

Desulfinyl-
fipronil

Carbaryl

1992–2000 trend result (percent per year)

Northeast

3 NRWLK HC HC -7.8 -- -- -- 3.6
6 ACCOT -12.3 -4.6 -5.2 -- -- -- -10.9

South

9 SOPEC -8.7 -18.9 -8.3 -- -- -- -14.9

Midwest

16 LBUCK -24.5 -25.7 .6 -- -- -- -5.7

1996–2004 trend result (percent per year)

Northeast

1 ABERJ HC HC -26.1 -- -- -- 26.2
2 CHRLS HC HC -33.5 -- -- -- 3.3
3 NRWLK HC HC -14.5 -- -- -- -9.0
5 BOUND -27.0 HC -12.8 -- -- -- -8.3
6 ACCOT -29.1 -1.5 -24.8 -- -- -- -8.3

South

8 GILLS -26.6 -9.4 -10.8 -- -- -- 2.3
9 SOPEC -19.3 HC -16.7 -- -- -- 2.0

10 CHATT HC HC -4.6 -- -- -- 4.7
11 CAHAB -7.4 HC -18.6 -- -- -- 8.4
12 FLTCH -37.0 -.4 -27.6 -- -- -- 10.6
13 WHITE -26.5 -10.4 -17.6 -- -- -- -3.7
14 SALAD -18.3 HC -9.9 -- -- -- 4.0

Midwest

15 HOLES -49.3 HC -23.9 -- -- -- 22.2
16 LBUCK -38.3 -24.2 -7.3 -- -- -- -.8
18 CLINT HC HC -15.5 -- -- -- 8.1
19 SHING HC HC 2.0 -- -- -- 18.9
20 SALTC HC HC -16.9 -- -- -- 5.4
21 DPLAI HC HC -29.7 -- -- -- 14.6

West

22 LCOTT HC -32.9 -4.0 -- -- -- 14.6
23 WARMC HC HC -22.5 -- -- -- HC
25 ARCAD -12.0 -7.6 -18.3 -- -- -- -18.5
26 THORN HC HC -19.3 -- -- -- 70.3
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Table 7. Trends, in percent per year, for insecticides at urban-stream sites, 1992–2008.—Continued

[Trend results in bold type are significant at the p<0.10 level; HC, too “highly censored” to analyze trends; --, no data; NR, samples “not representative” of 
trend assessment period]

Site number 
(fig. 1)

Site  
short name

Chlorpyrifos Malathion Diazinon Fipronil
Fipronil 
sulfide

Desulfinyl-
fipronil

Carbaryl

2000–2008 trend result (percent per year)

Northeast

2 CHRLS HC HC -42.2 NR NR NR 2.6
3 NRWLK HC HC -46.3 HC HC HC -11.7
4 LISHA HC HC -50.4 HC HC HC -10.1
5 BOUND HC HC -29.7 NR NR NR .6
6 ACCOT HC HC -43.2 20.1 13.6 21.4 -9.9

South

7 SWIFT HC HC -50.1 -11.0 17.4 10.5 -9.3
8 GILLS HC -31.3 -46.8 22.0 53.2 33.3 17.3
9 SOPEC -12.1 HC -39.2 10.5 25.6 12.0 6.7

10 CHATT HC HC -33.3 9.7 19.0 16.1 -.6
11 CAHAB -7.7 HC -42.3 19.4 37.9 26.3 4.5
13 WHITE -18.8 5.9 -46.1 15.7 38.1 22.5 -2.0
14 SALAD HC HC -55.4 12.9 13.2 3.6 -14.6

Midwest

17 LINCO HC HC -35.7 HC HC HC -2.2
18 CLINT HC HC -35.6 HC HC HC -1.2
19 SHING HC HC -34.1 HC HC NR -10.0
20 SALTC HC HC -42.4 14.2 16.4 20.8 1.4

West

22 LCOTT HC HC -36.9 HC HC HC -5.0
24 SANTA HC HC -39.8 33.4 10.3 16.0 3.0
25 ARCAD -1.3 -9.9 -43.1 10.7 26.7 16.8 .4
26 THORN HC HC -43.1 HC HC 15.4 -19.3
27 FANNO .1 HC -19.4 97.0 33.0 37.9 20.3
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Figure 12. Trends, in percent per year, for chlorpyrifos, diazinon, and carbaryl for the 1996–2004 period.

HC

HC

HC

NR

NR

HC

NR

HC

HC

HC

HC

HC

HC

NR

HC

NR

NR

NR

NR

NR

NR

NR

NR

NR

HC

NR

NR

HC

HC

HC

NR

NR

HC

NR

HC

HC

HC

HC

HC

HC

NR

HC

NR

NR

NR

NR

NR

NR

NR

NR

NR

HC

NR

NR

*

SI
TE

 N
UM

BE
R 

AN
D 

SH
OR

T 
N

AM
E 

(T
AB

LE
 1

)

NORTHEAST

SOUTH

MIDWEST

WEST

 1. ABERJ

 2. CHRLS

 3. NRWLK

 4. LISHA

 5. BOUND

 6. ACCOT

 7. SWIFT

 8. GILLS

 9. SOPEC

10. CHATT

11. CAHAB

12. FLTCH

13. WHITE

14. SALAD

15. HOLES

16. LBUCK

17. LINCO

18. CLINT

19. SHING

20. SALTC

21. DPLAI

22. LCOTT

23. WARMC

24. SANTA

25. ARCAD

26. THORN

27. FANNO

TREND, IN PERCENT PER YEAR

Too highly censored to analyze trends
Samples not representative of trend assessment period
Less than
Greater than
Estimated trend value

HC
NR
<
>

EXPLANATION

Chlorpyrifos, 1996−2004 Diazinon, 1996−2004 Carbaryl, 1996−2004

−75 −37.5 37.5 750−75 −37.5 37.5 750 −75 −37.5 37.5 750

*Confidence limit box outside of graphs represents trends 
with confidence limits beyond the scale of the other trends. 
Scale was not extended in order to preserve a scale 
representative of majority of trends.

95−percent confidence limits

Nonsignificant 
trend

(p>0.10)

Downward DownwardUpward Upward
Significant trend

(p<0.1)
Highly significant trend

(p<0.01)

34  Trends in Pesticide Concentrations in Urban Streams in the United States, 1992–2008



Figure 13. Trends, in percent per year, for chlorpyrifos, diazinon, and carbaryl for the 2000–2008 period.
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Figure 14. Flow-adjusted trends, in percent per year, for fipronil, fipronil sulfide, and desulfinylfipronil for the 2000–2008 period.
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Chlorpyrifos
Chlorpyrifos trends were not assessable at most sites, 

particularly during 2000–2008, because of generally low and 
declining detection frequencies. Although quantities used in 
each basin are not known, chlorpyrifos has a combination 
of hydophobicity, low water solubility, and short half-life 
(table 5) that decreases its occurrence in filtered water samples 
compared to other insecticides evaluated. Most of the streams 
with adequate data for analysis had significant downward 
trends in concentrations, with 10 of 11 sites having significant 
downward trends during 1996–2004 and 2 of 5 sites having 
significant downward trends during 2000–2008. This general 
pattern was distributed across all regions, but most sites with 
adequate data were in the South. Significant downward trends 
ranged from 9 to 49 pct/yr (table 7). Many indoor and outdoor 
residential uses of chlorpyrifos were phased out or elimi-
nated at various times during 1997–2001, which is consistent 
with the highly significant chlorpyrifos downward trends 
during the 1996–2004 analysis period and the substantially 
decreased chlorpyrifos concentrations in urban streams. By the 
2000–2008 period, most measured chlorpyrifos concentrations 
were below detection limits (table 4). Only 5 sites had more 
than 10 detections during the latter period (all in the South 
and West), and chlorpyrifos concentrations for 2 of those 
sites (sites 9, SOPEC, and 13, FLTCH) continued to decline 
significantly. However, there were no significant downward 
trends for the remaining three sites (11, CAHAB; 25, ARCAD; 
27, FANNO) during the latter period. Further investigation 
may be warranted to determine why chlorpyrifos concentra-
tions for some sites did not continue to decline. 

Malathion
No major changes in malathion regulation were identi-

fied in the U.S. Environmental Protection Agency reregis-
tration document (2006c) that might explain the malathion 
downward trends for the few sites that could be analyzed. It is 
possible that voluntary changes occurred from malathion use 
to pyrethroid (not included in this study) use, fipronil use, or 
both. Fipronil, first available in the United States in 1996, is 
effective on insects that have become resistant to organophos-
phates (a class of pesticides including chlorpyrifos, malathion, 
and diazinon). Because the USGS did not begin analyzing 
samples for fipronil until 1999, data were highly censored, and 
sampling was not always representative of analysis periods, 
few direct comparisons can be made between malathion and 
fipronil concentrations. In the two cases where comparisons 
can be made, downward trends in malathion concentration 
occurred with upward trends in fipronil concentration (sites 8, 
GILLS, and 25, ARCAD; table 7).

Diazinon
Diazinon trends, which followed a strong and consistent 

pattern across all regions, were almost entirely significant 
downward, with the magnitudes of downward trends and the 
proportion that were highly significant, increasing markedly 
from the 1996–2004 period to 2000–2008. For 1996–2004, 
only four sites had nonsignificant trends. For 2000–2008, all 
21 assessable trends were highly significant downward trends, 
and all but one was in the range of about 30 to 55 pct/yr 
(table 7). These downward trends in diazinon were consistent 
with the recent history of regulatory changes. All indoor and 
outdoor residential uses of diazinon were phased out begin-
ning in 2002; retail sales of indoor residential products ended 
December 2002; retail sales of outdoor residential products 
ended December 31, 2004. Phillips and others (2007) also 
noted decreases in diazinon concentrations in urban streams of 
the Northeast. 

Carbaryl
In contrast to the predominant downward trends for 

chlorpyrifos and diazinon, carbaryl concentration trends 
were mostly nonsignificant during both analysis periods: 
15 of 21 sites during 1996–2004 and 15 of 21 sites during 
2000–2008. Significant trends were mixed. Mostly upward 
trends occurred for carbaryl during 1996–2004 (though many 
were not significant; fig. 12). The upward trends in carbaryl 
during that time may be due at least in part to replacement 
of chlorpyrifos and diazinon with carbaryl. Although a 
number of restrictions and labeling changes for carbaryl were 
designed to decrease use, most of the changes did not take 
effect until after 2003 and thus may not have affected the 
trends for 1996–2004 substantially. Two sites (5, BOUND 
and 25, ARCAD) had significant downward trends in carbaryl 
during 1996–2004. Schreder and Dickey (2005) indicated that 
carbaryl might have replaced chlorpyrifos and diazinon in the 
Pacific Northwest for treating lawn insects. They analyzed 
1996–2002 USGS NAWQA data for sites 26, THORN, and 
27, FANNO, and noted decreases in diazinon concentration 
and increases in carbaryl concentration. For the similar period 
in this report, 1996–2004, the data at site 27, FANNO, were 
not used because of gaps in the data collection. However, 
site 26, THORN, was analyzed and results show a 19.3 pct/yr 
downward trend in diazinon with a 70.3 pct/yr upward trend in 
carbaryl. Schreder and Dickey (2005) stated that the increase 
in carbaryl corresponding to a decrease in diazinon has not 
been shown in other regions of the country. Phillips and others 
(2007) detected no significant step trends in summer carbaryl 
concentration at Northeastern and Midwestern sites, but did 
detect significant downward step trends for summer diazinon 
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concentrations (study period 1992–2004). For the period 
2000–2008, in this report carbaryl trends were mixed (upward 
and downward) and mostly nonsignificant (fig. 13). Carba-
ryl concentrations in this period may be affected both by the 
phase out of chlorpyrifos and diazinon, which would tend to 
cause upward trends, and the voluntary cancellation of regis-
tration for most of carbaryl products during the 2000–2008 
period (see Use and Properties of Pesticides section), which 
would tend to cause downward trends. For sites 8, GILLS, 
and 27, FANNO, with significant upward trends in carbaryl 
during 2000–2008, the former (replacement of diazinon or 
chlorpyrifos, or both) may be the dominant cause and for 
sites 6, ACCOT; 7, SWIFT; 14, SALAD; and 26, THORN, 
with significant downward trends, the latter (voluntary cancel-
lation and reduction of use) may be the dominant cause. 
Mostly nonsignificant carbaryl trends may have occurred 
either because the two causes cancelled each other or because 
carbaryl concentrations in the stream were not sensitive to 
either of the changes. 

Fipronil and its Degradates
Because of the phaseout of chlorpyrifos and diazinon, 

the use of other insecticides may have increased in response. 
The most common replacement insecticides include fipronil, 
imidacloprid, and pyrethroids (Phillips and others, 2007). 
Replacement of chlorpyrifos and diazinon with fipronil may 
partly explain the preponderance of upward trends in fipronil 
and its degradation products during 2000–2008. Significant 
upward trends were noted at 10 sites for fipronil and both 
degradation products. There was one anomalous case (site 7, 
SWIFT) where there was a statistically significant downward 
trend in fipronil but statistically significant upward trends in 
both degradation products fipronil sulfide and desulfinylfipro-
nil. The two degradation products have longer half-lives in soil 
(table 5) and Demcheck and Skrobialowski (2003) showed 
that the maximum concentration of fipronil sulfide tended to 
lag behind fipronil and that fipronil sulfide and desulfinylfipro-
nil accumulated in bed sediment, whereas fipronil did not. For 
these reasons, it is possible that a decrease in fipronil use or a 
decrease in fipronil transport to the stream has occurred, but 
a corresponding decrease in degradation products will take 
longer to be detected. The cause for the single anomalous 
decrease in fipronil concentration for site 7 is not known.

Summary
Pesticide data from 27 urban streams sampled as part of 

the U.S. Geological Survey National Water-Quality Assess-
ment Program were analyzed for trends in the concentrations 
of the most frequently detected pesticides for three partially 
overlapping 9-year periods: 1992–2000, 1996–2004, and 
2000–2008. The sites were divided into four regions, North-
east, South, Midwest, and West, to examine possible regional 

patterns. The pesticides included nine herbicides and degrada-
tion products (simazine, prometon, atrazine, deethylatrazine, 
metolachlor, trifluralin, pendimethalin, tebuthiuron, and 
Dacthal) and seven insecticides and degradation products 
(chlorpyrifos, malathion, diazinon, fipronil, fipronil sulfide, 
desulfinylfipronil, and carbaryl). 

The data required numerous preparatory steps for use 
in trend analysis and were analyzed for trends in concentra-
tion using a parametric regression model with seasonality, 
flow-related variability, and trend, called SEAWAVE-Q. The 
SEAWAVE-Q model was also used to generate 90th percen-
tiles of the estimated daily concentrations for each analysis 
period to provide a summary of concentration magnitudes in 
addition to concentration trends. 

There were some distinct patterns in concentrations 
among pesticides and geographic regions. For herbicides, 
the largest 90th percentiles of estimated concentrations for 
simazine were in the South, prometon at some sites in all of 
the regions, atrazine and deethylatrazine in the South and 
Midwest, metolachlor in the Midwest and a few sites in the 
South, pendimethalin at scattered sites in all of the regions, 
and tebuthiuron in the South and a few sites in the Midwest 
and West. All of these herbicides are relatively mobile and 
persistent. The remaining herbicides (trifluralin and Dacthal) 
are less mobile and the 90th percentiles for all sites were 
relatively low (less than 0.01 microgram per liter). For insecti-
cides, the largest 90th percentiles of estimated concentrations 
for diazinon and carbaryl were distributed among various sites 
in all regions (especially during 1996–2004), and fipronil at 
isolated sites in all of the regions during 2000–2008.

Trend results for the herbicides indicated many signifi-
cant trends, both upward and downward, with varying patterns 
depending on period, region, and herbicide. Overall, for all 
of the herbicides and periods, deethylatrazine showed the 
most consistent pattern of upward trends in concentrations, 
especially in the Northeast (2000–2008), South (1996–2004 
and 2000–2008), and Midwest (1996–2004 and 2000–2008). 
Other herbicides showed less consistent increases, including 
simazine in the South (1996–2004), prometon in the Midwest 
(2000–2008), and atrazine in the South (1996–2004). The 
most consistent downward trends were for simazine in the 
Northeast and Midwest (1996–2004), prometon in the North-
east and Midwest (1996–2004) and West (1996–2004 and 
2000–2008), and tebuthiuron in the South (1996–2004 and 
2000–2008) and West (2000–2008).

Trends for simazine and prometon indicated predomi-
nately downward trends during 1996–2004 except for signifi-
cant upward trends in both simazine and prometon for two 
sites in the South, significant upward trends in simazine for 
two additional sites in the South, and significant upward trends 
for prometon for one site in the Northeast and one site in the 
Midwest. There was strong similarity between the trends 
for simazine and prometon for 1996–2004. There was only 
one site for which there were conflicting significant trends 
(one up, the other down) in simazine and prometon. During 
2000–2008, there were mixed upward and downward trends in 
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simazine and prometon and the trends for the two herbicides 
were not as similar as during the earlier period. Simazine 
had the most significant downward trends in the South (three 
sites) and the most significant upward trends in the South (two 
sites). Prometon had the most significant downward trends 
in the South (three sites) and West (two sites) and the most 
significant upward trends in the Midwest (three sites) and 
South (two sites).

Trends for atrazine and deethylatrazine indicated predom-
inately upward trends in both herbicides during 1996–2004 
except for significant downward trends in both herbicides for 
one site in the Northeast and one in the Midwest and a signifi-
cant downward trend for atrazine for one site in the West. 
There was strong similarity between the trends for the two 
herbicides during 1996–2004. During 2000–2008, however, 
there were mixed upward and downward trends in atrazine and 
predominately upward trends in deethylatrazine. There were 
10 sites for which a downward trend in atrazine was paired 
with an upward trend in deethylatrazine, and for 3 of these 
sites (one in the South and 2 in the Midwest) both opposing 
trends were significant. Opposing trends showing a decrease 
in atrazine and an increase in deethylatrazine may indicate 
that decreases in atrazine from surface runoff are being offset 
in some cases by increases in deethylatrazine from ground-
water for the latter analysis period. Risk reduction measures 
for atrazine have included setbacks and reduced application 
rates; therefore, less atrazine may reach surface water directly, 
whereas the remaining atrazine degrades to deethylatrazine, 
which can eventually reach groundwater.

Metolachlor trends were mostly nonsignificant, but 
there were five sites with significant downward trends during 
1996–2004 and these trends may be related to the introduc-
tion of S-metolachlor in 1996. However, there also were two 
significant upward trends in metolachlor during the same 
period. Although trifluralin and pendimethalin were too 
highly censored to analyze trends for most sites and periods, 
there were 11 significant downward trends between the two 
pesticides for various regions and times. However, there 
also were three significant upward trends (two for trifluralin 
and one for pendimethalin). For tebuthiuron, there were 11 
significant downward trends including 3 sites in the South 
during 1996–2004 and 3 sites in the West during 2000–2008. 
However, there also were two sites with significant upward 
trends during 1996–2004. Dacthal was too highly censored 
to analyze trends for most sites and periods, but there were 
six significant downward trends during the 1992–2000 and 
1996–2004 analysis periods and only one significant upward 
trend during 1996–2004. 

Trend results for two organophosphate insecticides, 
chlorpyrifos and diazinon, were consistent with known 
decreases in urban uses of these chemicals. Many residential 
uses of chlorpyrifos were phased out or eliminated at various 
times during 1997–2001, which is consistent with highly 
significant chlorpyrifos downward trends during 1996–2004 
and substantially decreased chlorpyrifos concentrations in 
urban streams. Diazinon trended strongly downward during 

both the 1996–2004 and 2000–2008 analysis periods, which 
is consistent with various changes in regulation that reduced 
or eliminated most residential uses of diazinon during 
2000–2004. 

Malathion, another organophosphate insecticide, was 
too highly censored for trend analysis at most sites. However, 
most of the trends that could be analyzed were downward, 
four of which were significant. The downward trends in mala-
thion may be caused by voluntary substitution of pyrethroids 
or fipronil for malathion.

The insecticide carbaryl had mostly upward trends during 
1996–2004, although only four of the upward trends were 
significant. The upward trends in carbaryl during that time 
may be due at least in part to replacement of chlorpyrifos 
and diazinon with carbaryl. However, there were two sites 
with significant downward trends in carbaryl during the same 
period. For the 2000–2008 analysis period, carbaryl trends 
were mixed upward and downward and were mostly nonsig-
nificant. Despite voluntary cancellation of many residential 
uses of carbaryl beginning in about 2000, there were only 
four significant downward trends during 2000–2008 and two 
significant upward trends during that time.

Trends in the insecticide fipronil and its degradation prod-
ucts fipronil sulfide and desulfinylfipronil were analyzed only 
for the analysis period 2000–2008. Fipronil was introduced in 
1996 and concentrations were analyzed by the U.S. Geologi-
cal Survey beginning in 1999. For 13 sites that were not too 
highly censored to analyze trends, fipronil and both degrada-
tion products trended strongly upward. Significant upward 
trends were noted at 10 sites for fipronil and both degradation 
products. One anomalous site had a significant downward 
trend in fipronil and highly significant upward trends in both 
degradation products. The strong upward trends in fipronil 
and its degradates are consistent with expected increasing use 
after its introduction, in 1996, particularly as a substitute for 
organophosphate insecticides.
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Appendix 1. Preparation of Concentration Data for Trend Analysis
Pesticide concentration data were prepared for trend 

analysis using the approach presented in Martin (2009). The 
principal steps in data preparation were to (1) identify routine 
reporting levels used to report nondetections; (2) reassign 
the concentration for routine nondetections to the maximum 
concentration of the long-term method detection level; 
(3) round concentrations to a consistent level of precision for 
the concentration range; (4) adjust concentrations to compen-
sate for temporal changes in bias of recovery of the gas chro-
matography/mass spectrometry (GCMS) analytical method; 
and (5) identify and remove samples collected too frequently 
in time for trend analysis. In addition, at selected sites with 
sufficient low-level pesticide detections, the concentration 
for routine nondetections was lowered from the maximum 
concentration of the long-term method detection level to the 
median concentration of the low-level detections. These steps 
are further described in this appendix.

Identification of Reporting Levels
Two types of reporting levels were identified for the 

purposes of trend analysis: routine and raised. Nondetections 
of pesticides are reported as less than the “routine” reporting 
level (for example, <0.005 μg/L [less than 0.005 micrograms 
per liter]). A small number of samples have “matrix effects” 
or other analytical difficulties that interfere with the measure-
ment of pesticide retention time or spectral characteristics. 
Under conditions of interference, pesticides cannot be identi-
fied/detected if they are present at concentrations less than 
the level of interference and are reported as nondetections 
less than a “raised” reporting level (for example, <0.03 μg/L; 
six times greater than the routine reporting level). Nondetec-
tions 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 levels (for a given period). 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 period) that are not affected by interfer-
ence. The types and numerical values of routine reporting 
levels used to report nondetections analyzed by GCMS have 
changed over time. The concentration of the routine reporting 
level in effect for a given time period was determined from 
U.S. Geological Survey (USGS) National Water-Quality Labo-
ratory (NWQL) records and from review of the data set.

Reassignment of 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 timeseries of routine 

nondetections. The temporal structure of routine nondetections 
was removed for trend analysis by reassigning the temporally 
inconsistent censored values (the “less-than” values) assigned 
to nondetections to a uniform, temporally consistent censored 
value. Thus, all pesticide nondetections at routine reporting 
levels were censored at a concentration equal to the maximum 
concentration of the long-term method detection level 
(maxLT-MDL) for water years 1994–2008 (the 1994 water 
year is the period from October 1, 1993 through September 30, 
1994). Pesticide nondetections at raised reporting levels were 
treated as missing values and thus not used for trend assess-
ment. For most, but not all pesticides and periods, reassigning 
the censored concentration of routine nondetections to the 
maxLT-MDL resulted in an increase in the nondetected “less 
than” concentration (Martin, 2009, appendix 2). The reporting 
level is not a detection limit for pesticides analyzed by GCMS 
and changes in the reporting level reflect changes in the 
quantitation variability of low-level concentrations or policy 
changes, not changes in detection capability.

Rounding of Concentrations to a Consistent Level 
of Precision

The precision of pesticide data compiled for trend analy-
sis has changed through time. Prior to April 1997, pesticide 
data reported by NWQL were rounded to a greater degree than 
data reported subsequently (U.S. Geological Survey, 1997). 
Concentration data were rounded consistently for various 
concentration ranges for trend analysis (Martin, 2009, table 4).

Adjustment of Concentrations for Temporal 
Changes in Recovery

Temporal changes in the performance of the GCMS 
analytical method used to measure pesticide concentrations 
during 1992–2008 have the potential to mask true trends in 
environmental concentrations or to identify trends in environ-
mental concentrations that are caused solely by trends in the 
performance of the GCMS method. Measured concentrations 
of pesticides were adjusted for temporal changes in analytical 
recovery using the approach presented in Martin and others 
(2009) and summarized below.

Recovery of a pesticide compound is measured by analy-
sis of “spiked” quality-control (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. Recovery measures bias in the 
analytical method—bias is the systematic error in the measure-
ment process and results in measurements that differ from the 
true (or expected) value in the same direction.
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Data for recovery of pesticides in stream-water matrix 
spikes is provided in Martin and others (2009, appendix 3). 
That recovery data set was extended with approximately two 
additional years of data (through summer 2008) following 
similar procedures used to extend the pesticide concentration 
data set described previously (merging data before and after 
September 1, 2005). Lowess smooths were used to model 
temporal changes in the recovery of pesticides in stream-
water matrix spikes. A 10-percent smoothing window was 
selected to model 6- to 12-month time-scale temporal changes 
in recovery (because of a much shorter period of record, a 
25-percent smoothing window was used for fipronil and the 
two degradates of fipronil). Temporal changes in lowess-
modeled recovery of more than 50 percent were observed for 
some pesticides during 1992–2006 (Martin and others, 2009, 
appendixes 4 and 5).

Detected concentrations of pesticides were adjusted to 
100-percent recovery by dividing the measured concentra-
tion by the lowess-modeled recovery, where recovery was 
expressed as a fraction. Routine nondetections at maxLT-MDL 
were not adjusted for modeled recovery. Routine nondetec-
tions were not adjusted because adjustment would create a 
temporal structure to the timeseries of nondetections and 
defeat the original purpose of reassigning routine nondetec-
tions to the maxLT-MDL (see section “Reassignment of the 
Concentration Value for Routine Nondetections”). Recov-
ery-adjusted concentrations were rounded consistently as 
discussed previously.

Deletion of Samples Considered Inappropriate 
for Trend Analysis

Samples collected too frequently in time typically have 
highly correlated, redundant information that are inappropriate 
for use in trend analyses. A weekly sampling frequency was 
considered the maximum frequency suitable for trend analysis. 
All samples at a site were assigned to calendar weeks (Sunday 
through Saturday) and if two or more samples were collected 
during the same week, only the sample collected closest in 
time to noon Wednesday was retained for trend analysis.

Reassignment of the Concentration Value for 
Selected Routine Nondetections to the Median 
Concentration of Low-Level Detections

As mentioned previously, the GCMS analytical method 
does not have specified “detection limits” for each pesticide 
analyte. That is, there is no direct assessment by NWQL of 
the pesticide concentration where detection is 50 percent (or 
some larger percentage) probable. Instead, “reporting limits” 
are determined based on the variability of measured concen-
trations from low-concentration laboratory spikes (Oblinger 
Childress and others, 1999). This “signal-to-noise” based 
approach to determining detection works well for many types 
of analytical methods but is not well suited to the GCMS 

method which requires pesticide identification (detection) 
prior to quantitation.

The maximum value of the long-term method detection 
level (maxLT-MDL) has been used as a conservative estimate 
of the detection limit for previous studies of pesticide trends 
(Sullivan and others, 2009; Vecchia and others, 2009). Detec-
tions at concentrations less than maxLT-MDL were “censored” 
at maxLT-MDL (reassigned to nondetections at the concen-
tration of maxLT-MDL) and trends assessed. For the trend 
assessment in this report, a less conservative estimate of the 
detection limit was desired because many pesticides and sites 
selected for assessment had a large number of detections less 
than maxLT-MDL (low-level detections) and using some of 
these low-level detections would increase the number of pesti-
cides and sites that meet the criteria for trend assessment.

The ability to detect pesticides at low concentrations is 
expected to be dependent on the detection “sensitivity” of the 
analytical method, the concentration of the pesticide in the 
sample, and the matrix of the sample (the chemical, physical, 
and biological characteristics of the water sample). Detection 
sensitivity can vary through time, perhaps in response to short-
term factors such as instrument maintenance or changes in 
reagents or supplies, or to long-term factors such as changes in 
instrumentation. The most pressing concern for trend analysis 
is a directional change in detection sensitivity over the period 
of trend analysis, such as from less sensitive to more sensitive. 
Information on temporal changes in detection sensitivity were 
not available but long-term trends in detection sensitivity were 
assessed by two approaches: (1) examining the frequency of 
low-level pesticide detections in selected NAWQA groundwa-
ter samples through time and (2) examining the consistency 
of low-level pesticide detections in NAWQA groundwater 
and stream-water field duplicate QC samples though time 
(appendixes 2 and 3). Groundwater samples were used to 
assess the frequency of low-level pesticide detections though 
time because temporal changes in concentrations in ground-
water are expected to be less than in stream water—therefore, 
trends in detection sensitivity might be more apparent in 
groundwater samples than in stream-water samples. The first 
approach, examining groundwater samples (appendix 2), did 
not show evidence of long-term trends in detection sensitivity 
for the pesticides assessed in this report. The second approach, 
examining field duplicate QC samples (appendix 3), did not 
show increased detection sensitivity through time for most 
of the pesticides in this report. However, tebuthiuron and 
carbaryl showed increased consistency of low-level detections 
and a decrease in the concentrations detected through time. 
This might indicate that improvements in instrumentation have 
resulted in increased detection sensitivity for tebuthiuron and 
carbaryl over time. However, tebuthiuron remained highly 
censored throughout the period of this study and carbaryl 
showed significant upward and downward trends, so the effect 
of possible improvements in detection sensitivity is unclear.

Both pesticide concentration and sample matrix are 
expected to affect detection capability. Pesticide concen-
trations less than but close to maxLT-MDL likely are 
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detected almost as readily as concentrations at or just above 
maxLT-MDL, whereas concentrations two orders of magnitude 
less than maxLT-MDL might rarely be detected. As was true 
for analytical recovery (Martin and others, 2009, p. 10–12, 
figs. 2 and 4), detection limits likely are a function of sample 
matrix. Concentrations readily detected in one matrix might 
not be detected in a more problematic matrix.

The less conservative estimate of the detection limit used 
for trend assessment in this report is the median value of the 
low-level detections (qlow50), calculated separately for each 
pesticide and stream-water site combination. The site-specific 
estimate of the detection limit was calculated only for pesti-
cide and stream-water site combinations with five or more 
low-level detections for the period of record. Where qlow50 
was calculated, routine nondetections at maxLT-MDL and 
any low-level detection less than qlow50 were assumed to be 
censored at a concentration equal to qlow50 (the true concen-
tration was assumed to be less than qlow50, but the actual 
concentration was not known). All detections with concentra-
tions greater than or equal to qlow50 were left unchanged. For 
each pesticide-site combination with fewer than five low-level 
detections, qlow50 was set equal to maxLT-MDL and the same 
procedure described previously was used to prepare the data 
for trend assessment. The resulting pesticide concentration 
data set used for trend assessment for this report is summa-
rized in appendix 4, site information is provided as a down-
loadable data set in appendix 5, and the concentration data 
used for trend analysis is provided as a downloadable data set 
in appendix 6.

The procedure used for censoring the concentration data 
is illustrated with two examples. Pendimethalin concentra-
tions for site 16 (LBUCK) are shown in figure A1–1. The 
maxLT-MDL for pendimethalin (the same for all sites) is 
0.011 µg/L. For this site, 15 low-level detections had concen-
trations less than 0.011 µg/L (fig. A1–1A). The conserva-
tive censoring method (fig. A1–1B) censors all 15 low-level 
detections at maxLT-MDL, the same level used to censor the 
routine nondetections. Only the detections greater than or 
equal to maxLT-MDL were left uncensored. Because more 
than five low-level detections were measured at this site, 
qlow50 was computed as the median of the 15 low-level 
detections, which was 0.007 μg/L. The data used for trend 
assessment (fig. A1–1C) have all routine nondetections and 
low-level detections less than qlow50 censored at the lower 
level (0.007 μg/L). All routine detections or low-level detec-
tions greater than or equal to 0.007 μg/L were left uncensored. 

Carbaryl had by far the most low-level detections of any 
of the pesticides considered. This is illustrated in figure A1–2, 
which shows the carbaryl data for site 10 (CHATT). There 
were 91 low-level detections for this site, compared to only 
18 routine detections above maxLT-MDL (0.03 μg/L) and 
29 routine nondetections (fig. A1–2A). Censoring at qlow50 
(0.009 μg/L for this site; fig. A1–2C) resulted in a much larger 
number of uncensored values being used in the trend analysis 
than censoring at maxLT-MDL (fig. A1–2B). The site-specific 
limits used for censoring routine nondetections and low-level 
detections for each pesticide (qlow50, as described previously) 
are given in table A1–1.
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Figure A1–1. Pendimethalin concentration data for site 16 (LBUCK), 1992–2008. [(A) with routine nondetections 
censored at the maximum value of the long-term method detection level, maxLTMDL (0.011 µg/L); (B) with routine 
nondetections and low-level detections censored at maxLT-MDL; (C) with routine nondetections and low-level 
detections censored at the median value of the lowlevel detections, qlow50 (0.007 µg/L)]
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Figure A1–2. Carbaryl concentration data for site 10 (CHATT), 1992–2008. [(A) with routine nondetections censored 
at the maximum value of the long-term method detection level, maxLTMDL (0.03 µg/L); (B) with routine nondetections 
and low-level detections censored at maxLT-MDL; (C) with routine nondetections and low-level detections censored 
at the median value of the lowlevel detections, qlow50 (0.009 µg/L)]
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Table A1–1. Censoring limits for each site-pesticide combination considered for trend analysis.

[qlow50, the median value of the low-level detections, calculated separately for each pesticide and stream-water site combination; maxLT-MDL, the maximum value of the long-term method detection level for 
water years 1994–2008; water year, the 1994 water year is the period from October 1, 1993 through September 30, 1994; DCPA, dimethyl tetrachloroterephthalate]

Site  
number 
(fig. 1)

Site  
short 
name

qlow50, in microgram per liter (maxLT-MDL given in parentheses below pesticide name)

Simazine 
(0.006)

Prometon 
(0.007)

Atrazine 
(0.004)

Deethylatrazine 
(0.007)

Metolachlor 
(0.006)

Trifluralin 
(0.005)

Pendimethalin 
(0.011)

Tebuthiuron 
(0.008)

Dacthal (DCPA) 
(0.002)

Northeast
1 ABERJ 0.0040 0.0060 0.0040 0.0040 0.0040 0.0010 0.0080 0.0055 0.0020
2 CHRLS .0040 .0045 .0040 .0050 .0040 .0050 .0110 .0080 .0020
3 NRWLK .0040 .0050 .0030 .0060 .0040 .0025 .0110 .0080 .0020
4 LISHA .0060 .0040 .0040 .0070 .0050 .0050 .0110 .0080 .0020
5 BOUND .0050 .0070 .0040 .0070 .0040 .0035 .0110 .0060 .0010
6 ACCOT .0060 .0070 .0040 .0060 .0040 .0025 .0110 .0050 .0010

South
7 SWIFT 0.0060 0.0070 0.0040 0.0070 0.0040 0.0050 0.0110 0.0050 0.0020
8 GILLS .0060 .0050 .0040 .0070 .0045 .0050 .0110 .0080 .0020
9 SOPEC .0060 .0050 .0030 .0050 .0030 .0020 .0095 .0080 .0020

10 CHATT .0060 .0050 .0040 .0050 .0030 .0050 .0110 .0080 .0020
11 CAHAB .0060 .0050 .0040 .0070 .0050 .0020 .0110 .0040 .0020
12 FLTCH .0060 .0070 .0040 .0070 .0060 .0030 .0110 .0080 .0020
13 WHITE .0060 .0070 .0040 .0070 .0040 .0030 .0090 .0055 .0010
14 SALAD .0050 .0070 .0040 .0070 .0030 .0050 .0110 .0080 .0020

Midwest
15 HOLES 0.0050 0.0070 0.0040 0.0070 0.0040 0.0030 0.0110 0.0080 0.0020
16 LBUCK .0050 .0070 .0040 .0070 .0030 .0030 .0070 .0050 .0010
17 LINCO .0060 .0070 .0040 .0070 .0040 .0050 .0110 .0080 .0020
18 CLINT .0060 .0070 .0040 .0070 .0040 .0030 .0110 .0080 .0010
19 SHING .0060 .0070 .0040 .0070 .0040 .0020 .0110 .0080 .0010
20 SALTC .0060 .0070 .0040 .0070 .0040 .0020 .0110 .0080 .0020
21 DPLAI .0060 .0070 .0040 .0070 .0060 .0040 .0110 .0080 .0020

West
22 LCOTT 0.0035 0.0060 0.0040 0.0055 0.0060 0.0020 0.0110 0.0080 0.0020
23 WARMC .0050 .0040 .0040 .0070 .0060 .0050 .0110 .0030 .0020
24 SANTA .0060 .0070 .0040 .0070 .0050 .0050 .0110 .0080 .0020
25 ARCAD .0060 .0070 .0040 .0070 .0050 .0030 .0110 .0080 .0020
26 THORN .0040 .0070 .0030 .0070 .0060 .0050 .0110 .0080 .0020
27 FANNO .0060 .0060 .0040 .0060 .0040 .0030 .0110 .0050 .0020
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Table A1–1. Censoring limits for each site-pesticide combination considered for trend analysis.—Continued

[qlow50, the median value of the low-level detections, calculated separately for each pesticide and stream-water site combination; maxLT-MDL, the maximum value of the long-term method detection level for 
water years 1994–2008; water year, the 1994 water year is the period from October 1, 1993 through September 30, 1994; DCPA, dimethyl tetrachloroterephthalate]

Site  
number 
(fig. 1)

Site  
short 
name

qlow50, in microgram per liter (maxLT-MDL given in parentheses below pesticide name)

Chlorpyrifos 
(0.003)

Malathion 
(0.014)

Diazinon 
(0.003)

Fipronil 
(0.01)

Fipronil sulfide 
(0.006)

Desulfinylfipronil 
(0.006)

Carbaryl 
(0.03)

Northeast
1 ABERJ 0.0030 0.0140 0.0030 0.0100 0.0060 0.0060 0.0090
2 CHRLS .0030 .0140 .0030 .0065 .0050 .0045 .0080
3 NRWLK .0030 .0140 .0020 .0100 .0060 .0060 .0105
4 LISHA .0030 .0140 .0030 .0100 .0060 .0060 .0080
5 BOUND .0030 .0100 .0030 .0070 .0060 .0050 .0130
6 ACCOT .0030 .0095 .0030 .0090 .0060 .0040 .0110

South
7 SWIFT 0.0030 0.0140 0.0030 0.0080 0.0050 0.0050 0.0090
8 GILLS .0030 .0080 .0030 .0070 .0060 .0050 .0080
9 SOPEC .0030 .0090 .0030 .0070 .0040 .0050 .0090

10 CHATT .0030 .0075 .0030 .0080 .0050 .0050 .0090
11 CAHAB .0030 .0140 .0030 .0070 .0050 .0045 .0070
12 FLTCH .0030 .0140 .0030 .0100 .0060 .0060 .0130
13 WHITE .0030 .0085 .0030 .0080 .0030 .0050 .0120
14 SALAD .0030 .0070 .0030 .0060 .0040 .0050 .0100

Midwest
15 HOLES 0.0030 0.0090 0.0030 0.0100 0.0060 0.0060 0.0070
16 LBUCK .0030 .0095 .0030 .0100 .0060 .0060 .0110
17 LINCO .0030 .0140 .0030 .0100 .0060 .0050 .0100
18 CLINT .0030 .0140 .0030 .0060 .0060 .0060 .0080
19 SHING .0030 .0140 .0030 .0070 .0050 .0040 .0120
20 SALTC .0030 .0140 .0030 .0080 .0060 .0045 .0095
21 DPLAI .0030 .0140 .0030 .0100 .0060 .0060 .0120

West
22 LCOTT 0.0030 0.0070 0.0030 0.0100 0.0060 0.0060 0.0085
23 WARMC .0030 .0140 .0030 .0100 .0060 .0060 .0065
24 SANTA .0030 .0140 .0030 .0060 .0050 .0050 .0090
25 ARCAD .0030 .0100 .0030 .0100 .0050 .0060 .0165
26 THORN .0030 .0140 .0030 .0050 .0060 .0040 .0120
27 FANNO .0030 .0140 .0030 .0070 .0050 .0040 .0120
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Appendix 2. Examination of Low-Level Pesticide Detections in Selected 
National Water-Quality Assessment Program Groundwater Samples 
through Time

This appendix describes the first of two approaches for 
assessing trends in detection sensitivity for the pesticides 
summarized in this report. In brief, the frequency and magni-
tude of low-level detections in groundwater samples from 
selected NAWQA wells were plotted as a function of time for 
water years 1994 to 2005. Trends in detection sensitivity were 
assessed by visually examining the timeseries to determine if 
monotonic trends in the frequency of low-level detections or 
in the magnitude of concentrations detected were apparent. 

Hypothesis
Improvements to instrumentation might have resulted 

in increased detection sensitivity through time. Increased 
detection sensitivity is expected to cause an increase in the 
frequency of low-level detections and a decrease in the magni-
tude of low-level concentrations. 

Approach
Pesticide concentrations in groundwater are expected 

to change slowly. An examination of resampled wells might 
show evidence of increased detection sensitivity through time. 
Only wells in groundwater networks that were used to summa-
rize the national occurrence of pesticides (Gilliom and others, 
2006, appendix 5b) were used for assessing detection sensitiv-
ity. Three periods were defined: 1993–1997, 1998–2001, and 
2002–2006. Wells were used in the analysis if water samples 
were analyzed for pesticides in at least two of the three 
periods. If a well had multiple samples in a period, one sample 
was randomly selected to represent the period. “Low-level 
detections” were defined as pesticide detections at concentra-
tions less than the maximum value of the long-term method 
detection level for water years 1994–2006 (maxLT-MDL; 
Martin, 2009, table 1). A 3-year window was used to smooth 
the detection statistics through time (for example, statis-
tics plotted at 1994 include data for 1993, 1994, and 1995). 
Low-level detection frequency was calculated as the number 
of water samples having low-level detections divided by the 
total number of water samples and expressed as a percentage. 

Confidence limits for the frequency of low-level detections 
were calculated using the binomial method presented in 
Hahn and Meeker (1991, p. 103–108). The magnitudes of the 
low-level detections were plotted as boxplots (boxplots are 
explained in the first figure, fig. A2–1, of the appendix).

Results
The frequency and magnitude of low-level detections in 

groundwater samples from selected NAWQA wells are shown 
in figures A2–2 to A2–17. Most pesticides had very few low-
level detections. Simazine, prometon, atrazine, deethyl- 
atrazine, and metolachlor generally had more than 10 low-
level detections per 3-year time window. 

Simazine (fig. A2–2) exhibited a general increase in the 
frequency of low-level detections for the period 1994 to 2005, 
but confidence limits indicated that the change in frequency 
was not statistically significant. The median concentrations 
for low-level simazine detections tended to increase through 
time—a finding contrary to the expectation of decreasing 
low-level concentrations because of increasing detection 
sensitivity. Atrazine (fig. A2–4) had a general increase in the 
frequency of low-level detections for the period 1994–1996 
and a general decrease in the frequency for the period 
1996–2005—a pattern inconsistent with the expectation of 
a monotonic trend of an increasing frequency of low-level 
detections through time. The median concentrations for 
low-level atrazine detections were relatively stable through 
time. The frequency of low-level detections for prometon, 
deethylatrazine, and metolachlor varied through time and the 
median concentrations for low-level detections were either 
stable through time or showed a general pattern of increasing 
concentrations (deethylatrazine, fig. A2–5).

Conclusion
An examination of low-level detections in resampled 

wells did not support the hypothesis that improvements to 
instrumentation have resulted in increased detection sensitivity 
through time.



Figure A2–1. Explanation of a boxplot that is used to depict the distribution of concentrations.
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Figure A2–2. Detection frequency and concentration of simazine detected at concentrations less than the maximum 
value of the long−term method detection level for 1994−2006 (0.006 microgram per liter, and shown as a dashed line in the 
second panel) at selected wells sampled for the National Water−Quality Assessment Program. A 3−year time window 
was used for plotting values on the X−axis. For example, data plotted at 1994 include data for 1993, 1994, and 1995. The 
1994 water year is the period October 1, 1993 through September 30, 1994. The number of groundwater measurements is 
shown at the top of the first panel. The number of low−level detections is shown at the top of the second panel. Boxplots 
are explained in figure A2−1.
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Figure A2–3. Detection frequency and concentration of prometon detected at concentrations less than the maximum 
value of the long−term method detection level for 1994−2006 (0.007 microgram per liter, and shown as a dashed line in the 
second panel) at selected wells sampled for the National Water−Quality Assessment Program. A 3−year time window 
was used for plotting values on the X−axis. For example, data plotted at 1994 include data for 1993, 1994, and 1995. The 
1994 water year is the period October 1, 1993 through September 30, 1994. The number of groundwater measurements is 
shown at the top of the first panel. The number of low−level detections is shown at the top of the second panel. Boxplots 
are explained in figure A2−1.
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Figure A2–4. Detection frequency and concentration of atrazine detected at concentrations less than the maximum 
value of the long−term method detection level for 1994−2006 (0.004 microgram per liter, and shown as a dashed line in the 
second panel) at selected wells sampled for the National Water−Quality Assessment Program. A 3−year time window 
was used for plotting values on the X−axis. For example, data plotted at 1994 include data for 1993, 1994, and 1995. The 
1994 water year is the period October 1, 1993 through September 30, 1994. The number of groundwater measurements is 
shown at the top of the first panel. The number of low−level detections is shown at the top of the second panel. Boxplots 
are explained in figure A2−1.
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Figure A2–5. Detection frequency and concentration of deethylatrazine detected at concentrations less than the 
maximum value of the long−term method detection level for 1994−2006 (0.007 microgram per liter, and shown as a dashed 
line in the second panel) at selected wells sampled for the National Water−Quality Assessment Program. A 3−year 
time window was used for plotting values on the X−axis. For example, data plotted at 1994 include data for 1993, 1994, 
and 1995. The 1994 water year is the period October 1, 1993 through September 30, 1994. The number of groundwater 
measurements is shown at the top of the first panel. The number of low−level detections is shown at the top of the second 
panel. Boxplots are explained in figure A2−1.
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Figure A2–6. Detection frequency and concentration of metolachlor detected at concentrations less than the maximum 
value of the long−term method detection level for 1994−2006 (0.006 microgram per liter, and shown as a dashed line in the 
second panel) at selected wells sampled for the National Water−Quality Assessment Program. A 3−year time window 
was used for plotting values on the X−axis. For example, data plotted at 1994 include data for 1993, 1994, and 1995. The 
1994 water year is the period October 1, 1993 through September 30, 1994. The number of groundwater measurements is 
shown at the top of the first panel. The number of low−level detections is shown at the top of the second panel. Boxplots 
are explained in figure A2−1.
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Figure A2–7. Detection frequency and concentration of trifluralin detected at concentrations less than the maximum 
value of the long−term method detection level for 1994−2006 (0.005 microgram per liter, and shown as a dashed line in the 
second panel) at selected wells sampled for the National Water−Quality Assessment Program. A 3−year time window 
was used for plotting values on the X−axis. For example, data plotted at 1994 include data for 1993, 1994, and 1995. The 
1994 water year is the period October 1, 1993 through September 30, 1994. The number of groundwater measurements is 
shown at the top of the first panel. The number of low−level detections is shown at the top of the second panel. Boxplots 
are explained in figure A2−1.
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Figure A2–8. Detection frequency and concentration of pendimethalin detected at concentrations less than the 
maximum value of the long−term method detection level for 1994−2006 (0.011 microgram per liter, and shown as a dashed 
line in the second panel) at selected wells sampled for the National Water−Quality Assessment Program. A 3−year 
time window was used for plotting values on the X−axis. For example, data plotted at 1994 include data for 1993, 1994, 
and 1995. The 1994 water year is the period October 1, 1993 through September 30, 1994. The number of groundwater 
measurements is shown at the top of the first panel. The number of low−level detections is shown at the top of the second 
panel. Boxplots are explained in figure A2−1.
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Figure A2–9. Detection frequency and concentration of tebuthiuron detected at concentrations less than the maximum 
value of the long−term method detection level for 1994−2006 (0.008 microgram per liter, and shown as a dashed line in the 
second panel) at selected wells sampled for the National Water−Quality Assessment Program. A 3−year time window 
was used for plotting values on the X−axis. For example, data plotted at 1994 include data for 1993, 1994, and 1995. The 
1994 water year is the period October 1, 1993 through September 30, 1994. The number of groundwater measurements is 
shown at the top of the first panel. The number of low−level detections is shown at the top of the second panel. Boxplots 
are explained in figure A2−1.
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Figure A2–10. Detection frequency and concentration of Dacthal detected at concentrations less than the maximum 
value of the long−term method detection level for 1994−2006 (0.002 microgram per liter, and shown as a dashed line in the 
second panel) at selected wells sampled for the National Water−Quality Assessment Program. A 3−year time window 
was used for plotting values on the X−axis. For example, data plotted at 1994 include data for 1993, 1994, and 1995. The 
1994 water year is the period October 1, 1993 through September 30, 1994. The number of groundwater measurements is 
shown at the top of the first panel. The number of low−level detections is shown at the top of the second panel. Boxplots 
are explained in figure A2−1.
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Figure A2–11. Detection frequency and concentration of chlorpyrifos detected at concentrations less than the maximum 
value of the long−term method detection level for 1994−2006 (0.003 microgram per liter, and shown as a dashed line in the 
second panel) at selected wells sampled for the National Water−Quality Assessment Program. A 3−year time window 
was used for plotting values on the X−axis. For example, data plotted at 1994 include data for 1993, 1994, and 1995. The 
1994 water year is the period October 1, 1993 through September 30, 1994. The number of groundwater easurements is 
shown at the top of the first panel. The number of low−level detections is shown at the top of the second panel. Boxplots 
are explained in figure A2−1.
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Figure A2–12. Detection frequency and concentration of malathion detected at concentrations less than the maximum 
value of the long−term method detection level for 1994−2006 (0.014 microgram per liter, and shown as a dashed line in the 
second panel) at selected wells sampled for the National Water−Quality Assessment Program. A 3−year time window 
was used for plotting values on the X−axis. For example, data plotted at 1994 include data for 1993, 1994, and 1995. The 
1994 water year is the period October 1, 1993 through September 30, 1994. The number of groundwater measurements is 
shown at the top of the first panel. The number of low−level detections is shown at the top of the second panel. Boxplots 
are explained in figure A2−1.
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Figure A2–13. Detection frequency and concentration of diazinon detected at concentrations less than the maximum 
value of the long−term method detection level for 1994−2006 (0.003 microgram per liter, and shown as a dashed line in the 
second panel) at selected wells sampled for the National Water−Quality Assessment Program. A 3−year time window 
was used for plotting values on the X−axis. For example, data plotted at 1994 include data for 1993, 1994, and 1995. The 
1994 water year is the period October 1, 1993 through September 30, 1994. The number of groundwater measurements is 
shown at the top of the first panel. The number of low−level detections is shown at the top of the second panel. Boxplots 
are explained in figure A2−1.
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Figure A2–14. Detection frequency and concentration of fipronil detected at concentrations less than the maximum 
value of the long−term method detection level for 1994−2006 (0.008 microgram per liter, and shown as a dashed line in the 
second panel) at selected wells sampled for the National Water−Quality Assessment Program. A 3−year time window 
was used for plotting values on the X−axis. For example, data plotted at 1994 include data for 1993, 1994, and 1995. The 
1994 water year is the period October 1, 1993 through September 30, 1994. The number of groundwater measurements is 
shown at the top of the first panel. The number of low−level detections is shown at the top of the second panel. Boxplots 
are explained in figure A2−1.
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Figure A2–15. Detection frequency and concentration of fipronil sulfide detected at concentrations less than the 
maximum value of the long−term method detection level for 1994−2006 (0.006 microgram per liter, and shown as a dashed 
line in the second panel) at selected wells sampled for the National Water−Quality Assessment Program. A 3−year 
time window was used for plotting values on the X−axis. For example, data plotted at 1994 include data for 1993, 1994, 
and 1995. The 1994 water year is the period October 1, 1993 through September 30, 1994. The number of groundwater 
measurements is shown at the top of the first panel. The number of low−level detections is shown at the top of the second 
panel. Boxplots are explained in figure A2−1.
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Figure A2–16. Detection frequency and concentration of desulfinylfipronil detected at concentrations less than the 
maximum value of the long−term method detection level for 1994−2006 (0.006 microgram per liter, and shown as a dashed 
line in the second panel) at selected wells sampled for the National Water−Quality Assessment Program. A 3−year 
time window was used for plotting values on the X−axis. For example, data plotted at 1994 include data for 1993, 1994, 
and 1995. The 1994 water year is the period October 1, 1993 through September 30, 1994. The number of groundwater 
measurements is shown at the top of the first panel. The number of low−level detections is shown at the top of the second 
panel. Boxplots are explained in figure A2−1.
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Figure A2–17. Detection frequency and concentration of carbaryl detected at concentrations less than the maximum 
value of the long−term method detection level for 1994−2006 (0.03 microgram per liter, and shown as a dashed line in the 
second panel) at selected wells sampled for the National Water−Quality Assessment Program. A 3−year time window 
was used for plotting values on the X−axis. For example, data plotted at 1994 include data for 1993, 1994, and 1995. The 
1994 water year is the period October 1, 1993 through September 30, 1994. The number of groundwater measurements is 
shown at the top of the first panel. The number of low−level detections is shown at the top of the second panel. Boxplots 
are explained in figure A2−1.
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Appendix 3. Examination of the Consistency of Low-Level Pesticide Detections 
in Duplicate Water Samples through Time

This appendix describes the second of two approaches 
for assessing trends in detection sensitivity for the pesticides 
summarized in this report. The consistency and magnitude 
of low-level detections in field-collected, duplicate quality-
control (QC) water samples were plotted as a function of time 
for water years 1994 to 2005. Trends in detection sensitiv-
ity were assessed by visually examining the timeseries to 
determine if monotonic trends in the consistency of low-level 
detections or in the magnitude of concentrations detected were 
apparent. 

Hypothesis
Improvements to instrumentation could have resulted in 

increased detection sensitivity through time. Increased detec-
tion sensitivity is expected to cause an increase in the consis-
tency of low-level detections in duplicate water samples and a 
decrease in the magnitude of low-level concentrations. 

Approach
Field-collected, duplicate QC stream-water and ground-

water samples are routinely collected by field crews of the 
National Water-Quality Assessment (NAWQA) Program to 
measure the variability of pesticide measurements (Koterba 
and others, 1995; Mueller and others, 1997; Martin, 2002). 
An examination of the consistency of low-level detections in 
duplicate water samples could show evidence of increased 
detection sensitivity through time. 

NAWQA water-quality data were provided by NAWQA 
Data Warehouse data managers (Nathaniel L. Booth, U.S. 
Geological Survey, written commun., September 22, 2006). 
Duplicate samples were matched by sampling site identifica-
tion number, date, and other codes stored with the data. Sites 
and dates with more than one possible match were reviewed to 
ensure the appropriateness of the match. “Low-level detec-
tions” were defined as pesticide detections at concentrations 
less than the maximum value of the long-term method detec-
tion level for water years 1994–2006 (maxLT-MDL; Martin, 
2009, table 1). For each pesticide, only pairs of duplicates 
where the pesticide was detected at low levels in one or 
both of the duplicates were used in the analysis. Consis-
tency of low-level detection was calculated as the number 
of duplicate pairs where the pesticide was detected in both 
duplicates divided by the number of duplicate pairs where 
the pesticide was detected in one or both of the duplicates 
and was expressed as a percentage. A 3-year window was 
used to smooth the consistency of detection statistics through 
time (for example, statistics plotted at 1994 include data for 
1993, 1994, and 1995). Confidence limits for the consistency 

of low-level detections were calculated using the binomial 
method presented in Hahn and Meeker (1991, p. 103–108). 
The magnitudes of the low-level detections are plotted as 
boxplots (boxplots are explained in the first figure, fig. A3–1, 
of this appendix).

Results

The consistency and magnitude of low-level detections in 
duplicate water samples are shown in figures A3–2 to A3–17 
of this appendix. Most pesticides had relatively stable low-
level detection consistency for the period 1994–2005. The 
temporal pattern of detection consistency was highly variable 
for chlorpyrifos (fig. A3–11), diazinon (fig. A3–13), and fipro-
nil sulfide (fig. A3–15), most likely because many of the years 
had a small number of duplicate pairs. Simazine (fig. A3–2), 
atrazine (fig. A3–4), metolachlor (fig. A3–6), trifluralin 
(fig. A3–7), tebuthiuron (fig. A3–9), and carbaryl (fig. A3–17) 
exhibited similar temporal patterns in detection consistency 
where consistency of low-level detections was lowest during 
1994 or 1995 and was higher in later years. Confidence limits 
on the consistency of detection, however, indicated that the 
change in consistency was not statistically significant for 
most of these pesticides. On the basis of non-overlapping 
95-percent confidence limits on the consistency of detection, 
detection consistency for tebuthiuron was statistically signifi-
cantly higher in 2003 than in 1994 or 1995 and for carbaryl 
was statistically significantly higher in 2002, 2003, and 2004 
than in 1994 or 1995. 

The median concentrations for low-level detections were 
relatively stable or tended to increase through time—a finding 
contrary to the expectation of decreasing low-level concentra-
tions because of increasing detection sensitivity. Concentra-
tions of low-level detections for tebuthiuron and carbaryl 
tended to decrease through time—a finding consistent with the 
expectation of decreasing low-level concentrations because of 
increasing detection sensitivity.

Conclusion

An examination of low-level detections in field-collected, 
duplicate QC water samples did not support the hypoth-
esis that improvements to instrumentation have resulted in 
increased detection sensitivity through time for most of the 
pesticides examined. For tebuthiuron and carbaryl, however, 
increased consistency of low-level detections and a decrease in 
the concentrations detected through time support the hypoth-
esis that improvements to instrumentation have resulted in 
increased detection sensitivity through time.



Figure A3–1. Explanation of a boxplot that is used to depict the distribution of concentrations.
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Figure A3–2. Consistency of detection and concentrations of simazine detected in pairs of duplicate quality−control 
water samples. Only pairs of duplicates where simazine was detected in at least one of the duplicates at a concentration 
less than the maximum value of the long−term method detection level for 1994−2006 (0.006 microgram per liter, and shown 
as a dashed line in the second panel) were used in this analysis. A 3−year time window was used for plotting values 
on the X−axis. For example, data plotted at 1994 include data for 1993, 1994, and 1995. The 1994 water year is the period 
October 1, 1993 through September 30, 1994. The number of pairs of duplicates is shown at the top of the first panel. The 
number of pairs of duplicates with consistent detection is shown at the top of the second panel. Boxplots are explained in 
figure A3−1.
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Figure A3–3. Consistency of detection and concentrations of prometon detected in pairs of duplicate quality−control 
water samples. Only pairs of duplicates where prometon was detected in at least one of the duplicates at a concentration 
less than the maximum value of the long−term method detection level for 1994−2006 (0.007 microgram per liter, and shown 
as a dashed line in the second panel) were used in this analysis. A 3−year time window was used for plotting values 
on the X−axis. For example, data plotted at 1994 include data for 1993, 1994, and 1995. The 1994 water year is the period 
October 1, 1993 through September 30, 1994. The number of pairs of duplicates is shown at the top of the first panel. The 
number of pairs of duplicates with consistent detection is shown at the top of the second panel. Boxplots are explained in 
figure A3−1.
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Figure A3–4. Consistency of detection and concentrations of atrazine detected in pairs of duplicate quality−control 
water samples. Only pairs of duplicates where atrazine was detected in at least one of the duplicates at a concentration 
less than the maximum value of the long−term method detection level for 1994−2006 (0.004 microgram per liter, and shown 
as a dashed line in the second panel) were used in this analysis. A 3−year time window was used for plotting values 
on the X−axis. For example, data plotted at 1994 include data for 1993, 1994, and 1995. The 1994 water year is the period 
October 1, 1993 through September 30, 1994. The number of pairs of duplicates is shown at the top of the first panel. The 
number of pairs of duplicates with consistent detection is shown at the top of the second panel. Boxplots are explained in 
figure A3−1.
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Figure A3–5. Consistency of detection and concentrations of deethylatrazine detected in pairs of duplicate quality−
control water samples. Only pairs of duplicates where deethylatrazine was detected in at least one of the duplicates at 
a concentration less than the maximum value of the long−term method detection level for 1994−2006 (0.007 microgram 
per liter, and shown as a dashed line in the second panel) were used in this analysis. A 3−year time window was used for 
plotting values on the X−axis. For example, data plotted at 1994 include data for 1993, 1994, and 1995. The 1994 water year 
is the period October 1, 1993 through September 30, 1994. The number of pairs of duplicates is shown at the top of the first 
panel. The number of pairs of duplicates with consistent detection is shown at the top of the second panel. Boxplots are 
explained in figure A3−1.
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Figure A3–6. Consistency of detection and concentrations of metolachlor detected in pairs of duplicate quality−
control water samples. Only pairs of duplicates where metolachlor was detected in at least one of the duplicates at a 
concentration less than the maximum value of the long−term method detection level for 1994−2006 (0.006 microgram per 
liter, and shown as a dashed line in the second panel) were used in this analysis. A 3−year time window was used for 
plotting values on the X−axis. For example, data plotted at 1994 include data for 1993, 1994, and 1995. The 1994 water year 
is the period October 1, 1993 through September 30, 1994. The number of pairs of duplicates is shown at the top of the first 
panel. The number of pairs of duplicates with consistent detection is shown at the top of the second panel. Boxplots are 
explained in figure A3−1.
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Figure A3–7. Consistency of detection and concentrations of trifluralin detected in pairs of duplicate quality−control 
water samples. Only pairs of duplicates where trifluralin was detected in at least one of the duplicates at a concentration 
less than the maximum value of the long−term method detection level for 1994−2006 (0.005 microgram per liter, and shown 
as a dashed line in the second panel) were used in this analysis. A 3−year time window was used for plotting values 
on the X−axis. For example, data plotted at 1994 include data for 1993, 1994, and 1995. The 1994 water year is the period 
October 1, 1993 through September 30, 1994. The number of pairs of duplicates is shown at the top of the first panel. The 
number of pairs of duplicates with consistent detection is shown at the top of the second panel. Boxplots are explained in 
figure A3−1.
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Figure A3–8. Consistency of detection and concentrations of pendimethalin detected in pairs of duplicate quality−
control water samples. Only pairs of duplicates where pendimethalin was detected in at least one of the duplicates at a 
concentration less than the maximum value of the long−term method detection level for 1994−2006 (0.011 microgram per 
liter, and shown as a dashed line in the second panel) were used in this analysis. A 3−year time window was used for 
plotting values on the X−axis. For example, data plotted at 1994 include data for 1993, 1994, and 1995. The 1994 water year 
is the period October 1, 1993 through September 30, 1994. The number of pairs of duplicates is shown at the top of the first 
panel. The number of pairs of duplicates with consistent detection is shown at the top of the second panel. Boxplots are 
explained in figure A3−1.
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Figure A3–9. Consistency of detection and concentrations of tebuthiuron detected in pairs of duplicate quality−
control water samples. Only pairs of duplicates where tebuthiuron was detected in at least one of the duplicates at a 
concentration less than the maximum value of the long−term method detection level for 1994−2006 (0.008 microgram per 
liter, and shown as a dashed line in the second panel) were used in this analysis. A 3−year time window was used for 
plotting values on the X−axis. For example, data plotted at 1994 include data for 1993, 1994, and 1995. The 1994 water year 
is the period October 1, 1993 through September 30, 1994. The number of pairs of duplicates is shown at the top of the first 
panel. The number of pairs of duplicates with consistent detection is shown at the top of the second panel. Boxplots are 
explained in figure A3−1.

WATER YEAR

WATER YEAR
1993 1994 1995 1997 1998 1999 2000 2001 2002 2003 2004 2005 20061996

1993 1994 1995 1997 1998 1999 2000 2001 2002 2003 2004 2005 20061996

12 7 19 24 16 19 19 19 21 14 9

Tebuthiuron

17

0

10

20

30

40

50

60

70

80

90

100

CO
N

SI
ST

EN
CY

 O
F 

LO
W

−L
EV

EL
 D

ET
EC

TI
ON

 IN
 P

AI
RS

 O
F 

DU
PL

IC
AT

E 
QU

AL
IT

Y−
CO

N
TR

OL
 W

AT
ER

 S
AM

PL
ES

, I
N

 P
ER

CE
N

T

0.0001

0.001

0.01

0.1

CO
N

CE
N

TR
AT

IO
N

, I
N

 M
IC

RO
GR

AM
 P

ER
 L

IT
ER

95-percent upper confidence limit
Detection frequency
95-percent lower confidence limit

22 13 24 33 27 34 33 28 21 14 926

78  Trends in Pesticide Concentrations in Urban Streams in the United States, 1992–2008



Figure A3–10. Consistency of detection and concentrations of Dacthal detected in pairs of duplicate quality−control 
water samples. Only pairs of duplicates where Dacthal was detected in at least one of the duplicates at a concentration 
less than the maximum value of the long−term method detection level for 1994−2006 (0.002 microgram per liter, and shown 
as a dashed line in the second panel) were used in this analysis. A 3−year time window was used for plotting values 
on the X−axis. For example, data plotted at 1994 include data for 1993, 1994, and 1995. The 1994 water year is the period 
October 1, 1993 through September 30, 1994. The number of pairs of duplicates is shown at the top of the first panel. The 
number of pairs of duplicates with consistent detection is shown at the top of the second panel. Boxplots are explained in 
figure A3−1.
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Figure A3–11. Consistency of detection and concentrations of chlorpyrifos detected in pairs of duplicate quality−
control water samples. Only pairs of duplicates where chlorpyrifos was detected in at least one of the duplicates at a 
concentration less than the maximum value of the long−term method detection level for 1994−2006 (0.003 microgram per 
liter, and shown as a dashed line in the second panel) were used in this analysis. A 3−year time window was used for 
plotting values on the X−axis. For example, data plotted at 1994 include data for 1993, 1994, and 1995. The 1994 water year 
is the period October 1, 1993 through September 30, 1994. The number of pairs of duplicates is shown at the top of the first 
panel. The number of pairs of duplicates with consistent detection is shown at the top of the second panel. Boxplots are 
explained in figure A3−1.
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Figure A3–12. Consistency of detection and concentrations of malathion detected in pairs of duplicate quality−control 
water samples. Only pairs of duplicates where malathion was detected in at least one of the duplicates at a concentration 
less than the maximum value of the long−term method detection level for 1994−2006 (0.014 microgram per liter, and shown 
as a dashed line in the second panel) were used in this analysis. A 3−year time window was used for plotting values 
on the X−axis. For example, data plotted at 1994 include data for 1993, 1994, and 1995. The 1994 water year is the period 
October 1, 1993 through September 30, 1994. The number of pairs of duplicates is shown at the top of the first panel. The 
number of pairs of duplicates with consistent detection is shown at the top of the second panel. Boxplots are explained in 
figure A3−1.
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Figure A3–13. Consistency of detection and concentrations of diazinon detected in pairs of duplicate quality−control 
water samples. Only pairs of duplicates where diazinon was detected in at least one of the duplicates at a concentration 
less than the maximum value of the long−term method detection level for 1994−2006 (0.003 microgram per liter, and shown 
as a dashed line in the second panel) were used in this analysis. A 3−year time window was used for plotting values 
on the X−axis. For example, data plotted at 1994 include data for 1993, 1994, and 1995. The 1994 water year is the period 
October 1, 1993 through September 30, 1994. The number of pairs of duplicates is shown at the top of the first panel. The 
number of pairs of duplicates with consistent detection is shown at the top of the second panel. Boxplots are explained in 
figure A3−1.
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Figure A3–14. Consistency of detection and concentrations of fipronil detected in pairs of duplicate quality−control 
water samples. Only pairs of duplicates where fipronil was detected in at least one of the duplicates at a concentration 
less than the maximum value of the long−term method detection level for 1994−2006 (0.008 microgram per liter, and shown 
as a dashed line in the second panel) were used in this analysis. A 3−year time window was used for plotting values 
on the X−axis. For example, data plotted at 1994 include data for 1993, 1994, and 1995. The 1994 water year is the period 
October 1, 1993 through September 30, 1994. The number of pairs of duplicates is shown at the top of the first panel. The 
number of pairs of duplicates with consistent detection is shown at the top of the second panel. Boxplots are explained in 
figure A3−1.
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Figure A3–15. Consistency of detection and concentrations of fipronil sulfide detected in pairs of duplicate quality−
control water samples. Only pairs of duplicates where fipronil sulfide was detected in at least one of the duplicates at a 
concentration less than the maximum value of the long−term method detection level for 1994−2006 (0.006 microgram per 
liter, and shown as a dashed line in the second panel) were used in this analysis. A 3−year time window was used for 
plotting values on the X−axis. For example, data plotted at 1994 include data for 1993, 1994, and 1995. The 1994 water year 
is the period October 1, 1993 through September 30, 1994. The number of pairs of duplicates is shown at the top of the first 
panel. The number of pairs of duplicates with consistent detection is shown at the top of the second panel. Boxplots are 
explained in figure A3−1.
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Figure A3–16. Consistency of detection and concentrations of desulfinylfipronil detected in pairs of duplicate quality−
control water samples. Only pairs of duplicates where desulfinylfipronil was detected in at least one of the duplicates at 
a concentration less than the maximum value of the long−term method detection level for 1994−2006 (0.006 microgram 
per liter, and shown as a dashed line in the second panel) were used in this analysis. A 3−year time window was used for 
plotting values on the X−axis. For example, data plotted at 1994 include data for 1993, 1994, and 1995. The 1994 water year 
is the period October 1, 1993 through September 30, 1994. The number of pairs of duplicates is shown at the top of the first 
panel. The number of pairs of duplicates with consistent detection is shown at the top of the second panel. Boxplots are 
explained in figure A3−1.
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Figure A3–17. Consistency of detection and concentrations of carbaryl detected in pairs of duplicate quality−control 
water samples. Only pairs of duplicates where carbaryl was detected in at least one of the duplicates at a concentration 
less than the maximum value of the long−term method detection level for 1994−2006 (0.03 microgram per liter, and shown 
as a dashed line in the second panel) were used in this analysis. A 3−year time window was used for plotting values 
on the X−axis. For example, data plotted at 1994 include data for 1993, 1994, and 1995. The 1994 water year is the period 
October 1, 1993 through September 30, 1994. The number of pairs of duplicates is shown at the top of the first panel. The 
number of pairs of duplicates with consistent detection is shown at the top of the second panel. Boxplots are explained in 
figure A3−1.
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Appendix 4. Summary of Data for Urban-Stream Pesticide Trend Analysis, 
1992–2008

The data available for this study were examined exten-
sively prior to analysis and underwent a number of prepara-
tion steps prior to trend analysis (appendix 1), including 
rounding concentrations to a consistent level of precision 
for the concentration range, adjustment of concentrations to 
compensate for temporal changes in bias of recovery of the 
gas chromatography/mass spectrometry (GCMS) analytical 
method, and identification and removal of samples collected 
too frequently for trend analysis. Detections at concentrations 
less than long-term method detection level (maxLT-MDL) 
were “censored” at maxLT-MDL (reassigned to nondetections 
at the concentration of maxLT-MDL). For a number of pesti-
cides/sites, a less conservative estimate of the detection limit 

was calculated (qlow50, the median value of the low-level 
detections, calculated separately for each pesticide and stream-
water site combination with five or more low-level detections 
for the period of record) because many pesticides and sites 
selected for assessment had a large number of detections less 
than maxLT-MDL (low-level detections) and using some of 
these low-level detections increased the number of pesticides 
and sites that meet the criteria for trend assessment. In addi-
tion, the years in which samples were collected varied consid-
erably from site to site and this had some effect on reportable 
trends. The resulting data set is summarized in table A4–1, 
which shows the degree of censoring, maxLT-MDLs, qlow50s, 
and differences in seasonal and annual sampling.



Site 
num-
ber 

(fig. 1)

Site 
short 
name

USGS station 
number

n

qlow50

Period of record Samples in each month

Total
Uncen-
sored

Censored 
at a level 

higher 
than 

maxLT-
MDL

Censored 
at maxLT-

MDL

Low-
level 

detec-
tions

Begin date End Date Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

04035 Simazine — Maximum long-term method detection level 0.006
1 ABERJ 01102500 72 7 2 46 17 0.0040 4/7/1999 9/1/2004 2 6 2 9 9 10 9 10 6 2 5 2
2 CHRLS 01104615 71 2 1 60 8 .0040 5/4/1999 9/13/2007 3 7 3 6 8 10 8 9 6 3 5 3
3 NRWLK 01209710 198 31 5 129 33 .0040 3/17/1993 8/21/2006 10 7 16 21 27 26 25 24 17 8 10 7
4 LISHA 01356190 112 10 4 96 2 maxLT-MDL 3/14/1994 7/15/2008 4 6 9 8 20 18 15 9 4 9 4 6
5 BOUND 01403900 93 39 8 33 13 .0050 4/23/1996 9/27/2007 5 3 6 12 13 13 9 9 9 5 6 3
6 ACCOT 01654000 178 161 8 8 1 maxLT-MDL 3/16/1994 7/8/2008 9 3 12 21 27 26 24 16 16 7 11 6
7 SWIFT 02087580 86 83 0 3 0 maxLT-MDL 10/12/2001 9/17/2007 7 10 8 8 6 7 4 7 4 6 8 11
8 GILLS 02169570 101 97 2 2 0 maxLT-MDL 2/5/1996 9/25/2006 4 7 13 13 11 10 12 8 10 6 5 2
9 SOPEC 02335870 192 187 1 4 0 maxLT-MDL 3/9/1993 7/2/2008 13 13 20 18 23 19 18 14 14 11 15 14

10 CHATT 02338000 139 136 1 2 0 maxLT-MDL 3/7/1994 7/2/2008 10 8 15 11 16 11 16 9 10 10 13 10
11 CAHAB 0242354750 119 118 0 1 0 maxLT-MDL 2/10/1999 9/20/2007 9 5 15 12 12 12 12 9 13 7 11 2
12 FLTCH 07031692 56 56 0 0 0 maxLT-MDL 10/1/1996 9/8/2004 4 4 3 8 6 7 7 5 4 1 4 3
13 WHITE 08057200 154 154 0 0 0 maxLT-MDL 2/7/1995 9/18/2007 8 11 13 18 18 19 17 16 6 11 7 10
14 SALAD 08178800 112 78 3 24 7 .0050 1/23/1997 7/7/2008 6 9 10 13 16 12 12 9 6 7 5 7
15 HOLES 393944084120700 104 65 7 20 12 .0050 3/24/1999 9/7/2004 6 5 6 11 15 13 13 10 7 6 5 7
16 LBUCK 03353637 193 162 0 18 13 .0050 5/5/1992 9/7/2004 10 6 8 17 27 31 33 24 15 5 9 8
17 LINCO 040869415 73 24 9 36 4 maxLT-MDL 5/15/2001 9/14/2007 3 3 4 8 11 11 10 9 5 3 3 3
18 CLINT 04161820 90 73 9 7 1 maxLT-MDL 4/4/1996 9/19/2006 3 7 4 10 12 10 11 11 5 7 4 6
19 SHING 05288705 124 8 11 101 4 maxLT-MDL 4/22/1996 7/9/2008 7 5 10 13 17 16 16 13 11 6 5 5
20 SALTC 05531500 99 54 17 25 3 maxLT-MDL 3/2/1999 9/18/2007 3 6 6 12 14 17 12 13 3 6 2 5
21 DPLAI 05532500 53 30 5 17 1 maxLT-MDL 3/2/1999 8/18/2004 1 4 3 8 7 8 6 6 1 4 1 4
22 LCOTT 10168000 97 8 2 81 6 .0035 12/23/1998 9/12/2007 8 2 10 12 13 12 11 6 9 2 9 3
23 WARMC 11060400 72 38 3 24 7 .0050 11/16/1998 8/13/2004 8 10 8 6 3 6 4 7 4 6 3 7
24 SANTA 11074000 83 83 0 0 0 maxLT-MDL 7/13/2000 7/9/2008 8 10 8 9 6 10 4 8 3 8 2 7
25 ARCAD 11447360 111 75 14 22 0 maxLT-MDL 11/26/1996 7/8/2008 12 12 10 11 11 11 9 5 8 6 9 7
26 THORN 12128000 125 28 12 69 16 .0040 3/7/1996 9/19/2007 10 5 12 12 15 14 13 10 11 5 12 6
27 FANNO 14206950 126 114 2 8 2 maxLT-MDL 3/1/1993 9/19/2007 8 10 9 13 15 13 9 10 6 12 11 10

04037 Prometon — Maximum long-term method detection level 0.007
1 ABERJ 01102500 72 39 2 15 16 0.0060 4/7/1999 9/1/2004 2 6 2 9 9 10 9 10 6 2 5 2
2 CHRLS 01104615 71 8 3 38 22 .0045 5/4/1999 9/13/2007 3 7 3 6 8 10 8 9 6 3 5 3
3 NRWLK 01209710 198 164 4 23 7 .0050 3/17/1993 8/21/2006 10 7 16 21 27 26 25 24 17 8 10 7
4 LISHA 01356190 112 45 8 44 15 .0040 3/14/1994 7/15/2008 4 6 9 8 20 18 15 9 4 9 4 6
5 BOUND 01403900 93 83 1 7 2 maxLT-MDL 4/23/1996 9/27/2007 5 3 6 12 13 13 9 9 9 5 6 3
6 ACCOT 01654000 178 171 1 5 1 maxLT-MDL 3/16/1994 7/8/2008 9 3 12 21 27 26 24 16 16 7 11 6
7 SWIFT 02087580 86 74 2 8 2 maxLT-MDL 10/12/2001 9/17/2007 7 10 8 8 6 7 4 7 4 6 8 11

Table A4-1. Summary of data for urban stream pesticide trend analysis, 1992–2008.
[Values censored at a higher level than the maximum long-term method detection level (maxLT-MDL) were removed from the analysis.  For the data to be used in the for a particular trend analysis period the 
dates for which water samples were collected and analyzed for a particular site needed to be representative of the trend period and there needed to be at least 10 uncensored concentration values (detections at 
or above the censoring level) for a particular site-pesticide combination.  USGS, U.S. Geological Survey; n, number of samples; qlow50, the median value of the low-level detections, calculated separately for 
each pesticide and stream-water site combination with five or more low-level detections for the period of record; number preceding pesticide name is USGS parameter code for pesticide; maxLT-MDL in place 
of a numeric value for qlow50 indicates that qlow50 was not calculated because of insufficient low-level detections]
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Site 
num-
ber 

(fig. 1)

Site 
short 
name

USGS station 
number

n

qlow50

Period of record Samples in each month

Total
Uncen-
sored

Censored 
at a level 

higher 
than 

maxLT-
MDL

Censored 
at maxLT-

MDL

Low-
level 

detec-
tions

Begin date End Date Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

04037 Prometon — Maximum long-term method detection level 0.007—Continued
8 GILLS 02169570 101 84 2 4 11 0.0050 2/5/1996 9/25/2006 4 7 13 13 11 10 12 8 10 6 5 2
9 SOPEC 02335870 191 107 1 62 21 .0050 3/9/1993 7/2/2008 13 13 20 18 23 19 18 14 14 11 14 14

10 CHATT 02338000 139 93 1 29 16 .0050 3/7/1994 7/2/2008 10 8 15 11 16 11 16 9 10 10 13 10
11 CAHAB 0242354750 119 24 1 67 27 .0050 2/10/1999 9/20/2007 9 5 15 12 12 12 12 9 13 7 11 2
12 FLTCH 07031692 56 43 1 10 2 maxLT-MDL 10/1/1996 9/8/2004 4 4 3 8 6 7 7 5 4 1 4 3
13 WHITE 08057200 154 139 3 12 0 maxLT-MDL 2/7/1995 9/18/2007 8 11 13 18 18 19 17 16 6 11 7 10
14 SALAD 08178800 112 112 0 0 0 maxLT-MDL 1/23/1997 7/7/2008 6 9 10 13 16 12 12 9 6 7 5 7
15 HOLES 393944084120700 104 99 0 3 2 maxLT-MDL 3/24/1999 9/7/2004 6 5 6 11 15 13 13 10 7 6 5 7
16 LBUCK 03353637 193 193 0 0 0 maxLT-MDL 5/5/1992 9/7/2004 10 6 8 17 27 31 33 24 15 5 9 8
17 LINCO 040869415 72 64 4 3 1 maxLT-MDL 5/15/2001 9/14/2007 3 3 4 8 11 11 10 8 5 3 3 3
18 CLINT 04161820 90 79 2 6 3 maxLT-MDL 4/4/1996 9/19/2006 3 7 4 10 12 10 11 11 5 7 4 6
19 SHING 05288705 124 116 3 5 0 maxLT-MDL 4/22/1996 7/9/2008 7 5 10 13 17 16 16 13 11 6 5 5
20 SALTC 05531500 99 83 7 7 2 maxLT-MDL 3/2/1999 9/18/2007 3 6 6 12 14 17 12 13 3 6 2 5
21 DPLAI 05532500 53 50 1 1 1 maxLT-MDL 3/2/1999 8/18/2004 1 4 3 8 7 8 6 6 1 4 1 4
22 LCOTT 10168000 97 79 3 8 7 .0060 12/23/1998 9/12/2007 8 2 10 12 13 12 11 6 9 2 9 3
23 WARMC 11060400 72 14 0 29 29 .0040 11/16/1998 8/13/2004 8 10 8 6 3 6 4 7 4 6 3 7
24 SANTA 11074000 83 69 3 10 1 maxLT-MDL 7/13/2000 7/9/2008 8 10 8 9 6 10 4 8 3 8 2 7
25 ARCAD 11447360 111 105 4 2 0 maxLT-MDL 11/26/1996 7/8/2008 12 12 10 11 11 11 9 5 8 6 9 7
26 THORN 12128000 125 102 3 16 4 maxLT-MDL 3/7/1996 9/19/2007 10 5 12 12 15 14 13 10 11 5 12 6
27 FANNO 14206950 126 94 13 13 6 .0060 3/1/1993 9/19/2007 8 10 9 13 15 13 9 10 6 12 11 10

39632 Atrazine — Maximum long-term method detection level 0.004
1 ABERJ 01102500 72 40 9 21 2 maxLT-MDL 4/7/1999 9/1/2004 2 6 2 9 9 10 9 10 6 2 5 2
2 CHRLS 01104615 71 46 3 21 1 maxLT-MDL 5/4/1999 9/13/2007 3 7 3 6 8 10 8 9 6 3 5 3
3 NRWLK 01209710 198 129 3 60 6 .0030 3/17/1993 8/21/2006 10 7 16 21 27 26 25 24 17 8 10 7
4 LISHA 01356190 112 48 1 61 2 maxLT-MDL 3/14/1994 7/15/2008 4 6 9 8 20 18 15 9 4 9 4 6
5 BOUND 01403900 93 86 1 4 2 maxLT-MDL 4/23/1996 9/27/2007 5 3 6 12 13 13 9 9 9 5 6 3
6 ACCOT 01654000 178 134 5 36 3 maxLT-MDL 3/16/1994 7/8/2008 9 3 12 21 27 26 24 16 16 7 11 6
7 SWIFT 02087580 86 69 2 15 0 maxLT-MDL 10/12/2001 9/17/2007 7 10 8 8 6 7 4 7 4 6 8 11
8 GILLS 02169570 101 99 1 1 0 maxLT-MDL 2/5/1996 9/25/2006 4 7 13 13 11 10 12 8 10 6 5 2
9 SOPEC 02335870 192 178 2 7 5 .0030 3/9/1993 7/2/2008 13 13 20 18 23 19 18 14 14 11 15 14

10 CHATT 02338000 139 135 1 2 1 maxLT-MDL 3/7/1994 7/2/2008 10 8 15 11 16 11 16 9 10 10 13 10
11 CAHAB 0242354750 119 118 1 0 0 maxLT-MDL 2/10/1999 9/20/2007 9 5 15 12 12 12 12 9 13 7 11 2
12 FLTCH 07031692 56 54 2 0 0 maxLT-MDL 10/1/1996 9/8/2004 4 4 3 8 6 7 7 5 4 1 4 3
13 WHITE 08057200 154 154 0 0 0 maxLT-MDL 2/7/1995 9/18/2007 8 11 13 18 18 19 17 16 6 11 7 10
14 SALAD 08178800 112 112 0 0 0 maxLT-MDL 1/23/1997 7/7/2008 6 9 10 13 16 12 12 9 6 7 5 7

Table A4-1. Summary of data for urban stream pesticide trend analysis, 1992–2008.–Continued
[Values censored at a higher level than the maximum long-term method detection level (maxLT-MDL) were removed from the analysis.  For the data to be used in the for a particular trend analysis period the 
dates for which water samples were collected and analyzed for a particular site needed to be representative of the trend period and there needed to be at least 10 uncensored concentration values (detections at 
or above the censoring level) for a particular site-pesticide combination.  USGS, U.S. Geological Survey; n, number of samples; qlow50, the median value of the low-level detections, calculated separately for 
each pesticide and stream-water site combination with five or more low-level detections for the period of record; number preceding pesticide name is USGS parameter code for pesticide; maxLT-MDL in place 
of a numeric value for qlow50 indicates that qlow50 was not calculated because of insufficient low-level detections]
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39632 Atrazine — Maximum long-term method detection level 0.004—Continued
15 HOLES 393944084120700 104 104 0 0 0 maxLT-MDL 3/24/1999 9/7/2004 6 5 6 11 15 13 13 10 7 6 5 7
16 LBUCK 03353637 193 193 0 0 0 maxLT-MDL 5/5/1992 9/7/2004 10 6 8 17 27 31 33 24 15 5 9 8
17 LINCO 040869415 73 70 2 1 0 maxLT-MDL 5/15/2001 9/14/2007 3 3 4 8 11 11 10 9 5 3 3 3
18 CLINT 04161820 90 90 0 0 0 maxLT-MDL 4/4/1996 9/19/2006 3 7 4 10 12 10 11 11 5 7 4 6
19 SHING 05288705 124 104 2 18 0 maxLT-MDL 4/22/1996 7/9/2008 7 5 10 13 17 16 16 13 11 6 5 5
20 SALTC 05531500 99 99 0 0 0 maxLT-MDL 3/2/1999 9/18/2007 3 6 6 12 14 17 12 13 3 6 2 5
21 DPLAI 05532500 53 53 0 0 0 maxLT-MDL 3/2/1999 8/18/2004 1 4 3 8 7 8 6 6 1 4 1 4
22 LCOTT 10168000 93 65 5 23 0 maxLT-MDL 12/23/1998 9/12/2007 8 2 9 12 13 11 10 5 9 2 9 3
23 WARMC 11060400 72 2 7 62 1 maxLT-MDL 11/16/1998 8/13/2004 8 10 8 6 3 6 4 7 4 6 3 7
24 SANTA 11074000 83 59 4 17 3 maxLT-MDL 7/13/2000 7/9/2008 8 10 8 9 6 10 4 8 3 8 2 7
25 ARCAD 11447360 110 17 4 89 0 maxLT-MDL 11/26/1996 7/8/2008 12 12 10 11 11 11 9 5 7 6 9 7
26 THORN 12128000 125 13 2 98 12 0.0030 3/7/1996 9/19/2007 10 5 12 12 15 14 13 10 11 5 12 6
27 FANNO 14206950 125 110 1 11 3 maxLT-MDL 3/1/1993 9/19/2007 8 10 9 13 15 13 9 10 5 12 11 10

04040 Deethylatrazine — Maximum long-term method detection level 0.007
1 ABERJ 01102500 72 9 0 51 12 0.0040 4/7/1999 9/1/2004 2 6 2 9 9 10 9 10 6 2 5 2
2 CHRLS 01104615 71 14 1 51 5 .0050 5/4/1999 9/13/2007 3 7 3 6 8 10 8 9 6 3 5 3
3 NRWLK 01209710 198 70 3 112 13 .0060 3/17/1993 8/21/2006 10 7 16 21 27 26 25 24 17 8 10 7
4 LISHA 01356190 112 22 0 87 3 maxLT-MDL 3/14/1994 7/15/2008 4 6 9 8 20 18 15 9 4 9 4 6
5 BOUND 01403900 93 73 0 18 2 maxLT-MDL 4/23/1996 9/27/2007 5 3 6 12 13 13 9 9 9 5 6 3
6 ACCOT 01654000 178 94 3 75 6 .0060 3/16/1994 7/8/2008 9 3 12 21 27 26 24 16 16 7 11 6
7 SWIFT 02087580 86 36 0 47 3 maxLT-MDL 10/12/2001 9/17/2007 7 10 8 8 6 7 4 7 4 6 8 11
8 GILLS 02169570 101 88 3 7 3 maxLT-MDL 2/5/1996 9/25/2006 4 7 13 13 11 10 12 8 10 6 5 2
9 SOPEC 02335870 192 98 0 67 27 .0050 3/9/1993 7/2/2008 13 13 20 18 23 19 18 14 14 11 15 14

10 CHATT 02338000 139 63 4 54 18 .0050 3/7/1994 7/2/2008 10 8 15 11 16 11 16 9 10 10 13 10
11 CAHAB 0242354750 119 115 0 3 1 maxLT-MDL 2/10/1999 9/20/2007 9 5 15 12 12 12 12 9 13 7 11 2
12 FLTCH 07031692 56 51 1 4 0 maxLT-MDL 10/1/1996 9/8/2004 4 4 3 8 6 7 7 5 4 1 4 3
13 WHITE 08057200 154 154 0 0 0 maxLT-MDL 2/7/1995 9/18/2007 8 11 13 18 18 19 17 16 6 11 7 10
14 SALAD 08178800 112 107 1 3 1 maxLT-MDL 1/23/1997 7/7/2008 6 9 10 13 16 12 12 9 6 7 5 7
15 HOLES 393944084120700 104 94 1 8 1 maxLT-MDL 3/24/1999 9/7/2004 6 5 6 11 15 13 13 10 7 6 5 7
16 LBUCK 03353637 193 181 1 9 2 maxLT-MDL 5/5/1992 9/7/2004 10 6 8 17 27 31 33 24 15 5 9 8
17 LINCO 040869415 73 63 3 7 0 maxLT-MDL 5/15/2001 9/14/2007 3 3 4 8 11 11 10 9 5 3 3 3
18 CLINT 04161820 90 82 1 4 3 maxLT-MDL 4/4/1996 9/19/2006 3 7 4 10 12 10 11 11 5 7 4 6
19 SHING 05288705 124 75 2 43 4 maxLT-MDL 4/22/1996 7/9/2008 7 5 10 13 17 16 16 13 11 6 5 5
20 SALTC 05531500 99 95 2 1 1 maxLT-MDL 3/2/1999 9/18/2007 3 6 6 12 14 17 12 13 3 6 2 5
21 DPLAI 05532500 53 51 0 2 0 maxLT-MDL 3/2/1999 8/18/2004 1 4 3 8 7 8 6 6 1 4 1 4

Table A4-1. Summary of data for urban stream pesticide trend analysis, 1992–2008.–Continued
[Values censored at a higher level than the maximum long-term method detection level (maxLT-MDL) were removed from the analysis.  For the data to be used in the for a particular trend analysis period the 
dates for which water samples were collected and analyzed for a particular site needed to be representative of the trend period and there needed to be at least 10 uncensored concentration values (detections at 
or above the censoring level) for a particular site-pesticide combination.  USGS, U.S. Geological Survey; n, number of samples; qlow50, the median value of the low-level detections, calculated separately for 
each pesticide and stream-water site combination with five or more low-level detections for the period of record; number preceding pesticide name is USGS parameter code for pesticide; maxLT-MDL in place 
of a numeric value for qlow50 indicates that qlow50 was not calculated because of insufficient low-level detections]
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Table A4-1. Summary of data for urban stream pesticide trend analysis, 1992–2008.–Continued
[Values censored at a higher level than the maximum long-term method detection level (maxLT-MDL) were removed from the analysis.  For the data to be used in the for a particular trend analysis period the 
dates for which water samples were collected and analyzed for a particular site needed to be representative of the trend period and there needed to be at least 10 uncensored concentration values (detections at 
or above the censoring level) for a particular site-pesticide combination.  USGS, U.S. Geological Survey; n, number of samples; qlow50, the median value of the low-level detections, calculated separately for 
each pesticide and stream-water site combination with five or more low-level detections for the period of record; number preceding pesticide name is USGS parameter code for pesticide; maxLT-MDL in place 
of a numeric value for qlow50 indicates that qlow50 was not calculated because of insufficient low-level detections]
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04040 Deethylatrazine — Maximum long-term method detection level 0.007—Continued
22 LCOTT 10168000 93 54 2 31 6 0.0055 12/23/1998 9/12/2007 8 2 9 12 13 11 10 5 9 2 9 3
23 WARMC 11060400 72 2 0 68 2 maxLT-MDL 11/16/1998 8/13/2004 8 10 8 6 3 6 4 7 4 6 3 7
24 SANTA 11074000 83 37 4 41 1 maxLT-MDL 7/13/2000 7/9/2008 8 10 8 9 6 10 4 8 3 8 2 7
25 ARCAD 11447360 109 2 1 105 1 maxLT-MDL 11/26/1996 7/8/2008 12 12 10 11 11 11 9 5 7 6 8 7
26 THORN 12128000 125 0 0 123 2 maxLT-MDL 3/7/1996 9/19/2007 10 5 12 12 15 14 13 10 11 5 12 6
27 FANNO 14206950 125 58 2 58 7 .0060 3/1/1993 9/19/2007 8 10 9 13 15 13 9 10 5 12 11 10

39415 Metolachlor — Maximum long-term method detection level 0.006
1 ABERJ 01102500 72 11 0 38 23 0.0040 4/7/1999 9/1/2004 2 6 2 9 9 10 9 10 6 2 5 2
2 CHRLS 01104615 71 2 0 58 11 .0040 5/4/1999 9/13/2007 3 7 3 6 8 10 8 9 6 3 5 3
3 NRWLK 01209710 198 22 0 125 51 .0040 3/17/1993 8/21/2006 10 7 16 21 27 26 25 24 17 8 10 7
4 LISHA 01356190 108 36 0 52 20 .0050 3/14/1994 7/15/2008 4 6 9 8 20 17 14 7 4 9 4 6
5 BOUND 01403900 93 56 0 17 20 .0040 4/23/1996 9/27/2007 5 3 6 12 13 13 9 9 9 5 6 3
6 ACCOT 01654000 178 120 0 18 40 .0040 3/16/1994 7/8/2008 9 3 12 21 27 26 24 16 16 7 11 6
7 SWIFT 02087580 86 32 1 38 15 .0040 10/12/2001 9/17/2007 7 10 8 8 6 7 4 7 4 6 8 11
8 GILLS 02169570 101 23 2 58 18 .0045 2/5/1996 9/25/2006 4 7 13 13 11 10 12 8 10 6 5 2
9 SOPEC 02335870 191 7 2 174 8 .0030 3/9/1993 7/2/2008 13 13 20 18 23 19 18 14 14 11 14 14

10 CHATT 02338000 139 13 1 109 16 .0030 3/7/1994 7/2/2008 10 8 15 11 16 11 16 9 10 10 13 10
11 CAHAB 0242354750 119 2 0 109 8 .0050 2/10/1999 9/20/2007 9 5 15 12 12 12 12 9 13 7 11 2
12 FLTCH 07031692 56 54 0 0 2 maxLT-MDL 10/1/1996 9/8/2004 4 4 3 8 6 7 7 5 4 1 4 3
13 WHITE 08057200 154 123 0 9 22 .0040 2/7/1995 9/18/2007 8 11 13 18 18 19 17 16 6 11 7 10
14 SALAD 08178800 112 11 0 87 14 .0030 1/23/1997 7/7/2008 6 9 10 13 16 12 12 9 6 7 5 7
15 HOLES 393944084120700 104 51 1 14 38 .0040 3/24/1999 9/7/2004 6 5 6 11 15 13 13 10 7 6 5 7
16 LBUCK 03353637 193 177 0 2 14 .0030 5/5/1992 9/7/2004 10 6 8 17 27 31 33 24 15 5 9 8
17 LINCO 040869415 73 44 1 17 11 .0040 5/15/2001 9/14/2007 3 3 4 8 11 11 10 9 5 3 3 3
18 CLINT 04161820 90 71 0 3 16 .0040 4/4/1996 9/19/2006 3 7 4 10 12 10 11 11 5 7 4 6
19 SHING 05288705 124 60 2 33 29 .0040 4/22/1996 7/9/2008 7 5 10 13 17 16 16 13 11 6 5 5
20 SALTC 05531500 99 72 1 15 11 .0040 3/2/1999 9/18/2007 3 6 6 12 14 17 12 13 3 6 2 5
21 DPLAI 05532500 53 48 0 2 3 maxLT-MDL 3/2/1999 8/18/2004 1 4 3 8 7 8 6 6 1 4 1 4
22 LCOTT 10168000 97 0 0 96 1 maxLT-MDL 12/23/1998 9/12/2007 8 2 10 12 13 12 11 6 9 2 9 3
23 WARMC 11060400 72 2 0 66 4 maxLT-MDL 11/16/1998 8/13/2004 8 10 8 6 3 6 4 7 4 6 3 7
24 SANTA 11074000 83 12 1 63 7 .0050 7/13/2000 7/9/2008 8 10 8 9 6 10 4 8 3 8 2 7
25 ARCAD 11447360 110 70 4 18 18 .0050 11/26/1996 7/8/2008 12 12 10 11 11 11 9 5 8 6 8 7
26 THORN 12128000 125 0 0 125 0 maxLT-MDL 3/7/1996 9/19/2007 10 5 12 12 15 14 13 10 11 5 12 6
27 FANNO 14206950 126 52 0 45 29 .0040 3/1/1993 9/19/2007 8 10 9 13 15 13 9 10 6 12 11 10
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82661 Trifluralin — Maximum long-term method detection level 0.005
1 ABERJ 01102500 72 4 0 56 12 0.0010 4/7/1999 9/1/2004 2 6 2 9 9 10 9 10 6 2 5 2
2 CHRLS 01104615 71 0 0 69 2 maxLT-MDL 5/4/1999 9/13/2007 3 7 3 6 8 10 8 9 6 3 5 3
3 NRWLK 01209710 198 10 0 172 16 .0025 3/17/1993 8/21/2006 10 7 16 21 27 26 25 24 17 8 10 7
4 LISHA 01356190 112 1 0 110 1 maxLT-MDL 3/14/1994 7/15/2008 4 6 9 8 20 18 15 9 4 9 4 6
5 BOUND 01403900 93 13 0 70 10 .0035 4/23/1996 9/27/2007 5 3 6 12 13 13 9 9 9 5 6 3
6 ACCOT 01654000 178 19 1 140 18 .0025 3/16/1994 7/8/2008 9 3 12 21 27 26 24 16 16 7 11 6
7 SWIFT 02087580 86 7 0 76 3 maxLT-MDL 10/12/2001 9/17/2007 7 10 8 8 6 7 4 7 4 6 8 11
8 GILLS 02169570 101 0 0 101 0 maxLT-MDL 2/5/1996 9/25/2006 4 7 13 13 11 10 12 8 10 6 5 2
9 SOPEC 02335870 192 11 0 172 9 .0020 3/9/1993 7/2/2008 13 13 20 18 23 19 18 14 14 11 15 14

10 CHATT 02338000 139 2 1 135 1 maxLT-MDL 3/7/1994 7/2/2008 10 8 15 11 16 11 16 9 10 10 13 10
11 CAHAB 0242354750 119 10 0 102 7 .0020 2/10/1999 9/20/2007 9 5 15 12 12 12 12 9 13 7 11 2
12 FLTCH 07031692 56 8 0 42 6 .0030 10/1/1996 9/8/2004 4 4 3 8 6 7 7 5 4 1 4 3
13 WHITE 08057200 154 7 0 138 9 .0030 2/7/1995 9/18/2007 8 11 13 18 18 19 17 16 6 11 7 10
14 SALAD 08178800 112 3 0 108 1 maxLT-MDL 1/23/1997 7/7/2008 6 9 10 13 16 12 12 9 6 7 5 7
15 HOLES 393944084120700 104 11 0 70 23 .0030 3/24/1999 9/7/2004 6 5 6 11 15 13 13 10 7 6 5 7
16 LBUCK 03353637 193 23 0 155 15 .0030 5/5/1992 9/7/2004 10 6 8 17 27 31 33 24 15 5 9 8
17 LINCO 040869415 73 1 0 69 3 maxLT-MDL 5/15/2001 9/14/2007 3 3 4 8 11 11 10 9 5 3 3 3
18 CLINT 04161820 90 3 0 81 6 .0030 4/4/1996 9/19/2006 3 7 4 10 12 10 11 11 5 7 4 6
19 SHING 05288705 124 3 0 116 5 .0020 4/22/1996 7/9/2008 7 5 10 13 17 16 16 13 11 6 5 5
20 SALTC 05531500 99 8 0 85 6 .0020 3/2/1999 9/18/2007 3 6 6 12 14 17 12 13 3 6 2 5
21 DPLAI 05532500 53 5 0 41 7 .0040 3/2/1999 8/18/2004 1 4 3 8 7 8 6 6 1 4 1 4
22 LCOTT 10168000 97 5 0 85 7 .0020 12/23/1998 9/12/2007 8 2 10 12 13 12 11 6 9 2 9 3
23 WARMC 11060400 72 0 0 72 0 maxLT-MDL 11/16/1998 8/13/2004 8 10 8 6 3 6 4 7 4 6 3 7
24 SANTA 11074000 83 1 0 82 0 maxLT-MDL 7/13/2000 7/9/2008 8 10 8 9 6 10 4 8 3 8 2 7
25 ARCAD 11447360 111 20 0 77 14 .0030 11/26/1996 7/8/2008 12 12 10 11 11 11 9 5 8 6 9 7
26 THORN 12128000 125 13 0 112 0 maxLT-MDL 3/7/1996 9/19/2007 10 5 12 12 15 14 13 10 11 5 12 6
27 FANNO 14206950 126 16 0 98 12 .0030 3/1/1993 9/19/2007 8 10 9 13 15 13 9 10 6 12 11 10

82683 Pendimethalin — Maximum long-term method detection level 0.011
1 ABERJ 01102500 71 4 2 60 5 0.0080 4/7/1999 9/1/2004 2 6 2 9 8 10 9 10 6 2 5 2
2 CHRLS 01104615 71 1 0 70 0 maxLT-MDL 5/4/1999 9/13/2007 3 7 3 6 8 10 8 9 6 3 5 3
3 NRWLK 01209710 198 1 0 197 0 maxLT-MDL 3/17/1993 8/21/2006 10 7 16 21 27 26 25 24 17 8 10 7
4 LISHA 01356190 112 3 1 106 2 maxLT-MDL 3/14/1994 7/15/2008 4 6 9 8 20 18 15 9 4 9 4 6
5 BOUND 01403900 93 13 1 75 4 maxLT-MDL 4/23/1996 9/27/2007 5 3 6 12 13 13 9 9 9 5 6 3
6 ACCOT 01654000 178 50 7 117 4 maxLT-MDL 3/16/1994 7/8/2008 9 3 12 21 27 26 24 16 16 7 11 6
7 SWIFT 02087580 86 9 0 76 1 maxLT-MDL 10/12/2001 9/17/2007 7 10 8 8 6 7 4 7 4 6 8 11

Table A4-1. Summary of data for urban stream pesticide trend analysis, 1992–2008.–Continued
[Values censored at a higher level than the maximum long-term method detection level (maxLT-MDL) were removed from the analysis.  For the data to be used in the for a particular trend analysis period the 
dates for which water samples were collected and analyzed for a particular site needed to be representative of the trend period and there needed to be at least 10 uncensored concentration values (detections at 
or above the censoring level) for a particular site-pesticide combination.  USGS, U.S. Geological Survey; n, number of samples; qlow50, the median value of the low-level detections, calculated separately for 
each pesticide and stream-water site combination with five or more low-level detections for the period of record; number preceding pesticide name is USGS parameter code for pesticide; maxLT-MDL in place 
of a numeric value for qlow50 indicates that qlow50 was not calculated because of insufficient low-level detections]
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Table A4-1. Summary of data for urban stream pesticide trend analysis, 1992–2008.–Continued
[Values censored at a higher level than the maximum long-term method detection level (maxLT-MDL) were removed from the analysis.  For the data to be used in the for a particular trend analysis period the 
dates for which water samples were collected and analyzed for a particular site needed to be representative of the trend period and there needed to be at least 10 uncensored concentration values (detections at 
or above the censoring level) for a particular site-pesticide combination.  USGS, U.S. Geological Survey; n, number of samples; qlow50, the median value of the low-level detections, calculated separately for 
each pesticide and stream-water site combination with five or more low-level detections for the period of record; number preceding pesticide name is USGS parameter code for pesticide; maxLT-MDL in place 
of a numeric value for qlow50 indicates that qlow50 was not calculated because of insufficient low-level detections]
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82683 Pendimethalin — Maximum long-term method detection level 0.011—Continued
8 GILLS 02169570 101 4 0 97 0 maxLT-MDL 2/5/1996 9/25/2006 4 7 13 13 11 10 12 8 10 6 5 2
9 SOPEC 02335870 192 43 4 137 8 0.0095 3/9/1993 7/2/2008 13 13 20 18 23 19 18 14 14 11 15 14

10 CHATT 02338000 139 6 1 130 2 maxLT-MDL 3/7/1994 7/2/2008 10 8 15 11 16 11 16 9 10 10 13 10
11 CAHAB 0242354750 119 12 1 104 2 maxLT-MDL 2/10/1999 9/20/2007 9 5 15 12 12 12 12 9 13 7 11 2
12 FLTCH 07031692 56 20 1 35 0 maxLT-MDL 10/1/1996 9/8/2004 4 4 3 8 6 7 7 5 4 1 4 3
13 WHITE 08057200 154 76 4 66 8 .0090 2/7/1995 9/18/2007 8 11 13 18 18 19 17 16 6 11 7 10
14 SALAD 08178800 112 8 1 103 0 maxLT-MDL 1/23/1997 7/7/2008 6 9 10 13 16 12 12 9 6 7 5 7
15 HOLES 393944084120700 104 23 2 76 3 maxLT-MDL 3/24/1999 9/7/2004 6 5 6 11 15 13 13 10 7 6 5 7
16 LBUCK 03353637 193 22 3 153 15 .0070 5/5/1992 9/7/2004 10 6 8 17 27 31 33 24 15 5 9 8
17 LINCO 040869415 73 11 1 58 3 maxLT-MDL 5/15/2001 9/14/2007 3 3 4 8 11 11 10 9 5 3 3 3
18 CLINT 04161820 90 5 0 81 4 maxLT-MDL 4/4/1996 9/19/2006 3 7 4 10 12 10 11 11 5 7 4 6
19 SHING 05288705 124 4 0 120 0 maxLT-MDL 4/22/1996 7/9/2008 7 5 10 13 17 16 16 13 11 6 5 5
20 SALTC 05531500 99 6 3 90 0 maxLT-MDL 3/2/1999 9/18/2007 3 6 6 12 14 17 12 13 3 6 2 5
21 DPLAI 05532500 53 3 3 47 0 maxLT-MDL 3/2/1999 8/18/2004 1 4 3 8 7 8 6 6 1 4 1 4
22 LCOTT 10168000 97 19 1 74 3 maxLT-MDL 12/23/1998 9/12/2007 8 2 10 12 13 12 11 6 9 2 9 3
23 WARMC 11060400 72 0 2 68 2 maxLT-MDL 11/16/1998 8/13/2004 8 10 8 6 3 6 4 7 4 6 3 7
24 SANTA 11074000 83 2 0 80 1 maxLT-MDL 7/13/2000 7/9/2008 8 10 8 9 6 10 4 8 3 8 2 7
25 ARCAD 11447360 111 31 4 72 4 maxLT-MDL 11/26/1996 7/8/2008 12 12 10 11 11 11 9 5 8 6 9 7
26 THORN 12128000 125 0 0 124 1 maxLT-MDL 3/7/1996 9/19/2007 10 5 12 12 15 14 13 10 11 5 12 6
27 FANNO 14206950 126 6 2 117 1 maxLT-MDL 3/1/1993 9/19/2007 8 10 9 13 15 13 9 10 6 12 11 10

82670 Tebuthiuron — Maximum long-term method detection level 0.008
1 ABERJ 01102500 64 4 1 49 10 0.0055 5/10/1999 9/1/2004 2 6 2 5 8 9 8 9 6 2 5 2
2 CHRLS 01104615 68 0 0 67 1 maxLT-MDL 6/1/1999 9/13/2007 3 7 3 6 6 10 8 8 6 3 5 3
3 NRWLK 01209710 198 1 1 196 0 maxLT-MDL 3/17/1993 8/21/2006 10 7 16 21 27 26 25 24 17 8 10 7
4 LISHA 01356190 112 0 1 111 0 maxLT-MDL 3/14/1994 7/15/2008 4 6 9 8 20 18 15 9 4 9 4 6
5 BOUND 01403900 93 22 2 58 11 .0060 4/23/1996 9/27/2007 5 3 6 12 13 13 9 9 9 5 6 3
6 ACCOT 01654000 178 4 1 161 12 .0050 3/16/1994 7/8/2008 9 3 12 21 27 26 24 16 16 7 11 6
7 SWIFT 02087580 86 4 0 75 7 .0050 10/12/2001 9/17/2007 7 10 8 8 6 7 4 7 4 6 8 11
8 GILLS 02169570 101 94 3 4 0 maxLT-MDL 2/5/1996 9/25/2006 4 7 13 13 11 10 12 8 10 6 5 2
9 SOPEC 02335870 192 166 2 23 1 maxLT-MDL 3/9/1993 7/2/2008 13 13 20 18 23 19 18 14 14 11 15 14

10 CHATT 02338000 139 95 7 35 2 maxLT-MDL 3/7/1994 7/2/2008 10 8 15 11 16 11 16 9 10 10 13 10
11 CAHAB 0242354750 119 8 2 96 13 .0040 2/10/1999 9/20/2007 9 5 15 12 12 12 12 9 13 7 11 2
12 FLTCH 07031692 56 19 0 33 4 maxLT-MDL 10/1/1996 9/8/2004 4 4 3 8 6 7 7 5 4 1 4 3
13 WHITE 08057200 154 34 3 103 14 .0055 2/7/1995 9/18/2007 8 11 13 18 18 19 17 16 6 11 7 10
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82670 Tebuthiuron — Maximum long-term method detection level 0.008—Continued
14 SALAD 08178800 112 108 1 3 0 maxLT-MDL 1/23/1997 7/7/2008 6 9 10 13 16 12 12 9 6 7 5 7
15 HOLES 393944084120700 102 0 0 102 0 maxLT-MDL 3/24/1999 9/7/2004 6 5 6 10 14 13 13 10 7 6 5 7
16 LBUCK 03353637 193 35 1 135 22 0.0050 5/5/1992 9/7/2004 10 6 8 17 27 31 33 24 15 5 9 8
17 LINCO 040869415 73 60 5 8 0 maxLT-MDL 5/15/2001 9/14/2007 3 3 4 8 11 11 10 9 5 3 3 3
18 CLINT 04161820 90 1 0 86 3 maxLT-MDL 4/4/1996 9/19/2006 3 7 4 10 12 10 11 11 5 7 4 6
19 SHING 05288705 124 44 7 69 4 maxLT-MDL 4/22/1996 7/9/2008 7 5 10 13 17 16 16 13 11 6 5 5
20 SALTC 05531500 99 2 2 95 0 maxLT-MDL 3/2/1999 9/18/2007 3 6 6 12 14 17 12 13 3 6 2 5
21 DPLAI 05532500 53 25 10 18 0 maxLT-MDL 3/2/1999 8/18/2004 1 4 3 8 7 8 6 6 1 4 1 4
22 LCOTT 10168000 93 46 6 37 4 maxLT-MDL 12/23/1998 9/12/2007 8 2 9 12 13 11 10 5 9 2 9 3
23 WARMC 11060400 72 14 0 51 7 .0030 11/16/1998 8/13/2004 8 10 8 6 3 6 4 7 4 6 3 7
24 SANTA 11074000 83 6 4 72 1 maxLT-MDL 7/13/2000 7/9/2008 8 10 8 9 6 10 4 8 3 8 2 7
25 ARCAD 11447360 110 25 3 81 1 maxLT-MDL 11/26/1996 7/8/2008 12 12 10 11 11 11 9 5 7 6 9 7
26 THORN 12128000 125 2 0 123 0 maxLT-MDL 3/7/1996 9/19/2007 10 5 12 12 15 14 13 10 11 5 12 6
27 FANNO 14206950 126 75 3 43 5 .0050 3/1/1993 9/19/2007 8 10 9 13 15 13 9 10 6 12 11 10

82682 Dacthal — Maximum long-term method detection level 0.002
1 ABERJ 01102500 72 0 0 71 1 maxLT-MDL 4/7/1999 9/1/2004 2 6 2 9 9 10 9 10 6 2 5 2
2 CHRLS 01104615 71 4 0 66 1 maxLT-MDL 5/4/1999 9/13/2007 3 7 3 6 8 10 8 9 6 3 5 3
3 NRWLK 01209710 198 11 0 183 4 maxLT-MDL 3/17/1993 8/21/2006 10 7 16 21 27 26 25 24 17 8 10 7
4 LISHA 01356190 112 0 0 111 1 maxLT-MDL 3/14/1994 7/15/2008 4 6 9 8 20 18 15 9 4 9 4 6
5 BOUND 01403900 93 17 1 70 5 0.0010 4/23/1996 9/27/2007 5 3 6 12 13 13 9 9 9 5 6 3
6 ACCOT 01654000 178 19 1 152 6 .0010 3/16/1994 7/8/2008 9 3 12 21 27 26 24 16 16 7 11 6
7 SWIFT 02087580 86 1 0 85 0 maxLT-MDL 10/12/2001 9/17/2007 7 10 8 8 6 7 4 7 4 6 8 11
8 GILLS 02169570 100 2 0 98 0 maxLT-MDL 2/12/1996 9/25/2006 4 6 13 13 11 10 12 8 10 6 5 2
9 SOPEC 02335870 192 10 0 180 2 maxLT-MDL 3/9/1993 7/2/2008 13 13 20 18 23 19 18 14 14 11 15 14

10 CHATT 02338000 139 5 0 132 2 maxLT-MDL 3/7/1994 7/2/2008 10 8 15 11 16 11 16 9 10 10 13 10
11 CAHAB 0242354750 119 0 0 119 0 maxLT-MDL 2/10/1999 9/20/2007 9 5 15 12 12 12 12 9 13 7 11 2
12 FLTCH 07031692 56 2 0 52 2 maxLT-MDL 10/1/1996 9/8/2004 4 4 3 8 6 7 7 5 4 1 4 3
13 WHITE 08057200 154 12 0 135 7 .0010 2/7/1995 9/18/2007 8 11 13 18 18 19 17 16 6 11 7 10
14 SALAD 08178800 112 7 1 100 4 maxLT-MDL 1/23/1997 7/7/2008 6 9 10 13 16 12 12 9 6 7 5 7
15 HOLES 393944084120700 104 0 0 103 1 maxLT-MDL 3/24/1999 9/7/2004 6 5 6 11 15 13 13 10 7 6 5 7
16 LBUCK 03353637 193 36 0 146 11 .0010 5/5/1992 9/7/2004 10 6 8 17 27 31 33 24 15 5 9 8
17 LINCO 040869415 73 3 0 69 1 maxLT-MDL 5/15/2001 9/14/2007 3 3 4 8 11 11 10 9 5 3 3 3
18 CLINT 04161820 90 3 0 82 5 .0010 4/4/1996 9/19/2006 3 7 4 10 12 10 11 11 5 7 4 6
19 SHING 05288705 124 17 0 102 5 .0010 4/22/1996 7/9/2008 7 5 10 13 17 16 16 13 11 6 5 5
20 SALTC 05531500 99 6 1 92 0 maxLT-MDL 3/2/1999 9/18/2007 3 6 6 12 14 17 12 13 3 6 2 5

Table A4-1. Summary of data for urban stream pesticide trend analysis, 1992–2008.–Continued
[Values censored at a higher level than the maximum long-term method detection level (maxLT-MDL) were removed from the analysis.  For the data to be used in the for a particular trend analysis period the 
dates for which water samples were collected and analyzed for a particular site needed to be representative of the trend period and there needed to be at least 10 uncensored concentration values (detections at 
or above the censoring level) for a particular site-pesticide combination.  USGS, U.S. Geological Survey; n, number of samples; qlow50, the median value of the low-level detections, calculated separately for 
each pesticide and stream-water site combination with five or more low-level detections for the period of record; number preceding pesticide name is USGS parameter code for pesticide; maxLT-MDL in place 
of a numeric value for qlow50 indicates that qlow50 was not calculated because of insufficient low-level detections]

94 
 

Trends in Pesticide Concentrations in Urban Stream
s in the United States, 1992–2008



Table A4-1. Summary of data for urban stream pesticide trend analysis, 1992–2008.–Continued
[Values censored at a higher level than the maximum long-term method detection level (maxLT-MDL) were removed from the analysis.  For the data to be used in the for a particular trend analysis period the 
dates for which water samples were collected and analyzed for a particular site needed to be representative of the trend period and there needed to be at least 10 uncensored concentration values (detections at 
or above the censoring level) for a particular site-pesticide combination.  USGS, U.S. Geological Survey; n, number of samples; qlow50, the median value of the low-level detections, calculated separately for 
each pesticide and stream-water site combination with five or more low-level detections for the period of record; number preceding pesticide name is USGS parameter code for pesticide; maxLT-MDL in place 
of a numeric value for qlow50 indicates that qlow50 was not calculated because of insufficient low-level detections]
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82682 Dacthal — Maximum long-term method detection level 0.002—Continued
21 DPLAI 05532500 53 3 0 48 2 maxLT-MDL 3/2/1999 8/18/2004 1 4 3 8 7 8 6 6 1 4 1 4
22 LCOTT 10168000 97 33 0 63 1 maxLT-MDL 12/23/1998 9/12/2007 8 2 10 12 13 12 11 6 9 2 9 3
23 WARMC 11060400 72 25 0 44 3 maxLT-MDL 11/16/1998 8/13/2004 8 10 8 6 3 6 4 7 4 6 3 7
24 SANTA 11074000 83 48 0 32 3 maxLT-MDL 7/13/2000 7/9/2008 8 10 8 9 6 10 4 8 3 8 2 7
25 ARCAD 11447360 111 65 2 40 4 maxLT-MDL 11/26/1996 7/8/2008 12 12 10 11 11 11 9 5 8 6 9 7
26 THORN 12128000 125 7 0 118 0 maxLT-MDL 3/7/1996 9/19/2007 10 5 12 12 15 14 13 10 11 5 12 6
27 FANNO 14206950 126 12 0 112 2 maxLT-MDL 3/1/1993 9/19/2007 8 10 9 13 15 13 9 10 6 12 11 10

38933 Chlorpyrifos — Maximum long-term method detection level 0.003
1 ABERJ 01102500 72 3 1 68 0 maxLT-MDL 4/7/1999 9/1/2004 2 6 2 9 9 10 9 10 6 2 5 2
2 CHRLS 01104615 71 0 0 71 0 maxLT-MDL 5/4/1999 9/13/2007 3 7 3 6 8 10 8 9 6 3 5 3
3 NRWLK 01209710 198 3 0 195 0 maxLT-MDL 3/17/1993 8/21/2006 10 7 16 21 27 26 25 24 17 8 10 7
4 LISHA 01356190 112 2 2 108 0 maxLT-MDL 3/14/1994 7/15/2008 4 6 9 8 20 18 15 9 4 9 4 6
5 BOUND 01403900 93 25 2 66 0 maxLT-MDL 4/23/1996 9/27/2007 5 3 6 12 13 13 9 9 9 5 6 3
6 ACCOT 01654000 178 47 11 119 1 maxLT-MDL 3/16/1994 7/8/2008 9 3 12 21 27 26 24 16 16 7 11 6
7 SWIFT 02087580 86 4 0 82 0 maxLT-MDL 10/12/2001 9/17/2007 7 10 8 8 6 7 4 7 4 6 8 11
8 GILLS 02169570 101 33 1 66 1 maxLT-MDL 2/5/1996 9/25/2006 4 7 13 13 11 10 12 8 10 6 5 2
9 SOPEC 02335870 191 54 3 134 0 maxLT-MDL 3/9/1993 7/2/2008 13 13 20 18 23 19 18 14 14 11 14 14

10 CHATT 02338000 139 17 5 117 0 maxLT-MDL 3/7/1994 7/2/2008 10 8 15 11 16 11 16 9 10 10 13 10
11 CAHAB 0242354750 119 27 2 89 1 maxLT-MDL 2/10/1999 9/20/2007 9 5 15 12 12 12 12 9 13 7 11 2
12 FLTCH 07031692 56 30 0 26 0 maxLT-MDL 10/1/1996 9/8/2004 4 4 3 8 6 7 7 5 4 1 4 3
13 WHITE 08057200 154 63 9 80 2 maxLT-MDL 2/7/1995 9/18/2007 8 11 13 18 18 19 17 16 6 11 7 10
14 SALAD 08178800 112 14 5 93 0 maxLT-MDL 1/23/1997 7/7/2008 6 9 10 13 16 12 12 9 6 7 5 7
15 HOLES 393944084120700 104 18 9 76 1 maxLT-MDL 3/24/1999 9/7/2004 6 5 6 11 15 13 13 10 7 6 5 7
16 LBUCK 03353637 193 69 8 114 2 maxLT-MDL 5/5/1992 9/7/2004 10 6 8 17 27 31 33 24 15 5 9 8
17 LINCO 040869415 73 0 0 73 0 maxLT-MDL 5/15/2001 9/14/2007 3 3 4 8 11 11 10 9 5 3 3 3
18 CLINT 04161820 90 8 1 81 0 maxLT-MDL 4/4/1996 9/19/2006 3 7 4 10 12 10 11 11 5 7 4 6
19 SHING 05288705 124 1 1 122 0 maxLT-MDL 4/22/1996 7/9/2008 7 5 10 13 17 16 16 13 11 6 5 5
20 SALTC 05531500 99 9 5 85 0 maxLT-MDL 3/2/1999 9/18/2007 3 6 6 12 14 17 12 13 3 6 2 5
21 DPLAI 05532500 53 1 3 49 0 maxLT-MDL 3/2/1999 8/18/2004 1 4 3 8 7 8 6 6 1 4 1 4
22 LCOTT 10168000 97 1 2 94 0 maxLT-MDL 12/23/1998 9/12/2007 8 2 10 12 13 12 11 6 9 2 9 3
23 WARMC 11060400 72 5 2 63 2 maxLT-MDL 11/16/1998 8/13/2004 8 10 8 6 3 6 4 7 4 6 3 7
24 SANTA 11074000 83 3 0 80 0 maxLT-MDL 7/13/2000 7/9/2008 8 10 8 9 6 10 4 8 3 8 2 7
25 ARCAD 11447360 111 61 9 41 0 maxLT-MDL 11/26/1996 7/8/2008 12 12 10 11 11 11 9 5 8 6 9 7
26 THORN 12128000 124 3 4 117 0 maxLT-MDL 3/7/1996 9/19/2007 10 5 12 11 15 14 13 10 11 5 12 6
27 FANNO 14206950 126 36 2 85 3 maxLT-MDL 3/1/1993 9/19/2007 8 10 9 13 15 13 9 10 6 12 11 10
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39532 Malathion — Maximum long-term method detection level 0.014
1 ABERJ 01102500 71 0 0 71 0 maxLT-MDL 4/7/1999 9/1/2004 2 5 2 9 9 10 9 10 6 2 5 2
2 CHRLS 01104615 71 0 0 70 1 maxLT-MDL 5/4/1999 9/13/2007 3 7 3 6 8 10 8 9 6 3 5 3
3 NRWLK 01209710 198 3 0 192 3 maxLT-MDL 3/17/1993 8/21/2006 10 7 16 21 27 26 25 24 17 8 10 7
4 LISHA 01356190 112 1 0 110 1 maxLT-MDL 3/14/1994 7/15/2008 4 6 9 8 20 18 15 9 4 9 4 6
5 BOUND 01403900 93 4 0 83 6 0.0100 4/23/1996 9/27/2007 5 3 6 12 13 13 9 9 9 5 6 3
6 ACCOT 01654000 178 16 2 154 6 .0095 3/16/1994 7/8/2008 9 3 12 21 27 26 24 16 16 7 11 6
7 SWIFT 02087580 86 0 0 85 1 maxLT-MDL 10/12/2001 9/17/2007 7 10 8 8 6 7 4 7 4 6 8 11
8 GILLS 02169570 101 26 0 60 15 .0080 2/5/1996 9/25/2006 4 7 13 13 11 10 12 8 10 6 5 2
9 SOPEC 02335870 192 9 0 175 8 .0090 3/9/1993 7/2/2008 13 13 20 18 23 19 18 14 14 11 15 14

10 CHATT 02338000 139 0 0 133 6 .0075 3/7/1994 7/2/2008 10 8 15 11 16 11 16 9 10 10 13 10
11 CAHAB 0242354750 119 2 0 113 4 maxLT-MDL 2/10/1999 9/20/2007 9 5 15 12 12 12 12 9 13 7 11 2
12 FLTCH 07031692 56 25 1 26 4 maxLT-MDL 10/1/1996 9/8/2004 4 4 3 8 6 7 7 5 4 1 4 3
13 WHITE 08057200 154 27 2 111 14 .0085 2/7/1995 9/18/2007 8 11 13 18 18 19 17 16 6 11 7 10
14 SALAD 08178800 112 9 0 93 10 .0070 1/23/1997 7/7/2008 6 9 10 13 16 12 12 9 6 7 5 7
15 HOLES 393944084120700 104 4 1 92 7 .0090 3/24/1999 9/7/2004 6 5 6 11 15 13 13 10 7 6 5 7
16 LBUCK 03353637 193 24 0 153 16 .0095 5/5/1992 9/7/2004 10 6 8 17 27 31 33 24 15 5 9 8
17 LINCO 040869415 73 2 0 70 1 maxLT-MDL 5/15/2001 9/14/2007 3 3 4 8 11 11 10 9 5 3 3 3
18 CLINT 04161820 90 1 2 86 1 maxLT-MDL 4/4/1996 9/19/2006 3 7 4 10 12 10 11 11 5 7 4 6
19 SHING 05288705 124 5 2 113 4 maxLT-MDL 4/22/1996 7/9/2008 7 5 10 13 17 16 16 13 11 6 5 5
20 SALTC 05531500 99 6 0 93 0 maxLT-MDL 3/2/1999 9/18/2007 3 6 6 12 14 17 12 13 3 6 2 5
21 DPLAI 05532500 53 3 2 47 1 maxLT-MDL 3/2/1999 8/18/2004 1 4 3 8 7 8 6 6 1 4 1 4
22 LCOTT 10168000 96 6 4 77 9 .0070 12/23/1998 9/12/2007 8 2 10 12 13 12 11 6 9 2 9 2
23 WARMC 11060400 72 3 1 66 2 maxLT-MDL 11/16/1998 8/13/2004 8 10 8 6 3 6 4 7 4 6 3 7
24 SANTA 11074000 83 9 1 72 1 maxLT-MDL 7/13/2000 7/9/2008 8 10 8 9 6 10 4 8 3 8 2 7
25 ARCAD 11447360 111 47 1 55 8 .0100 11/26/1996 7/8/2008 12 12 10 11 11 11 9 5 8 6 9 7
26 THORN 12128000 125 7 0 115 3 maxLT-MDL 3/7/1996 9/19/2007 10 5 12 12 15 14 13 10 11 5 12 6
27 FANNO 14206950 126 5 0 118 3 maxLT-MDL 3/1/1993 9/19/2007 8 10 9 13 15 13 9 10 6 12 11 10

39572 Diazinon — Maximum long-term method detection level 0.003
1 ABERJ 01102500 72 55 5 12 0 maxLT-MDL 4/7/1999 9/1/2004 2 6 2 9 9 10 9 10 6 2 5 2
2 CHRLS 01104615 70 23 1 44 2 maxLT-MDL 5/4/1999 9/13/2007 3 7 3 6 8 10 8 8 6 3 5 3
3 NRWLK 01209710 198 48 1 143 6 0.0020 3/17/1993 8/21/2006 10 7 16 21 27 26 25 24 17 8 10 7
4 LISHA 01356190 101 50 2 49 0 maxLT-MDL 3/14/1994 7/15/2008 4 6 9 8 17 14 12 8 4 9 4 6
5 BOUND 01403900 93 63 2 28 0 maxLT-MDL 4/23/1996 9/27/2007 5 3 6 12 13 13 9 9 9 5 6 3
6 ACCOT 01654000 178 144 2 32 0 maxLT-MDL 3/16/1994 7/8/2008 9 3 12 21 27 26 24 16 16 7 11 6
7 SWIFT 02087580 86 50 1 35 0 maxLT-MDL 10/12/2001 9/17/2007 7 10 8 8 6 7 4 7 4 6 8 11

Table A4-1. Summary of data for urban stream pesticide trend analysis, 1992–2008.–Continued
[Values censored at a higher level than the maximum long-term method detection level (maxLT-MDL) were removed from the analysis.  For the data to be used in the for a particular trend analysis period the 
dates for which water samples were collected and analyzed for a particular site needed to be representative of the trend period and there needed to be at least 10 uncensored concentration values (detections at 
or above the censoring level) for a particular site-pesticide combination.  USGS, U.S. Geological Survey; n, number of samples; qlow50, the median value of the low-level detections, calculated separately for 
each pesticide and stream-water site combination with five or more low-level detections for the period of record; number preceding pesticide name is USGS parameter code for pesticide; maxLT-MDL in place 
of a numeric value for qlow50 indicates that qlow50 was not calculated because of insufficient low-level detections]
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Table A4-1. Summary of data for urban stream pesticide trend analysis, 1992–2008.–Continued
[Values censored at a higher level than the maximum long-term method detection level (maxLT-MDL) were removed from the analysis.  For the data to be used in the for a particular trend analysis period the 
dates for which water samples were collected and analyzed for a particular site needed to be representative of the trend period and there needed to be at least 10 uncensored concentration values (detections at 
or above the censoring level) for a particular site-pesticide combination.  USGS, U.S. Geological Survey; n, number of samples; qlow50, the median value of the low-level detections, calculated separately for 
each pesticide and stream-water site combination with five or more low-level detections for the period of record; number preceding pesticide name is USGS parameter code for pesticide; maxLT-MDL in place 
of a numeric value for qlow50 indicates that qlow50 was not calculated because of insufficient low-level detections]
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39572 Diazinon — Maximum long-term method detection level 0.003—Continued
8 GILLS 02169570 101 65 1 35 0 maxLT-MDL 2/5/1996 9/25/2006 4 7 13 13 11 10 12 8 10 6 5 2
9 SOPEC 02335870 191 128 4 57 2 maxLT-MDL 3/9/1993 7/2/2008 13 13 20 18 23 19 18 14 14 11 14 14

10 CHATT 02338000 139 91 2 46 0 maxLT-MDL 3/7/1994 7/2/2008 10 8 15 11 16 11 16 9 10 10 13 10
11 CAHAB 0242354750 119 60 2 57 0 maxLT-MDL 2/10/1999 9/20/2007 9 5 15 12 12 12 12 9 13 7 11 2
12 FLTCH 07031692 56 47 2 7 0 maxLT-MDL 10/1/1996 9/8/2004 4 4 3 8 6 7 7 5 4 1 4 3
13 WHITE 08057200 154 134 2 18 0 maxLT-MDL 2/7/1995 9/18/2007 8 11 13 18 18 19 17 16 6 11 7 10
14 SALAD 08178800 112 55 7 50 0 maxLT-MDL 1/23/1997 7/7/2008 6 9 10 13 16 12 12 9 6 7 5 7
15 HOLES 393944084120700 104 90 0 11 3 maxLT-MDL 3/24/1999 9/7/2004 6 5 6 11 15 13 13 10 7 6 5 7
16 LBUCK 03353637 193 180 0 13 0 maxLT-MDL 5/5/1992 9/7/2004 10 6 8 17 27 31 33 24 15 5 9 8
17 LINCO 040869415 73 45 2 26 0 maxLT-MDL 5/15/2001 9/14/2007 3 3 4 8 11 11 10 9 5 3 3 3
18 CLINT 04161820 90 53 4 33 0 maxLT-MDL 4/4/1996 9/19/2006 3 7 4 10 12 10 11 11 5 7 4 6
19 SHING 05288705 124 66 8 50 0 maxLT-MDL 4/22/1996 7/9/2008 7 5 10 13 17 16 16 13 11 6 5 5
20 SALTC 05531500 99 55 16 28 0 maxLT-MDL 3/2/1999 9/18/2007 3 6 6 12 14 17 12 13 3 6 2 5
21 DPLAI 05532500 49 41 4 4 0 maxLT-MDL 3/2/1999 8/18/2004 1 4 3 8 7 8 6 6 0 3 0 3
22 LCOTT 10168000 97 69 1 27 0 maxLT-MDL 12/23/1998 9/12/2007 8 2 10 12 13 12 11 6 9 2 9 3
23 WARMC 11060400 71 40 2 27 2 maxLT-MDL 11/16/1998 8/13/2004 8 9 8 6 3 6 4 7 4 6 3 7
24 SANTA 11074000 83 39 7 37 0 maxLT-MDL 7/13/2000 7/9/2008 8 10 8 9 6 10 4 8 3 8 2 7
25 ARCAD 11447360 111 107 1 3 0 maxLT-MDL 11/26/1996 7/8/2008 12 12 10 11 11 11 9 5 8 6 9 7
26 THORN 12128000 125 57 1 67 0 maxLT-MDL 3/7/1996 9/19/2007 10 5 12 12 15 14 13 10 11 5 12 6
27 FANNO 14206950 126 88 4 33 1 maxLT-MDL 3/1/1993 9/19/2007 8 10 9 13 15 13 9 10 6 12 11 10

62166 Fipronil — Maximum long-term method detection level 0.01
1 ABERJ 01102500 0 -- -- -- -- maxLT-MDL -- -- -- -- -- -- -- -- -- -- -- -- -- --
2 CHRLS 01104615 22 1 0 1 20 0.0065 10/18/2005 9/13/2007 1 1 1 2 3 4 3 3 2 1 0 1
3 NRWLK 01209710 7 0 0 4 3 maxLT-MDL 9/6/2005 8/21/2006 1 1 1 0 1 1 0 1 1 0 0 0
4 LISHA 01356190 57 0 0 56 1 maxLT-MDL 10/8/2002 7/15/2008 2 4 4 5 10 7 8 5 1 6 1 4
5 BOUND 01403900 19 5 0 2 12 .0070 10/3/2006 9/27/2007 1 0 1 1 2 3 3 3 2 2 1 0
6 ACCOT 01654000 52 31 0 12 9 .0090 10/30/2002 7/8/2008 5 1 5 4 9 7 7 2 5 1 5 1
7 SWIFT 02087580 61 42 0 3 16 .0080 10/17/2002 9/17/2007 3 7 6 6 4 6 3 6 3 5 5 7
8 GILLS 02169570 40 4 0 20 16 .0070 11/12/2002 9/25/2006 3 2 5 4 5 4 4 2 5 1 4 1
9 SOPEC 02335870 69 23 0 12 34 .0070 10/9/2002 7/2/2008 5 3 8 5 10 6 8 5 5 4 6 4

10 CHATT 02338000 69 32 0 11 26 .0080 10/8/2002 7/2/2008 6 4 9 6 7 5 8 4 5 4 7 4
11 CAHAB 0242354750 50 20 0 13 17 .0070 11/5/2002 9/20/2007 6 2 6 4 6 4 5 2 6 2 7 0
12 FLTCH 07031692 0 -- -- -- -- maxLT-MDL -- -- -- -- -- -- -- -- -- -- -- -- -- --
13 WHITE 08057200 59 40 0 5 14 .0080 10/7/2002 9/18/2007 3 5 3 8 6 6 5 6 3 6 3 5
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62166 Fipronil — Maximum long-term method detection level 0.01—Continued
14 SALAD 08178800 61 5 0 39 17 0.0060 10/17/2002 7/7/2008 3 6 8 7 8 7 5 3 1 5 3 5
15 HOLES 393944084120700 0 -- -- -- -- maxLT-MDL -- -- -- -- -- -- -- -- -- -- -- -- -- --
16 LBUCK 03353637 0 -- -- -- -- maxLT-MDL -- -- -- -- -- -- -- -- -- -- -- -- -- --
17 LINCO 040869415 17 0 0 15 2 maxLT-MDL 11/13/2006 9/14/2007 1 0 0 1 3 3 3 3 2 0 1 0
18 CLINT 04161820 39 0 0 32 7 .0060 10/29/2002 9/19/2006 1 3 1 4 4 4 4 7 2 4 1 4
19 SHING 05288705 53 0 0 46 7 .0070 10/9/2002 7/9/2008 4 2 3 5 8 7 6 5 5 3 3 2
20 SALTC 05531500 51 24 1 9 17 .0080 10/9/2002 9/18/2007 2 4 1 6 7 7 6 8 2 4 1 3
21 DPLAI 05532500 0 -- -- -- -- maxLT-MDL -- -- -- -- -- -- -- -- -- -- -- -- -- --
22 LCOTT 10168000 41 0 0 40 1 maxLT-MDL 11/22/2002 9/12/2007 5 0 5 3 6 4 5 2 5 1 5 0
23 WARMC 11060400 0 -- -- -- -- maxLT-MDL -- -- -- -- -- -- -- -- -- -- -- -- -- --
24 SANTA 11074000 61 9 0 25 27 .0060 10/17/2002 7/9/2008 6 8 6 7 5 8 2 5 1 6 2 5
25 ARCAD 11447360 62 58 2 0 2 maxLT-MDL 11/15/2002 7/8/2008 7 7 5 6 6 7 5 2 4 4 4 5
26 THORN 12128000 66 0 0 56 10 .0050 11/6/2002 9/19/2007 6 2 6 6 7 8 8 6 7 2 6 2
27 FANNO 14206950 61 7 0 32 22 .0070 10/22/2002 9/19/2007 4 7 4 6 5 7 4 5 3 6 4 6

62167 Fipronil sulfide — Maximum long-term method detection level 0.006
1 ABERJ 01102500 0 -- -- -- -- maxLT-MDL -- -- -- -- -- -- -- -- -- -- -- -- -- --
2 CHRLS 01104615 22 12 0 3 7 0.0050 10/18/2005 9/13/2007 1 1 1 2 3 4 3 3 2 1 0 1
3 NRWLK 01209710 7 4 0 3 0 maxLT-MDL 9/6/2005 8/21/2006 1 1 1 0 1 1 0 1 1 0 0 0
4 LISHA 01356190 57 1 0 56 0 maxLT-MDL 10/8/2002 7/15/2008 2 4 4 5 10 7 8 5 1 6 1 4
5 BOUND 01403900 19 16 0 0 3 maxLT-MDL 10/3/2006 9/27/2007 1 0 1 1 2 3 3 3 2 2 1 0
6 ACCOT 01654000 52 21 0 27 4 maxLT-MDL 10/30/2002 7/8/2008 5 1 5 4 9 7 7 2 5 1 5 1
7 SWIFT 02087580 61 42 0 9 10 .0050 10/17/2002 9/17/2007 3 7 6 6 4 6 3 6 3 5 5 7
8 GILLS 02169570 40 18 0 19 3 maxLT-MDL 11/12/2002 9/25/2006 3 2 5 4 5 4 4 2 5 1 4 1
9 SOPEC 02335870 69 38 0 24 7 .0040 10/9/2002 7/2/2008 5 3 8 5 10 6 8 5 5 4 6 4

10 CHATT 02338000 69 33 0 28 8 .0050 10/8/2002 7/2/2008 6 4 9 6 7 5 8 4 5 4 7 4
11 CAHAB 0242354750 50 27 0 18 5 .0050 11/5/2002 9/20/2007 6 2 6 4 6 4 5 2 6 2 7 0
12 FLTCH 07031692 0 -- -- -- -- maxLT-MDL -- -- -- -- -- -- -- -- -- -- -- -- -- --
13 WHITE 08057200 59 29 1 20 9 .0030 10/7/2002 9/18/2007 3 5 3 8 6 6 5 6 3 6 3 5
14 SALAD 08178800 61 16 0 38 7 .0040 10/17/2002 7/7/2008 3 6 8 7 8 7 5 3 1 5 3 5
15 HOLES 393944084120700 0 -- -- -- -- maxLT-MDL -- -- -- -- -- -- -- -- -- -- -- -- -- --
16 LBUCK 03353637 0 -- -- -- -- maxLT-MDL -- -- -- -- -- -- -- -- -- -- -- -- -- --
17 LINCO 040869415 17 1 0 14 2 maxLT-MDL 11/13/2006 9/14/2007 1 0 0 1 3 3 3 3 2 0 1 0
18 CLINT 04161820 39 1 0 38 0 maxLT-MDL 10/29/2002 9/19/2006 1 3 1 4 4 4 4 7 2 4 1 4
19 SHING 05288705 53 3 0 44 6 .0050 10/9/2002 7/9/2008 4 2 3 5 8 7 6 5 5 3 3 2
20 SALTC 05531500 51 24 0 23 4 maxLT-MDL 10/9/2002 9/18/2007 2 4 1 6 7 7 6 8 2 4 1 3

Table A4-1. Summary of data for urban stream pesticide trend analysis, 1992–2008.–Continued
[Values censored at a higher level than the maximum long-term method detection level (maxLT-MDL) were removed from the analysis.  For the data to be used in the for a particular trend analysis period the 
dates for which water samples were collected and analyzed for a particular site needed to be representative of the trend period and there needed to be at least 10 uncensored concentration values (detections at 
or above the censoring level) for a particular site-pesticide combination.  USGS, U.S. Geological Survey; n, number of samples; qlow50, the median value of the low-level detections, calculated separately for 
each pesticide and stream-water site combination with five or more low-level detections for the period of record; number preceding pesticide name is USGS parameter code for pesticide; maxLT-MDL in place 
of a numeric value for qlow50 indicates that qlow50 was not calculated because of insufficient low-level detections]
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Table A4-1. Summary of data for urban stream pesticide trend analysis, 1992–2008.–Continued
[Values censored at a higher level than the maximum long-term method detection level (maxLT-MDL) were removed from the analysis.  For the data to be used in the for a particular trend analysis period the 
dates for which water samples were collected and analyzed for a particular site needed to be representative of the trend period and there needed to be at least 10 uncensored concentration values (detections at 
or above the censoring level) for a particular site-pesticide combination.  USGS, U.S. Geological Survey; n, number of samples; qlow50, the median value of the low-level detections, calculated separately for 
each pesticide and stream-water site combination with five or more low-level detections for the period of record; number preceding pesticide name is USGS parameter code for pesticide; maxLT-MDL in place 
of a numeric value for qlow50 indicates that qlow50 was not calculated because of insufficient low-level detections]
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2167 Fipronil sulfide — Maximum long-term method detection level 0.006—Continued
21 DPLAI 05532500 0 -- -- -- -- maxLT-MDL -- -- -- -- -- -- -- -- -- -- -- -- -- --
22 LCOTT 10168000 41 1 0 40 0 maxLT-MDL 11/22/2002 9/12/2007 5 0 5 3 6 4 5 2 5 1 5 0
23 WARMC 11060400 0 -- -- -- -- maxLT-MDL -- -- -- -- -- -- -- -- -- -- -- -- -- --
24 SANTA 11074000 61 19 0 23 19 0.0050 10/17/2002 7/9/2008 6 8 6 7 5 8 2 5 1 6 2 5
25 ARCAD 11447360 62 43 0 8 11 .0050 11/15/2002 7/8/2008 7 7 5 6 6 7 5 2 4 4 4 5
26 THORN 12128000 66 4 0 62 0 maxLT-MDL 11/6/2002 9/19/2007 6 2 6 6 7 8 8 6 7 2 6 2
27 FANNO 14206950 61 20 0 34 7 .0050 10/22/2002 9/19/2007 4 7 4 6 5 7 4 5 3 6 4 6

62170 Desulfinylfipronil — Maximum long-term method detection level 0.006
1 ABERJ 01102500 0 -- -- -- -- maxLT-MDL -- -- -- -- -- -- -- -- -- -- -- -- -- --
2 CHRLS 01104615 22 13 0 3 6 0.0045 10/18/2005 9/13/2007 1 1 1 2 3 4 3 3 2 1 0 1
3 NRWLK 01209710 7 2 0 1 4 maxLT-MDL 9/6/2005 8/21/2006 1 1 1 0 1 1 0 1 1 0 0 0
4 LISHA 01356190 57 1 0 53 3 maxLT-MDL 10/8/2002 7/15/2008 2 4 4 5 10 7 8 5 1 6 1 4
5 BOUND 01403900 19 12 0 0 7 .0050 10/3/2006 9/27/2007 1 0 1 1 2 3 3 3 2 2 1 0
6 ACCOT 01654000 52 21 0 24 7 .0040 10/30/2002 7/8/2008 5 1 5 4 9 7 7 2 5 1 5 1
7 SWIFT 02087580 61 43 0 5 13 .0050 10/17/2002 9/17/2007 3 7 6 6 4 6 3 6 3 5 5 7
8 GILLS 02169570 40 12 0 18 10 .0050 11/12/2002 9/25/2006 3 2 5 4 5 4 4 2 5 1 4 1
9 SOPEC 02335870 69 31 0 22 16 .0050 10/9/2002 7/2/2008 5 3 8 5 10 6 8 5 5 4 6 4

10 CHATT 02338000 69 33 0 24 12 .0050 10/8/2002 7/2/2008 6 4 9 6 7 5 8 4 5 4 7 4
11 CAHAB 0242354750 50 22 1 17 10 .0045 11/5/2002 9/20/2007 6 2 6 4 6 4 5 2 6 2 7 0
12 FLTCH 07031692 0 -- -- -- -- maxLT-MDL -- -- -- -- -- -- -- -- -- -- -- -- -- --
13 WHITE 08057200 59 41 0 10 8 .0050 10/7/2002 9/18/2007 3 5 3 8 6 6 5 6 3 6 3 5
14 SALAD 08178800 61 13 0 25 23 .0050 10/17/2002 7/7/2008 3 6 8 7 8 7 5 3 1 5 3 5
15 HOLES 393944084120700 0 -- -- -- -- maxLT-MDL -- -- -- -- -- -- -- -- -- -- -- -- -- --
16 LBUCK 03353637 0 -- -- -- -- maxLT-MDL -- -- -- -- -- -- -- -- -- -- -- -- -- --
17 LINCO 040869415 17 1 0 11 5 .0050 11/13/2006 9/14/2007 1 0 0 1 3 3 3 3 2 0 1 0
18 CLINT 04161820 39 1 0 35 3 maxLT-MDL 10/29/2002 9/19/2006 1 3 1 4 4 4 4 7 2 4 1 4
19 SHING 05288705 53 4 0 35 14 .0040 10/9/2002 7/9/2008 4 2 3 5 8 7 6 5 5 3 3 2
20 SALTC 05531500 51 25 0 18 8 .0045 10/9/2002 9/18/2007 2 4 1 6 7 7 6 8 2 4 1 3
21 DPLAI 05532500 0 -- -- -- -- maxLT-MDL -- -- -- -- -- -- -- -- -- -- -- -- -- --
22 LCOTT 10168000 41 1 0 37 3 maxLT-MDL 11/22/2002 9/12/2007 5 0 5 3 6 4 5 2 5 1 5 0
23 WARMC 11060400 0 -- -- -- -- maxLT-MDL -- -- -- -- -- -- -- -- -- -- -- -- -- --
24 SANTA 11074000 61 31 0 15 15 .0050 10/17/2002 7/9/2008 6 8 6 7 5 8 2 5 1 6 2 5
25 ARCAD 11447360 62 56 0 2 4 maxLT-MDL 11/15/2002 7/8/2008 7 7 5 6 6 7 5 2 4 4 4 5
26 THORN 12128000 66 6 0 50 10 .0040 11/6/2002 9/19/2007 6 2 6 6 7 8 8 6 7 2 6 2
27 FANNO 14206950 61 14 0 30 17 .0040 10/22/2002 9/19/2007 4 7 4 6 5 7 4 5 3 6 4 6
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82680 Carbaryl — Maximum long-term method detection level 0.03
1 ABERJ 01102500 72 18 0 20 34 0.0090 4/7/1999 9/1/2004 2 6 2 9 9 10 9 10 6 2 5 2
2 CHRLS 01104615 71 6 0 36 29 .0080 5/4/1999 9/13/2007 3 7 3 6 8 10 8 9 6 3 5 3
3 NRWLK 01209710 198 16 1 125 56 .0105 3/17/1993 8/21/2006 10 7 16 21 27 26 25 24 17 8 10 7
4 LISHA 01356190 112 25 0 42 45 .0080 3/14/1994 7/15/2008 4 6 9 8 20 18 15 9 4 9 4 6
5 BOUND 01403900 93 26 0 33 34 .0130 4/23/1996 9/27/2007 5 3 6 12 13 13 9 9 9 5 6 3
6 ACCOT 01654000 178 55 1 34 88 .0110 3/16/1994 7/8/2008 9 3 12 21 27 26 24 16 16 7 11 6
7 SWIFT 02087580 86 6 0 19 61 .0090 10/12/2001 9/17/2007 7 10 8 8 6 7 4 7 4 6 8 11
8 GILLS 02169570 101 4 0 54 43 .0080 2/5/1996 9/25/2006 4 7 13 13 11 10 12 8 10 6 5 2
9 SOPEC 02335870 191 26 0 82 83 .0090 3/9/1993 7/2/2008 13 13 20 18 23 19 18 14 14 11 14 14

10 CHATT 02338000 139 18 1 29 91 .0090 3/7/1994 7/2/2008 10 8 15 11 16 11 16 9 10 10 13 10
11 CAHAB 0242354750 119 7 1 80 31 .0070 2/10/1999 9/20/2007 9 5 15 12 12 12 12 9 13 7 11 2
12 FLTCH 07031692 56 27 0 10 19 .0130 10/1/1996 9/8/2004 4 4 3 8 6 7 7 5 4 1 4 3
13 WHITE 08057200 154 32 1 48 73 .0120 2/7/1995 9/18/2007 8 11 13 18 18 19 17 16 6 11 7 10
14 SALAD 08178800 112 17 0 58 37 .0100 1/23/1997 7/7/2008 6 9 10 13 16 12 12 9 6 7 5 7
15 HOLES 393944084120700 104 17 0 52 35 .0070 3/24/1999 9/7/2004 6 5 6 11 15 13 13 10 7 6 5 7
16 LBUCK 03353637 193 22 0 105 66 .0110 5/5/1992 9/7/2004 10 6 8 17 27 31 33 24 15 5 9 8
17 LINCO 040869415 73 3 0 46 24 .0100 5/15/2001 9/14/2007 3 3 4 8 11 11 10 9 5 3 3 3
18 CLINT 04161820 90 7 1 45 37 .0080 4/4/1996 9/19/2006 3 7 4 10 12 10 11 11 5 7 4 6
19 SHING 05288705 124 10 0 82 32 .0120 4/22/1996 7/9/2008 7 5 10 13 17 16 16 13 11 6 5 5
20 SALTC 05531500 99 13 0 36 50 .0095 3/2/1999 9/18/2007 3 6 6 12 14 17 12 13 3 6 2 5
21 DPLAI 05532500 53 6 0 19 28 .0120 3/2/1999 8/18/2004 1 4 3 8 7 8 6 6 1 4 1 4
22 LCOTT 10168000 97 11 0 42 44 .0085 12/23/1998 9/12/2007 8 2 10 12 13 12 11 6 9 2 9 3
23 WARMC 11060400 72 1 0 63 8 .0065 11/16/1998 8/13/2004 8 10 8 6 3 6 4 7 4 6 3 7
24 SANTA 11074000 83 5 0 45 33 .0090 7/13/2000 7/9/2008 8 10 8 9 6 10 4 8 3 8 2 7
25 ARCAD 11447360 111 69 0 4 38 .0165 11/26/1996 7/8/2008 12 12 10 11 11 11 9 5 8 6 9 7
26 THORN 12128000 125 10 0 90 25 .0120 3/7/1996 9/19/2007 10 5 12 12 15 14 13 10 11 5 12 6
27 FANNO 14206950 126 37 1 27 61 .0120 3/1/1993 9/19/2007 8 10 9 13 15 13 9 10 6 12 11 10

Table A4-1. Summary of data for urban stream pesticide trend analysis, 1992–2008.–Continued
[Values censored at a higher level than the maximum long-term method detection level (maxLT-MDL) were removed from the analysis.  For the data to be used in the for a particular trend analysis period the 
dates for which water samples were collected and analyzed for a particular site needed to be representative of the trend period and there needed to be at least 10 uncensored concentration values (detections at 
or above the censoring level) for a particular site-pesticide combination.  USGS, U.S. Geological Survey; n, number of samples; qlow50, the median value of the low-level detections, calculated separately for 
each pesticide and stream-water site combination with five or more low-level detections for the period of record; number preceding pesticide name is USGS parameter code for pesticide; maxLT-MDL in place 
of a numeric value for qlow50 indicates that qlow50 was not calculated because of insufficient low-level detections]
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Appendix 5. Download Data File of Urban Site Information (online only).
Online only urban stream-water site information for the sites used in this report is in appendix 5, a tab-delimited text file 

with metadata further describing the data.

http://pubs.usgs.gov/sir/2010/5139/downloads/appendix5.txt

Appendix 6. Download Data File of Pesticide Concentrations (online only).
The water-quality data used for trend analysis of pesticides in the 27 urban streams used in this report are in appendix 6,  

a tab-delimited text file with metadata further describing the data.

http://pubs.usgs.gov/sir/2010/5139/downloads/appendix6.txt

http://pubs.usgs.gov/sir/2010/5139/downloads/appendix5.txt
http://pubs.usgs.gov/sir/2010/5139/downloads/appendix6.txt
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