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Detections of Current-Use Pesticides at 12 Surface Water
Sites in California During a 2-Year Period Beginning in 2015

By Corey J. Sanders, James L. Orlando, and Michelle L. Hladik

Abstract

Surface water samples were collected by the U.S.
Geological Survey and multiple cooperators during base
flow/irrigation runoff and storm runoff conditions from
12 sites throughout California, over 2 consecutive years
beginning in April 2015, from both urban and agriculturally
dominated watersheds. Water samples were analyzed
by gas chromatography/mass spectrometry and liquid
chromatrography/tandem mass spectrometry for a suite
of 157 pesticides and degradates. Suspended sediments
associated with these water samples were analyzed by
gas chromatography/mass spectrometry for a suite of
131 pesticides and degradates. Overall, 85 pesticides and
degradates were detected in the water: 32 fungicides,

25 herbicides, 27 insecticides, and 1 synergist. In the
suspended sediment, 29 pesticides were detected: 9 fungicides,
10 herbicides, and 10 insecticides. Sixteen pesticides
(bifenthrin, carbendazim, chlorpyrifos, clothianidin, diazinon,
diuron, fenpyroximate, fipronil, fipronil sulfone, fluopicolide,
imidacloprid, metolachlor, novaluron, oxyflurofen, permethrin,
and simazine) were detected in the water at concentrations
that were above at least one aquatic life benchmark value as
defined by the U.S Environmental Protection Agency.

Introduction

This study was designed to characterize the mixtures of a
large suite of current-use pesticides and pesticide degradates
in surface water and associated suspended sediments present
in both agricultural and urban sites throughout California.
Pesticides are used in California in both urban and agricultural
settings and are routinely detected in surface water. In 2014,
nearly 190 million pounds of pesticide active ingredients were
reported as used in California (California Department of Pesti-
cide Regulation, 2017).

The California State Water Resources Control Board
and Regional Water Quality Control Board have placed
1,162 streams and rivers within California on the 303(d) list,
indicating “impaired waters,” as designated under the Federal
Clean Water Act. Of these, 290 are listed as impaired due to
pesticides (State Water Resources Control Board, 2012). These

designations have prompted many studies of surface waters

in California, and these studies have often shown an even
greater need for further study in the region. A previous study
by the California Department of Pesticide Regulation exam-
ined surface-water-quality monitoring data collected between
1991 and 2010 for pesticides and compared these data to U.S.
Environmental Protection Agency (EPA) aquatic life bench-
marks. Numerous pesticides were detected in both agricultural
and urban sites at concentrations above EPA benchmarks,
including diazinon, chlorpyrifos, bifenthrin, and fipronil
(Starner and Zhang, 2011). A more recent study, conducted
over 2 years starting in 2012 by the U.S. Geological Survey
(USGS) Pesticide Fate Research Group (PFRG), detected over
30 pesticides in water samples from just two sites in Califor-
nia (Orlando and others, 2014). Studies such as these have
shown the need for a project of larger scope, incorporating
more sites and samples across a wider area of California (with
equal representation of urban and agriculturally dominated
watersheds) with analysis of more current-use pesticides. To
address the identified needs, the USGS began the current study
in cooperation with the Central Valley Regional Water Quality
Control Board; San Francisco Bay Regional Water Quality
Control Board; Central Coast Regional Water Quality Control
Board; San Diego Regional Water Quality Control Board;
California Department of Pesticide Regulation; Irrigated
Lands Regulatory Program; and the University of California,
Davis. This study sampled surface water from both urban and
agricultural streams over a 2-year period starting in April of
2015, and these water samples were analyzed for 157 pesti-
cides and degradates by the USGS PFRG.

Purpose and Scope

This report details the study design, field and laboratory
methods, and describes pesticide concentrations in surface
water from both urban and agricultural sites across California
during wet and dry seasons over a 2-year study period.

Study Design

Surface water samples were collected from 12 sites
throughout California. Sampling sites were chosen to be
representative of either urban or agricultural land use (six sites
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each; fig. 1). Initially, several State agencies that conduct
water-quality monitoring were contacted (Department of Pesti-
cide Regulation, Surface Water Ambient Monitoring Program,
and various State Water Resources Control Board regional
offices) to provide lists of sampling sites that were to be moni-
tored for pesticides and toxicity in 2015 and 2016. These lists
were then compiled and the final list of 12 sites selected based
on the following criteria: (1) amount of urban or agricultural
land use within the upstream watershed; (2) historical data,
which indicated pesticide toxicity at the site; (3) 303(d) or
other regulatory listings for the waterbody; and (4) recent
pesticide usage data (table 1).

Just as the sites were chosen to be representative of both
agricultural and urban sites, the sampling dates were chosen to
be representative of both wet and dry seasons. Exact sample
timing was at the discretion of the cooperating entity and coin-
cided with either the collection of samples for other studies or
long-term monitoring projects. The USGS PFRG provided all
needed supplies to the cooperators. At several sites, toxicity
samples were also collected in conjunction with the pesticide
samples; however, these results are not the focus of this report
and are therefore not included in this dataset.

Site Descriptions

Sampling sites representative of either primarily
agricultural or urban land uses (six sites each) were located
throughout California (fig. 1). Agricultural sites were chosen
to represent the wide variety of crops grown in California,
whereas specific urban sites were chosen to represent varying
degrees of age and density of urban development. In general,
sampling sites were on small agricultural drainage channels
or urban streams (channel capacities estimated to be less than
250 cubic feet per second).

Agricultural Watersheds

Alisal Creek at La Guardia Street near Salinas, CA

Samples were collected from a manmade drainage channel
in an area of intense agricultural land use (fig. 2). The site
is on the eastern edge of the town of Salinas, California,
upstream of any major urban land use (fig. 1), but does receive
runoff from industrial farm produce-processing operations.
The contributing watershed upstream of this site is just under
40 square miles (mi?), and land use is approximately 30
percent agricultural (National Land Cover Database, 2011;
table 1). The primary crops grown in this watershed are
strawberries and vegetables (U.S. Department of Agriculture,
2016). Runoff passing this site eventually enters the Pacific
Ocean through Elkhorn Slough at the Elkhorn Slough National
Estuarine Research Reserve (not shown on fig. 1).

Introduction 3

Photograph by Jim Orlando, U.S. Geological Survey, April 28, 2016

Figure 2. Alisal Creek at La Guardia Street near Salinas, CA,
sampling site location.

French Camp Slough at Airport Way near Stockton, CA

Samples were collected from a leveed channel near the
town of French Camp, Calif. (fig. 3). The contributing water-
shed upstream of this site is approximately 385 mi? and drains
primarily agricultural lands in the eastern parts of San Joaquin
and Stanislaus Counties (fig. 1). Land use in the watershed is
approximately 41 percent agricultural (National Land Cover
Database, 2011; table 1). The primary crops grown in this
watershed are almonds, walnuts, grapes, and alfalfa (U.S.
Department of Agriculture, 2016). Approximately 5 miles (mi)
downstream of the sampling site, French Camp Slough (not
shown on fig. 1) drains into the San Joaquin River and the
Sacramento—San Joaquin Delta.

Photograph by Jim Orlando, U.S. Geological Survey, July 12, 2016

Figure 3. French Camp Slough at Airport Way near Stockton, CA,
sampling site location.
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Ingram Creek at River Road near Patterson, CA

At this site, samples were collected from a small agricul-
tural drainage ditch in western Stanislaus County (figs. 1, 4).
The watershed for this site is approximately 31 mi? and is 32
percent agricultural (table 1). However, streamflow originating
in the western uplands part of the watershed reaches the sam-
pling site only during extremely high storm runoff conditions,
which did not occur during the sampling period. Streamflow at
the sampling site during the study period consisted primarily
of surface runoff and subsurface tile drainage from adjacent
agricultural lands. The effective watershed for this site is
almost entirely agricultural, and the primary crops grown in
this watershed are almonds, walnuts, beans, and tomatoes
(U.S. Department of Agriculture, 2016. Approximately 2 mi
downstream of the sampling site, Ingram Creek drains into the
San Joaquin River, which then flows north to the Sacramento—
San Joaquin Delta.

Photograph by Jim Orlando, U.S. Geological Survey, July 12, 2016

Figure 4. Ingram Creek at River Road near Patterson, CA,
sampling site location.
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Kings River at Empire Weir 2 at Stratford, CA

Samples were collected at this site from a large manmade
channel immediately upstream of an irrigation control struc-
ture (Empire Weir 2) on the Kings River in the southern part of
California’s Central Valley (figs. 1, 5). The natural hydrology
of this region has been extensively modified to provide water
for irrigation and flood control (ECORP Consulting, 2007).

As a result, inputs and diversions influencing streamflow at
this sampling site vary throughout the year, which makes it
difficult to determine sources of potential contaminants. Given
those uncertainties, the potentially contributing watershed
upstream of the sampling site is just under 2,000 mi?* (table 1).
Despite the fact that this watershed is just over 10 percent
agricultural, the regions immediately upstream of the sampling
site are predominantly agricultural, which is why this site is
categorized as such. The primary crops grown in this water-
shed are grapes, almonds, alfalfa, walnuts, oranges, pistachios,
and cotton (U.S. Department of Agriculture, 2016).

Photograph by Central Valley Regional Water Quality Control Board personnel, April 13,2015

Figure 5. Kings River at Empire Weir 2 at Stratford, CA, sampling
site location.
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Rainbow Creek at Huffstatler Street at Rainbow, CA

This site was specifically selected because it receives
runoff from a large number of plant nursery operations (indoor
and outdoor). Samples were collected at this site from a small
concrete-lined channel near Rainbow, Calif. (fig. 6). The
upstream watershed for this site is just under 7 mi* (table 1).
Land use in the watershed is classified as mostly urban;
however, most of this built-up area consists of plant nursery
facilities.

Photograph taken by Jim Orlando, U.S. Geological Survey, August 7, 2016

Figure 6. Rainbow Creek at Huffstatler Street at Rainbow, CA,
sampling site location.

Snake River at Nuestro Road near Sutter, CA

At this site, water samples were collected from an approxi-
mately 40-foot-wide agricultural drainage ditch near Sutter,
Calif. (figs. 1, 7). The watershed for this site is just over 48 mi*
and consists primarily of agricultural lands (table 1). Stream-
flow at this site consists entirely of agricultural drainage water.
The primary crops grown in this watershed are rice, almonds,

walnuts, and prunes (U.S. Department of Agriculture, 2016).
Water passing this site eventually makes its way into the
Sacramento—San Joaquin Delta via the Sacramento River and
Sutter Bypass.

Photograph by Jim Orlando, U.S. Geological Survey, August 22, 2016

Figure 7. Snake River at Nuestro Road near Sutter, CA, sampling
site location.

Urban Watersheds

Pleasant Grove Creek at Crocker Ranch Road near
Roseville, CA

This sampling site is in a greenbelt area immediately
downstream of a large residential area (fig. 8). The
contributing watershed area is just over 16 mi® and is nearly
78 percent urban (table 1). Urbanization within this watershed
is relatively recent with the population increasing by nearly
150 percent from 2000 to 2010 (U.S. Census Bureau, 2008,
2011; table 1). Population density based on the 2010 census
data for this watershed is just over 3,000 persons per mi?.
Water passing this site eventually makes its way into the
Sacramento—San Joaquin Delta via the Sacramento River.

Salt Creek at Niguel Road at Laguna Niguel, CA

This sampling site is in a greenbelt area immediately
downstream of a large residential area in Orange County,
Calif. (figs. 1, 9) The contributing watershed area is just under
2 mi? and is nearly 78 percent urban (table 1). Urbanization
within this watershed occurred prior to 2000, and the popula-
tion was nearly unchanged from 2000 to 2010 (U.S. Census
Bureau, 2008, 2011; table 1). Population density based on the
2010 census data for this watershed is nearly 5,000 persons
per mi%. Water passing this site enters the Pacific Ocean
approximately 2 mi downstream of the sampling site.
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Figure 8. View of Pleasant Grove Creek at Crocker Ranch Road near Roseville, CA, watershed and sampling site location
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Figure 9. View of Salt Creek at Niguel Road at Laguna Niguel, CA, watershed and sampling site location.



San Luis Obispo Creek at Los Osos Valley Road near San
Luis Obispo, CA

This sampling site is immediately downstream of the

town of San Luis Obispo, Calif., and receives treated effluent
from the city’s wastewater treatment facility (figs. 1, 10). The
watershed upstream of this site is just over 41 mi* and is about
22 percent urban (table 1). Urbanization within this watershed
occurred prior to 2000, and the population increased about 10
percent from 2000 to 2010 (U.S. Census Bureau, 2008, 2011;
table 1). Population density based on the 2010 census data for
this watershed is 1,003 persons per mi*>. Water passing this site
enters the Pacific Ocean approximately 6.5 mi downstream of
the sampling site.

Stevens Creek at Barranca Drive at Monta Vista, CA

This sampling site is in the Monta Vista area in the city of
Cupertino, Calif., at the southern end of San Francisco Bay
(figs. 1, 11). The watershed upstream of this site is just under
20 mi® and is roughly 13 percent urban (table 1). Urbanization
within this watershed occurred prior to 2000, and the popula-
tion increased by slightly over 6 percent from 2000 to 2010
(U.S. Census Bureau, 2008, 2011; table 1). Population density
based on the 2010 census data for this watershed is 341 per-
sons per mi’. Streamflow at this site is regulated by discharge
from Stevens Creek Reservoir, which is 3 mi upstream. This
reservoir provides flood control and maintains minimum sum-
mertime flows in Stevens Creek. Approximately 7 mi down-
stream of the sampling site, water from Stevens Creek enters
San Francisco Bay.

Sweetwater River at Willow Street at Chula Vista, CA

This sampling site is immediately downstream of a
municipal golf course within the city of Chula Vista, Calif.,
in southern California (figs. 1, 12). The potential watershed
upstream of this site is just over 200 mi? and is about 24
percent urban (table 1). Urbanization within this watershed
occurred prior to 2000, and the population increased by 5.1
percent from 2000 to 2010 (U.S. Census Bureau, 2008, 2011;
table 1). Population density based on the 2010 census data for
this watershed is 815 persons per mi%. Streamflow at this site is
regulated by Sweetwater Reservoir, which is 3.3 mi upstream.
Water impounded in Sweetwater Reservoir is treated and
used for public supply, and water has not been released to the
Sweetwater River downstream of the dam since 1998. The
Sweetwater Authority also operates an urban water-diversion
system in the area, which is designed to capture urban
(storm and low-flow) runoff and route it around Sweetwater
Reservoir and into the river channel below the dam
(Sweetwater Authority, 2017). Water passing the sampling
site was therefore likely made up entirely of urban runoff, and
the effective watershed during the study period likely was
much smaller and more heavily urbanized than reported in
table 1. Water passing this sampling site enters San Diego Bay
approximately 5 mi downstream.
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Unnamed Tributary to Alder Creek at Iron Point Road near
Folsom, CA

This sampling site is immediately downstream of a large
residential area in the city of Folsom, Calif. (fig. 13). The
contributing watershed is less than 0.5 mi® and is over 98
percent urban (table 1). Urbanization within this watershed
is relatively recent with the population increasing by 80
percent from 2000 to 2010 (U.S. Census Bureau, 2008, 2011;
table 1). Population density based on the 2010 census data for
this watershed is just over 2,000 persons per mi. An urban
runoff retention pond is less than half a mile upstream of the
sampling site. During the study period, streamflow at this site
was affected by mandated urban-water-use cutbacks, and in
general, this site only had flowing water following rainfall
events. Water passing this site eventually makes its way into
the Sacramento—San Joaquin Delta via the American River
followed by the Sacramento River.
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Figure 10. View of San Luis Obispo Creek at Los Osos Valley Road near San Luis Obispo, CA, watershed and sampling site location.
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View of Stevens Creek at Barranca Drive at Monta Vista, CA, watershed and sampling site location.
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Figure 12. View of Sweetwater River at Willow Street at Chula Vista, CA, watershed and sampling site location.
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Figure 13. View of Unnamed Tributary to Alder Creek at Iron Point Road near Folsom, CA, watershed and sampling site location.
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Pesticide Use

Since 1990, the California Department of Pesticide
Regulation (CDPR) has had a full-use reporting system that
requires pesticide applicators to provide detailed information
on pesticide use. The CDPR system is the most comprehensive
pesticide reporting system in the Nation, and these data are
valuable in assessing trends in pesticide use, changes in appli-
cation patterns, and potential for environmental contamina-
tion. The CDPR reporting system, however, does not contain
information on pesticide applications made by homeowners
using products purchased at retail stores, and this leads to an
underestimation of pesticide use in urban areas. Synthetic
organic pesticide application totals for 2015 (the latest year for
which data are available) for the watersheds upstream of the
sampling sites are reported in table 1 (California Department
of Pesticide Regulation, 2017).

Hydrologic Conditions

Pesticide transport is strongly affected by the spatial and
temporal application of pesticides as well as by rainfall and
streamflow. From April 2015 to January 2017, nearly all of
California experienced some degree of drought conditions
(average of 97.4 percent by area), with over one-third of the
State on average (33.9 percent) experiencing exceptional
drought conditions (National Integrated Drought Information
System, 2017). These drought conditions led to mandated
urban-water-use cutbacks throughout the State as well as
major reductions in agricultural water supplies from State
and Federal water projects. As a result, streamflow was likely
affected at all sampling sites. Unfortunately, none of the sites
had streamflow gages associated with them; thus, no quantita-
tive comparisons can be made to characterize departures from
long-term streamflow trends.

Procedures and Methods

The USGS PFRG oversaw and coordinated the collection
of the samples by the cooperators to ensure proper sampling
methods and techniques. All sample processing and analysis
was done by the USGS PFRG.

Sample Collection

Samples were collected three times from each sampling
location per year over a period of 2 years beginning April
2015. At each sample-collection event, a minimum of 2 liters
(L) of water was collected in two pre-cleaned and baked 1-L
amber glass bottles. Additional bottles were collected for qual-
ity-control samples on a schedule determined by the USGS
PFRG. A representative from each cooperating agency filled
the provided 1-L bottles using a grab technique following

(QAPP) Surface Water Ambient Monitoring Program proto-
cols and the project-specific Quality Assurance Project Plan;
State Water Resources Control Board, 2014). Samples were
shipped overnight to the USGS Organic Chemistry Research
Laboratory (OCRL) in chilled coolers (4 degrees Celsius [°C])
and were processed immediately upon receipt.

Sample Processing and Analytical Methods

Prior to pesticide analysis, all water samples were filtered
through pre-weighed, pre-combusted 0.7-micrometer (pm)
nominal pore-size glass-fiber filters (Grade GF/F, Whatman,
Piscataway, New Jersey) to remove suspended material. Filter
papers containing suspended sediments were dried at room
temperature overnight (in the dark), then stored in a freezer at
—20 °C until extraction.

High Performance Liquid Chromatography/
Tandem Mass Spectrometry Analysis

The extraction procedure and instrumental analysis method
by liquid chromatography/tandem mass spectrometry (LC/
MS/MS) have been previously described in Hladik and
Calhoun (2012). Filtered water samples were spiked with
recovery surrogate standards, monuron (Chem Service, West
Chester, Pennsylvania) and imidacloprid-d4 (Cambridge
Isotope Laboratories, Andover, Massachusetts). Samples were
loaded onto an Oasis hydrophilic-lipophilic balance (HLB)
solid phase extraction (SPE) cartridge (6 milliliters, mL;

500 milligrams, mg; Waters, Milford, Massachusetts) that had
been cleaned with one column-volume of dichloromethane
(DCM) followed by one column-volume of acetone and

two column-volumes of deionized water prior to use. Water
samples were pumped through the SPE cartridge at a flow
rate of 10 milliliters per minute (mL/min); the SPE cartridge
was dried under nitrogen until the SPE sorbent was dry.
Analytes were eluted with 10 mL of 50:50 DCM:acetone.
The eluent was evaporated to less than 0.5 mL using a gentle
stream of dry nitrogen, solvent-exchanged into acetonitrile
(ACN), and further evaporated to 0.2 mL. An internal standard
(13C3-caffeine, Cambridge Isotope Laboratories) was then
added (20 microliters [uL] of a 5-nanograms-per-microliter
[ng/uL] solution). Sample extracts were stored in a freezer at
—20 °C until analysis (up to 30 days).

Water extracts were analyzed on an Agilent (Palo Alto,
Calif.) 1100 high performance liquid chromatography
(HPLC) system coupled to a 6430 tandem mass spectrometry
(MS) system with a Zorbax Eclipse XDB-C18 column
(2.1 millimeters [mm] x 150 mm X 3.5 mm; Agilent).

The column flow rate was 0.6 mL/min, and the column
temperature was 30 °C. Data were collected in the multiple-
reaction-monitoring (MRM) mode. Additional instrument
method details can be found in Hladik and Calhoun (2012).



Gas Chromatography/Mass Spectrometry
Analysis

The extraction procedure and instrumental analysis method
by gas chromatography mass spectrometry (GC/MS) have
been previously described in Hladik and others (2008, 2009)
and Hladik and McWayne (2012), respectively. Briefly, filtered
water samples were spiked with a recovery surrogate standard
consisting of 13C3-atrazine, d-triflurlalin, and 13C-fipronil
(Cambridge Isotopes, Andover, Massachusetts). Samples were
loaded onto an Oasis HLB SPE cartridge (6 mL, 500 mg;
Waters, Milford, Massachusetts) that had been cleaned with
two column-volumes of ethyl acetate (EtOAc) followed by
two column-volumes of methanol (MeOH) and two column-
volumes of deionized water prior to use. Water samples
were pumped through the SPE cartridge at a flow rate of
10 mL/min; the SPE cartridges were dried under nitrogen until
the SPE sorbent was dry. Following extraction, sodium sulfate
was added to the sample bottle to remove any residual water,
and the bottle was rinsed in triplicate with approximately 2 mL
of DCM into a collection tube. The bottle rinse was concen-
trated to 1 mL under a gentle stream of nitrogen gas. The SPE
cartridges were dried under nitrogen until the SPE sorbent was
dry, and then analytes were eluted with 12 mL of EtOAc into
the concentrator tube containing its bottle rinse. The com-
bined bottle rinse and eluent mixture was evaporated to less
than 0.2 mL using a gentle stream of dry nitrogen; 20 puL of
a 10 ng/pL internal standard (deuterated polycyclic aromatic
hydrocarbon compounds acenaphthene-d10, phenanthrene
d-10, and pyrene-d10) was then added to the sample. Sample
extracts were stored in a freezer at —20 °C until analysis (up to
30 days).
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Filter papers were cut up and placed in an Erlenmeyer flask
and extracted twice with 50 mL of dichloromethane in a soni-
cator (Branson 5200; Danbury, Connecticut) for 15 minutes.
The extract was filtered through sodium sulfate, reduced using
a Zymark Turbovap II (Hopinkton, Maryland) to 0.5 mL, then
solvent exchanged into EtOAc, and further evaporated to less
than 0.2 mL using a gentle stream of dry nitrogen. Follow-
ing the evaporation, 20 uL of a 10 ng/uL internal standard
(deuterated polycyclic aromatic hydrocarbon compounds
acenaphthene-d10, phenanthrene d-10, and pyrene-d10) was
then added to the sample. Sample extracts were stored in a
freezer at —20 °C until analysis (up to 30 days).

Water and filter extracts were analyzed on an Agilent
7890A GC chromatograph with an Agilent 5975C Inert XL
EI mass-selective detector (MSD) system using a DB-5MS
analytical column (30 meter [m] by 0.25 mm by 0.25 um;
Agilent, Palo Alto, Calif.) for separation using helium as the
carrier gas. Data were collected in the selected-ion-monitoring
mode. Additional details of the GC/MS method can be found
in Hladik and others (2008, 2009).

Method detection limits for pesticide concentrations in
water were validated in previous work (Hladik and others,
2008; Hladik and Calhoun, 2012). Method detection limits for
pesticide in the suspended sediment phase were validated in
previous studies by Hladik and Kuivila (2009). Method detec-
tion limits are shown in table 2.
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Table 2. Method detection limits for gas chromatography/mass spectrometry (GC/MS) and liquid chromatography/tandem mass
spectrometry (LC/MS/MS) methods.

[MDL, method detection limit; ng/L, nanogram per liter; NWIS, National Water Information System]

Pesticide paranl\llt‘el:’(:rscode (lr\lﬂg?b Pesticide paranl\llt‘el:’(:rscode (lr\lﬂg?b
3,4-Dichloroaniline” 66584 32 Desthio-prothioconazole 51865 3.0
3,4-Dichloroaniline 66584 8.3 Desulfinylfipronil 66607 1.6
3,5-Dichloroaniline 67536 7.6 Desulfinylfipronil amide 68570 3.2
Acetamiprid 68302 33 Diazinon 65078 0.9
Acibenzolar-S-methyl 51849 3.0 Diazoxon 68236 5.0
Alachlor 65064 1.7 Difenoconazole 67582 10.5
Allethrin 66586 1.0 Dimethomorph 68373 6.0
Atrazine 65065 2.3 Dinotefuran 68379 4.5
Azinphos-methyl 65066 9.4 Dithiopyr 51837 1.6
Azinphos-methyl oxon 68211 9.4 Diuron 66598 3.2
Azoxystrobin 66589 3.1 EPTC 65080 1.5
Benefin (benfluralin) 51643 2.0 Esfenvalerate 65081 0.5
Bifenthrin 65067 0.7 Ethaboxam 51855 3.8
Boscalid 67550 2.8 Ethalfluralin 65082 3.0
Bromoconazole 68315 3.2 Etofenprox 67604 2.2
Butralin 68545 2.6 Famoxadone 67609 2.5
Butylate 65068 1.8 Fenamidone 51848 5.1
Captan 68322 10.2 Fenarimol 67613 6.5
Carbaryl 65069 6.5 Fenbuconazole 67618 52
Carbendazim 68548 4.2 Fenhexamid 67622 7.6
Carbofuran 65070 3.1 Fenpropathrin 65083 0.6
Chlorantraniliprole 51856 4.0 Fenpyroximate 51838 5.2
Chlorothalonil 65071 4.1 Fenthion 51839 5.5
Chlorpyrifos 65072 2.1 Fipronil 66604 2.9
Chlorpyrifos oxon 68216 5.0 Fipronil sulfide 66610 1.8
Clomazone 67562 2.5 Fipronil sulfone 66613 3.5
Clothianidin 68221 3.9 Flonicamid 51858 3.4
Coumaphos 51836 3.1 Fluazinam 67636 4.4
Cyantraniliprole 51862 4.2 Fludioxonil 67640 7.3
Cyazofamid 51853 4.1 Flufenacet 51840 4.7
Cycloate 65073 1.1 Flumetralin 51841 5.8
Cyfluthrin 65074 1.0 Fluopicolide 51852 3.9
Cyhalofop-butyl 68360 1.9 Fluopyram 52761 3.8
Cyhalothrin (all isomers) 68354 0.5 Flupyradifurone 52764 3.0
Cymoxanil 51861 3.9 Fluoxastrobin 67645 9.5
Cypermethrin 65075 1.0 Fluridone 51864 3.7
Cyproconazole 66593 4.7 Flusilazole 67649 4.5
Cyprodinil 67574 7.4 Flutolanil 51842 4.4
DCPA 65076 2.0 Flutriafol 67653 42
DCPMU 68231 3.5 Fluxapyroxad 51851 4.8
DCPU 68226 34 Hexazinone 65085 8.4

Deltamethrin 65077 0.6 Imazalil 67662 10.5
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[MDL, method detection limit; ng/L, nanogram per liter; NWIS, National Water Information System]
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Pesticide NWIS ML Pesticide NWIS ML

parameter code (ng/L) parameter code (ng/L)

Imidacloprid 68426 3.8 Prodiamine 51844 52
Indoxacarb 68627 4.9 Prometon 67702 2.5
Ipconazole 52762 7.8 Prometryn 65103 1.8
Iprodione 66617 4.4 Propanil 66641 10.1
Kresoxim-methyl 67670 4.0 Propargite 68677 6.1
Malaoxon 68240 5.0 Propiconazole 66643 5.0
Malathion 65087 3.7 Propyzamide 67706 5.0
Mandipropamid 51854 33 Pyraclostrobin 66646 2.9
Metalaxyl 68437 5.1 Pyridaben 68682 5.4
Metconazole 66620 52 Pyrimethanil 67717 4.1
Methidathion 65088 7.2 Quinoxyfen 51847 33
Methoprene 66623 6.4 Resmethrin 65104 1.0
Methoxyfenozide 68647 2.7 Sedaxane 52648 52
Methyl parathion 65089 34 Simazine 65105 5.0
Metolachlor 65090 1.5 Tau-fluvalinate 65106 0.7
Molinate 65091 32 Tebuconazole 66649 3.7
Myclobutanil 66632 6.0 Tebupirimfos 68693 1.9
Napropamide 65092 8.2 Tebupirimfos oxon 68694 2.8
Novaluron 68655 2.9 Tefluthrin 67731 0.6
Oryzalin 68663 5.0 Tetraconazole 66654 5.6
Oxadiazon 51843 2.1 Tetradifon 51651 3.8
Oxyfluorfen 65093 3.1 Tetramethrin 66657 0.5
p.p’-DDD 65094 4.1 Thiabendazole 67161 3.6
p,p’-DDE 65095 3.6 Thiacloprid 68485 3.2
p.p’-DDT 65096 4.0 Thiamethoxam 68245 34
Paclobutrazol 51846 6.2 Thiazopyr 51845 4.1
Pebulate 65097 2.3 Thiobencarb 65107 1.9
Pendimethalin 65098 23 Tolfenpyrad 51866 2.9
Penoxsulam 51863 3.5 Triadimefon 67741 8.9
Pentachloroanisole 66637 4.7 Triadimenol 67746 8.0
Pentachloronitrobenzene 66639 3.1 Triallate 68710 2.4
Penthiopyrad 52769 32 Tribufos 68711 3.1
Permethrin 65099 0.6 Trifloxystrobin 66660 4.7
Phenothrin 65100 1.0 Triflumizole 67753 6.1
Phosmet 65101 44 Trifluralin 65108 2.1
Picoxystrobin 51850 4.2 Triticonazole 67758 6.9
Piperonyl butoxide 65102 2.3 Zoxamide 67768 3.5

“Denotes MDL for compound in LC/MS/MS method.
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Quality-Control Methods and Results
for Water and Suspended Sediment
Samples

A QAPP was developed for this project, which dictated the
quantity and types of quality-control samples collected. These
samples consisted of trip blanks, environmental and field
replicate pairs, and laboratory matrix spikes and matrix-spike
replicate pairs, all of which were used to validate pesticide
concentrations measured in water samples using GC/MS and
LC/MS/MS and in the suspended sediment using GC/MS.
Recovery of surrogates was also used to monitor the efficiency
of each extraction, and all samples were within the control
limit of 70—130 percent.

Seven trip blanks (four analyzed by GC/MS and three
analyzed by LC/MS/MS) were collected to verify the cleanli-
ness of processing protocols and the absence of atmospheric
contamination. Filters from the four trip blanks collected for
GC/MS were also saved and analyzed as suspended sediment
trip blanks. No pesticides were detected in any of the trip
blanks.

Table 3. Matrix-spike recoveries.

Seven environmental and field-replicate sample pairs (four
analyzed by GC/MS and three analyzed by LC/MS/MS) were
collected to verify the accuracy of the method. Filters from
the four replicate samples collected for GC/MS analysis were
also saved and analyzed as suspended sediment replicates. All
results from the environmental and field replicate sample pairs
were within the 25 percent relative standard deviation data-
quality objective. All compounds detected in the environmen-
tal samples were also detected in the field replicates.

Eight matrix-spike and matrix-spike-replicate pairs (four
analyzed by GC/MS and four analyzed by LC/MS/MS) were
collected to verify the recovery of the target analytes as well as
the accuracy of the method. Filters from the four matrix-spike
and matrix-spike-replicate pairs collected for GC/MS analysis
were also saved and analyzed as suspended sediment matrix
spikes and matrix-spike replicates. All compounds in each
matrix-spike and matrix-spike-replicate pair were recovered
within the control limit of 70—130 percent, and all results from
each pair were within the 25 percent relative standard devia-
tion data-quality objective (table 3).

[GC/MS, gas chromatography/mass spectrometry; LC/MS/MS, liquid chromatography/tandem mass spectrometry; ** denotes compounds in LC/MS/MS method, all other compounds

in GC/MS method]
Relative Relative
Pesticide Minimum  Maximum Median sta|_1d§rd Pesticide Minimum  Maximum Median sta|_1d§rd
recovery recovery recovery  deviation recovery recovery recovery  deviation
(percent) (percent)
3.,4-Dichloroaniline 71.1 105.0 80.4 15 Chlorpyrifos 89.3 111.9 99.2 7
3,4-Dichloroaniline** 84.3 105.2 93.5 8 Chlorpyrifos oxon 71.6 113.7 103.2 18
3,5-Dichloroaniline 73.3 108.9 86.8 15 Clomazone 74.8 118.2 108.4 16
Acetamiprid** 71.3 95.5 83.9 11 Clothianidin** 82.0 100.4 92.3 7
Acibenzolar-S-methyl 86.0 113.4 98.3 9 Coumaphos 88.1 117.0 99.5 11
Alachlor 91.1 118.1 99.3 9 Cyantraniliprole** 94.3 116.6 103.9 7
Allethrin 86.3 111.4 97.6 11 Cyazofamid** 75.1 105.7 94.0 14
Atrazine 73.8 111.4 101.3 15 Cycloate 80.5 117.2 96.4 14
Azinphos methyl 87.6 112.9 99.4 9 Cyfluthrin 101.6 118.4 107.8 5
Azinphos methyl oxon 68.2 107.8 86.5 16 Cyhalofop-butyl 84.4 108.9 94.9 8
Azoxystrobin 76.9 110.1 92.1 12 Cyhalothrin 73.7 124.5 97.1 18
Benfluralin 71.4 104.9 85.5 12 Cymoxanil** 70.4 105.0 83.1 14
Bifenthrin 81.0 93.2 89.5 5 Cypermethrin 79.5 110.7 105.8 13
Boscalid 85.3 110.2 97.2 10 Cyproconazole 90.6 114.8 99.0 8
Bromoconazole 88.8 127.1 95.7 14 Cyprodinil 82.5 115.4 97.2 12
Butralin 74.9 119.7 88.7 18 DCPA 89.9 114.8 107.3
Butylate 74.8 103.0 84.0 13 DCPMU 78.0 111.9 88.1 14
Captan 75.2 105.7 97.9 12 DCPU 79.2 93.9 89.0
Carbaryl 89.7 107.0 99.2 6 Deltamethrin 92.4 112.9 102.9
Carbendazim** 86.8 101.7 96.0 5 Desthio-prothioconazole** 89.3 121.6 94.2 13
Carbofuran 87.9 127.9 101.7 13 Desulfinylfipronil 78.6 108.5 96.4 11
Chlorantraniliprole** 86.8 107.8 97.5 7 Desulfinylfipronil amide 81.4 98.5 90.5 7
Chlorothalonil 78.6 128.6 107.6 16 Diazinon 713 110.9 87.6 16
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[GC/MS, gas chromatography/mass spectrometry; LC/MS/MS, liquid chromatography/tandem mass spectrometry; ** denotes compounds in LC/MS/MS method, all other compounds

in GC/MS method]
Relative Relative
Pesticide Minimum  Maximum Median stal_lde!rd Pesticide Minimum  Maximum Median stal_lde!rd
r y r y r y deviation r y r y r y deviation
(percent) (percent)
Diazoxon 77.8 107.4 86.8 12 Malaoxon 89.0 115.4 100.0 9
Difenconazole 77.2 122.0 103.5 19 Malathion 90.4 105.5 101.4 5
Dimethomorph 91.8 114.1 99.1 8 Mandipropamid** 92.1 102.9 98.7 3
Dinotefuran** 73.5 105.7 92.9 12 Metalaxyl 87.7 115.1 98.3 10
Dithiopyr 97.9 119.4 106.4 Metconazole 96.8 117.3 108.9 7
Diuron** 85.0 108.4 102.0 8 Methidathion 70.7 120.0 84.1 21
EPTC 86.0 102.1 97.7 7 Methoprene 80.2 110.4 953 12
Esfenvalerate 90.5 118.0 95.9 10 Methoxyfenozide** 91.2 110.2 98.1 7
Ethaboxam** 76.6 106.6 100.4 12 Methyl parathion 71.2 121.1 90.9 21
Ethalfluralin 74.6 96.9 85.1 11 Metolachlor 91.7 109.3 99.1 6
Etofenprox 78.9 118.6 86.2 17 Molinate 83.0 106.5 94.4 10
Famoxadone 89.8 108.3 98.4 7 Myclobutanil 82.8 110.8 89.8 9
Fenamidone 91.3 118.8 102.4 10 Napropamide 83.2 108.4 101.7 10
Fenarimol 75.8 106.8 102.5 13 Novaluron 70.7 79.2 75.5 4
Fenbuconazole 75.1 104.2 95.8 12 Oryzalin** 71.6 103.6 88.7 13
Fenhexamide 82.5 102.8 88.7 9 Oxydiazon 80.4 108.9 95.4 13
Fenpropathrin 75.8 96.7 91.4 8 Oxyfluorfen 75.4 97.3 92.2 8
Fenpyroximate 76.5 92.9 86.6 7 p,p’-DDD 71.4 101.8 93.1 13
Fenthion 91.8 118.2 101.1 9 p.p’-DDE 70.0 101.3 90.3 15
Fipronil 82.5 102.2 90.9 9 p.p’-DDT 97.1 106.2 102.6 3
Fipronil sulfide 75.8 114.5 101.7 15 Paclobutrazol 74.8 109.8 93.3 13
Fipronil sulfone 78.2 116.7 96.3 14 Pebulate 88.6 104.4 97.2 6
Flonicamid** 85.2 107.0 96.9 Pendimethalin 84.4 119.1 94.6 13
Fluazinam 101.7 118.7 110.3 Penoxsulam** 85.5 98.0 91.8 4
Fludioxinil 86.0 97.9 91.7 Pentachloroanisole 72.1 90.6 76.4 9
Flufenacet 92.7 126.6 102.9 11 Pentachloronitro-benzene 91.9 120.8 105.2 11
Flumetralin 76.2 121.1 81.3 19 Penthiopyrad** 72.4 111.5 105.8 15
Fluopicolide 81.8 114.1 102.0 13 Permethrin 84.0 110.0 94.4 10
Fluopyram 82.4 105.6 92.2 10 Phenothrin 89.5 101.4 98.8 4
Fluoxastrobin 72.7 116.0 95.1 16 Phosmet 78.7 111.5 91.9 14
Flupyradifurone** 79.6 104.8 94.9 10 Picoxystrobin 84.0 111.2 95.2 11
Fluridone** 88.0 104.8 99.4 Piperonyl butoxide 77.7 118.8 94.2 15
Flusilazole 84.2 107.0 95.1 Prodiamine 77.4 107.6 99.6 12
Flutolanil 78.7 120.2 91.8 17 Prometon 72.6 119.7 86.2 20
Flutriafol 71.7 91.4 78.6 8 Prometryn 71.2 113.2 80.6 19
Fluxapyroxad 90.2 121.3 102.0 11 Propanil 70.2 104.6 97.4 15
Hexazinone 96.1 110.7 102.2 5 Propargite 88.1 99.9 93.9 4
Imazalil 76.7 117.0 98.8 17 Propiconazole 78.5 95.4 90.2
Imidacloprid** 84.7 104.0 97.3 6 Propyzamide 71.7 105.2 934 11
Indoxacarb 85.0 102.7 91.4 6 Pyraclostrobin 78.0 96.7 87.1 8
Ipconazole 78.2 104.7 95.6 10 Pyridaben 83.4 116.7 97.0 11
Iprodione 85.1 102.1 95.9 6 Pyrimethanil 80.6 123.0 97.9 15
Kresoxim-methyl 80.4 110.5 101.2 11 Quinoxyfen 88.3 114.0 105.8 8
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Table 3. Matrix-spike recoveries—Continued

[GC/MS, gas chromatography/mass spectrometry; LC/MS/MS, liquid chromatography/tandem mass spectrometry; ** denotes compounds in LC/MS/MS method, all other compounds

in GC/MS method]

Relative Relative

Pesticide IlVIinimum I\Illaximum IMedian ::,lil:‘?tr’tll‘ Pesticide IlVIinimum I\Illaximum IMedian ::,lil:‘?tr’tll‘
y y y y y y

(percent) (percent)
Resmethrin 92.7 117.9 100.9 8 Thiamethoxam** 75.2 106.6 87.0 13
Sedaxane 80.1 110.6 92.1 12 Thiazopyr 91.2 112.5 102.9 8
Simazine 84.4 109.8 103.2 10 Thiobencarb 90.5 111.1 95.4 8
tau-Fluvalinate 83.9 117.5 102.3 11 Tolfenpyrad** 80.2 104.4 93.8 11
Tebuconazole 74.1 125.4 114.5 19 Triadimefon 79.9 103.3 90.2 9
Tebupirimfos 71.9 113.6 100.2 15 Triadimenol 76.4 111.4 80.6 16
Tebupirimfos oxon 84.6 112.2 102.1 11 Triallate 77.3 115.7 101.2 15
Tefluthrin 85.7 117.9 94.6 13 Tribufos 87.6 101.4 95.8 5
Tetraconazole 78.3 111.2 97.0 13 Trifloxystrobin 86.2 108.9 104.1
Tetradifon 87.8 107.9 99.1 6 Triflumizole 89.4 106.3 97.6
Tetramethrin 77.3 107.0 97.7 11 Trifluralin 73.8 108.8 88.1 13
Thiabendazole** 83.0 92.4 87.5 Triticonazole 73.8 110.2 922 16
Thiacloprid** 73.1 88.0 82.0 6 Zoxamide 91.4 107.5 103.0 6

Results From Water Samples

Over the duration of the study, 85 pesticides and
degradates were detected in the water (dissolved phase):
32 fungicides, 25 herbicides, 27 insecticides, and 1 synergist
(tables 4, 5). All but two samples contained mixtures of
multiple pesticides, and the greatest number of pesticides
detected in a single sample was 45 (Alisal Creek at La Guardia
Street near Salinas, CA, collected December 15, 2015). The
most frequently detected pesticides overall were diuron (75
percent, herbicide), boscalid (75 percent, fungicide), and
imidacloprid (69 percent, neonicotinoid insecticide; table 6).

Table 4.
sites.

Pesticide results in water samples from agricultural

This table is distributed as part of this report in Microsoft
Excel 2010 format and is available for download at
https://doi.org/10.3133/ds1088.

Table 5. Pesticide results in water samples from urban sites.

This table is distributed as part of this report in Microsoft
Excel 2010 format and is available for download at
https://doi.org/10.3133/ds1088.

Out of 36 water samples from agricultural sites, all samples
contained between 3 and 45 pesticides, with an average of
20 pesticides detected per sample (table 4). Out of 752 total
detections in samples from agricultural sites, 36 percent were
fungicides, 38 percent were herbicides/herbicide degradates,
and 26 percent were insecticides/insecticide degradates
(table 6).

Out of 36 water samples from urban sites, 35 had between
1 and 25 pesticides detected, with an average of 12 pesticides
detected per sample (table 5). One sample had no pesticide
detections (Stevens Creek at Barranca Drive at Monta Vista,
CA, collected January 3, 2017). Out of 426 total pesticide
detections in samples from urban sites, 20 percent were fungi-
cides, 34 percent were herbicides/herbicide degradates, and 46
percent were insecticides/insecticide degradates (table 6).

In addition, 16 pesticides (bifenthrin, carbendazim,
chlorpyrifos, clothianidin, diazinon, diuron, fenpyroximate,
fipronil, fipronil sulfone, fluopicolide, imidacloprid, metola-
chlor, novaluron, oxyflurofen, permethrin, and simazine) were
detected in the water at concentrations that were above at least
one aquatic life benchmark value (figs. 14, 15) as defined by
the EPA (U.S. Environmental Protection Agency, 2017). These
concentrations were detected most frequently in urban-domi-
nated watersheds, with at least 1 detection over an aquatic life
benchmark in 23 out of the 36 urban samples. In the agricul-
turally dominated watersheds, 19 out of the 36 samples were
found to have at least 1 detection over an aquatic life bench-
mark; however, these detections consisted of a larger variety
of pesticides than those found in the urban samples. Of the 16
pesticides detected at concentrations above aquatic life bench-
marks, 12 of them (carbendazim, chlorpyrifos, clothianidin,
diazinon, diuron, fenpyroximate, fluopicolide, metolachlor,
novaluron, oxyflurofen, permethrin, and simazine) were found
to exceed benchmarks primarily in the agricultural samples.
Fipronil and fipronil sulfone were detected above aquatic life
benchmark concentrations exclusively in urban sites, and
bifenthrin and imidacloprid were detected in both urban and
agricultural sites at concentrations above an aquatic life bench-
mark (figs. 16-21).



Table 6. Total number of detections in water samples from agricultural and urban sites.

[*, fungicide; **, insecticide degradate; ***, herbicide degradate; ****  synergist]
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Agricultural sites Urban sites Total
Pesticid i ; i
esticide Detections Detec(t;)zl:::‘?)uency Detections Detec(tlllzlrlcf;lt])uency Detections Detec(t[l):l:::l(t])uency

3,4-Dichloroaniline*** 25 69 14 39 39 54
3,5-Dichloroaniline*** 6 17 1 3 7 10
Acetamiprid** 25 0 13
Atrazine*** 3 0 1
Azoxystrobin* 28 78 6 17 34 47
Bifenthrin** 5 14 9 25 14 19
Boscalid* 32 89 22 61 54 75
Carbaryl** 6 17 3 8 9 13
Carbendazim* 20 56 21 58 41 57
Chlorantraniliprole** 26 72 13 36 39 54
Chlorothalonil* 3 4 11 7 10
Chlorpyrifos** 3 0 0 3 4
Clomazone*** 5 14 0 0 5 7
Clothianidin** 20 56 7 19 27 38
Cyantraniliprole** 6 17 0 0 6 8
Cyazofamid* 1 3 0 0 1 1
Cyprodinil* 15 42 3 8 18 25
DCPA*** 8 22 2 6 10 14
DCPMU*** 27 75 18 50 45 63
DCPU*** 11 31 13 36 24 33
Desulfinylfipronil** 1 3 23 64 24 33
Desulfinylfipronilamide ** 0 0 16 44 16 22
Diazinon** 4 11 1 3 5

Difenconazole* 5 14 0 0 5

Dimethomorph* 9 25 1 3 10 14
Dinotefuran** 13 36 15 42 28 39
Dithiopyr*** 16 44 21 58 37 51
Diuron*** 27 75 27 75 54 75
Fenamidone* 6 17 0 0 6

Fenhexamid* 3 8 2 6 5

Fenpyroximate®* 2 6 1 3 3

Fipronil** 1 3 19 53 20 28
Fipronil sulfide** 1 3 23 64 24 33
Fipronil sulfone** 1 3 21 58 22 31
Flonicamid** 8 22 0 0 8 11
Fluazinam* 1 3 0 0 1 1
Fludioxonil* 6 17 0 0 6 8
Fluopicolide* 6 17 0 0 6

Fluopyram* 9 25 0 0 9 13
Flupyradifurone** 5 14 0 0 5 7
Fluridone*** 5 14 3 8 8 11
Flutolanil* 0 0 2 6 2 3
Fluxapyroxad* 20 56 1 3 21 29
Hexazinone*** 16 44 0 0 16 22
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Table 6. Total number of detections in water samples from agricultural and urban sites.—Continued

[*, fungicide; **, insecticide; ***, herbicide; ****, synergist]

Agricultural sites Urban sites Total
Pesticid ; . .
e Detoctions  D°1*ion reduency Detoctions  °1*ion reduency Detoctions  °1*Cien reduency
Imidacloprid** 24 67 26 72 50 69
Iprodione* 17 4 11 10 14
Mandipropamid* 25 0 9 13
Metalaxyl* 13 36 0 13 18
Metconazole* 1 3 0 1 1
Methoprene** 0 0 3 3 4
Methoxyfenozide®* 26 72 10 28 36 50
Metolachlor*** 15 42 4 11 19 26
Myclobutanil* 16 44 0 0 16 22
Napropamide*** 6 17 0 0 6 8
Novaluron** 1 3 0 0 1
Oryzalin*** 17 47 4 11 21 29
Oxydiazon®** 10 28 16 44 26 36
Oxyfluorfen*** 23 64 1 3 24 33
p,p’-DDD** 3 8 0 0 3 4
p,p’-DDE** 6 17 0 0 6 8
p,p’-DDT** 1 3 0 0 1 1
Paclobutrazol* 1 3 0 0 1 1
Pendimethalin*** 13 36 6 17 19 26
Penoxsulam™*** 6 17 2 6 8 11
Penthiopyrad* 6 17 0 0 6 8
Permethrin** 2 6 0 2 3
Piperonyl butoxide**** 7 19 1 8 11
Prodiamine*** 6 17 5 14 11 15
Prometryn*** 7 19 0 0 7 10
Propanil*** 2 6 0 0 2 3
Propargite** 2 6 0 0 2 3
Propiconazole* 26 72 8 22 34 47
Propyzamide*** 6 17 0 6 8
Pyrimethanil* 8 22 2 10 14
Quinoxyfen* 1 3 0 1 1
Simazine*** 21 58 6 17 27 38
Tebuconazole* 3 8 3 6 8
Tetraconazole* 5 14 1 6 8
Thiabendazole* 0 0 6 17 6 8
Thiamethoxam™** 16 44 6 17 22 31
Thiobencarb*** 3 8 0 0 3 4
Triadimefon* 3 8 0 0 3 4
Triadimenol* 4 11 0 0 4 6
Trifloxystrobin* 4 11 0 0 4 6
Trifluralin®** 1 3 0 0 1 1
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Figure 14. Number of pesticide detections in surface water samples from agricultural sites over a U.S. Environmental Protection
Agency aquatic life benchmark value.
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Figure 15. Number of pesticide detections in surface water samples from urban sites over a U.S. Environmental Protection Agency
aquatic life benchmark value.
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Figure 16. Dissolved concentrations of fipronil in urban sites, and U.S. Environmental Protection Agency aquatic life benchmarks.
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Imidacloprid concentrations, in nanograms per liter (ng/L)

Figure 20.
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Results From Suspended Sediment
Samples

Over the duration of the study, 29 pesticides were detected
in suspended sediment: 9 fungicides, 10 herbicides, and
10 insecticides (tables 7, 8). The most frequently detected
pesticides overall were bifenthrin (51 percent, insecticide),
oxyfluorofen (28 percent, herbicide), and p-p’-DDE (19
percent, insecticide degradate).

Concentrations of pesticide compounds in suspended-
sediments are provided in ng/L in tables 7 and 8 to facilitate
the approximation of a whole-water pesticide concentration
by summing the dissolved and suspended-sediment concentra-
tions of pesticide compounds.

Out of 36 suspended sediment samples from agricultural
sites, 27 had between 1 and 15 pesticides detected, with an
average of 4 pesticides detected per sample (table 7). Nine
samples had no pesticide detections. Out of 134 total pesticide
detections in samples from agricultural sites, 17 percent were
fungicides, 37 percent were herbicides, and 46 percent were
insecticides (table 9).

Out of 36 suspended sediment samples from urban sites,
16 had between 1 and 5 pesticides detected, with an average
of 1 compound detected per sample (table 8). Twenty samples

Results From Suspended Sediment Samples
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Results From Suspended Sediment Samples
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Table 9. Total number of detections in suspended-sediment samples from agricultural and urban sites.

[*, fungicide;**, insecticide; ***, herbicide]

Agricultural sites Urban sites Total
Pesticide Detections Detection frequency Detections Detection frequency Detections Detection frequency
(percent) (percent) (percent)
Azoxystrobin* 2 6 0 0 2 3
Bifenthrin** 22 61 15 42 37 51
Boscalid* 8 22 1 3 9 13
Chlorothalonil* 3 8 1 3 4 6
Clomazone*** 1 3 0 0 1 1
Cyhalothrin** 2 6 0 0 2 3
Cypermethrin** 1 3 0 0 1 1
DCPA*** 4 11 0 0 4 6
Dithiopyr*** 1 3 1 3 2 3
Fludioxinil* 1 3 0 0 1 1
Fluopicolide* 1 3 0 0 1 1
Fluxapyroxad* 1 3 0 0 1 1
Metalaxyl* 1 3 0 0 1 1
Metolachlor*** 2 6 0 0 2 3
Myclobutanil* 4 11 0 0 4 6
Oxydiazon*** 7 19 0 0 7 10
Oxyfluorfen*** 20 56 0 0 20 28
p,p’-DDD** 9 25 1 3 10 14
p,p’-DDE** 13 36 1 3 14 19
p,p’-DDT** 8 22 0 0 8 11
Pendimethalin*** 8 22 2 6 10 14
Permethrin®* 4 11 6 17 10 14
Prodiamine*** 4 11 1 3 5 7
Propargite* 1 3 0 0 1 1
Propyzamide*** 2 6 0 0 2 3
Pyridaben* 1 3 0 0 1 1
Simazine*** 1 3 0 0 1 1
tau-Fluvalinate* 1 3 0 0 1 1
Tebuconazole* 1 3 0 0 1 1




had no pesticide detections. Out of 29 total pesticide detec-
tions in samples from urban sites, 7 percent were fungicides,
14 percent were herbicides, and 79 percent were insecticides
(table 9).
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