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Abstract
Passive sampler devices were deployed in six northern 

California streams five times between November 2018 
and December 2019 to measure the presence or absence 
of current-use pesticides in surface water. In the targeted 
areas, there are reported pesticide uses for agriculture, 
commercial forestry, and rights of way maintenance along 
with unreported pesticide use at private residences and 
cannabis grow sites. The sites sampled in this study were not 
previously monitored for current-use pesticides. Streams in the 
Sierra Nevada foothills of northern California are important 
habitats for many sensitive species including salmonids, but 
the logistics of sampling these areas can be difficult using 
traditional water-quality sampling techniques, especially 
when sampling watersheds where contaminant transport is 
episodic. Chemcatcher passive sampling devices and silicone 
bands were deployed in these areas to concentrate pesticides 
for days to weeks at a time. The U.S. Geological Survey, in 
cooperation with the Central Valley Regional Water Quality 
Control Board, was responsible for developing passive 
sampler field deployment and laboratory analytical methods 
for current-use pesticides, providing pesticide measurements 
from streams in the study region, and determining how well 
passive samplers detect pesticides in these environments. 
Six sites were monitored during the study, and passive sampler 
extracts were analyzed for a total 155 current-use pesticides 
in this study. A total of 19 out of the 155 pesticides including 
9 insecticides, 5 fungicides, and 5 herbicides were detected in 
extracts from passive samplers. The most frequently detected 
pesticides were the herbicides hexazinone and dithiopyr, 
the insecticides bifenthrin and methoxyfenozide, and the 
fungicide azoxystrobin.

Introduction
Pesticides are used by licensed applicators as part of 

commercial forestry operations, rights of way maintenance, on 
farms, and in urban settings in the Sierra Nevada foothills and 
mountains. During 2018, more than 650,000 pounds (lb) of 

pesticides were applied to the foothills of the western slope of 
the Sierra Nevada draining into the Central Valley (California 
Department of Pesticide Regulation, 2020a). Herbicides 
were the most heavily applied type of pesticide (210,000 lb), 
followed by insecticides (170,000 lb), fumigants (160,000 lb), 
fungicides (76,000 lb), and algaecides (22,000 lb; California 
Department of Pesticide Regulation, 2020a). In addition 
to pesticides used by licensed applicators, unknown types 
and amounts of pesticides are used by homeowners and for 
cannabis production in the region. Cannabis production is 
unregulated for the most part, and at the time of this study, 
no pesticides were registered for use on cannabis by the 
U.S. Environmental Protection Agency (EPA). Additionally, 
evidence found at “trespass” cannabis grow sites on national 
forest lands in the region have shown that pesticides 
were being applied that were not registered for use in the 
United States at the time of this study (Mallery, 2011).

Pesticide applications are episodic in commercial timber 
operations and for cannabis production in the Sierra Nevada 
foothills and mountains. Applications are often made on 
steep terrain and in areas subject to extreme rainfall events, 
which could aid in the transport of pesticides away from 
the point of application and discharge into surface waters. 
Additionally, surface waters in this region are often small 
perennial streams with little natural flow (for much of the 
year) to dilute pesticide inputs and reduce their impact on 
sensitive species, such as salmonids and other species listed 
in the California Department of Fish and Wildlife’s Special 
Animal List (California Department of Fish and Wildlife, 
2021), for which these small foothill streams are often critical 
habitat. At the time of this study there were no surface-water 
screening or monitoring programs focused on commercial 
forestry or cannabis production pesticides use in this region. 
Passive sampling has been identified by the California State 
Water Resources Control Board as a technique that should be 
expanded to support efficient water-quality monitoring (State 
Water Resources Control Board, 2021). The U.S. Geological 
Survey (USGS), in cooperation with the Central Valley 
Regional Water Quality Control Board, developed passive 
sampler field deployment and laboratory analytical 
methods for current-use pesticides, provided pesticide 
measurements from streams in the study region, and evaluated 
the effectiveness of passive samplers in these environments. 
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The purposes of this report are (1) to provide a reconnaissance 
level investigation into current-use pesticide presence in 
surface waters of the Sierra Nevada foothills and (2) to test 
and optimize the use of passive samplers in those waters.

Study Region

Six sampling sites were chosen following consultation 
with the cooperator and based on several stream and 
watershed criteria. Sites were chosen in watersheds with 
suitable salmonid habitat, known applications of pesticides 
for commercial forestry or rights of way maintenance, the 
presence of cannabis grow sites, or combinations of those 
attributes. Sampler and field personnel safety also were key 
considerations when specific sampler deployment locations 
were chosen. Five of the six sites were sampled five times 
each by USGS personnel (table 1; figs. 1, 2). The North 
Fork Calaveras River near Mokelumne Hill, California 
(USGS site 11307550), was inaccessible for one out of five 
sampling events, so a seventh, upstream site on the North Fork 
Calaveras River below Jesus Maria Road Bridge near Paloma, 
California (USGS site 381713120393701), was sampled 
instead (U.S. Geological Survey, 2021).

Streams sampled in the study region drain watersheds 
in the foothills of the western slope of the Sierra Nevada 
in northern California. The streams flow from east to west, 
eventually draining into tributaries of the Sacramento–
San Joaquin Delta (not shown) in California’s Central Valley. 
Forests, grasslands, and shrublands are the predominant land 
cover types, although there are differences in their proportions 
in the six watersheds. Developed and agriculture areas make 
up a small percentage of total land area (appendix 1, table 1.1; 
U.S. Geological Survey, 2019a).

Precipitation in the study region typically occurs 
during the winter and spring; summer and fall are usually 
dry (Menne and others, 2012; fig. 3). Streams were sampled 
with the goal of capturing the first fall or winter storm event 
(first flush) after a dry summer or fall, respectively; the first 
spring storm event; and a dry season event. Site accessibility 
was another factor that restricted sample collection between 
December and April.

Pesticide Use

Pesticide-use reporting in California can be grouped into 
three categories: (1) agricultural use by licensed applicators 
that is reported by date at the Public Land Survey System 
level (a grid system made up of cells that are approximately 
1 mile by 1 mile); (2) applications by licensed applicators 
for non-agricultural uses such as landscape maintenance, 
rights of way maintenance, and structural pest control that are 
reported at the county level by month; and (3) applications 
by homeowners and most industrial uses that are not 
reported (California Department of Pesticide Regulation, 
2020a). Pesticide use at the section level was summarized 
for the study region watersheds because the approximately 
1 square mile (mi2) resolution of section-level data was 
suitable for estimating pesticide use in watersheds with areas 
ranging from 31 to 450 mi2. Some county-level pesticide use 
was not apparent in the section-level pesticide summaries. 
Pesticide application at the county level was not summarized 
because of the high level of uncertainty in approximating 
pesticide use in the study region watersheds based on 
county-level data.

Table 1. Sample locations in northern California where passive samplers were deployed between 2018 and 2019.

[U.S. Geological Survey (2021). All coordinates reference the North American Datum of 1983 (NAD 83). Abbreviations: USGS, U.S. Geological Survey; 
CA, California; °, degree]

USGS site number
Map 

number
USGS site name Watershed Latitude Longitude

391023120541301 1 Bear River below Steephollow Creek near 
Chicago Park CA

Bear River 39.17295° −120.90466°

1381713120393701 2 North Fork Calaveras River below Jesus 
Maria Road Bridge near Paloma CA

North Fork Calaveras 
River

38.28718° −120.66012°

11307550 3 North Fork Calaveras River near 
Mokelumne Hill CA

North Fork Calaveras 
River

38.28197° −120.67018°

11333500 4 North Fork Cosumnes River near 
El Dorado CA

Nork Fork Cosumnes 
River

38.58880° −120.84494°

392349121045601 5 Oregon Creek above Covered Bridge near 
North San Juan CA

Oregon Creek 39.39698° −121.08218°

384736120373501 6 South Fork American River above Forebay 
Road Bridge near Pollock Pines CA

South Fork American 
River

38.79331° −120.62669°

11407500 7 South Honcut Creek near Bangor CA South Honcut Creek 39.36773° −121.37219°

1Site was only sampled when 11307550 was inaccessible.
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Photograph by Matthew De Parsia, U.S. Geological Survey
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Photograph by Matthew De Parsia, U.S. Geological Survey
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Photograph by Matthew De Parsia, U.S. Geological Survey
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A

Figure 2. U.S. Geological Survey (USGS) sites (table 1; U.S. Geological Survey, 2021) within the study region at A, 391023120541301 
Bear River below Steephollow Creek near Chicago Park, California (May 23, 2019); B, 11307550 North Fork Calaveras River near 
Mokelumne Hill, California (November 20, 2018); C, 11333500 North Fork Cosumnes River near El Dorado, California (April 25, 2019); 
D, 392349121045601 Oregon Creek above Covered Bridge near North San Juan, California (May 14, 2019); E, 384736120373501 South Fork 
American River above Forebay Road Bridge near Pollock Pines, California (May 15, 2019); and F, 11407500 South Honcut Creek near 
Bangor, California.
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Figure 3. Passive sampler, sampling intervals plotted against daily precipitation totals for U.S. Geological Survey (USGS) sites within 
the study region (table 1; U.S. Geological Survey, 2021): A, 391023120541301 Bear River below Steephollow Creek near Chicago Park, 
California; B, 11307550 North Fork Calaveras River near Mokelumne Hill, California; C, 11333500 North Fork Cosumnes River near 
El Dorado, California; D, 392349121045601 Oregon Creek above Covered Bridge near North San Juan, California; E, 384736120373501 
South Fork American River above Forebay Road Bridge near Pollock Pines, California; and F, 11407500 South Honcut Creek near Bangor, 
California. Daily precipitation totals were derived from the Global Historical Climatology Network of precipitation stations by plotting 
data from stations that were within a 10-mile radius and upstream of sampling sites (Menne and others, 2012). Streamflow is plotted 
for continuous streamgages on the North Fork Cosumnes River (U.S. Geological Survey, 2021) and South Honcut Creek (California 
Department of Water Resources, 2021). 
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Most registered, section-level pesticide applications 
inside the study region were during the spring and summer 
based on 2018 pesticide-use data (fig. 4; California 
Department of Pesticide Regulation, 2020a); 2019 
pesticide-use data were not available when this report 
was written. Application sites for pesticide use at the 
section level varied among the watersheds. The Bear River, 
North Fork Calaveras River, Oregon Creek, and South Fork 
American River watershed areas within the study region only 
had registered pesticide use for timberland sites. The North 
Fork Cosumnes River and South Honcut Creek watershed 
areas within the study region had registered pesticide 
applications for a variety of uses (fig. 5). County-level 
pesticide applications were not included on figures 4 and 5, but 
thousands of pounds of pesticides were applied at the county 
level in study region counties for uses such as landscape 
maintenance, public health, and rights of way maintenance 
(California Department of Pesticide Regulation, 2020a). 
Figures 4 and 5 include pesticide-use totals from pesticides not 
analyzed for during the study. Pesticide-use totals on figure 5 
are limited to the 155-pesticide analyte list.

Registered pesticide-use data showing only those 
compounds that were analyzed for in this study indicate that 
the greatest amount and variety of pesticides with the potential 
to be detected were applied in the North Fork Cosumnes River 
watershed (table 1; fig. 6). Other pesticides such as glyphosate, 
imazapyr, triclopyr, clopyralid, aminopyralid, and 
2,4-dichlorophenoxyacetic acid were applied in study region 
watersheds or counties but were not analyzed because of 
incompatibility with the analytical methods used in this 
study (McWayne, 2020).

Passive Sampler Devices

Chemcatcher passive sampling devices (hereafter 
referred to as “Chemcatchers”) were used to passively 
sample for pesticides and pesticide degradates in surface 
water for this study. Briefly, a Chemcatcher functions 
by allowing target compounds in water to pass through 
a diffusion-limiting membrane (DLM) and accumulate 
in a receiving phase (Kingston and others, 2006). The 
Chemcatcher (T.E. Laboratories, Tullow, Ireland) consists of 
a weighted stainless-steel cage with two tiers of disk holders 
(fig. 7). Each tier can secure three polytetrafluoroethylene 
(PTFE) disk holders for a maximum of six disks deployed 
concurrently within a single cage. The receiving phase is 
a 47-millimeter (mm) solid-phase extraction (SPE) disk. 
An optional DLM can be inserted between the SPE disk 
(hereafter referred to simply as “disk”) and the retaining 
ring (fig. 8). Polyethersulfone (PES) DLMs with a pore size 
of 0.2 micrometers (µm) were used for disk configurations 
deployed with a DLM in this study (McWayne, 2020).

Silicone bands also were tested as simple, inexpensive, 
passive sampling devices for use inside the Chemcatcher 
cages at multiple sites during the study period. Several studies 
have demonstrated the effectiveness of silicone as a passive 
sampler for many of the pesticide compounds analyzed for 
in this study (Emelogu and others, 2013; Ahrens and others, 
2015; Swanson and others, 2018). The silicone bands tested 
were obtained from 24hourwristbands.com with the following 
specifications: 4.40 grams, 5 cubic centimeters in volume, 
203.2 mm in circumference, 12.7 mm in height, 2 mm thick, 
and 100 percent silicone.
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Figure 4. Section-level pesticide use by day in 2018 for study region watersheds, including pesticides that are not part of the 
155-pesticide analyte list for the study; registered county-level pesticide use and unregistered pesticide use by homeowners are not 
included in the daily sums (California Department of Pesticide Regulation, 2020a).
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Figure 5. Section-level pesticide use in 2018 by application site in 
the study region, including pesticides that are not part of the 
155-pesticide analyte list for the study; registered county-level 
pesticide use and unregistered pesticide use by homeowners 
are not included in the sums (table 1; California Department of 
Pesticide Regulation, 2020a).

Disk Configuration

Chemcatchers are typically deployed with the 
goal of measuring compounds with a targeted range of 
physio-chemical properties and using compound-specific 
sampling rates to estimate time-weighted average 
concentrations. The target analyte list for this study 
includes 155 pesticide compounds with a wide variety of 
physio-chemical properties including a range of logarithm 
of octanol–water partition coefficient (log Kow) values 
from −0.5 to 7.0. One of the challenges in adapting the 
use of Chemcatchers as a broad screening tool for such 
a diverse range of pesticide compounds is that no single 
disk configuration will be ideal for all the compounds 
analyzed for in this study. As such, multiple configurations of 
SPE disks and DLMs were tested with the goal of detecting 

the presence/absence of the widest range of compounds 
possible. Identifying pesticide occurrence was prioritized 
over optimizing the SPE disk configuration for the most ideal 
uptake rates.

One decision to make when planning a deployment 
configuration is whether to use a DLM between the 
receiving phase (SPE disk) and the PTFE retaining ring. 
A meta-analysis by Charriau and others (2016) showed that the 
use of DLMs can substantially restrict the sampling rate 
of some compounds for a given receiving phase. The 
sampling rate of hydrophobic compounds was found to 
be especially limited using DLMs. However, deploying 
Chemcatchers without a DLM can cause the receiving 
phase to reach equilibrium too quickly (less than 10 
days) and make the calculation of water concentrations 
unreliable for longer deployments (Shaw and others, 2009). 
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Figure 6. Section-level pesticide use in 2018 by pesticide compound including only pesticides in the 155-pesticide analyte list for the 
study. Registered section-level use of pesticides from the 155-pesticide analyte list did not occur in the South Fork American River 
watershed (table 1) in 2018. Registered county-level pesticide use and unregistered pesticide use by homeowners are not included in 
the sums (California Department of Pesticide Regulation, 2020a).

Deploying the disks without a DLM also limits 
measurements to whole-water concentrations only as 
opposed to dissolved concentrations that can be measured 
when a DLM is used over the disk. In the context of this study 
(approximately 14-day deployments and a 155-compound 
analyte list), the ability to detect a wider range of pesticide 
compounds was prioritized over calculating water 
concentrations, so samplers were deployed without DLMs 
when possible.

Several 47-mm SPE disks were available to use as 
receiving phases with various DLM materials. Disk types 
tested during this study are listed in table 2. The original 
study design called for testing the Atlantic hydrophobic 
lipophilic balance receiving phase (HLB) and Empore styrene 
divinylbenzene-reverse phase sulfonate (SDB-RPS) SPE disk 
types based on the results of an earlier, unpublished pilot 
study by the USGS and the Central Valley Regional Water 
Quality Control Board. However, the Empore SDB-RPS 

was discontinued by 3M shortly after sample collection 
for this study, forcing a change in SPE disk configurations. 
The Resprep C18 SPE disk was added to the study and was 
used as a replacement for the Empore SDB-RPS. Although 
not initially considered for this study, the AttractSPE HLB 
(Affinisep) and AttractSPE SDB-RPS (Affinisep) SPE disks 
were added later as potential alternatives as they became 
available. A comparison study initiated because of the 
discontinuation of the Empore SDB-RPS SPE disk type 
showed good comparability between the Empore SDB-RPS, 
the AttractSPE HLB, and AttractSPE SDB-RPS for a set 
of nine pesticides (Becker and others, 2021). The thin, soft 
membrane material of the AttractSPE HLB and SDB-RPS 
SPE disks was resilient enough to withstand deployment 
without a DLM, whereas the Atlantic HLB SPE disks tended 
to disintegrate without a DLM.
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Photograph by Matthew De Parsia, U.S. Geological Survey  (October 10, 2018)

B

Photograph by Matthew De Parsia, U.S. Geological Survey (November 6, 2017)

A

Figure 7. Chemcatcher cage with three disk holder 
assemblies A, before and B, after deploying in a stream.
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Figure 8. Chemcatcher assembly diagram.

Table 2. Solid-phase extraction disk types tested during study period.

[HLB, hydrophilic-lipophilic balance; mm, millimeter; DLM, diffusion limiting membrane; SPE, solid phase extraction; 
SDB-RPS, styrene divinylbenzene-reverse phase sulfonate; C18, octadecylsilane]

Chemcatcher  
disk type

Manufacturer Comments

Atlantic HLB Horizon Technology (Biotage) 4.0-mm-thick, fluffy matrix disintegrates when deployed without a DLM.
AttractSPE HLB Affinisep 0.5-mm thick, added late in study as a replacement for Empore disks.
AttractSPE SDB-RPS Affinisep 0.5-mm thick, added late in study as a replacement for Empore disks.
Empore SDB-RPS 3M 0.5-mm thick, discontinued by manufacturer during study.
Resprep C18 Restek 1.0-mm-thick, rigid glass fiber disk.
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Methods
To assess the relative performance of Chemcatcher 

configurations, at least two different disk configurations were 
used concurrently inside every cage deployed during the study. 
Silicone wristbands were positioned inside the Chemcatcher 
cages for some deployments. Disk configurations were rotated 
throughout the study to provide as many direct comparisons as 
possible (table 3). Variations of disk configurations included 
testing different receiving phases and testing disks with and 
without DLMs. Disk configuration comparisons for each site 
were tested using disks fastened to the upper tier disk holder 
and in the same cage. Passive sampler devices were deployed 
(one Chemcatcher per site per event, with multiple disks 
in each device) at the six study region sites five times from 
November 2018 to November 2019. Samplers were deployed 
during two dry periods (events 2 and 4) and during or 
immediately following three storm events (events 1, 3, and 5).

Two field blanks and 2 field replicates were collected 
during the study to assess the interferences of field and 
laboratory protocols and to quantify variability in 29 field 
samples. Eight surface-water grab samples also were collected 
at random during the study to provide context for pesticide 
measurements taken using passive sampler devices. Although 
this number of grab samples is insufficient for calculating 
sampling rates for the passive samplers, collected grab 
samples helped to verify the presence of pesticide compounds 
in the streams sampled during the study.

Field Methods

Chemcatchers were transported to sample sites on wet 
ice with transport lids affixed to the PTFE disk assemblies, 
wrapped in foil, then sealed in plastic bags. Chemcatcher 
cages and disks were installed by two-person field teams. 
Upon arrival at a sample location, one team member 
(dirty hands) put on clean gloves, rinsed the stainless steel 
Chemcatcher cage in native stream water, then secured the 
cage in an appropriate location. The other team member 
(clean hands) removed the still-sealed PTFE disk assembly 
from a cooler and brought it to the stream bank. Using clean 
gloves, the clean hands team member removed the PTFE disk 

assembly from the protective plastic bag and foil wrapper. 
The clean hands team member then removed the transport lid 
and handed the uncovered PTFE disk assembly to the dirty 
hands team member, who installed the disk assembly in the 
submerged stainless-steel cage, taking care to minimize the 
amount of time the disk was exposed to air.

For passive sampler field blanks, disks were transported 
to the field sites in their PTFE disk assemblies, exposed to air 
by the clean hands team member for about 10 minutes (min) 
while the environmental disk assemblies were being deployed, 
then re-sealed, and transported back to the laboratory on wet 
ice. The field blank disk assemblies were stored in a freezer at 
−20 degrees Celsius (°C) between deployment and retrieval. 
The process was then repeated using the same field blank 
disk during the retrieval of the corresponding environmental 
passive sampler.

Passive samplers were deployed in streams for about 
14 days. Retrieval of the Chemcatchers was the reverse 
of the deployment process described earlier in the text: 
the dirty hands team member retrieved the cage from the 
stream, removed the disk assembly from the stainless-steel 
cage, then handed the disk assembly to the clean hands team 
member. The clean hands team member quickly sealed the 
disk assembly with a clean PTFE transport lid; then wrapped 
the assembly in foil; and placed the disk assembly in a clean 
plastic bag labeled with the sample site, deployment date 
and time, retrieval date and time, and disk configuration. 
The sealed disk assemblies were then transported to the 
analyzing laboratory on wet ice for processing and analysis 
by gas chromatography with tandem mass spectrometry 
(GC-MS/MS) and liquid chromatography with tandem mass 
spectrometry (LC-MS/MS).

Silicone band passive sampling devices were deployed 
in the same cage as the Chemcatchers passive samplers. 
The silicone bands were placed above the upper tier disk 
holder inside the Chemcatcher cages. Cleaned silicone 
bands were handled in the same manner as Chemcatchers 
when transported to and from sample locations and when 
deploying and retrieving the bands. The clean hands team 
member removed the aluminum foil-wrapped silicone 
band from the plastic bag, removed the silicone band, then 
handed to silicone band to the dirty hands team member. 

Table 3. Passive sampler configurations tested during each sampling event in mid-elevation Sierra Nevada streams in 2018 and 2019.

[mm/dd/yyyy, month/day/year; C18, octadecylsilane; DLM, diffusion limiting membrane; HLB, hydrophilic-lipophilic balance; SDB-RPS, styrene 
divinylbenzene-reverse phase sulfonate; S-PSD, silicone rubber passive sampling device; w, with; wo, without; —, not tested]

Event
Start date 

(mm/dd/yyyy)
End date 

(mm/dd/yyyy)
HLB w DLM  

(Atlantic)
C18 w DLM  
(Resprep)

C18 woDLM  
(Resprep)

HLB wo DLM  
(Affinisep)

SDB-RPS wo DLM  
(Affinisep)

S-PSD

1 11/19/2018 12/04/2018 tested tested — — — —
2 04/24/2018 05/09/2019 tested — tested — — tested
3 05/14/2019 05/24/2019 tested — tested — — tested
4 10/08/2019 10/23/2019 — — tested tested tested tested
5 11/25/2019 12/10/2019 — — tested tested tested tested
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The plastic bag and foil were labeled and saved for re-use 
during retrieval. The dirty hands team member then inserted 
the silicone band into the cage above the upper disk holder 
around the center post.

Surface-water grab samples were collected by 
submerging two narrow-mouthed, amber-glass bottles below 
the stream surface until the bottles were full and there was no 
headspace remaining. One bottle was collected for analysis 
by gas chromatography with mass spectrometry (GC-MS), 
and one bottle was collected for analysis by LC-MS/MS. 
Surface-water samples were filtered through a 0.7-µm glass 
fiber filter before extraction. Grab samples were collected at 
the time of passive sampler deployment, at the time of passive 
sampler retrieval, or collected at the time of deployment 
and retrieval.

Laboratory Methods

Before deploying, PTFE disk holders were cleaned, 
and disks were cleaned and conditioned in the laboratory. 
The PTFE disk holders were cleaned with warm water and 
detergent, rinsed with tap water, rinsed with methanol, then 
rinsed with organic-free water (OFW) before use. Disks for 
use in Chemcatchers were cleaned and conditioned using 
solvents outlined in table 4. Disk cleaning was done using 
47-mm filter holders (Diskcover-47, Restek, Bellefonte, 
Pennsylvania) on a vacuum manifold. Conditioning solvents 
were allowed to soak into the disk for 1 min before being 
drawn though the disk under gentle vacuum. Cleaned disks 
were then inserted into the PTFE disk holders until use, and 
then the PTFE disk holders were sealed (using a threaded 
PTFE cap) to keep the SPE media wet until deployment. At 
this stage for disk configurations where a DLM was used, 
the DLM was inserted between the receiving phase and the 
PTFE retaining ring. The PES DLMs were soaked in methanol 
overnight then transferred to OFW until assembly.

After deployment and recovery, the SPE disks were 
stored in a freezer at −20 °C until they were ready to be 
processed. Each SPE disk was freeze-dried to remove 

remaining water before elution, then it was eluted using a 
47-mm filter holder on a vacuum manifold with a collection 
tube placed below the filter holder to catch the eluent. After 
inserting the freeze-dried disk into the filter holder, the 
disk was spiked with 50 microliters (µL) of a 2 nanogram 
per microliter (ng/µL) surrogate solution containing 
13C3-atrazine, di-N-propyl-d14-trifluralin, and 13C4-fipronil 
and 50 µL of a 1 ng/µL solution containing d4-imidacloprid. 
The disk was then eluted with two 10 milliliter (mL) 
aliquots of a 1:1 volume/volume (v/v) mixture of methanol 
and acetonitrile. The extract was then concentrated to near 
dryness and reconstituted with an addition of 200 µL of 
acetonitrile. Before transferring the extract to an autosampler 
vial for analysis, 20 µL of a 10 ng/µL solution containing 
d10-acenaphthene and d10-phenanthrene and 20 µL of a 
5 ng/µL solution containing d3-clothianidin were added as 
internal standards. Sample extracts were stored in a freezer at 
−20 °C until analysis (up to 30 days).

Silicone band passive sampler devices were prepared 
for use by conditioning them using a series of solvent soaks. 
Silicone bands were soaked for 2.5 hours in a 1:1 v/v mixture 
of ethyl acetate and hexane, then soaked for 2.5 hours in a 
new 1:1 v/v solution of ethyl acetate and hexane, and then 
soaked for 2.5 hours in a 1:1 v/v mixture of ethyl acetate 
and methanol. After the three solvent soaks, the bands were 
loosely wrapped in aluminum foil, and residual solvent was 
allowed to evaporate overnight. Cleaned bands were wrapped 
in solvent-rinsed aluminum foil and then placed in a sealed 
plastic bag until deployment.

After deployment and retrieval, the silicone bands were 
gently rinsed with OFW and then air-dried. After drying, the 
weight of each band was recorded, and the bands were stored 
at −20 °C until extraction. The silicone bands were extracted 
by shaking the bands in flasks filled with ethyl acetate. Before 
adding ethyl acetate to completely submerge the silicone 
bands, the surface of the bands was spiked with 50 µL of 
a 2 ng/µL surrogate solution containing 13C6-permethrin, 
di-N-propyl-d14-trifluralin, 13C12-dichlorodiphenyldichlo
roethylene (p,p’-DDE), and 13C4-fipronil; and then spiked 
with 50 µL of a 1 ng/µL solution containing d4-imidacloprid. 
After adding the surrogate solutions, 50 mL of ethyl acetate 
was added to each flask and then shaken for 2 hours. After 
2 hours, the extract was decanted from the flask into an 
evaporator tube, and a second addition of 50 mL of ethyl 
acetate was poured into each flask. Flasks were shaken for 
another 2 hours, and the second extract was then decanted into 
the same evaporator tube as the first extract. The combined 
extracts were concentrated to near dryness and reconstituted 
with an addition of 200 µL of acetonitrile. Next added was 
20 µL of a 10 ng/µL solution containing d10-acenaphthene 
and d10-phenanthrene and 20 µL of a 5 ng/µL solution 
containing d3-clothianidin as internal standards before 
transferring the extract to an autosampler vial for analysis by 
GC-MS/MS and LC-MS/MS.

Table 4. Solid-phase extraction media cleaning and conditioning 
procedure by disk sorbent type. 

[C18, octadecylsilane; HLB, hydrophilic-lipophilic balance; SDB-RPS, styrene 
divinylbenzene-reverse phase sulfonate; mL, milliliter; IPA, isopropyl alcohol; 
OFW, organic-free water; nr, not required]

Conditioning 
step

Disk type

C18 HLB SDB-RPS

1 10 mL methanol 10 mL acetone 10 mL acetone
2 10 mL methanol 10 mL IPA 10 mL IPA
3 10 mL OFW 10 mL methanol 10 mL methanol
4 10 mL OFW 10 mL OFW 10 mL OFW
5 nr 10 mL OFW 10 mL OFW
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Surface-water grab samples for analysis by GC-MS and 
LC-MS/MS were extracted using the SPE method described 
in Sanders and others (2018). All surface-water samples were 
filtered through a 0.7-µm glass fiber filter before extraction, so 
all pesticide concentrations from surface-water samples were 
from the dissolved phase.

Instrument Methods for Passive 
Sampler Analysis

Sample extracts were analyzed by GC-MS/MS 
(121 compounds) and LC-MS/MS (34 compounds) at 
the USGS Organic Chemistry Research Laboratory in 
Sacramento, California, for a total of 155 pesticides or 
pesticide degradates. A full list of compounds is provided in 
appendix 1, table 1.2.

Separation for the analysis of environmental samples 
by GC-MS/MS was done on an Agilent 7890A GC coupled 
to a 7000 MS/MS system operated in electron impact mode 
(Agilent Technologies, Santa Clara, California). Injections 
of 1 μL were made with the injector at 275 °C in pulsed 
splitless mode with a 50 pounds per square inch (lb/in2) 
pressure pulse for 1 min. The flow of helium through the 
DB-5 (30 meters [m] × 0.25 mm × 0.25 µm) GC column 
was set at 1.2 mL/min. The oven program was 80 °C for 
1.0 min, ramp at 4 °C/min until 170 °C, ramp at 2 °C/min until 
250 °C, ramp at 4 °C/min until 300 °C, and hold for 5 min. 
The transfer line was set at 300 °C, the quadrupole was at 
150 °C, and the MS ion source was set at 230 °C. The MS/MS 

was operated in multiple reaction monitoring (MRM). More 
information on the GC-MS/MS instrumental analysis can be 
found in Hladik and others (2016).

For analysis of samples by LC-MS/MS, aliquots of 
the environmental sample (10 μL) were injected and the 
compounds separated on an Agilent 1260 high-performance 
liquid chromatography coupled to a 6430 tandem MS system 
with a Zorbax Eclipse XDB-C18 column (2.1 mm × 150 mm 
× 3.5 mm). The column flow rate was 0.6 mL/min, and the 
column temperature was 30 °C. The mobile phases were 
acetonitrile and 5 millimolar (mM) of formic acid in water. 
Tandem mass spectrometry conditions were electrospray 
ionization (positive or negative mode), drying gas temperature 
was 350 °C, drying gas flow was 10 liter (L)/min, capillary 
voltage was 4,000 volts, and nebulizer was 40 lb/in2. Data 
were collected in the MRM mode. More information about the 
LC-MS/MS instrumental analysis can be obtained from Hladik 
and Calhoun (2012) and Sanders and others (2018).

Determining Limits of Detection
A method detection limit in mass per volume of water 

could not be calculated because an unknown amount of water 
interacted with the passive samplers for each deployment. 
Instead, the theoretical limit of detection (LOD) was 
calculated as the smallest mass that could be measured on 
each disk. The LOD was calculated by multiplying the lowest 
calibration standard measured for each compound (in ng/µL) 
by the final sample volume (200 µL) and dividing this total by 
one disk. The LODs ranged from 2 to 4 nanograms per disk 
(ng/disk; appendix 1, table 1.2).

  LOD (  
ng

 _ disk )   =  
 (LowestCalibrationStandard (  

ng
 _ uL )  × Final Sample Volume (uL) ) 

      _____________________________________________________   # of disks    (1)

where
 LOD is limit of detection,

    
ng

 _ disk   is nanogram over disk,

   (  
ng

 _ uL )   is nanogram over microliter,
 × is multiplied by,
 (uL) is microliter, and
 # is number.
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Results of Passive 
Sampler Comparisons

Twenty-nine Chemcatcher cages with a variety of 
disk configurations were deployed five times at six sites 
(passive samplers deployed during event 2 at USGS site 
391023120541301 were vandalized). Of the 155 pesticide 
compounds analyzed for in this study, 19 were detected in 
1 or more disks in the 29 Chemcatcher samples (fig. 9). At 
least one pesticide was detected at every site sampled in one 
or more disks. The most frequently detected pesticides in 
sample sets consisting of results from one or more passive 
samplers deployed concurrently at the same site were the 
herbicides hexazinone (present in 55 percent of sample sets) 
and dithiopyr (present in 55 percent of sample sets), the 
insecticides bifenthrin (present in 28 percent of sample sets) 
and methoxyfenozide (present in 65 percent of sample sets), 
and the fungicide azoxystrobin (present in 28 percent of 
sample sets; fig. 9).

Pesticide concentrations were reported in ng/disk for 
passive sampler results and nanograms per liter (ng/L) for 
discrete grab samples. Pesticide concentrations in ng/disk 
were limited for use in comparing results to aquatic life 
benchmarks or discrete surface-water samples. However, the 
results can still be used to make direct comparisons between 
passive samplers deployed concurrently in the field if caution 
is used when comparing concentrations from different sites 
and deployment periods.

Laboratory matrix-spike samples analyzed in a previous 
study demonstrated that the HLB and SDB-RPS disks were 
capable of accumulating the compounds analyzed for in this 
study, in a laboratory setting (McWayne, 2020). However, the 
effects of environmental factors such as flow, temperature, 
or pH could change the ability of disks to accumulate and 
retain compounds that were successfully measured in a 
laboratory. Because this study was designed to determine the 
effectiveness of different receiving phases empirically in the 
environment, the dataset generated during this study was used 
with the understanding that a detection versus non-detection 
is tentative and that non-detect results include uncertainty that 
cannot be quantified. When a compound is detected above the 
LOD, there is a high level of certainty that the compound is 
present in the sample. Two field blanks and two field replicates 
were collected during the study; none of the 155 compounds 
analyzed for were detected in field blanks or the field 
replicates (Uychutin and others, 2021).

Passive sampler pesticide results from the study are 
available from Uychutin and others (2021). Pesticide results 
from surface-water grab samples are publicly accessible 
online at the USGS National Water Information System 
website (https:/ /waterdata .usgs.gov/ nwis; U.S. Geological 
Survey, 2021).
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Figure 9. Pesticide-detection frequency charts for all passive 
samplers deployed in the study region. Detection frequencies 
are shown on the x-axis, and pesticide compounds are shown 
on the y-axis. Detection frequencies come from a sample size of 
29 samples collected between November 2018 and December 2019 
(Uychutin and others, 2021).

Chemcatcher Results by Disk Type

Disk-supply issues forced a change in disk configurations 
mid-study, so making comparisons using data from all five 
events was difficult. However, even with the discontinuation 
of the Empore SDB-RPS and the late addition of the 
AttractSPE SDB-RPS and AttractSPE HLB during the study, 
direct comparisons of disk configurations could be made 
between two subgroups of data. To make comparisons among 
disk configurations, the dataset was split into two subgroups 
in which only concurrently deployed disk configurations were 
compared to each other.

https://waterdata.usgs.gov/nwis
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The first of these subgroups includes results from 
events 2 and 3 (hereinafter referred to as group A). Group 
A contained 11 direct comparisons of Resprep C18 disks 
deployed with no DLM versus Atlantic HLB disks deployed 
with PES DLMs. Of the 10 pesticides detected in group 
A, hexazinone was the only pesticide detected in the DLM 
covered HLB disks (fig. 10). The C18 disks without DLMs 
accumulated all 10 of the pesticides detected in group A.

The second subgroup includes results from events 
4 and 5 (hereafter referred to as group B). Group B 
contained 12 direct comparisons of disks deployed without 
DLMs using hydrophilic-lipophilic balance (HLB) without 
diffusion-limiting membrane (DLM; Atlantic), styrene 
divinylbenzene-reverse phase sulfonate (SDB-RPS) without 
DLM (Affinisep), and octadecylsilane (C18) without DLM 
(Resprep) disks with a total of 9 pesticide compounds 
detected (fig. 11). Detections of the nine pesticide compounds 
in each of the three group B configurations were similar 
with detection counts of azoxystrobin, boscalid, cyhalothrin, 
dithiopyr, fipronil desulfinyl, and hexazinone equal among 
the three disk types. Bifenthrin, chlorantraniliprole, and 
methoxyfenozide were detected with a maximum deviation of 
two detection counts among the three disk types.

For compounds that were detected at least once in 
group B, there were 40 combinations of pesticides, collection 
dates, and sites available for comparison. In 36 of those 
combinations, the 3-disk configurations had uniform 
presence/absence performance. Overall, the AttractSPE HLB 
had the most detections, the AttractSPE SDB-RPS had fewer 
detections for one pesticide, and the Resprep C18 had fewer 
detections for three pesticides.
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Octadecylsilane (C18) without diffusion-limiting
   membrane (DLM, Resprep)

Hydrophilic-lipophilic balance with DLM (Atlantic)
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Figure 10. Pesticide detections for group A include a comparison 
of the 10 compounds detected by analyzing Chemcatcher 
passive sampling devices configured with octadecylsilane 
(C18) disks without a diffusion-limiting membrane (DLM) or 
hydrophilic-lipophilic balance (HLB) disks with a polyethersulfone 
(PES) DLM. The HLB disk with a PES DLM only detected the 
compound hexazinone (Uychutin and others, 2021).
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Figure 11. Comparisons of pesticide detection frequencies for group B using different disks in Chemcatcher passive sampling devices, 
including a hydrophilic-lipophilic balance (HLB) without a diffusion-limiting membrane (DLM), a styrene dinvinylbenzene-reverse phase 
sulfonate (SDB-RPS) without a DLM, and an octadecylsilane (C18) without a DLM for the nine compounds detected (Uychutin and 
others, 2021).
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The improvement in HLB performance in group B 
(AttractSPE HLB disks deployed without a DLM) versus 
group A (Atlantic HLB deployed with a PES DLM) 
indicates that the HLB sorbent type can accumulate many 
of the compounds in this study’s analyte list, but the use 
of a PES DLM substantially limited the accumulation of 
target compounds for the sampling durations in this study. 
The comparisons made in groups A and B show that the 
factor that most affected disk configuration performance 
for the compounds detected in this study was the use of a 
DLM. Deploying the Chemcatcher with a DLM between 
the receiving phase and the PTFE retaining ring for the 
14-day deployments used in this study restricted the uptake 
of pesticide compounds by the receiving phase (disk). The 
compound sorption to the disk was slowed appreciably by the 
DLM (extraction of a subset of DLMs revealed no appreciable 
sorption to the DLM itself). When deployed without DLMs 
(the Atlantic HLB disks disintegrated when deployed without 

a DLM), the three disk types capable of being used without 
a DLM (Resprep C18, AttractSPE HLB, and AttractSPE 
SDB-RPS) all detected the presence/absence of compounds 
analyzed for in this study similarly. When comparing pesticide 
concentrations in disks deployed in the same cage only, 
the Resprep C18 accumulated the greatest pesticide mass 
50 percent of the time, the AttractSPE SDB-RPS accumulated 
the greatest pesticide mass 30 percent of the time, and the 
AttractSPE HLB accumulated the greatest pesticide mass 
20 percent of the time (Uychutin and others, 2021).

One observation based on the dataset is that the 
accumulation of more hydrophobic pesticide compounds 
in the receiving phase is restricted by the application 
of a DLM (fig. 12). This observation supports the work 
of Charriau and others (2016) whose meta-analysis of 
Chemcatcher studies showed that the use of PES membranes 
in Chemcatcher can substantially limit the accumulation 
of more hydrophobic compounds in the receiving phase. 
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Figure 12. Detection counts of pesticide compounds from disks deployed during the study. Pesticide compounds on the x-axis 
are arranged in order of increasing hydrophobicity represented by the log octanol-water partition coefficient (Kow) values in 
parentheses (Kim and others, 2021): A, detections from 22 disks with a diffusion-limiting membrane (DLM) deployed in the study 
region from November 2018 to May 2019; and B, detections from 48 disks deployed without a DLM in the study region from May to 
December 2019 (Uychutin and others, 2021).
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When deploying Chemcatcher samplers with the goal of 
detecting presence/absence of pesticides that range from 
hydrophilic to hydrophobic, the results indicate that it is best 
to deploy disks with no DLM when calculating time-weighted 
averages is not required and the disk is sufficiently robust 
to allow for deployment without a DLM. Additional direct 
comparisons of Chemcatcher deployed concurrently using the 
same disks with and without DLMs would be necessary to 
further explore the correlation.

Silicone Band Passive Sampling Devices

During the study, 21 silicone bands were deployed, 
and 10 pesticides were detected in the silicone bands. Of 
the 21 silicone bands deployed, 14 bands accumulated 
at least 1 pesticide compound. Ten silicone bands were 
deployed between April and May 2019 in cages with 
hydrophilic-lipophilic balance (HLB) with diffusion-limiting 
membrane (DLM; Atlantic) and octadecylsilane (C18) without 
DLM (Resprep) disks (fig. 13). Nine silicone bands were 
deployed between October and December 2019 in cages with 
Hydrophilic-lipophilic balance (HLB) with diffusion-limiting 
membrane (DLM; Atlantic) and Octadecylsilane (C18) 
without DLM (Resprep) disks (fig. 14).

In the April–May 2019 comparisons, the silicone bands 
generally detected more hydrophobic pesticide compounds 
than Resprep C18 without DLM disks and Atlantic HLB 

with DLM disks. The azole fungicides propiconazole and 
difenoconazole were only detected in the silicone bands. 
The more hydrophilic compounds hexazinone, azoxystrobin, 
boscalid, and methoxyfenozide were detected in at least one of 
the Chemcatcher disks but not in silicone bands.

In the October–December 2019 comparisons, the silicone 
bands accumulated fewer pesticides than the Chemcatcher 
disks. Of the three compounds that silicone bands did 
accumulate in the October–December 2019 comparisons 
(azoxystrobin, dithiopyr, and pendimethalin), detection 
frequencies were lower than Chemcatcher disks for two of 
the compounds (azoxystrobin and dithiopyr). One silicone 
band did accumulate the single detection of pendimethalin in 
the study. Silicone bands did not consistently detect (or not 
detect) the same compounds as other passive samplers, which 
complicated efforts to directly compare results from silicone 
bands and other passive samplers. Additional testing is needed 
to make any conclusions about the performance of silicone 
bands when compared to Chemcatcher configurations tested 
in this study. The placement of silicone bands inside the cages 
(above the Chemcatcher disk holders) might have restricted 
flow across the silicone bands. Additional testing with the 
silicone bands deployed outside of the cages could be used 
to determine if their ability to accumulate compounds was 
affected by their placement inside the cages. The silicone 
bands are inexpensive, easy to deploy, and able to detect some 
compounds analyzed for in this study.
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Figure 13. Comparisons of detection frequencies of pesticides in passive sampling devices containing concurrently deployed sampling 
media: hydrophilic-lipophilic balance (HLB) samplers with diffusion-limiting membranes (Atlantic; DLMs), silicone passive sampling 
devices (S-PSDs), and Resprep octadecylsilane (C18) samplers without DLMs; all compounds that were detected in at least one of the 
three passive sampler types are shown on the figure (Uychutin and others, 2021).
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Figure 14. Comparisons of detection frequencies of pesticides in passive sampling devices containing concurrently deployed 
sampling media: octadecylsilane (C18) samplers without diffusion-limiting membranes (DLM;Resprep), hydrophilic-lipophilic balance 
(HLB) samplers without DLMs (Affinisep), styrene dinvinylbenzene-reverse phase sulfonate (SDB-RPS) without DLMs (Affinisep), and 
silicone passive sampling devices (S-PSD); all compounds that were detected in at least one of the three passive sampler types are 
shown on the figure (Uychutin and others, 2021).

Passive Samplers as a 
Reconnaissance Tool

Nineteen pesticides were detected in the extracts of 
passive samplers deployed in the study region (fig. 1). 
Detections of some of those compounds were expected based 
on land use and registered pesticide use, but some compounds 
were not expected to be detected in small, mid-elevation 
streams based on land use and registered pesticide use.

According to the California Department of Pesticide 
Regulation (2020a), nine of the compounds detected (the 
fungicides azoxystrobin and boscalid; the herbicides 
hexazinone, oxyfluorfen, and pendimethalin; and the 
insecticides bifenthrin, chlorantraniliprole, cyhalothrin, 
and methoxyfenozide) had registered applications inside 
watersheds of the study regions sites (fig. 1) in 2018. 
Seven of the compounds detected in the study region (the 
fungicides difenoconazole, fenbuconazole, and fluopicolide; 
the herbicides dithiopyr and indaziflam; and the insecticides 
coumaphos and fipronil) did not have registered applications 
inside the six study region watersheds in 2018 based on 
data reported at the section level within the six study region 
watersheds. Difenoconazole, dithiopyr, and fipronil did 
have registered applications at the county level in the study 
region counties; however, uncertainty exists regarding their 
uses within the monitored watersheds because their reported 
use locations are unknown. Coumaphos, fenbuconazole, 
fluopicolide, and indaziflam did not have registered pesticide 
use at the county or section level in 2018.

Interpreting patterns of pesticide detections based on 
watershed characteristics or pesticide-use data is difficult 
because of the inconsistent passive sampler configurations 
deployed during the study and the limited number of 
watersheds (six) tested. Focusing on the most widely deployed 
passive disk used in the study, pesticide detections by the 
Resprep C18 without DLMs demonstrated some patterns 
by watershed (fig. 15). Samples from additional watersheds 
would be needed to perform correlation analyses among the 
factors in appendix 1, table 1.1 and pesticide detection results.

Passive samplers were deployed three times during 
or immediately following wet conditions (storm events) 
and two times during dry conditions. More pesticides were 
detected in passive samplers deployed during wet-sampling 
events than during dry-sampling events. Pesticides that 
were detected during wet- and dry-sampling events were 
generally detected more frequently in wet-sampling events, 
with chlorantraniliprole and dithiopyr being the only 
exceptions (fig. 16).

Data from the November 26 to December 10, 2019, 
deployment at the North Fork Cosumnes River near 
El Dorado, California (USGS site 11333500; table 5; fig. 3) 
provided some evidence for episodic contaminant transport; 
the deployment of the Chemcatcher was bracketed by 
surface-water grab samples in which cyhalothrin was detected 
in the grab sample at the beginning of the sampling event and 
in the Chemcatcher disks that were deployed for 15 days but 
not in the grab sample collected at the end of the sampling 
event (table 5). Collecting grab samples alone has the potential 
to miss pulses of pesticides.
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Figure 15. Comparisons of accumulated masses of pesticides in 
the Resprep octadecylsilane (C18) disks from Chemcatcher passive 
sampling devices that were not equipped with diffusion-limiting 
membranes (DLMs); total mass accumulated is the sum of pesticide 
masses measured in four deployments for each site, grouped by 
pesticide-use type (Uychutin and others, 2021).

One of the goals of this study was to provide a 
reconnaissance-level study of pesticides in streams of the 
Sierra Nevada foothills that informs future sampling programs 
by determining where and when pesticides might be present in 
streams. Although assessment of the potential for pesticides to 
pose a risk to aquatic life was beyond the scope of this project, 
pesticide results from these passive samplers could be used 
to improve the design of studies that would be able to answer 
questions about the potential for pesticides in these streams to 
pose harm to aquatic life. For example, results from this study 
could be used to design a monitoring program with a focus on 
streams where the most concerning pesticides were detected.

Screening for the presence of pesticides with the most 
potential to be toxic to aquatic life is one reason to use the 
passive samplers as a reconnaissance tool. Pesticide results 
from the analysis of passive sampler extracts in this study 
cannot be directly compared to toxicity benchmarks because 
they are not quantified in units of pesticide mass per water 
volume. To provide some context by which to screen these 
streams without knowing water concentrations, a coarse 
selection of the most toxic pesticides was created by selecting 
pesticides from the EPA Office of Pesticide Programs (OPP) 
Aquatic Life Benchmark dataset that had benchmarks of less 
than 20 ng/L for either chronic or acute toxicity to aquatic life 
(U.S. Environmental Protection Agency, 2020).

Of the 19 pesticides detected in study-region 
streams, 3 insecticides were identified as pesticides of 
special concern because of their low benchmarks (less 
than 20 ng/L) for toxicity to aquatic life: bifenthrin, 
cyhalothrin, and fipronil (U.S. Environmental 
Protection Agency, 2020; Uychutin and others, 2021). 
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Figure 16. Comparisons of pesticide detection frequencies from Chemcatcher passive sampling devices deployed during wet- and 
dry-sampling events in the study region (Uychutin and others, 2021).
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Table 5. Cyhalothrin results for all samples where cyhalothrin was detected. 
Surface-water grab samples were collected at the start and end date of the North Fork 
Cosumnes River near El Dorado deployment. 

[Medium: C18, octadecylsilane; DLM, diffusion limiting membrane; HLB, hydrophilic-lipophilic balance; 
SDB-RPS, styrene divinylbenzene-reverse phase sulfonate. National Water Information System (NWIS) 
sites are from U.S. Geological Survey (2021). Abbreviations: mm/dd/yyyy, month/day/year; 
USGS, U.S. Geological Survey; ng/disk, nanogram per disk; na, not applicable for grab sample; 
ng/L, nanogram per liter; <, less than]

Medium
Sample start date  

(mm/dd/yyyy)
Sample end date  

(mm/dd/yyyy)
Concentration

USGS sites

11407500 South Honcut Creek near Bangor

C18–no DLM 10/08/2019 10/22/2019 35 ng/disk
HLB–no DLM 10/08/2019 10/22/2019 40.8 ng/disk
SDB-RPS–no DLM 10/08/2019 10/22/2019 27 ng/disk

392349121045601 Oregon Creek above Yuba River

C18–no DLM 10/08/2019 10/22/2019 31.7 ng/disk
HLB–no DLM 10/08/2019 10/22/2019 50.3 ng/disk
SDB-RPS–no DLM 10/08/2019 10/22/2019 32.2 ng/disk

11407500 South Honcut Creek near Bangor

C18–no DLM 11/25/2019 12/09/2019 68.2 ng/disk
HLB–no DLM 11/25/2019 12/09/2019 60.6 ng/disk
SDB-RPS–no DLM 11/25/2019 12/09/2019 64.7 ng/disk

392349121045601 Oregon Creek above Yuba River

C18–no DLM 11/25/2019 12/09/2019 26.6 ng/disk
HLB–no DLM 11/25/2019 12/09/2019 31 ng/disk
SDB-RPS–no DLM 11/25/2019 12/09/2019 9.58 ng/disk

11333500 Nork Fork Cosumnes River near El Dorado

Surface-water grab 11/26/2019 na 48.3 ng/L
C18–no DLM 11/26/2019 12/10/2019 34.7 ng/disk
HLB–no DLM 11/26/2019 12/10/2019 25.3 ng/disk
SDB-RPS–no DLM 11/26/2019 12/10/2019 28.7 ng/disk
Surface-water grab 12/10/2019 na <2.0 ng/L

11307550 North Fork Calaveras River at Hawver Road

C18–no DLM 11/26/2019 12/10/2019 58.5 ng/disk
HLB–no DLM 11/26/2019 12/10/2019 65.3 ng/disk
SDB-RPS–no DLM 11/26/2019 12/10/2019 51.5 ng/disk

The focus on these three compounds was not an assessment 
of water quality or a demonstration that the waters containing 
these compounds are toxic to aquatic life. However, one of the 
goals of this study was to provide a reconnaissance-level study 
of pesticides in streams of the Sierra Nevada foothills to guide 
future sampling programs; therefore, the presence of these 
compounds is information that resource managers could use 
when planning future sampling in the study region.

The following sections contain brief descriptions of 
pesticide use and patterns of detections for the three pesticides 
of concern. As sampling methods evolved in this study, the 

potential for the passive samplers to accumulate hydrophobic 
compounds likely improved as samplers transitioned from 
being deployed with DLMs to being deployed without DLMs 
(table 3). Bifenthrin and cyhalothrin are hydrophobic, and 
fipronil is moderately hydrophobic (Kim and others, 2021). 
Therefore, pesticide detections in samples collected during 
events 1 and 2 (deployments with DLMs) might have been 
biased low relative to samples collected during events 
3, 4, and 5 (deployments without DLMs).
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Bifenthrin

Bifenthrin is an insecticide that is registered for use on 
a variety of crops in agricultural applications as well as a 
variety of non-agricultural uses such as structural pest control 
or outdoor residential use (U.S. Environmental Protection 
Agency, 2010a). Bifenthrin was applied to Christmas trees in 
the Nork Fork Cosumnes River watershed in 2018 (table 1; 
California Department of Pesticide Regulation, 2020a). 
Bifenthrin also was applied for structural pest control and 
landscape maintenance in all counties containing study 
region sites. The actual location of non-agricultural pesticide 
application is not registered beyond the county level in 
California, so we could not confirm whether any county-level 
use occurred in study region watersheds. Bifenthrin also is an 
ingredient in products available for household use that would 
not be registered.

Bifenthrin was detected at least once at five out of 
six sites in the study region, including 11333500 North 
Fork Cosumnes River near El Dorado, California (table 1), 
where bifenthrin has a registered application. Detection 
frequencies were similar for wet- and dry-sampling events 
(fig. 15; 28 percent and 27 percent, respectively), but the 
3 (May 2019) wet-sampling events had the highest number 
of detections, with samples from 3 out of 6 sites containing 
bifenthrin (11307550 North Fork Calaveras River near 
Mokelumne Hill, California; 392349121045601 Oregon Creek 
above Covered Bridge near North San Juan, California; and 
384736120373501 South Fork American River above Forebay 
Road Bridge near Pollock Pines, California.)

Cyhalothrin

Cyhalothrin also is an insecticide that is registered for 
use on a variety of crops in agricultural applications and a 
variety of non-agricultural uses such as structural pest control 
and outdoor residential use (U.S. Environmental Protection 
Agency, 2010b). Registered agricultural use of cyhalothrin 
did not occur at the section level inside watersheds in the 
study region in 2018 (California Department of Pesticide 
Regulation, 2020a). Cyhalothrin was applied for structural 
pest control in all counties containing study region sites with 
minor applications for landscape maintenance and public 
health in some counties in 2018 (California Department 
of Pesticide Regulation, 2020a), but we could not confirm 
whether any of those applications occurred within study region 
watersheds. A guide released by the California Department 
of Pesticide Regulation listed cyhalothrin as one of several 
pesticides routinely found by law enforcement personnel 
at illegal cannabis grow sites (California Department of 

Pesticide Regulation, 2021). Aerial imagery indicates that 
cannabis grow sites are present in several of the study 
region watersheds, making cannabis grow sites a potential 
unregistered source of cyhalothrin. Cyhalothrin also is 
available for household use, which would not be registered.

Cyhalothrin was detected at least once at 4 out of 6 sites 
in the study region with similar detection frequencies for 
wet- and dry-sampling events (22 percent and 28 percent, 
respectively). The samples from wet-sampling event 
5 (November 2019) had the highest number of cyhalothrin 
detections with samples from four out of six sites 
containing cyhalothrin.

Unlike bifenthrin and fipronil, cyhalothrin was detected 
in a surface-water grab sample and can be directly compared 
to EPA Office of Pesticide Programs aquatic life benchmarks. 
The presence of cyhalothrin in four of the study region 
streams is potentially concerning to resource managers 
because cyhalothrin has low aquatic life benchmarks 
for acute toxicity to invertebrates and fish (3.5 ng/L for 
invertebrates and 39 ng/L for fish; U.S. Environmental 
Protection Agency, 2020). One surface-water grab sample, 
collected from the 11333500 North Fork Cosumnes River 
near El Dorado, California, on November 26, 2019, contained 
cyhalothrin at a concentration of 48.3 ng/L (table 5). That 
concentration exceeds the aquatic life benchmarks for acute 
toxicity to invertebrates and fish and is in the 86th percentile 
of all cyhalothrin concentrations in whole water or 
dissolved surface-water samples from California where 
cyhalothrin was present (California Department of Pesticide 
Regulation, 2020b).

Fipronil

Fipronil is an insecticide from the phenylpyrazole class 
of pesticides. Its uses include forestry; a variety of crops in 
agricultural applications; outdoor residential; and a variety 
of indoor uses including industrial, residential, and pets 
(U.S. Environmental Protection Agency, 2011). Registered 
agricultural uses of fipronil did not occur inside the study 
region watersheds in 2018. Like the two other pesticides of 
special concern (bifenthrin and cyhalothrin), fipronil was 
applied for non-agricultural uses inside counties containing 
study region sites in 2018. Fipronil was mostly applied for 
structural pest control with minor uses registered for landscape 
maintenance and regulatory pest control at the county level, 
but we could not confirm whether any of those applications 
occurred within study region watersheds. Fipronil also is an 
ingredient in products available for household use, which 
would not be registered.
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Fipronil and one of its degradates, fipronil desulfinyl, 
were detected at least once at four out of six sites in the 
study region. Two additional degradates (fipronil sulfide and 
fipronil sulfone) were detected at one site. Concentrations 
of fipronil degradates were not below the 20 ng/L threshold 
designated for this section, but research at the time of this 
study did indicate that degradates of fipronil are concerning 
at concentrations of as much as 4 orders of magnitude 
lower than the EPA OPP benchmarks (Miller and others, 
2020). Fipronil and fipronil desulfinyl were detected more 
frequently in samples from wet-sampling events than from 
dry-sampling events. Fipronil sulfide and fipronil sulfone were 
only detected in samples from wet-sampling events. Samples 
collected during event 3 (May 2019) had the highest detection 
frequencies for fipronil or its degradates, with detections at 
four out of six sites.

Summary
The U.S. Geological Survey, in cooperation with 

the Central Valley Regional Water Quality Control 
Board, deployed passive samplers in six streams during 
wet- and dry-sampling events between November 2018 and 
December 2019 to assess the presence of pesticides in northern 
California streams. Chemcatcher passive sampling devices and 
silicone bands were deployed concurrently as passive samplers 
within multiple-disk packages to determine an optimal disk 
configuration for measuring current-use pesticides in the 
waters sampled in the study region.

Nineteen out of 155 pesticides analyzed for in this 
study were detected at least once in streams sampled during 
the study, with the herbicides hexazinone and dithiopyr, 
the insecticides bifenthrin and methoxyfenozide, and the 
fungicide azoxystrobin being the most frequently detected 
compounds. Although aqueous concentrations were not 
measured in this study, three of the insecticides detected in 
this study, bifenthrin, cyhalothrin, and fipronil, are potentially 
concerning for resource managers because of their low 
benchmarks for toxicity to aquatic life. Chemcatcher passive 
samplers were tested using a variety of receiving phases from 
multiple manufacturers with and without diffusion-limiting 
membranes in a limited number of samples. When used 
without diffusion-limiting membranes, the receiving phases 
(independent of manufacture or type) performed similarly 
in the streams sampled. The results support previous studies 
indicating that the use of diffusion-limiting membranes may 
limit the accumulation of hydrophobic compounds. The 
ability of silicone bands to detect pesticides in streams was 
inconsistent upon comparison with Chemcatcher passive 
samplers, but this study does demonstrate that silicone bands 
are capable of accumulating pesticide compounds in streams 
and are inexpensive options for monitoring select pesticides.
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Appendix 1. Supplementary Information

Table 1.1. Study region characteristics by watershed in northern California where passive samplers were deployed between 2018 and 2019.

[USGS, U.S. Geological Survey; mi2, square mile; %, percent; mi, mile; lb/mi2, pound per square mile; <, less than]

Watershed
Area  
( mi2)

Forest  
(%)1

Grassland  
(%)1

Shrubland  
(%)1

Developed  
(%)1

Agriculture  
(%)1

Other 
land 

cover  
(%)1

Population 
density  

(people/mi2)2

Road 
density 

(mi/mi2)3

Transmission 
corridor density 

(mi/mi2)4

2018 
Pesticide 

use density 
(lb/mi2)5

Bear River 52 81 5.2 9.8 3.4 0 0.5 19 5.5 1.3 5.8
North Fork 

Calaveras 
River

74 26 51 21 1.7 <0.10 0.2 24 3.2 0 8.4

Nork Fork 
Cosumnes 
River

210 82 1.9 11 4.3 0 0.5 73 4.0 <0.10 31

Oregon 
Creek

35 91 0.6 4.5 3.5 0 0 10 5.4 0.10 17

South Fork 
American 
River

450 62 8.8 24 1.6 0 4.0 3.0 2.1 0.10 14

South Honcut 
Creek

31 85 5.8 7.3 1.7 0 0 30 4.2 0.10 12

1U.S. Geological Survey (2019a).
2U.S. Census Bureau (2010).
3U.S. Census Bureau (2020).
4California Energy Commission (2020).
5California Department of Pesticide Regulation (2020a).
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Table 1.2. Limits of detection (passive samplers) and method detection limits (surface-water samples) for compounds analyzed 
during the study. Alternate names are provided in parentheses where appropriate.

[CASRN, Chemical Abstracts Service Registry Number; LOD, limit of detection; ng/disk or band, nanogram per disk or band; 
MDL, method detection limit; ng/L, nanogram per liter; LC-MS/MS, liquid chromatography with tandem mass spectrometry; 
GC-MS/MS, gas chromatography with tandem mass spectrometry]

Compound name CASRN
Pesticide 

use

LODs for passive 
samplers  

(ng/disk or band)

MDLs for water 
samples  

(ng/L)

Analysis 
instrument

3,4-Dichloroaniline (3,4-DCA) 95-76-1 Breakdown 
product

2 8.3 LC-MS/MS

3,5-Dichloroaniline (3,5-DCA) 626-43-7 Breakdown 
product

4 7.6 GC-MS/MS

Acetamiprid 135410-20-7 Insecticide 2 3.3 LC-MS/MS
Acibenzolar-S-methyl 135158-54-2 Fungicide 2 3 GC-MS/MS
Allethrin 584-79-2 Insecticide 4 1 GC-MS/MS
Atrazine 1912-24-9 Herbicide 2 2.3 GC-MS/MS
Azoxystrobin 131860-33-8 Fungicide 2 3.1 GC-MS/MS
Benefin 1861-40-1 Herbicide 2 2 GC-MS/MS
Bifenthrin 82657-04-3 Insecticide 2 0.7 GC-MS/MS
Boscalid 188425-85-6 Fungicide 2 2.8 GC-MS/MS
Butralin 33629-47-9 Herbicide 2 2.6 GC-MS/MS
Captan 133-06-2 Fungicide 4 10.2 GC-MS/MS
Carbaryl 63-25-2 Insecticide 2 6.5 GC-MS/MS
Carbendazim 10605-21-7 Fungicide 2 4.2 LC-MS/MS
Carbofuran 1563-66-2 Insecticide 2 3.1 GC-MS/MS
Carboxin 5234-68-4 Fungicide 2 4.5 LC-MS/MS
Chlorantraniliprole 500008-45-7 Insecticide 2 4 LC-MS/MS
Chlorfenapyr 122453-73-0 Insecticide 2 3.3 GC-MS/MS
Chlorothalonil 1897-45-6 Fungicide 2 4.1 GC-MS/MS
Chlorpyrifos 2921-88-2 Insecticide 2 2.1 GC-MS/MS
Chlorpyrifos OA 5598-15-12 Insecticide 2 5 GC-MS/MS
Clomazone 81777-89-1 Herbicide 2 2.5 GC-MS/MS
Clothianidin 210880-92-5 Insecticide 2 3.9 LC-MS/MS
Clothianidin des methyl 135018-15-4 Breakdown 

product
2 4.6 GC-MS/MS

Coumaphos 56-72-4 Insecticide 2 3.1 GC-MS/MS
Cyantraniliprole 736994-63-1 Insecticide 2 4.2 LC-MS/MS
Cyazofamid 120116-88-3 Fungicide 2 4.1 LC-MS/MS
Cycloate 1134-23-2 Herbicide 2 1.1 GC-MS/MS
Cyfluthrin 68359-37-5 Insecticide 4 1 GC-MS/MS
Cyhalofop-butyl 122008-85-9 Herbicide 2 1.9 GC-MS/MS
Cyhalothrin 68085-85-8 Insecticide 2 0.5 GC-MS/MS
Cymoxanil 57966-95-7 Fungicide 2 3.9 LC-MS/MS
Cypermethrin 52315-07-8 Insecticide 4 1 GC-MS/MS
Cyproconazole 94361-06-5 Fungicide 2 4.7 GC-MS/MS
Cyprodinil 121552-61-2 Fungicide 2 7.4 GC-MS/MS
Dimethyl tetrachloroterephthalate 

(DCPA)
1861-32-1 Herbicide 2 2 GC-MS/MS
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Table 1.2. Limits of detection (passive samplers) and method detection limits (surface-water samples) for compounds analyzed 
during the study. Alternate names are provided in parentheses where appropriate.—Continued

[CASRN, Chemical Abstracts Service Registry Number; LOD, limit of detection; ng/disk or band, nanogram per disk or band; 
MDL, method detection limit; ng/L, nanogram per liter; LC-MS/MS, liquid chromatography with tandem mass spectrometry; 
GC-MS/MS, gas chromatography with tandem mass spectrometry]

Compound name CASRN
Pesticide 

use

LODs for passive 
samplers  

(ng/disk or band)

MDLs for water 
samples  

(ng/L)

Analysis 
instrument

3-(3,4-dichlorophenyl)-1-methy
lurea (DCPMU)

3567-62-2 Breakdown 
product

2 3.5 LC-MS/MS

3,4-dichlorophenylurea (DCPU) 2/8/2327 Breakdown 
product

2 3.4 LC-MS/MS

Deltamethrin 52918-63-5 Insecticide 2 0.6 GC-MS/MS
Desthioprothioconazole 120983-64-4 Breakdown 

product
2 3 LC-MS/MS

Diazinon 333-41-5 Insecticide 2 0.9 GC-MS/MS
Diazinon oxon 962-58-3 Breakdown 

product
2 5 GC-MS/MS

Dichlorvos 62-73-7 Insecticide 2 5.1 GC-MS/MS
Difenoconazole 119446-68-3 Fungicide 2 10.5 GC-MS/MS
Dimethomorph 110488-70-5 Fungicide 4 6 GC-MS/MS
Dinotefuran 165252-70-0 Insecticide 2 4.5 LC-MS/MS
Dithiopyr 97886-45-8 Herbicide 2 1.6 GC-MS/MS
Diuron 330-54-1 Herbicide 2 3.2 LC-MS/MS
S-Ethyl dipropylthiocarbamate 

(EPTC)
759-94-4 Herbicide 2 1.5 GC-MS/MS

Esfenvalerate 66230-04-4 Insecticide 2 0.5 GC-MS/MS
Ethaboxam 162650-77-3 Fungicide 2 3.8 LC-MS/MS
Ethalfluralin 55283-68-6 Herbicide 2 3 GC-MS/MS
Etofenprox 80844-07-1 Insecticide 2 2.2 GC-MS/MS
Etoxazole 153233-91-1 Insecticide 2 4.2 GC-MS/MS
Famoxadone 131807-57-3 Fungicide 2 2.5 GC-MS/MS
Fenamidone 161326-34-7 Fungicide 2 5.1 GC-MS/MS
Fenbuconazole 114369-43-6 Fungicide 2 5.2 GC-MS/MS
Fenhexamid 126833-17-8 Fungicide 4 7.6 GC-MS/MS
Fenpropathrin 71283-80-2 Insecticide 2 0.6 GC-MS/MS
Fenpyroximate 39515-41-8 Insecticide 2 5.2 GC-MS/MS
Fipronil 55-38-9 Insecticide 2 2.9 GC-MS/MS
Fipronil desulfinyl 205650-65-3 Breakdown 

product
2 1.6 GC-MS/MS

Fipronil desulfinyl amide 205650-69-7 Breakdown 
product

2 3.2 GC-MS/MS

Fipronil Sulfide 120067-83-6 Breakdown 
product

2 1.8 GC-MS/MS

Fipronil Sulfone 120068-36-2 Breakdown 
product

2 3.5 GC-MS/MS

Flonicamid 158062-67-0 Insecticide 2 3.4 LC-MS/MS
Fluazinam 79622-59-6 Fungicide 4 4.4 GC-MS/MS
Fludioxonil 131341-86-1 Fungicide 2 7.3 GC-MS/MS
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Table 1.2. Limits of detection (passive samplers) and method detection limits (surface-water samples) for compounds analyzed 
during the study. Alternate names are provided in parentheses where appropriate.—Continued

[CASRN, Chemical Abstracts Service Registry Number; LOD, limit of detection; ng/disk or band, nanogram per disk or band; 
MDL, method detection limit; ng/L, nanogram per liter; LC-MS/MS, liquid chromatography with tandem mass spectrometry; 
GC-MS/MS, gas chromatography with tandem mass spectrometry]

Compound name CASRN
Pesticide 

use

LODs for passive 
samplers  

(ng/disk or band)

MDLs for water 
samples  

(ng/L)

Analysis 
instrument

Flufenacet 142459-58-3 Herbicide 2 4.7 GC-MS/MS
Flumetralin 62924-70-3 Plant growth 

regulator
2 5.8 GC-MS/MS

Fluopicolide 239110-15-7 Fungicide 2 3.9 GC-MS/MS
Fluopyram 658066-35-4 Fungicide 2 3.8 GC-MS/MS
Fluoxastrobin 193740-76-0 Fungicide 4 9.5 GC-MS/MS
Fluridone 59756-60-4 Herbicide 2 3.7 LC-MS/MS
Flutolanil 66332-96-5 Fungicide 2 4.4 GC-MS/MS
Flutriafol 76674-21-0 Fungicide 2 4.2 GC-MS/MS
Fluxapyroxad 907204-31-3 Fungicide 2 4.8 GC-MS/MS
Hexazinone 51235-04-2 Herbicide 2 8.4 GC-MS/MS
Imazalil 35554-44-0 Fungicide 2 10.5 GC-MS/MS
Imidacloprid 138261-41-3 Insecticide 2 3.8 LC-MS/MS
Imidacloprid Urea not registered Breakdown 

product
2 4 LC-MS/MS

Indaziflam 950782-86-2 Herbicide 2 2.1 GC-MS/MS
Indoxacarb 173584-44-6 Insecticide 2 4.9 GC-MS/MS
Iprodione 36734-19-7 Fungicide 2 4.4 GC-MS/MS
Kresoxim-methyl 143390-89-0 Fungicide 2 4 GC-MS/MS
Malathion 121-75-5 Insecticide 2 3.7 GC-MS/MS
Malathion oxon 1634-78-2 Breakdown 

product
2 5 GC-MS/MS

Mandipropamid 374726-62-2 Fungicide 2 3.3 LC-MS/MS
Metalaxyl 57837-19-1 Fungicide 2 5.1 GC-MS/MS
Metconazole 125116-23-6 Fungicide 2 5.2 GC-MS/MS
Methoprene 40596-69-8 Insect growth 

regulator
2 6.4 GC-MS/MS

Methoxyfenozide 161050-58-4 Insecticide 2 2.7 LC-MS/MS
Methyl Parathion 298-00-0 Insecticide 2 3.4 GC-MS/MS
Metolachlor 51218-45-2 Herbicide 2 1.5 GC-MS/MS
Myclobutanil 88671-89-0 Fungicide 2 6 GC-MS/MS
Napropamide 15299-99-7 Herbicide 2 8.2 GC-MS/MS
Novaluron 116714-46-6 Herbicide 2 2.9 GC-MS/MS
Oryzalin 19044-88-3 Herbicide 2 5 LC-MS/MS
Oxadiazon 19666-30-9 Herbicide 2 2.1 GC-MS/MS
Oxathiapiprolin 1003318-67-9 Fungicide 2 3.2 LC-MS/MS
Oxyfluorfen 42874-03-3 Herbicide 2 3.1 GC-MS/MS
p,p'-Dichlorodiphenyl 

dichloroethane (p,p'-DDD)
72-54-8 Breakdown 

product
2 4.1 GC-MS/MS
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Table 1.2. Limits of detection (passive samplers) and method detection limits (surface-water samples) for compounds analyzed 
during the study. Alternate names are provided in parentheses where appropriate.—Continued

[CASRN, Chemical Abstracts Service Registry Number; LOD, limit of detection; ng/disk or band, nanogram per disk or band; 
MDL, method detection limit; ng/L, nanogram per liter; LC-MS/MS, liquid chromatography with tandem mass spectrometry; 
GC-MS/MS, gas chromatography with tandem mass spectrometry]

Compound name CASRN
Pesticide 

use

LODs for passive 
samplers  

(ng/disk or band)

MDLs for water 
samples  

(ng/L)

Analysis 
instrument

p,p'-
Dichlorodiphenyldichloroethylene 
(p,p'-DDE)

72-55-9 Breakdown 
product

2 3.6 GC-MS/MS

p,p'-Dichlorodiphenyltrichloroethane 
(p,p'-DDT)

50-29-3 Insecticide 2 4 GC-MS/MS

Paclobutrazol 76738-62-0 Plant growth 
regulator

2 6.2 GC-MS/MS

Pendimethalin 40487-42-1 Herbicide 2 2.3 GC-MS/MS
Penoxsulam 219714-96-2 Herbicide 2 3.5 LC-MS/MS
Pentachloroanisole (PCA) 1825-21-4 Breakdown 

product
2 4.7 GC-MS/MS

Pentachloronitrobenzene (PCNB) 82-68-8 Fungicide 2 3.1 GC-MS/MS
Penthiopyrad 183675-82-3 Fungicide 2 3.2 LC-MS/MS
Permethrin 52645-53-1 Insecticide 2 0.6 GC-MS/MS
Phenothrin 26002-80-2 Insecticide 2 5.1 GC-MS/MS
Phosmet 732-11-6 Insecticide 2 4.4 GC-MS/MS
Picoxystrobin 117428-22-5 Fungicide 2 4.2 GC-MS/MS
Piperonyl butoxide (PBO) 51-03-6 Synergist 2 2.3 GC-MS/MS
Prodiamine 29091-21-2 Herbicide 2 5.2 GC-MS/MS
Prometon 1610-18-0 Herbicide 2 2.5 GC-MS/MS
Prometryn 7287-19-6 Herbicide 2 1.8 GC-MS/MS
Propanil 709-98-8 Herbicide 4 10.1 GC-MS/MS
Propargite 2312-35-8 Insecticide 2 6.1 GC-MS/MS
Propiconazole 60207-90-1 Fungicide 2 5 GC-MS/MS
Propyzamide 23950-58-5 Herbicide 2 5 GC-MS/MS
Pyraclostrobin 175013-18-0 Fungicide 2 2.9 GC-MS/MS
Pyridaben 96489-71-3 Insecticide 2 5.4 GC-MS/MS
Pyrimethanil 53112-28-0 Fungicide 2 4.1 GC-MS/MS
Pyriproxyfen 95737-68-1 Insect growth 

regulator
2 5.2 GC-MS/MS

Quinoxyfen 124495-18-7 Fungicide 2 3.3 GC-MS/MS
Resmethrin 10453-86-8 Insecticide 2 1 GC-MS/MS
Simazine 122-34-9 Herbicide 2 5 GC-MS/MS
Sulfoxaflor 945678-00-3 Insecticide 2 4.4 LC-MS/MS
Tebuconazole 107534-96-3 Fungicide 2 3.7 GC-MS/MS
Tebufenozide 112410-23-8 Insecticide 2 3 LC-MS/MS
Tebupirimfos 96182-53-5 Insecticide 2 1.9 GC-MS/MS
Tebupirimfos oxon not registered Breakdown 

product
2 2.8 GC-MS/MS

Tefluthrin 79538-32-2 Insecticide 2 0.6 GC-MS/MS
Tetraconazole 112281-77-3 Fungicide 2 5.6 GC-MS/MS
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Table 1.2. Limits of detection (passive samplers) and method detection limits (surface-water samples) for compounds analyzed 
during the study. Alternate names are provided in parentheses where appropriate.—Continued

[CASRN, Chemical Abstracts Service Registry Number; LOD, limit of detection; ng/disk or band, nanogram per disk or band; 
MDL, method detection limit; ng/L, nanogram per liter; LC-MS/MS, liquid chromatography with tandem mass spectrometry; 
GC-MS/MS, gas chromatography with tandem mass spectrometry]

Compound name CASRN
Pesticide 

use

LODs for passive 
samplers  

(ng/disk or band)

MDLs for water 
samples  

(ng/L)

Analysis 
instrument

Tetramethrin 7696-12-0 Insecticide 2 0.5 GC-MS/MS
tau-Fluvalinate 102851-06-9 Insecticide 2 0.7 GC-MS/MS
Thiabendazole 148-79-8 Fungicide 2 3.6 LC-MS/MS
Thiacloprid 111988-49-9 Insecticide 2 3.2 LC-MS/MS
Thiamethoxam 153719-23-4 Insecticide 2 3.4 LC-MS/MS
Thiamethoxam degradate 

(CGA-355190)
not registered Breakdown 

product
2 3.5 LC-MS/MS

Thiamethoxam degradate 
(NOA-407475)

not registered Breakdown 
product

2 3.4 LC-MS/MS

Thiobencarb 28249-77-6 Herbicide 2 1.9 GC-MS/MS
Tolfenpyrad 129558-76-5 Insecticide 2 2.9 LC-MS/MS
Triadimefon 43121-43-3 Fungicide 4 8.9 GC-MS/MS
Triadimenol 55219-65-3 Fungicide 4 8 GC-MS/MS
Triallate 2303-17-5 Herbicide 2 2.4 GC-MS/MS
Tribufos 78-48-8 Defoliant 2 3.1 GC-MS/MS
Tricyclazole 41814-78-2 Fungicide 2 4.1 LC-MS/MS
Trifloxystrobin 141517-21-7 Fungicide 2 4.7 GC-MS/MS
Triflumizole 68694-11-1 Fungicide 2 6.1 GC-MS/MS
Trifluralin 1582-09-8 Herbicide 2 2.1 GC-MS/MS
Triticonazole 131983-72-7 Fungicide 2 6.9 GC-MS/MS
Zoxamide 156052-68-5 Fungicide 2 3.5 GC-MS/MS
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