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1. Background
• What is imidacloprid?
• Previous Chesapeake studies

2. Study Area and Methods
• National Water Quality Network 
• Comparison to aquatic life benchmarks
• Trend analysis (SEAWAVE-Q)

3. Results and Management Implications
• Concentration-discharge patterns
• Local sites Accotink Creek & Potomac River

4. Challenges and Opportunities



What is Imidacloprid?
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• Popular systemic neonicotinoid insecticide that 
treats insects in agricultural and urban settings
• Agricultural: Broad-spectrum prophylactic seed 

treatment, as well as foliar spray and granules
• Non-agricultural: turfgrass, gardens, termite deterrent, 

invasive species control, forestry, veterinary products 

• High solubility and moderately mobile
• Potential for leaching into groundwater

• Highly toxic to insects at low concentrations
• Invertebrate chronic benchmark = 10 ng/L (ppt)
• U.S. EPA determined imidacloprid likely adversely 

affects 79% of endangered or threatened species

• Most potential toxicity to aquatic invertebrates 
in previous regional and national assessments



Estimated Agricultural Use
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(USGS Pesticide National Synthesis Project)

• Agricultural use throughout the United States 
• Soybeans, cotton, wheat, corn, vegetables, orchards
• No accurate non-agricultural use data available
• Since 2015, seed treatment use data unavailable

• Increase in use attributed to development of 
insecticide resistant pests (“pesticide treadmill”)



No data 
2020-2025

Sampling & Use Timeline
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• 1980s: Developed and patented 
• Highly effective against insect pests         

while being less toxic to mammals

• 1990s: Commercialized and 
Registered in the United States
• Used for both agricultural and       

non-agricultural purposes 

• 2000s – present: One of the most 
used insecticides in the world
• USGS sampling increased in 2012 with 

new method from the NWQL

• 21% of all Water Quality Portal results 
from National Water Quality Network
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Toxicological Awareness
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Chronic Benchmark (pre-2016) • As use increased, environmental 
detections followed, prompting 
toxicological studies

• (Non-enforceable) benchmark 
concentrations change over time

• As awareness increases, use 
restrictions have occurred
• Outdoor ban in the European Union

• Non-agricultural use restrictions in 
Ontario and Quebec

• Use restrictions in California, 
Minnesota, New York, Rhode Island, 
Vermont, Illinois, Montgomery 
County Maryland



Imidacloprid in the 
Chesapeake Bay Watershed
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• First detected in 2001 (groundwater)
• ~1,700 samples from 569 locations on the 

Water Quality Portal
• 74% of locations with 1 sample

• 41% of samples from 3 locations in the NWQN

Accotink Creek

Potomac River

Susquehanna 
River
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Previous studies
• 2015: Imidacloprid detected less 

often than clothianidin and 
thiamethoxam
• Increase in concentration following 

storm events

• 2019: Detected in Northern 
Virginia urban stream samples
• Key stressor for predicting 

invertebrates

• 2021: Washington DC had 
highest max concentrations  
• Potential invertebrate toxicity 

driven by imidacloprid

• 2024: Detected at 28/32 sites in 
Potomac River Basin
• Contributed the most to potential 

invertebrate toxicity
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Study Area
• Pesticide samples collected 

routinely from 77 sites in the 
National Water Quality Network
• Consistent methods enable long-

term comparative assessments
• 12,547 imidacloprid samples 

analyzed from 2013 to 2022

• Sites were characterized by 
dominant land use, drainage 
area, and geographic region

• Three sites within the 
Chesapeake Bay Watershed
• Accotink Creek near Annandale, VA
• Potomac River at Chain Bridge, at DC
• Susquehanna River at Conowingo, MD
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Acute 

benchmark

Chronic benchmark

Chronic 

benchmark

Acute benchmark

Methods
• Detection frequency and concentrations 

were summarized by land use, drainage 
area, and geographic region

• Concentrations compared to benchmarks
• Chronic freshwater invertebrate: 10 ng/L

• Acute freshwater invertebrate: 385 ng/L

• Annual loads and 10-year concentration 
trend calculated using seawaveQ
• Sites with at least 20% detections were analyzed
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Concentration Summary
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• Detected in 44% of all samples
• 72/77 sites with at least one detection

• 47/77 sites with more than 20% detections

• Sites with higher concentrations and 
more frequent detections tended to be:
• Developed and agricultural watersheds

• Smaller in drainage area

• Located in the South or Midwest



Benchmark Summary
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• The average (24.9 ng/L) and median  
(11.9 ng/L) concentrations 
exceeded the chronic benchmark 
• 44% of sites had a median 

concentration that exceeded the 
chronic benchmark

• Acute exceedances were rare

• Among trend sites (47/77 sites), the 
median concentration exceeded the 
chronic benchmark in all months 
and years during the study period
• Year-round potential chronic exposure



• Half of the trend sites showed a positive 
concentration-discharge (C-Q) slope 
• Indicating dominant sources transported 

through fast delivery pathways
• Short-term improvements at these sites can 

happen by targeting critical source areas

• Sites with flat or negative slopes imply 
subsurface saturation of imidacloprid and / 
or presence of point sources
• Short-term mitigation less effective and 

requires long-term and large-scale approaches

• Mississippi River sites had a downstream 
shift from positive to negative C-Q slopes
• Indicating potential groundwater saturation 

and accumulation from legacy sources
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Local Imidacloprid Trends
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Acute

benchmark

Chronic benchmark
Chronic benchmarkChronic benchmark

• Accotink Creek had highest average 
concentration in national network
• Small developed watershed in northern Virginia

• Imidacloprid doubled from 2013 to 2022

• Detected year-round in 96% of samples

• “Had the highest concentrations of pesticides 
measured in the Potomac River Basin and 
ranked among the highest observed, 
nationwide” – Ator et al., (1998)

• Potomac River had among the largest 
relative concentration increase in 
national network (192%)
• Large watershed representing mixed land uses

• 1.26 tons of imidacloprid delivered to the 
Chesapeake Bay from 2013 to 2022



National Imidacloprid Trends
• Half of the sites had an increasing trend

• Few sites with decreasing trends
• Average increase of 10.6 ng/L over the decade
• 15 sites had an increase greater than 100%

• Concentration doubled in the Mississippi River

• 143 tons to the Gulf of America over decade
• About 4% of estimated agricultural use
• Enough annual load equivalent to treat 1,000 mi2 of 

corn or 139 mi2 of turfgrass 
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2020

Management Implications
• Impaired streams that lack healthy 

invertebrate communities require 
management plans
• Implementation plans that do not 

address pesticide contamination may 
fall short of efforts to remediate 
invertebrate communities

• Aquatic life are subject to multiple 
stressors, but the regulatory 
framework requires addressing the 
most probable
• Evidence for pesticides as stressors to 

invertebrates, yet rarely monitored



21

Accotink Creek Impairment
• Impaired due to poor macroinvertebrate health

• Chloride, hydromodification, habitat modification, and 
sediment identified as most probable stressor

• TMDLs developed for chloride and sediment

• “Since the monitoring of pesticides is infrequent after 2002, it 
is possible that pesticides are having an adverse impact on 
biota. Such impacts, if they occur, are likely to be episodic, 
because the pesticides currently in use tend not to be as 
persistent in the environment as chlorinated insecticides like 
chlordane, whose use was banned in 1988.”

• Imidacloprid detected year-round in 96% of samples
• 96% of samples exceeded chronic benchmark

• 5% of samples exceeded acute benchmark

Preliminary Information – Subject to 
revision. Not for Citation or 

Distribution

https://www.fairfaxcounty.gov/parks/sites/parks/files/assets/documents/plandev/lake-accotink/virginia-department-of-environmenta-quality-accotink-creek-stressor-analysis.pdf


Challenges and Opportunities
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• High costs for mass-spectrometry analysis 
prohibit comprehensive monitoring
• Immunoassay method (ELISA) showed strong 

agreement with conventional analysis

• ELISA samples collected in Fairfax County

• 100% of samples collected from a row crop 
region had detections using ELISA method:

• Updated agricultural use estimates through 
2022 expected later this year
• Lack of non-agricultural and seed treatment 

use make it challenging to analyze data

• Trends from 80 pesticides later this year
• Lack of imidacloprid degradates and other 

neonics prohibit risk assessment
Preliminary Information – Subject to 

revision. Not for Citation or 
Distribution



Conclusions
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• The most widely used insecticide in the world 
was detected in 44% of samples from 77 rivers 
and streams from 2013 to 2022
• Used in both agricultural and urban areas

• The median / average concentration from 12,547 
samples exceeded / doubled the chronic 
benchmark for invertebrates
• 44% of the 77 sites had a median concentration that 

exceeded the chronic benchmark including large 
watersheds such as the Mississippi River

• Accotink Creek had highest average concentration

• Half of the sites had increasing trends

• Widespread presence, benchmark exceedances, 
and increasing trends suggest potential hazard 
to aquatic life and risk to ecosystem health



Questions?
Sam Miller

smiller@usgs.gov

Potomac River from Weverton Cliffs



USGS research on pesticides & biological impairment
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