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Outline

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

2. Study Area and Methods
* National Water Quality Network
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* 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
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What is Imidaclopr

id?

* Popular systemic neonicotinoid insecticide that
treats insects in agricultural and urban settings

e 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{
* |nve
 U.S.

Beyond the Headlines: The Influence
of Insurance Pest Management on an
Unseen, Silent Entomological
Majority Frontiers in Sustainable
Christian H. Krupke " and John F. Tooker? FOOd SYStems' 2020

‘rations

z/L (ppt)
adversely
d species

* Most p
In previ

Neonicotinoid seed treatments of
soybean provide negligible benefits
to US farmers Scientific Reports, 2019
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Sean Malone®, Daren S, Mueller®, Seth Naeve'®, Emerson Nafziger?, Dominic D. Reisig'?,
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Estimated Agricultural Use

 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

_ Estimated Agricultural Use for Imidacloprid , 2019 (Preliminary)
EPest-High

Imidacloprid  (USGS Pesticide National Synthesis Project)

Other crops

Pasture and hay
Alfalfa

Orchards and grapes
Rice

Vegetables and fruit
Cotton

Wheat
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~85,000 results on the Water Quality Portal Samphng & Use Timeline

7000

so00| 0 Datsctons  1980s: Developed and patented
% 20007 * Highly effective against insect pests
= while being less toxic to mammals
= 3000
.:% 2000 -
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_AMERICAN BIRD
CONSERVANCY

Neonicotinoid insecticides:

Failing to come to grips with a
predictable environmental disaster

American Bird Conservancy, June 2023

An overview of agricultural neonicotinoid
regulation in the EU, Canada, and the
United States Pest Management Science, 2025

Katherine Dentzman,®” © Derek Franklin,® Edem Avemegah® and
Jessica R. Goldberger®
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* (Non-enforceable) benchmark

* A$ awareness increases, use

Toxicological Awareness

* As use increased, environmental

detections followed, prompting
toxicological studies
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C ncentratﬁm&ham}ge over tin

CONSERVANCY

—

e

restrictions Have ot ray” e
* Outdoor ban in the European Union

* Non-agricultural use restrictions in
Ontario and Quebec

e Use restrictions in California,
Minnesota, New York, Rhode Island,
Vermont, lllinois, Montgomery
County Maryland



Imidacloprid in the
Chesapeake Bay Watershed

* First detected in 2001 (groundwater)

e ~1,700 samples from 569 locations on the
Water Quality Portal

e 74% of locations with 1 sample
* 41% of samples from 3 locations in the NWQN

~1,700 Chesapeake Bay results on the Water Quality Portal
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[l Detections

150 1

100+
90 A~
. L 1

2000 2005 2010 2015 2020 2025

a USGS :

srcigmes fiv 3 clanping wortd

Annual Count

Imidacloprid Site Category

Groundwater e 9. - R
= ~ (o . =] ®
River/Stream AW, ¥ .
®p o
- e © e e
.. o o 0 L)
o o L
o ® ’o.‘ -
o o
o @ B
[¥] % &€ @ @
o Yo °

.‘ o pe .0 ] .“’
%o 42 .ot 'Susquehanna

RS ; )
/' ‘ ' . k

. 8 ° ¥, River
N ae o [

PotomacRiver g

o + ‘f:;".',. . '
- @8 ; N

Accotink Creek ° e -
.. I TN o ° .o
- o o - @
g @cicrimono: ® Ry
& ® e Y
e &




[ ] [ ]
Antietam G k Sh shi . MD . - . - . .
(a) g AT Rk near =napER First national-scale reconnaissance of neonicotinoid P reVI O u S St u d I e S
mm Clothianidin

s Thiamethoxam insecticides in streams across the USA

20 \ 100 _ — ] ]
; |\ ) . fnvironmentalChemistry, 295 1 o 2015: Imidacloprid detected less
L. . | . N Michelle L. Hladik™" and Dana W. Kolpin . . 2e

o| S g e T often than clothianidin and

; ny thiamethoxam

o= AR T sl * Increase in concentration following
o e et | storm events

(b) 150 ig Pipe Creek at Bruceville, MD

100

m Clothianidin
h mmm Thiamethoxam

1004 L,
E
[+
o -
@ Explanation

| & ® Targeted ch ste
o0 % o " Eomum’m miles|

[w

—btd

Total neonicotinoid concentration (ng L b

Apr May Jun
(©) Chillisquaque Creek at Chillisquaque, PA (
200
s Clathianidin ,(
Imidacloprid 100 \‘
150 I Thiamethoxam N

\ \ \ 10

\NJ k. “,
~Ne Ay
50
Explanation
A Natorwide study sie
] pr— || 0.1 ©® Targeted research site
Apr May Jumt ) 0 25  ScOmies
it
2014 Q250 500wm




EXPLANATION Contems Fozs svalioble ot SdenceDiect

[ ] [ ]
Lazd usa Sta type Science of the Total Environment P reVI O u S St u I e S
. Urdan @ Whin
. Opea water o Agreutural jeurnal homepage: www. elsevier.cemfosnte/sciteteny
. forestprassiand © Miscd
Pasarahay -
Culthvaied crops @ Undeveioprd

| Effects of urban multi-stressors on three stream biotic assemblages L) ¢ 20 1 5 : I m id a c I 0 p ri d d Ete Cte d I e SS

- T A5 FAE R o 522 o o °
—— V. Mk Mo . ik W Mo, Mot L . e often than clothianidin and
s 4 S Gackgiont Swvwy, Orvgon Wewe Somve Conwer, 3120 W S dee 1 00 T, 15

*US Grokogod Sewp, Teum Wer Samwr Conor, 2505 Roppnon Lowe, Avaie, TX TN754 L2

t h i t h
TS Cavkoghon Surwy, Foraes W r Scoivace Cower @821 Gwnd O Boos, Lowrencs, K5 GE0MS, 15A

* Increase in concentration following
A T storm events

radiest. Urban(zaotion

] « Booeted regression tree models were e 5}
! wed 0o (daatily majar sresors. Y 4 ' | ° o .

- Msphors. hericides, Mow, and = FISH
s oo 2019: Detected in Northern

comen Ui, <\ A‘
- Insecriioes, dissatied O, Do and 4 o . o« .

o s prociee. U oumtaanide Vi rginia urpan stream sam pies
- Dissobved O, sedunere. T, cortas- Harbicizes nsectigdes Paw

e e * Key stressor for predicting

NORTH
CAROLINA

fot fish Toral Pak

O ssched Oopgen

invertebrates
DIFFICULT RUN ABOVE FOX DIFFICULT RUN NEAR GREAT S F LITTLE DIFFICULT RUN
LAKE NEAR FAIRFAX, VA FALLS, VA ABOVE MOUTH NR VIENNA, VA
____________ Acutethreshold_*|| _ _ _ _ _ _ _ _o
— 3001
dm ™
£ o *
- 1001 *lE -
a d &
2 [ i L L I . ' . e @ o
e . . . .
E E F L L
T oL - — ______ ]® Chronicthreshold || _ _ _ _ _ _ _ _
1 : . ;
T | I [ s e T Is T Tm T -]
y, My My "y By e, Hy, By Y "y by, Wy
%] %] D %] %] ]
& RUA g"\@ o o oF o o ﬁ\fﬁ} o o
» K » K »




Mw NE SEP PN CACC

| Previous studies
ﬁﬁ.; cience of The Total Envirenmen = 1 i
- Skt H * 2015: Imidacloprid detected less

o often than clothianidin and
Is there an urban pesticide signature? Urban

streams in five U.S. regions share common thiamethoxam

dissolved-phase pesticides but differ in * Increase in concentration following
predicted aquatic toxicity storm events

Liza H. Mowell " 2 B patrick W Moren " Lours 8. Bexhiold *. Barbarg ]- Mahler °, Poter €. Van

Matre @5, poul M. Bradley ©, Travis 5. Schmidt *, Daniel T. Butten ?, Sharon L.gi " Y 20 19 : Dete cted i n N O rt h e r‘ n

Median Cmax (ng/L), summed for all pesticides
Median of Cmax, summed for all pesticides (ngil)

2000
| ; | | \
1 ! 1 1 1
1000 | [’ e B ; ]
' —: o3 :-- : :
. = || \ l |
ollllg l!lm!; ml
g $TEEE e

T . Suifometuron-methyl
g . Tebuthiuron
Triclopyr

SELELS RIS Virginia urban stream samples
$ TF gL o 4o
7 oW T o * Key stressor for predicting
g | , T _ Othor ungice invertebrates
5 30 ' D ' ' ' ' Other insecticide
® ' ' . - . | Other hembicide °
: | : | e * 2021: Washington DC had
| ; BRI highest max concentrations
: : | | | 2 Tebucon . . e o
T | ; B e il:‘f,.l‘}”“ * Potential invertebrate toxicity
; ol | g L | e driven by imidacloprid
s EII IE | W
i | el | | BHoe
) | AUAAE. am_p| Moo
i &

& USGS 1 B



B Bifenthrin

Cnnrenrs Hsts meallabde ot Scocnecliect

R Science of the Total Environment
£oanibe

ELSEYIER

Factors contributing to pesticide contamination in riverine systems: The
role of wastewater and landscape sources

Samuel A Miller™ | Kayveee E, Faunce ™, Larry B, Barber °, Jacob A, Fleck”, Daniel W, Burns”,
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Mo wastewater
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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
501 invertebrates

2021: Washington DC had
highest max concentrations

* Potential invertebrate toxicity
driven by imidacloprid
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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

e 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
e Susquehanna River at Conowingo, MD

= USGS
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Imidacloprid (ng/L)

~ 100+

Imidacloprid
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#® Detected # Mot Detected — Predicted Concentration

* Detection frequency and concentrations

were summarized by land use, drainage
L . °
Acute e . e area, and geographic region
benchmark
e Concentrations compared to benchmarks
* Chronic freshwater invertebrate: 10 ng/L
l * Acute freshwater invertebrate: 385 ng/L
o® ® Chronic benchmark * .
. """"""" _— _— _— _— — * Annual loads and 10—year concentration
2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 trend Calculated using SeawaveQ
POTOMA( 1090 / \SHINGTON, DC
e * Sites with at least 20% detections were analyzed
- v E
Acute ben £ 4 " %ymswgé
'''''''''''''''''''' E_ ., G T seawave(Q—An R Package Providing a Model and Utilities
£ . A AT for Analyzing Trends in Chemical Concentrations in Streams
S o0t R with a Seasonal Wave (seawave) and Adjustment for
E . : ‘:._’ AT b ® Streamflow (Q) and Other Ancillary Variables, Version 2.0.0
E - }",f:' s ‘mes » .. JOURNAL OF THE AMERICAN WATER RESOURCES ASSOCIATION
® E ) ‘Jj.‘.“;‘* an o o Sorad o AMERICAN WATER RESOURCES ASSOCIATION
| oo owe 0 R
o p 4 - Chronic MODELING VARIABILITY AND TRENDS IN
| 104, o | * penchmark PESTICIDE CONCENTRATIONS IN STREAMS'
o T 10 100 1000 ' T T
2015 2014 Measured Imidacloprid (ng/L} 2021 202z 2023 A.V. Vecchia, J.D. Martin, and R.J. Gilliom®




Concentration Summary
* 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
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Observation ® Detected ® Not Detected — Prediction
Accotink Creek Near Annandale. Virainia (A)
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Benchmark Summary

* The average (24.9 ng/L) and median
(11.9 ng/L) concentrations
exceeded the chronic benchmark

e 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




Concentration-discharge patterns

» 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

= USGS
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Local Imidacloprid Trends
* 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

e 1.26 tons of imidacloprid delivered to the
Chesapeake Bay from 2013 to 2022
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@ Atchafalaya River @ Mississippi River National ImidaCIOPrid Trends

150007 O (A) « Half of the sites had an increasing trend
§ * Few sites with decreasing trends
S 100004 * Average increase of 10.6 ng/L over the decade
E G/M * 15 ssites had an increase greater than 100%
S 50004 O © © e Concentration doubled in the Mississippi River
S M e 143 tons to the Gulf of America over decade
< . * About 4% of estimated agricultural use

* Enough annual load equivalent to treat 1,000 mi? of

2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 corn or 139 mi? of turfgrass
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M t I I t Multiple lines of evidence point to pesticides as stressors affecting
a n age m e n m p Ica Io n S invertebrate communities in small streams in five United States regions

Lisa H. Nowell , Patrick W. Moran ", Tan R. Waite ", Travis S. Schmidt”, Paul M. Bradley *,

* Impaired streams that lack healthy Barbara J. Mahler -, Peter C. Van Metre -
invertebrate communities require Emonmer Wosners 52 7092 5
management plans Identifying Key Stressors Driving Biological Impairment in

Freshwater Streams in the Chesapeake Bay Watershed, USA

* I m pleme ntation pla ns that do nOt Rosemary M. Fanelli' - Matthew J. Cashman® - Aaron J. Porter’
address pesticide contamination may
e | Science o}fTheTotal Environr:nent H

fall short of efforts to remediate et ot P
invertebrate communities Effects of urban multi-stressors on three

stream biotic assemblages
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R. Meader °, Peter C. Van Me

* Aquatic life are subject to multiple s ™25 TN
stressors, but the regulatory ﬁ T —

\ Matre *, Daren M. Carlisle

framework requires addressing the e
most probable ow e
* Evidence for pesticides as stressors to Limitations of ch-emical monitoring hinder aquatic risk
invertebrates, yet rarely monitored evaluations on the macroscale Science, 2025
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Volume Accotink Creek Impairment

Stressor Analysis Report for the

* Impaired due to poor macroinvertebrate health

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

 TMDLs developed for chloride and sediment

Benthic Macroinvertebrate Impairments
in the Accotink Creek Watershed,

Fairfax County, Virginia

* “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.”
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Acute ¥ it ¢ Imidacloprid detected year-round in 96% of samples
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* 96% of samples exceeded chronic benchmark
* 5% of samples exceeded acute benchmark
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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 [ s oo . L
Wa_ltars-had. 2022 (ver. 3.0, April 2025) "-E-h] 400 1 N . T
* High costs for mass-spectrometry analysis == s | |
prohibit comprehensive monitoring - s
* Immunoassay method (ELISA) showed strong 3 ]
agreement with conventional analysis 2 1004 Bl
. . o ey Spearman =0.92
* ELISA samples collected in Fairfax County E | i p <0.0001
* 100% of samples collected from a row crop E N z@é]{EU;iu IL;{J.:-J
. . . midaciopri .n
region had detections using ELISA method: ’ °
Water quality and contaminants in stream surface waters collected in the Reconnaissance of imidacloprid in select
Delmarva Peninsula, 2022 (Schreiner et al., 2022, hitps://doi.org/10.5066/P16AZAWC) V|rg|n|a Streams, 2024_2025m:pmuoaom.uo,scee;mvao«

* 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 October 2024 July 2025
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Imidacloprid in United States Rivers, 2013—-2022: Persistent
Presence and Emerging Chronic Hazard

Samuel A Miller,* Travis 5. Schmidt, Larry B. Barber, Michelle L. Hladik, Dana W. Kolpin,
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Imidacloprid concentrations and trends
in United States Rivers, 2013-2022
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Conclusions

* 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
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Abstract

Biological communities in freshwater streams are often impaired by multiple stressors (e.g., flow or water quality) originating
from anthropogenic activities such as urbanization, agriculture, or energy extraction. Restoration efforts in the Chesapeake
Bay watershed, USA seek to improve biological conditions in 10% of freshwater tributaries and to protect the biological
integrity of existing healthy watersheds. To achieve these goals, resource managers need to better understand which stressors
are most likely driving biological impairment. Qur study addressed this knowledge gap through two approaches: 1)
reviewing and synthesizing published multi-stressor studies, and 2) examining 303(d) listed impairments linked to biological
impairment as identified by jurisdiction regulatory agencies (the states within the watershed and the District of Columbia).
Results identified geomorphology (ie., physical habitat), salinity, and toxic contaminants as important for explaining
variability in benthic community metrics in the literature review. Geomorphology (ie. physical habitat and sediment),
salinity, and nutrients were the most reported stressors in the jurisdictional impairment analysis. Salinity is likely a major
stressor in urban and mining settings. whereas geomorphology was commonly reported in agricultural settings. Toxic
contaminants, such as pesticides, were rarely measured; more research is needed to quantify the extent of their effects in the
region. Flow alteration was also highlighted as an important urban stressor in the literature review but was rarely measured in
the literature or reported by jurisdictions as a cause of impairment. These results can be used to prioritize stressor monitoring
by managers, and to improve stressor identification methods for identifying causes of biological impairment.
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