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FIGURE 1: Map of sampling locations for the Great Lakes Restoration Initiative—Contaminants of Emerging Concern collaborative project.
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: Background

GLRI Phase I: Identified a few contaminant classes as priorities

e Monitored at 57 Great Lakes tributaries
e 69 compounds - 15 chemical classes
e Priority chemical classes based on concentrations and comparison to water quality

benchmarks
o Pesticides
o PAHSs

o Pharmaceuticals

GLRI Phase I, Water Year 2016: Pesticides




&  What questions did we want to answer about pesticides in the Great Lakes?

What and where:
e \What pesticides are present in Great Lakes tributaries? How does land use
impact the presence of pesticides in tributaries?

Prioritization:

e \Which compounds are the most likely to negatively impact aquatic biota?
Which sites should we prioritize for further investigation or management
actions?

Seasonality:

e Are pesticides an episodic (growing season) or year-round threat to aquatic
biota?
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2 Summary of Data Collected

Pesticides

e 232 compounds: Herbicides, N

Insecticides, Fungicides aTN- e
StLoui
o Parent compounds and 46°N -

(some) degradates —
e 16 Great Lakes tributaries
o Watershed
characteristics: Gradient
of agriculture to urban to

forest/wetland 41°N -

44°N -

43°N -

42°N -

e Monthly surface water sampling: 90w W B0°w 7S
October 2015 - September 2016
* All results can be found in Oliver
et al. 2022 or Loken et al. 2022
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/ Concentration relevanh * Relatively inexpensive &

fast (many compounds,

ToxCast/Tox21 many biological
endpoints)

« Cannot directly translate
to biological impacts

Concentration that induced
cellular or molecular
response to chemicals (in

\ vitro assay) /
Aquatic Life Benchmarks - Relatively expensive &
m n
Transformation Concentration that induced ?Iowt (feWtCO p_ou ds,
organismal response to e_W arget species)
Transport chemicals (in vivo assay) * Directly related to

organism-level impacts
v & // g p

streams




How prevalent are pesticides in
tributaries of the Great Lakes?

e Pesticides were detected in
190/198 (96%) samples

e Pesticides were detected in
all 16 tributaries

e Of the 232 compounds
measured, 104 were detected

e 80% of samples had 10 or
more pesticides detected

l Month
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When are pesticides presentin _ [concentration =
tributaries of the Great Lakes? 2 _
o Pesticides are detected % a7 | —
year-round at all sites = | LT I T _
e Concentrations and the @ e | = — e
number of detected e L A A 1
compounds peak June ¥ 7 Number of T =
through August § g | Pesticides T i T
I ;T ; =|m
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In which tributaries of the Great
Lakes are pesticides present?

e Pesticides are detected
year-round at all sites

e Concentrations and the
number of detected
compounds peak June
through August

e Between 6-72 unique
compounds detected per site
across the study duration

e Few compounds detected at
the wetland and forested sites

Pesticide
Occurrence Ranking

Land Use/Cover

Rouge -
IndianaHC -
Milwaukee -

Clinton -

Cuyahoga -

Maumee -
Stdoseph -
Vermilion -

Saginaw -

Eex&

Manitowoc -
GrandMI -
Genesee -

Oswego -

Bad -
StLouis -

Relative Value

]

0.00 0.25 0.50 0.75 1.00
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& What pesticides are present in
O tributaries of the Great Lakes?

Herbicides and related
transformation products (TPs)
were the most frequently
detected class of pesticides

o Atrazine and two TPs
were present in 75% of
samples at all sites

Neonicotinoid insecticides
imidacloprid and clothianidin

were most frequently

detected insecticides (44% of

samples)

Oliver et al. 2022

+r neonics

Metolachlor A

2,4-D A

Diuron A

Atrazine A

Acetochlor 4
*Deisopropylatrazine
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Metribuzin A
*Deethylatrazine A
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Propazine A
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Dicamba 4
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spiolgiay
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Pesticides are in all Great Lakes
tributaries where we sampled.

Is this biologically meaningful?



/ Concentration relevanh

ToxCast/Tox21

We can estimate potential for negative biological impact
by dividing our measured concentration by a benchmark
value reported from either ToxCast or ALB Concentration that induced

cellular or molecular
response to chemicals (in

\ vitro assay) /
Measured 4 ™\
Concentration Aquatic Life Benchmarks
------------------- - Ex.p.osure APtIVIty Ratio (EAR) Concentration that induced
Benchmark or Toxicity Quotient (TQ) T | ————
concentration chemicals (in vivo assay)

S 7/

*We used EAR > 0.001 and TQ > 0.1 as conservative
thresholds for potential negative impact

Oliver et al. 2022



N sites with
TQchem™>0.1 or EARhem>0.001

Pesticide exceedances of water quality benchmarks

Number of sites w/ exceedances

EAR

TQ

14 4

12

104

Jan FebMar AprMayJun Jul AugSep OctNovDec JanFebMar AprMayJun Jul AugSep OctNovDec

Number of pesticides w/ exceedances

— All pesticides

.. Pesticides with
toxicity/bioactivity

~Half of sites
potentially negatively
impacted by
pesticides
year-round

In any given month, ~5
or more chemicals
contributing to
exceedances.
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& Which pesticides may negatively
& impact aquatic biota?
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& Which pesticides may negatively

& impact aquatic biota’? We identified 16 priority parent

compounds based on:

Metolachlor{ ¥ ¥ % % |[[7 Jod [ I e Occurrence (if no toxicity
1% % % % | . . .
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Atrazine{ ¥ * * % [D]187 I[[I g
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Simazine - * * * 1 I90 | | I )
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Propiconazole - ® - |41 | % ® Compound Cont”buted tO
. * | o . .
Carsendazi b | ' mixture with EAR > 0.001
. * * * | )
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Which sites are likely to have
negative impacts to biota?

Sites with the highest human disturbance in
the watershed (ag + urban) had the highest
potential negative impacts from pesticides
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0 Which tributaries have the greatest potential for negative effects
4 from pesticides?

0 TQ EAR mixtures Land Use/Cover
Rouge -
IndianaHC - cC
Mitwaukee - ~ 1IIn S
Cuyahoga- R
Many Sltes had Maumee - IRIES] 23.8 5 -
year-round Stloseph- 1IN 0
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Manitowoc - D @ @ 00 |
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& & ((\0 Q & @eb
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Conclusions

High potential for biota in tributaries
of the Great Lakes to be negatively
impacted by pesticides
» Potential increases with % ag +
% urban in watershed
Pesticides likely impacting biota in
GL tributaries year-round
« Highlights the importance of
transformation +
transport/storage
These screening tools (ALB and
ToxCast) suggest that neonics
(particularly imidacloprid and
clothianidin) are a few of many
pesticides that have potential for
negative biological impacts
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g Il c°°0
Ry ool 0 10 20 30 40 10 30 50 70
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Thank_s! Questions?

Feel free to reach out: soliver@usgs.gov



