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Pesticides are a major, global issue

Synthetic chemicals and global change
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Modern toxicology / Risk assessments
Do measured concentrations exceed thresholds?

Exposure
EC10 EC50
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25% of sites exceed a toxicity threshold

42 238
‘" EXPLANATION: o
38 * sample . %3
Drainage Area 36- 278 S
@ I ' o
© small 34| . . 294 E
© Medium 32! I : 313 a
O Large ‘ Toxicity due . g
3 to multiple 1333 El
Land Use 28 pesticides 357 ’f
() Agricultural g - | g
& i 226 185 &
ievelol [
@ wosi g 24 41.7 i
ix f j
22| 55 F
Boundaries t 1 H
I Midwest Region 2 s00 £
| Northeast Region 18 1556 -é'
Pacific Region 16 Toxicity due 1625 g
South Region 145 '°P“'“‘fﬂ?('l 14
) 4 \ West Region . onepestiade
0 250 500 1,000 Kilometers \ | ] S 12F 833
~J Z 1 = - ‘ ; 100.0
0.0000000001  0.00000001 0.000001 0.00001 0.0001 0.001 0.01 0.1 1 10
Benthic Invertebrate-PTI score < ‘90[[
OQI. ()
e

Covert et al 2020



UNCLASSIFIENON CLASSIF

Chapter 9: Rivers of Death “QILENT
SPRING

Rachel
(Carson gy

i‘.

FROM THE GREEN DEPTHS of the offshore Atlantic many paths lead back to the coast. They are
paths followed b y f i schastal hvers.

These events repeated a pattern that was age-old, a pattern that had made the Miramichi one of the
finest salmon streams in North America.

Before the spraying there had been a rich assortment of the water life that forms the food of salmon
and trouteéeBut now the stream insects were dead,

young salmon to eat.
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Eastern Spruce Budworm (Choristi -

0 Targets Fir and Spruce trees
0 2019 defoliated 5.5 millic

3 Total insect defoliation in

0 New Brunswick Outbrea
1940




1952 - 1993
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Active Ingredient Class Years
DDT Organochloride 1952-1968
Phosphamidon Organophosphate 1963-1977
Dimethoate Organophosphate 1965
Malathion Organophosphate 1965
Fenitrothion Organophosphate  1966-1993
Methomyl Carbamate 1970
Aminocarb Carbamate 1970-1987
Pyrethrin Carbamate 1970, 1973
Mexacarbate Carbamate 1971
Methoprene 1973
Trichlorfon Organophosphate 1973-1977
Bacillus thuringiensis kurstaki Biopesticide 1975-1993
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Historical pesticides
Higher toxicity

Longer persistence
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Still influence aquatic communities?
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Estimated Toxicity Load (ETL)
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ingecticides |I| climate ‘geology’ ‘ land cover site variables

EPT (%) coefficient

Univariate
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RDA: Environmental variables

Insecticides
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RDA: Environmental variables

Insecticides
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RDA: Environmental variables
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Small, but important, legacy impact

1952 to 1993 Contemporary benthic macroinvertebrate assemblages

insecticide applications 7
/ Key predictors

from 274 sites:

Insecticides
Substrate
Geology
Climate
Land use

97% of forests (6.2 M ha)
were' treated with
1 12 insecticides

3 spatial scales analyzed:
site, reach contributing area, and upstream catchment area

17



Goal of environmental toxicology

Trace effects on cellular targets to
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Herbicides In forestry

Year 0: Clear cut harvest
Year 1-2: Plant

Year 2-4: Herbicide
Year 50-70: Harvest

O¢ O¢ O«

O«

O«

Used to reduce competition between crop trees
and other vegetation

O«

95% is glyphosate

19
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Short-Term study (New Brunswick)

Moose Browse
Moose Browse

Short term exposure to concentrations
that predict negative effects
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Aquatic monitoring

296 Total samples
1 detection, 17 ppb (ug/L)

» Sample Site

B lm2010-2021 Herbicide
—River

= Sampled Watershed

Protection of aquatic health
Acute: 27,000 pg/L
Chronic: 800 pg/L

21
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Indirect Effects

Herbicide
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Indirect Effects

Herbicide
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Vegetation change
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35 blocks
21 herbicide
14 non-herbicide

4-15 years after harvest
3-13 years after herbicide
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NMDS2

0.51

0.04

-0.51

Community shift

Chamaenerion angustifolium
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\
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Indicator species
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Group Species % Non-Herbicide % Herbicide
Non-herbicide lowbush blueberry 100 % 63.6 %
velvet-leaved blueberry 93.3 % 54.5 %
sheep laurel 80.0 % 40.9 %
bracken fern 86.7 % 59.1 %
sweet-fern 53.3% 22.7 %
rhodora 60.0% 18.2 %
Block Type

Non-Herbicide Pine spp. 100 % 72.7 %

Herbicide
paper birch 93.3 % 81.8 %
mountain holly 66.7 % 36.4 %
Herbicide three-leaved rattlesnakeroot 13.3% 63.6 %
bunchberry 86.7 % 90.9 %
wild lily-of-the-valley 53.3% 86.4%
pearly everlasting 13.3% 54.571%

Xiao et al. Forestry 2023
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Abilotic environment
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Indirect effects

0 Glyphosate use in forestry unlikely to be directly toxic
3 Exposure

0 Glyphosate use changes the vegetation community
3 Fewer shrubs, more flowering plants
3 Earlier canopy closure, lower temperature, and higher moisture

0 Bumblebees respond to increased abundance of flowing plants
0 Salamanders respond to environmental change

Jx‘f., - ‘
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Invasive Species Management
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Hemlock Woolly Adelgid

8 I\ VIS N AN
d\'“.’ s L\NJ 24

First detected I n Virgl
Detected in Nova Scotia in 2017
Once infested with HWA, usually die in 4-15 years

Connecticut Agr Exp Stn UGA3225077
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Imidacloprid 0

Non-selective

High water solubility
Low K,

Photolysis major breakdown pathway
Soil DT,,: 16-1200 days

Water DT.,: < 5 days

Falling litter

Bark ray
Imidacloprid * ..

33



Field trials

Four 1 ha blocks per site

Xytect 2F applied to 40 to 60
hemlocks per year (1.89 L per ha limit)

Fall 2020 and Fall 2021 application
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e Sissiboo Falls
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Soll samples

Matrix 6 months 12 months 18 Months 24 months
Soil 50cm 2020, 2021 2020, 2021 2020, 2021 2020, 2021

2021 2020, 2021 2020, 2021 2020, 2021
Soil 200cm 2021 2021 2020, 2021 2020, 2021
Soil 400cm 2021 2021 2020, 2021 2020, 2021

2 Applications

2 Sites

4 Blocks
3-6 Trees

4 Distances from tree
4 Time periods

696 Soil samples

UNCLASSIFIENON CLASSIF
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Threshold: Species Sensitivity Distribution

A
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Edge et al. Can J For Res. 2025



Environmental Risk

NOEC
Risk quotient =
Environmental Concentration
HC5
EC50

> 1 predicts risk

Edge et al. Can J For Res. 2025
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Large, cumulative, spatial extent

2011-2021 Herbicide application
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