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Be Afraid, Be Very Afraid!

UNDERGROUND

The planetary threat posed by
- Monsanto’s herbicide (glyphosate)

Mystery Sclence: More Detalls on the Strange Organism That Could Destroy Monsanto
By Melanie Warner

Back in January, a noted plant scientist who spent much of his career at Purdue University sent a letter to
theUSDA informing the agency that he'd discovered amysterious new disease-causing organism in Monsanto's
(MON) genetically engineered Roundup Ready corn and soybeans. Now, that scientist — Don Huber — has
written a follow-up letter to the USDA and appears in a videotaped interview where he presents an even scarier
picture of the damage he claims Monsanto's herbicide chemical glyphosate (the main ingredient in Roundup) is
doing to both plants and the animals who eat them.

In the 20-minute interview, which was conducted by Food Democracy Now's Dave Murphy, Huber makes a
strong case for his own credibility, appearing as a droll, erudite Midwestern scientist with deep connections to
corn and soybean growers and livestock farmers. Although Huber's findings have not yet been verified by
outside scientists or published in a peer reviewed journal, the severity of his claims is such that the USDA ought
to give them immediate attention.




WHO Done It!

Che New Hork Cimes
W.H.O. Report Links Ingredient in Roundup to Cancer

By REUTERS MARCH 20, 2015

The world’s most widely-used weed killer can “probably” cause cancer, the
World Health Organization said on Friday.

The organization’s cancer arm, the International Agency for Research on
Cancer, said glyphosate, the active ingredient in the Monsanto herbicide

Roundup, was “classified as probably carcinogenic to humans.” It also said
there was “limited evidence” that glyphosate was carcinogenic in humans
for non-Hodgkin lymphoma.

Monsanto, the world’s largest seed company, said scientific data did not
support the conclusions and called on the group to hold a meeting to
explain the findings.

“We don’t know how IARC could reach a conclusion that is such a dramatic
departure from the conclusion reached by all regulatory agencies around

the globe,” Philip Miller, Monsanto’s vice-president for global regulatory
affairs, said in a statement.

The U.S. government says glyphosate is considered safe. It is mainly used
on crops like corn and soybeans that are genetically modified to survive it.




Lawyers Licking their Lips??

'Roundup's active ingredient facing |
wave of legal challenges as alleged |
carcinogen

al. LOUIS POST-DISPATCH
By Bryce Gray St. Louis Post-Dispatch Mar 12, 2017 |
( pe——— March 12, 2017

Current stats on lawsuit cases:
Bayer (Nlonsanto) 3 losses, 6 wins
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In this June 28, 2011 file photo, bottles of Roundup herbicide, a product of Monsanto, are display
on a store shelf, in St. Louis. (AP Photo/]eff Roberson, File)
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Glyphosate, the active ingredient in Monsanto’s marquee product,
Roundup, is coming under fire from hundreds of legal challenges across
the U.S., with individuals alleging that the herbicide is carcinogenic and
linked to cases of non-Hodgkin lymphoma.




Are You Pissed Yet?

‘Disturbing’: weedkiller ingredient tied
to cancer found in 80% of US urine

samples Carey Gillam
Sat 9 Jul 2022 056.30 EDT

CDC study finds glyphosate, controversial ingredient found in
weedKkillers including popular Roundup brand, present in samples

Glr{zlllr%lian

O The CDC has only recently started examining the extent of human exposure to glyphosate in the
US. Photograph: Benoit Tessier/Reuters

More than 80% of urine samples drawn from children and adults in a US
health study contained a weedkilling chemical linked to cancer, a finding
scientists have called “disturbing” and “concerning”.

The report by a unit of the Centers for Disease Control and Prevention (CDC)
found that out of 2,310 urine samples, taken from a group of Americans
intended to be representative of the US population, 1,885 were laced with
detectable traces of glyphosate. This is the active ingredient in herbicides
sold around the world, including the widely used Roundup brand. Almost a
third of the participants were children ranging from six to 18.




What the F**S*#@K...There’s Glyphosate in My Body??




Agenda

® Risk Assessment for Human Health Protection Deconstructed
V' Why we need better characterization of exposure data
® Components of exposure data
v For human health, risk cup factors (food, water, residential exposure)
® What we know about exposure from food, water, and residential use, worker use
v/ EPA assessment
V' Literature assessment
® Use of exposure data for RA
v/ EPA data

v/ Dietary from the literature



Is There Glyphosate in My Food????

But Is It Safe for My Health???? |

Yes, Under U.S. Law (i.e, FFDCA), the Residues Meet the Standard of

“Safe”, a Reasonable Certainty of No Harm




‘Pesticide Law’ Before the FQPA

Insectr'cidei Act (1910) Pure Fooci Act (1906)
FIFRA FFDCA
(1947) (1938)
FEPCA Miller (1954)
(1972) Delaney (1958)
Risk Assessment ——Tolerance (“MRL”)
Ecological ] Human Health J
Labeling Reg Istration

9



The Label Is the Law
(The Prime Mechanism for Controlling Pesticide Use)

~\

Roundup

PowerMAX

DIRECTIONS FOR USE

It is a violation of Federal law to use this product in any manner Inconsistent

”[ RB I [ I D[ with its labeling. This product may only be used In accordance with the
| . | Directions for Use on this label or in separately published supplemental
[9'!0.@!#9” lapeling. Supplemental labeling for this product can be obtaine from your
——— | Authorized Bayer CropScience LP Representative.
Complete Directions for Use for Roundup Ready crops . . :
olective brop o e o Rowndup Reaty Grops Do not apply this product in a way that will contact workers or other persons,
Non-selective, broad-spectrum weed control for many agricultural systems and farmsteads Blthﬁ'r d”-ec.tly ur thrnugh drlﬂ: Only prUtBCted handlers may bB |n the area

during application. For any requirements specific to your State or Tribe,
consult the agency responsible for pesticide regulation.
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Legal Definition of Tolerance (via EPA)
(A Secondary Mechanism of Controlling Pesticide Use)

® | imits on the amount of pesticides that may remain in or on foods marketed in
the USA

v/ The limits on pesticides left on foods are called "tolerances" in the U.S. (they
are referred to as maximum residue limits, or MRLs, in many other countries)

v/ EPA establishes tolerances for each pesticide based on the potential risks to
human health posed by that pesticide

“ Some risk assessments are based on the assumption that residues will always
be present in food at the maximum level permitted by the tolerance

“ Other risk assessments use actual or anticipated residue data, to reflect real-
world consumer exposure as closely as possible

® Tolerances are periodically reviewed

® Analytical method for residues must be validated

11


http://www.epa.gov/pesticides/carat/2000/june/paper1.htm

FFDCA: Authority for Establishment & Enforcement

® FPA sets the tolerance limits for each pesticide that may be found on
foods...

v/ But the US Department of Agriculture (USDA) enforces tolerances
established for meat, poultry and some egg products...

v/ and the Food and Drug Administration (FDA) enforces tolerances
established for other foods.

V' “In this way, these federal agencies ensure that the nation's food supply
IS maintained safely at all times.”

¢ Under the FFDCA the EPA Administrator determines that the tolerance
is safe and they can modify or revoke a tolerance if not safe.”

% A “safe” tolerance is one with a reasonable certainty that no harm will
result from aggregate exposure (food, water, residential use) to the
pesticide chemical residue

12



How Is “Safe” Determined: Enter the Risk Assessment Paradigm

Hazard — Dose-Response

ldentification Relationships
Array of potential What Dose
adverse effects Causes No Effect
(Potential for HarV
1 Risk

Characterization
NOAELs for the Tox

Endpoints

Exposure
Assessment

Expected Dose from Relationship
Product Use & Between Hazard &
Environmental Residues Exposure

(Probability of Harm)
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How the FQPA Changed Pesticide Law

Insecticide Act Pure Food Act
(1{910) (1?06)
FIFRA FFDCA
(1947) (1938)
FEPCA Miller (1954)
(1972) Delaney (1958)

Risk Assessment Tolerance ("MRL”)

Ecological Human Health

Labeling——— Registration
FQPA

(1996)
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Mandates of the FQPA
EPA Creates New Science Policies for Risk Assessment

® Tolerances will be “safe,” i.e., “a reasonable certainty that no harm will result
from aggregate exposure”

v Examine all sources of consumer exposure (dietary and residential pesticide
use, i.e., aggregate exp.) and cumulate resides having the same biochemical

mode of action

v/ Special consideration of whether a pesticide mimics hormones of the
endocrine system (extra ‘safety factors’)

v/ Special consideration of whether children have a special sensitivity (extra
‘safety factors’)

v/ No distinction between raw and processed commodities with regard to risk
assessment (including carcinogenicity potential)

® All tolerances had to be reassessed by 2006

15



FQPA Objective: Protect Consumers
Premise: Most Exposures from Diet

The Risk Cup Metaphor

Top of Cup = RfD (mg/kg/day) FQPA Risk Cup w/
Child

Endocrine,
Home & Lawn Cancer Hazard

Water PAD

Home & Lawn

Water

Food
Food

| _ Risk Cup May Shrink
“Old” Risk Cup  FQPA Risk Cup by a Factor of 10X



How a Tolerance Is Developed

® Tolerances are residues (typically expressed as ppm or mg/kg)
® Manufacturer proposes tolerance

v/ Based on field studies of residues on a commodity in major growing regions of
the country

“ Atolerance is always a little higher than the highest residues to hedge bets
against exceeding it

" Thus, a tolerance is not really a safety standard, however...

® EPA validates tolerances using risk assessment and applies a concept known as
TMRC (Total Maximum Residue Contribution) to judge whether a tolerance meets
the standard of “safe” (i.e., reasonable certainty of no harm)

V' Thus, the EPA must determine a reference dose (RfD), as well as estimate the
residues likely to be found, and the amount of each commodity typically
consumed

17



TMRC
(Theoretical Maximum Residue Contribution)

® The sum of all exposures to residues at the tolerance level cannot exceed the
Reference Dose (RfD), the “safe” level by policy design

v/ The RfD is 100X less exposure than the NOAEL (No Observable Adverse Effect
Level) from required tox studies

v Pre-FQPA: considered food residues only
v/ Post-FQPA: tolerance would have to account for aggregate exposures

® Because the benchmark of safety is whether exposure exceeds the RfD, risk
assessment is necessarily part of the process on the road to tolerance validation

V' Thus, tolerances are tied to, but not synonymous with, a benchmark of safety

® The EPA has determined that any exposure to glyphosate over a lifetime is “safe”
if the body dose is < 1 mg/kg; in the EU, the safe dose is 0.5 mg/kg

18



Field Residue Studies

® Recommended application rates and
one or two levels higher

® Harvest at the recommended or
desired Pre-Harvest Interval (PHI)

® Normally samples are composited

v/ But for many fresh fruits, a single
unit (single serving) contributes to
acute exposure

19



TMRC--Basic Procedure

® Applicable to new registrations

v/ Screening tool when tolerances are used as the exposure residue
v/ Can use field residues (higher tier or refined analysis)

V' Modify residues by % Crop Treated
® Need food consumption information
v/ USDA Continuing Survey of Food Intake by Individuals

® Multiply residue tolerance by food consumption of that food to give
exposure

® Sum all exposure possibilities

® Total exposure cannot exceed RfD (for glyphosate, RfD = 1 mg/kg/day)



History of Glyphosate Use

® Roundup, the original formulation of glyphosate,
registered in 1974

® EPA issues final Re-registration Eligibility Decision (RED) I?g?’,’c;’,’,%’ﬂ

document in 1993
Hodeﬂ_
v/ Rights-of-way & Aquatic uses

Roundug
> . . POWER VAN
Monsanto to commercialize soybean seed lines resistant

® USDA approves non-regulated status of RR crops, allowing
to glyphosate toxicity (¥1995-1996)

V' Glyphosate largely restricted to pre-plant “burn down”
uses

Specially formulated
for Roundup Ready’crops 21

® The birth of the transgeniccropera = :




Historical Trends in Glyphosate Use in the USA

Estimated Agricultural Use for Glyphosate , 1992
EPest-Low
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Data from the USGS NAWOQA Program Pesticide National Synthesis Project
https://water.usgs.gov/nawqa/pnsp/usage/maps/show map.php?year=2019&map=GLYPHOSATE&hilo=L&disp=Glyphosat
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https://water.usgs.gov/nawqa/pnsp/usage/maps/show_map.php?year=2019&map=GLYPHOSATE&hilo=L&disp=Glyphosate

Historical Trends in Glyphosate Use in the USA

Estimated Agricultural Use for Glyphosate , 2006 ~ Estimated Agricultural Use for Glyphosate , 2019 (Preliminary)
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https://water.usgs.gov/nawqa/pnsp/usage/maps/show_map.php?year=2019&map=GLYPHOSATE&hilo=L&disp=Glyphosate

The 29 Year Trend in Glyphosate Use in the USA

Estimated Agricultural Use for Glyphosate , 1992
EPest-Low

|

~ Estimated Agricultural Use for Glyphosate , 2019 (Preliminary)
EPest-Low
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https://water.usgs.gov/nawqa/pnsp/usage/maps/show_map.php?year=2019&map=GLYPHOSATE&hilo=L&disp=Glyphosate

Historical Trend in Glyphosate Use Intensity
Tracks with Roundup Ready Crop Production

Use by Year and Crop
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Adoption of genetically engineered crops in the United States, 1996-2022

Percent of planted acres
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https://www.ers.usda.gov/data-products/adoption-of-genetically-
engineered-crops-in-the-u-s/recent-trends-in-ge-adoption/




, Tolerances Everywhere

Tolerances
And It’s All Legal and Validated under FFDCA as “Safe”

26
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Tolerances, Tolerances Everywhere...And It’s All Perfectly Legal & “Safe”

Soybean, forage

Corn, field, stover

Teff, hay

Teff, forage

Forage, fodder, straw of cereal grains (Group 16)
Soybean, hulls

Soybean, hay

Spearmint, tops

Peppermint, tops

Leucaena, forage

Kenaf, forage

Cotton, gin byproducts

Grass, forage, fodder and hay, group 17
Grain aspirated fractions

Animal feed, nongrass, group 18

Beet, sugar, tops

Beet, sugar, roots

Corn, field, forage

Soybean, seed

Canola, seed

Beet, sugar, dried pulp

Almond, hulls

Sugarcane, molasses

Cereal Grains, Group 15 (corn, wheat, rice, oats)
Barley, bran

Oilseeds, group 20, except canola

Glyphosate Tolerances =100

0

100 200 300
Tolerance (ppm)

Glyphosate Tolerances =10 - <100

400

Tolerance (ppm)

Glyphosate Tolerances >1-10

Epazote

Citrus, dried pulp

Perilla, tops

Sugarcane, cane
Oregano, Mexican, leaves
Dokudami

Sweet potato

Shellfish

Corn, sweet, kernel/cob, no husk
Sheep, meat byproducts
Horse, meat byproducts
Hog, meat byproducts
Goat, meat byproducts
Corn, field, grain

Cattle, meat byproducts
Vegetable, legume, group 6
Teff, grain

Quinoa, grain

Carrot

Tea, instant

Spice subgroup 19B

Hop, dried cones

Pea, dry

Tolerance (ppm)

Glyphosate Tolerances >0.2-1.0

Fish4{ ]

Vegetable, cucurbit, group 9- |
Ugli fruit- |

Peanut, hay- |

Okra- |

Fruit, citrus, group 10-10- |
Cactus, pads- |
|

|

|

|

Cactus, fruit-
Asparagus-
Aloe vera-
Alfalfa, seed-

Poultry, meat byproducts-

Tea, dried-

Stevia, dried leaves-

Pistachio-

Nut, tree, group 14-

Nut, pine-

Coffee, bean, green-

Chaya-

Betelnut-

0.0 0.2 0.4 0.6
Tolerance (ppm)
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Egg
Poultry, meat
Vegetable, fruiting, group 8-10 (except okra)
Rice, wild, grain
Rice, grain
Pineapple
Peanut
Palm, oil
Gourd, buffalo, seed
Corn, pop, grain
Coconut
Yacon, tuber
Wax jambu
Watercress, upland
Water spinach, tops
asabi, roots
Vegetables, root and tuber, group 1
Vegetable, leaves of root and tuber, group 2
egetable, leafy, except brassica, group 4
Vegetable, leafy, brassica, group 5
Vegetable, foliage of Ie?ume, subgroup 7A
egetable, bulb, group 3-07
Ti, roots
Ti, leaves
Tamarind
Surinam cherry
Sugar apple
Starfruit
Star arple
Spanish lime
Soursop
Sapote, white
Sapote, mameK

apote, blac
Sapodilla
Rose apple
Rambutan
Pulasan
Pomegranate
Persimmon
Pepper leaf, fresh leaves
Pawpaw
Passionfruit
Papaya, mountain
Papaya
Palm heart, leaves
Palm heart
Olive
Noni
Mioga, flower
Marmaladebox
Mangosteen
Mango
Mamey apple
ychee
Longan
Kava, roots
Jackfruit
Jaboticaba
Imbu
Imbe
llama
Herbs subgroug 19A
uava
Gow kee, leaves
Governor's plum
Ginger, white, flower
Galangal, roots
Fruit, stone, group 12
Fruit, pome, group 11-10
Fig
Feijoa
Durian
Date, dried fruit
Custard apple
Cherimoya
Canistel
Cacao bean, bean
Breadfruit
Blimbe
Biriba
Berry and small fruit, groug 13-07
anana
Bamboo, shoots
Avocado
Atemoga
Artichoke, globe
Ambarella
Acerola

0.00 0.05

Tolerance (ppm)



Glyphosate Tolerances (ppm) Authorized under FIFRA

Glyphosate Tolerances =100 Glyphosate Tolerances =10 - <100
Soybean, forage Beet, sugar, tops
Corn, field, stover
Teff, hay Beet, sugar, roots
Teff, forage Corn, field, forage

Forage, fodder, straw of cereal grains (Group 16)
Soybean, hulls

Soybean, hay

Spearmint, tops Beet, sugar, dried pulp

Peppermint, tops Almond, hulls

Leucaena, forage

Kenaf, forage

Cotton, gin byproducts Cereal Grains, Group 15 (corn, wheat, rice, oats)

Grass, forage, fodder and hay, group 17
Grain aspirated fractions

Animal feed, nongrass, group 18

Soybean, seed

Canola, seed

Sugarcane, molasses

Barley, bran

Oilseeds, group 20, except canola

0 100 200 300 400 0 10 20 30 40
Tolerance (ppm) Tolerance (ppm)
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Glyphosate Tolerances (ppm) Authorized under FIFRA

Glyphosate Tolerances >1-10

Epazote

Citrus, dried pulp

Perilla, tops

Sugarcane, cane
Oregano, Mexican, leaves
Dokudami

Sweet potato

Shellfish

Corn, sweet, kernel/cob, no husk
Sheep, meat byproducts
Horse, meat byproducts
Hog, meat byproducts
Goat, meat byproducts
Corn, field, grain

Cattle, meat byproducts
Vegetable, legume, group 6
Teff, grain

Quinoa, grain

Carrot

Tea, instant

Spice subgroup 19B

Hop, dried cones

Pea, dry

0

1

'2 3456 7 8
Tolerance (ppm)

Glyphosate Tolerances >0.2-1.0

Fish-

Vegetable, cucurbit, group 9-

Ugli fruit-

Peanut, hay-

Okra-

Fruit, citrus, group 10-10-

Cactus, pads-

Cactus, fruit-

Asparagus-

Aloe vera-

Alfalfa, seed-

Poultry, meat byproducts-

Tea, dried-

Stevia, dried leaves-

Pistachio-

Nut, tree, group 14+

Nut, pine-

Coffee, bean, green-

Chaya-

Betelnut-

0.0
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Tolerance (ppm)




Glyphosate Tolerances (ppm) Authorized under FIFRA

Glyphosate Tolerances <0.2 ppm

0.20

n (=
- -

<) <)

(wdd) asuessjoy

0.05




Comparison of Tolerances (=MRLs, Maximum Residue Limits)
Among OECD Countries

Quinoa-=

Sunflowe I'P

Buckwheat Peas Soybean-
—— Sosame
Teff A
N
: YDt - £ Pumpkin
© _ —
§ Oat == | © Mustard
N —————————— BeanS? Linseed
Sweet COrn e — Hemp
Field Corn - 0 > 10 ' |
Maximum Residue Limits (ppm) Cotton
Barley 0 10 20 30 40
0 5 10 15 20 Maximum Residue Limits (MRLs), ppm

Maximum Residue Limit (MRL = U.S . Tolerance), ppm

B FAO/WHO MRLs
B EU MRLs

B US MRLs
[] Health Canada MRLs 31




Global Harmonization

® So as not to impede global commerce,
all countries engaged in importing and
exporting food commodities have
agreed to worldwide standards for MRLs

® However, in the U.S., our tolerances may
differ somewhat from global MRLs

® Thus, we are constantly in negotiation
with other countries to harmonize our
tolerances and MRLs
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So, What Are the Residues Found on Food

® |n the U.S., Two basic government routine monitoring programs
v/ FDA Monitoring Programs
“+ Enforces tolerances under the FFDCA
=  Regulatory & Compliance Monitoring
"= |ncident/Level Monitoring
" Total Diet Study
v/ USDA Pesticide Data Program (PDP)
% Cooperative with 10 State laboratories

® Academic studies:

V' Periodic depending on funding; more snapshot than trend over time
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Glyphosate Residues in Cereal Commodities (Based on 6 Published Academic Studies) I

Cereals Maximum Residues (ppm) US Tolearnce % of Tolerance

Wheat 11.1 30 37.0

Wheat bran <0.7 30 2.3

Barley <0.45 30 1.5

.................................................................................................................................................................................................................................................................................................................

Durum wheat 0.421 30 1.4

.................................................................................................................................................................................................................................................................................................................

Breakfast cereal 0.291 30 1.0

Flour & baking mixtures 0.133 30 0.4

.................................................................................................................................................................................................................................................................................................................

Corn syrup <0.015 5 0.3

.................................................................................................................................................................................................................................................................................................................

Oat <0.08 30 0.3

.................................................................................................................................................................................................................................................................................................................

Bread 0.0458 30 0.2

Rye <0.04 30 0.1

Wheat Flour 0.02 30 0.1

.................................................................................................................................................................................................................................................................................................................

Wheat pastry snacks 0.0179 30 0.1
| | Xu et al (2019)
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Glyphosate Residues in Legume Commodities (Based on 6 Published Studies) l

Legumes (Pulses) el sl US Tolerance % of Tolerance

(Ppm)
RR Soybean

Soy sauce

Pea

Soy milk, tofu

Xu et al (2019)
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Glyphosate Residues in U.S. Soybean, Corn, Milk, Eggs:
USDA & FDA Studies (2018-2020)

Vicini et al. (2021)

# Samples 5 . Maximum ppm % of US
Analyzed o Lessstors Detected Tolerance

Soybean grains
Soybean grains
Corn

Milk

Eggs

U.S. Tolerance for Soybeans = 20 ppm

U.S. Tolerance for Eggs = 0.05 ppm
U.S. Tolerance for Corn = 5 ppm B8 PP

36 No US Tolerance for Milk



Canadian Food Inspection Agency
Studies of Glyphosate Residues in Diverse Foods

Food Category # Samples % Detections Max % of MRL

Dairy/Meet 22 0 0 0

Fresh/Processed Fruit & Vegetables 1473 12 0.15 150 *

Other Grains (e.g., rice, buckwheat, rye) 626 31 5.9 5900 *

Corn & Products 501 23 045 15

..........................................................................................................................................................................................................................................................

Legumes (Beans/Peas) 770 42 13 25

Wheat & Products 807 76 8.5 57

Barley & Products 103 50 2.1 21

Oats & Products 310 75 3.1 21

Soybean & Products 204 10 6.0 30

Infant Foods 927 31 o5 2

..........................................................................................................................................................................................................................................................

Processed Foods (e.g, cookies, pizzas) 2212 61 1.9 5

Kolakowski et al (2020) 2



Significance of Canadian Findings I

® Out of 7955 samples analyzed, only 46 in total Analysis of Foods for Glyphosate
(i.e., 0.5%) were found to be violative of the MRL Number of samples with

non-compliant levels, 46

%

Food Cat ’
ood Category ~ # Samples o . ..

Fresh/Processed
Fruit &
Vegetables

Other Grains
(e.g., rice,
buckwheat, rye)

Legumes
(Beans/Peas)

Kolakowski et al. (2020) 38



Why Is There Glyphosate In Our Piss???

100% WHOLE GRary
BIG BISCUIT

Shredded

EXCELLENT
SOURCE OF

FIBER

Essential Nutrients
H-Eh ——T FOLATE

Reclosable for freshness

Naturally Flavored

Fruit & Nut

Granola

NETWT110Z(311g) @o
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Why Has Glyphosate Been Detected in Numerous Water Bodies?

‘ e - Y
e AR T e e T

No water body is an ‘island’; everything is connected
to everything else. Environmental chemodynamic
theory tells us that if you use it, glyphosate molecules
will become dispersed in the environment.




Water Treatment Plants Clean Nearly 99.9% of Contaminants for Drinking Water Use

..But

® 99.9% clean means there are 0.1%
of contaminants left

If 1% is 10,000 ppm, than 0.1% is
1000 ppm

® Thus, after diluting 1000X in the
system of water distribution,
there could still be 1 ppm of
contaminants
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Pesticide content (mg/kg)

Glyphosate Is Found Frequently in Soil Samples |

European Union Pesticide Residue in Soils Survey

3.000

® Other currently used pesticides Silva et al. (2019)

®m Other organochlorinated pesticides
“tl Boscalid + Epoxiconazole + Tebuconazole

DDE pp <1% . .

m Glyphosate iy Glyphosate & its metabolite

2000 | = AMPA ‘ AMPA are the most
frequently found residues
1.500
1.000
0.500
0.000 R e —— mﬂll’hl’l‘f‘“ v
1 51 101 151

Agricultural topsoil samples
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Concentrations of Glyphosate and AMPA for Soil and Sediment and Soil Water Samples

L0056l and Sediment =
- — : . 99th %tiIeSDiI Water _
¢ — 75th %tile —
o — —
% B I\/Iedlan (SOth %tlle) —
> E 100 : _
© — =
S O - 25th %tile =
~ O — _]
= - . _
_E — 1.U:_ -8 —
o = s =
5 D — —
T T - —
"E = 0.1= =
S 5 g eporting Level
5 = - &-1th %tile (~0.02 pg/L)
- (41!45} (a2la5). (40/116) 5 (76/116) -
0,007 It

Battaglin et al. (2014) Glyphosate AMPA Glyphosate AMPA
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Concentrations of Glyphosate and AMPA in Groundwater and Precipitation
100

Groundwater Precipitation
0.0 [

m — —
e, - =
T o — —
O @ - —
o | _
EE

S o 10 =
C o — —
e | —
c - n |
O

88 01z =
E : _
3 — —
| - — _
o

O 0.01

(68/1171) (60/85)

Glyphosate Glyphosate
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Percentage Detections and Total Glyphosate Concentrations (2001-2010) for Surface
Water Samples from Rivers, Streams, Lakes, Wetlands, and Ponds

1000 |n Tivers, streams,  72%  Battagiin et al. (2014) =
— lakes, wetlands, . —
— and ponds 93% gsoy, _
C 100 =- —
ks = =
S & — ~
3 3 00k _
S ol — =
O o - -
= E 10 = =
% E’ — —
C = - n
o .Q
5 = 0.1= —
5 £ — 34 1383 362 . =
= 0.0 | D G -
— 103 116 32 224 267 284 125 =
0,007 bbb e

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 .5
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Glyphosate Residues in Water: Empirical Study from Oregon Forest VWatershed |

{ Needle Branch Watershed,
' Oregon Coastal Range

—

HIGH

A
/ \"&,,
o —

Sprayed
’ Unit
mip

Bottom of A

pper Reach,
no fish; no
riparian buffer

harvest unit;
riparian buffer

Confluence

H‘\h‘!eedle Branch

“Greek and 1LOW
Dr'l:f{'Cree f@@

Guaglng £ =-

Stations Google Earth (2011)

Dissolved glyphosate in streamwater (baseflow) during
and immediately following application of herbicides

Dissolved Glyphosate (ng/L = ppt)

1.6

80

70 4

60 -

- = = MDL —tr— HIGH Glyphosate —&— LOW Glyphosate

w— LOW Stage © Samples L 1.4

50 ¢

40 -

30 -+

20 -

10

0

8/22/20100:00

High gauging station »
=
0.8%
- 0.6
e - 0.4
Reporting Limit = 20 ng/L (ppt)
Low guaging station 0.2
0000000 O0C0C0OC0C0O0ODO0OD0OD0ODOO0OD0OD0QDO0QODO0OO
T hours , . g
8/22/2010 9:36 8222010 19:12 8232010 4:48 8/23/2010 14:24 8/24/2010 0:00
+—>

Date and Time

following a mlwcultural apphcatlun of herbicides in Oregnn s Coast Range.
Integrated Environmental Assessment and Management, |3(2), 396-409.



Dissolved glyphosate in streamwater during first 2 post application storm events at
the Needle Branch watershed with results from LC/MS-MS confirmations

160 2
LOMS-MS =15 ngllf 115 ppt - - -MDL —a— HIGH Glyphosate
@ In the USGS Study the 140 - --©--MID Glyphosate = —8—LOW Glyphosate - 1.8
’
maximum concentration of — LOW Stage i Bauple e
glyphosate in water bodies 120 -
was 20-40 PPb 2 Mid gauging station - 1.4
"'E’ 100
2 L - 1.2
f% v | LC/MS-MS = 42 :lgﬂ_\w »
® Thus, forestry use in one 5 80 13
study shows residues of 3 =
lyphosate in a gauged stream ° & {ic - O
8lyYP g g LC/MS-MS =25 ng/L | LC/MS-MS = <19 ng/L LC/MS-MS = <18 ng/L
near the sprayed site were at \ o
least |0x lower than residues 4 -
in watersheds dominated by . | - 04
row Crop agriculture 20 {=———————————— ——— . R
- 0.2
0 I I I I D
LQUCh et al. (20 | 6) 8/29/2010 8/30/2010 24 h 8/31/2010 9/1/2010 9/2/2010 9/3/2010

—> Date 47



Residential & Worker Use of Glyphosate




Combined Probability Distribution of Glyphosate Exposure
Based on Residue Excretion in Urine

Vicini et al (2021)

% of USEPA RfD (1000 pg/kg/day) Plot based on urinary concentrations in
24 independent academic studies,

using the assumption that glyphosate
excreted is directly related to the
ingestion in food & water

Calculated Glyphosate Body Dose Ingested (ng/kq)

Maximum Urine Residue (ug/L) @ <

Conclusion: Excretion of glyphosate is
common because of widespread residues

1ol elolo Sl (oM \VIS\IsI g dal=Noldololo]l[Ia"AdaEidda(sd  -20 10 O 10 20 30 40 50 60 70 80 90 100
body dose is more than 1% of the USEPA ug/L; ua/kg: % of RfD
reference dose (RfD) is very low
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Deterministic Risk Assessment Based on Maximum Residues Excreted in Urine

l (Z102) 43Yy2apUI3Y pUuD IpUDIg

NR

(0zoz) ‘|p 12 dnynog
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Vicini et al (2021)
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(0zoz) *|p 12 ubbn4
(£102) "|D 33 pRIUO)

(8102) °I0 33 AJ]oUUO)

Mass Spectrometry
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Immunosorbent Assay

Detection Methods
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And Finally, What Does the EPA Think About Glyphosate Risk?

® EPA only estimated risk from chronic
(lifetime) glyphosate exposure
because the tox database did not
indicate any short term adverse
effects from glyphosate exposure

® EPA assumed that all glyphosate
residues were were at the tolerance
level, a very conservative
assumption and all registered
commodities were sprayed

® The outcome of the analysis showed
nil risk because the estimated
exposure was at least 5-10 times
less than the RfD

Females 13-49 yr

General US Population

51

Risk from Dietary Exposure

Adults 50-99 yr
Adults 20-49 yr
Youth 13-19 yr
Children 6-12 yr
Children 3-5 yr
Children 1-2 yr
All infants <1 yr

0.01

RfD =1 mg/kg/d

0.1 1
Exposure (mg/kg/day)
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EPA Takes a Swim

Swimming Exposure RA

RfD =1 mg/kg/d

Ingestion of water,
Children 3 to <6 years old

Ingestion of water, Adult

Body Dosage (mg/kg/day)
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EPA the Aggregator (of Risk)

Under the mandate of the FQPA, EPA ll Dietary [ Incidental Oral [l Combined
determines risk of aggregate exposure _

For glyphosate, EPA considered
residential exposure such as treatinga  Children 1 to <2 year old
lawn

Drinking water was combined with
dietary exposure

Incidental oral exposure is mostly the
hand-to-mouth behavior of infants
and toddlers

Adults 20-49 years old

p/3% /3w T = Q4

The bottom line: even under worst N
case assumptions, aggregate exposure S & O
to glyphosate is well below the RfD

7
7
7

‘0

Body Dosage (mg/kg/day)
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A Nice Summary of Exposure Relative to Toxicological Benchmarks

Exposure of Applicators Toxicology Studies, Reference
: Dose, and ADI

Estimated exposure range (passive dosimeter
corrected for lower absorption through fabric) JMPR/WHO & Japan
0.000003-0.034 mg/kg b.m./d ADI, 1 mg/kg b.m./d
| 10t to 90t centile EFSAADI, 0.5 USEPARID, 1
mg/kg b.m./d mg/kg b.m./d
Surface and Measured exposure range (biomonitoring) APVMA &
ralnwater | 0.000013-0.0046 mg/kg b.m./d |
g0 P“/f'kRﬁE) ADIId Relevant doses in
mg/kg b.m. toxicology studies
107 to 90 centile : 50-5400 mg/kg b.m./d
<LOD =

= 10" to 99t centile [ J1 lAl [l ]I
mg/kg b.m. / 0.000001  0.00001  0.0001 0.001 0.01 0.1 : 10 100 1000 10000
USEPA water exposure estimates Range USEPA 2017 dietary exposure (DEEM
(ground and surface water) | | model)
0.000068-0.00027 mg/kg b.m./d JMPR 2014 dietary exposure (GEMS (median residues based on tolerance-level
(based on maxima from ground water model) (median residues) residues and 100% of the food treated)
monitoring and estimated surface water 0.002-0.013 mg/kg b.m./d 0.06-0.23 mg/kg b.m./d
conc. from direct application)
. Legend .
Measured bystander and general Systemic Oral intake
opulation exposures, Exposure Exposure
Exposure of General PoP (biom Onito':mg) [_JExp L Exp
Population via Food, Water, 0.000005-0.00063 mg/kg b.m./d { > ADI or RD @ ADI or RfD
and Environment '

Solomon (2019)

54




Rounding Up Glyphosate Exposure Data

Glyphosate’s very low non-target organism toxicity at WASHINGTON STATE
environmentally relevant application rates has

allowed the compound to be registered for many

.' p— I :-I!] o s [
USES S These Products '

Glyphosate use, however, increased at least 10 fold
by the early 2000’s owing to approval of RR corn, 3
beans, cotton, and canola in 1995 - 4

v IVERSITY
&

afelsot@wsu.edu

Owing to the widespread use of glyphosate, residues
are found everywhere (soil, water, air, food, bodies)

:LABEL
FIRST

However, presence of residues is not the same as risk,

but does inform exposure analysis
® The bottom line: exposure to glyphosate in

Exposgre analysis. by EPA and other regulator.y comparison to toxicological endpoints deemed by
agencies along with close analysis of academic EPA to be the most conservative for protecting
research papers shows levels of exposure are health could be characterized as meeting the

. o ’)
accurately characterized as “safe standard of reasonable certainty of no harm
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