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GLYPHOSATE

1.0 INTRODUCTION

Glyphosate JUPAC name: N-(phosphonomethyl)glycine) 1s a  broad-
spectrum systemic herbicide and crop desiccant. It is an organophosphorus compound,
specifically ~ a phosphonate, ~ which  acts by inhibiting the plant enzyme 5-
enolpyruvylshikimate-3-phosphate ~ synthase. It is used to kill weeds, especially
annual broadleaf weeds and grasses that compete with crops. It was discovered to be an
herbicide by Monsanto chemist John E. Franz in 1970. Monsanto brought it to market for
agricultural use in 1974 under the trade name Roundup. Monsanto's last commercially
relevant United States patent expired in 2000. Farmers quickly adopted glyphosate for
agricultural weed control, especially after Monsanto introduced glyphosate-resistant Roundup
Ready crops, enabling farmers to kill weeds without killing their crops. In 2007, glyphosate
was the most used herbicide in the United States' agricultural sector and the second-most used
(after 2,4-D) in home and garden, government and industry, and commercial applications

(United States EPA 2007).

Glyphosate is absorbed through foliage, and minimally through roots, and transported
to growing points. It inhibits a plantenzyme involved in the synthesis of three
aromatic amino acids: tyrosine, tryptophan, and phenylalanine. It is therefore effective only
on actively growing plants and is not effective as a pre-emergence herbicide. An increasing
number of crops have been genetically engineered o be tolerant of glyphosate (e.g. Roundup
Ready soybean, the first Roundup Ready crop, also created by Monsanto), which allows

farmers to use glyphosate as a post-emergence herbicide against weeds.
1.1. DISCOVERY OF GLYPHOSATE

Glyphosate was first synthesized in 1950 by Swiss chemist Henry Martin, who
worked for the Swiss ¢ompany Cilag. The work was never published (Dill, et al., 2010).
Somewhat later, glyphosate was independently discovered in the United States at Monsanto
in  1970. Monsanto chemists had  synthesized about 100 derivatives of amino
methylphosphonic acid as potential water-softening agents. Two were found to have weak
herbicidal activity, and John E. Franz, a chemist at Monsanto, was asked to try to make
analogs with stronger herbicidal activity. Monsanto developed and patented the use of

glyphosate to kill weeds in the early 1970s and first brought it to market in 1974, under the

1
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Roundup brandname (Duke and Powles, 2008). While its initial patent expired in 1991,
Monsanto retained exclusive rights in the United States until its patent on the isopropylamine

salt expired in September 2000 (Fernandez, 2002).

In 2008, United States Department of Agriculture (USDA) Agricultural Research
Service (ARS) scientist Stephen O. Duke and Stephen B. Powles—an Australian weed
expert—described glyphosate as a "virtually ideal” herbicide (Duke and Powles, 2008). In
2010 Powles stated: "glyphosate is a one in a 100-year discovery that is as important for
reliable global food production as penicillin is for battling disease (Powles, 2010). As of
April 2017, the Canadian governmentlstated that glyphosate was "the most widely used
herbicide in Canada", at which date the product labels were revised to ensure a limit of

20% POEA by weight.

1.2 IMPURITIES

Technical grade glyphosate is a white powder which, according to FAO specification,
should contain not less than 95% glyphosate. Formaldehyde, classified as a known human
carcinogen, (International Agency for Research on Cancer, 2006) and N-nitrosoglyphosate,
have been identified as toxicologically relevant impurities (FAO, 2014). The FAO
specification limits the formaldehyde concentration to a maximum of 1.3 g/kg glyphosate. N-
Nitrosoglyphosate, "belonging to a group of impurities of particular concern as they can be
activated to genotoxic carcinogens (European Food Safety Authority, 2015). should not

exceed 1 ppm. (FAO, 2014).

1.3. Formulations

Glyphosate is marketed in the United States and worldwide by
many agrochemical companies, in different solution strengths and with various adjuvants,
under dozens of tradenames (Tuet al., 2001). As of 2010, more than 750 glyphosate
products were on the market. In 2012, in terms of volume about half of the total global
consumption of glsphosate was for agricultural crops; the forestry sector is another important
market. Asia and the Pacific was the largest and fastest growing regional market. Chinese
manufacturers collectively are the world's largest producers of glyphosate and its
precursors and account for about 30% of global exports. Key manufacturers include Anhui
Huaxing Chemical Industry Company, BASF, Bayer CropScience (which also acquired the
maker of glyphosate, Monsanto), Dow AgroSciences, DuPont, Jiangsu Good Harvest-Weien

Agrochemical Company, Nantong Jiangshan Agrochemical & Chemicals Co., Nufarm,

2
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SinoHarvest, Syngenta, and Zhejiang Xinan Chemical Industrial Group Company

(Monsanto, 2011 and China Research & Intelligence, 2013.

Glyphosate is an acid molecule, so it is formulated as asalt for packaging and
handling. Various salt formulations include isopropylamine, diammonium, monoammonium,
or potassium as the counterion. The active ingredient of the Monsanto herbicides is
the isopropylamine salt of glyphosate. Another important ingredient in some formulations is
the surfactant polyethoxylated tallow amine. Some brands include more than one salt. Some
companies report their product as acid equivalent (ae).of glyphosate acid, or some report it as
active ingredient (ai) of glyphosate plus the salt, and others report both. To compare
performance of different formulations, knowledge of how the products were formulated is
needed. Given that different salts have different weights, the acid equivalent is a more
accurate method of expressing and comparing concentrations. Adjuvant loading refers to the
amount of adjuvant already added to the glyphosate product (Tu and Randall, 2003 ; Curran
et al., 1999).

2.0 MODE OF ACTION

Glyphosate  interferes  with  the shikimate  pathway.  which  produces
the aromatic amino acids phenylalanine, tyrosine and tryptophan in plants and
microorganisms — but does not exist in the genome of mammals, including humans. It blocks
this  pathway by  inhibiting the  enzyme S-enolpyruvylshikimate-3-phosphate
synthase (EPSPS),  which catalyzes the  reaction  of shikimate-3-phosphate  (S3P)
and phosphoenolpyruvate to form 5-enolpyruvyl-shikimate-3-phosphate (EPSP). Glyphosate
is absorbed through foliage and minimally through roots, meaning that it is only effective on
actively growing plants and cannot prevent seeds from germinating (Steinriicken and
Amrhein, 1980). After application, glyphosate is readily transported around the plant to
growing roots and leaves and this systemic activity is important for its effectiveness
(Glyphosate technical fact sheet, 2015). Inhibiting the enzyme causes shikimate to
accumulate in plant tissues and diverts energy and resources away from other processes,
eventually killing the plant. While growth stops within hours of application, it takes several

days for the leaves to begin turning yellow (Hock and Elstner, 2004).
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3.0. USES

Estimated use of glyphosate in the US in 2013 and estimated total use from 1992-
2013. Glyphosate is effective in killing a wide variety of plants, including grasses and broad
leaf and woody plants. By volume, it is one of the most widely used herbicides. In 2007,
glyphosate was the most used herbicide in the United States agricultural sector, with 180 to
185 million pounds (82,000 to 84,000 tonnes) applied, the second-most used in home and
garden with 5 to 8 million pounds (2,300 to 3,600 tonnes) and government applied 13 to 15
million pounds (5,900 to 6,800 tonnes) in industry and commerce (Glyphosate technical fact
sheet, 2015). 1t is commonly used for agriculture, horticulture, viticulture,
and silviculture purposes, as well as garden maintenance (including home use). It has a
relatively small effect on some clover species and morning glory (Knezevic, 2010).
Glyphosate and related herbicides are often used in invasive species eradication and habitat
restoration, especially to enhance native plant establishment in prairie ecosystems. The
controlled application is usually combined with a selective herbicide and traditional methods

of weed eradication such as mulching to achieve an optimal effect (Nyamai, et al., 2011).

Glyphosate is also used for crop desiccation (siccation) to increase harvest yield and
uniformity. Glyphosate itself is not a chemical desiccant; rather glyphosate application just
before harvest kills the crop plants so that the food crop dries from environmental conditions
("dry-down") more quickly and evenly. Because glyphosate is systemic, excess residue levels
can persist in plants due to incorrect application and this may render the crop unfit for
sale. When applied appropriately, it can promote useful effects. In sugarcane, for example,
glyphosate application increases sucrose concentration before harvest. In grain crops (wheat,
barley, oats), uniformly dried crops do not have to be windrowed (swathed and dried) prior to
harvest, but can easily be straight-cut and harvested. This saves the farmer time and money,
which is important in northern regions where the growing season is short, and it enhances
grain storage when the grain has a lower and more uniform moisture content (Gravois and

Kenneth 2017 ; Fowler, 2017).

4.0. RESIDUES IN FOOD PRODUCTS

According to the National Pesticide Information Center fact sheet, glyphosate is not
included in compounds tested for by the Food and Drug Administration's Pesticide Residue
Monitoring Program, nor in the United States Department of Agriculture's Pesticide Data

Program. However, a field test showed that lettuce, carrots, and barley contained glyphosate
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residues up to one year after the soil was treated with 3.71 Ib of glyphosate per acre (4.15 kg
per hectare). The U.S. has determined the acceptable daily intake of glyphosate at 1.75
milligrams per kilogram of bodyweight per day (mg/kg/bw/day) while the European Union

has set it at 0.5 (European Commission, 2017).

Pesticide residue controls carried out by EU Member States in 2016 analysed 6,761
samples of food products for glyphosate residues. 3.6% of the samples
contained quantifiable glyphosate residue levels with 19 samples (0.28%) exceeding the
European maximum residue levels (MRLs), which included six samples of honey and other
apicultural products (MRL = 0.05 mg/kg) and eleven samples of buckwheat and other
pseudo-cereals (MRL = 0.1 mg/kg). Glyphosate residues below the European MRLs were
most frequently found in dry lentils, linseeds, soya beans, dry peas, tea, buckwheat, barley,

wheat and rye. European Food Safety Authority (July 2018).

TOXICITY
Acute toxicity

Amongst mammals, glyphosate is considered to have "low to very low toxicity".
The LDsg of glyphosate is 5,000 mg/kg for rats, 10,000 mg/kg in mice and 3,530 mg/kg in
goats. The acute dermal LDsoin rabbits is greater than 2,000 mg/kg. Indications of
glyphosate toxicity in animals typically appear within 30 to 120 minutes following ingestion
of a large enough dose, and include initial excitability and tachycardia, ataxia, depression,

and bradycardia, although severe toxicity can develop into collapse and convulsions.

A review of unpublished short-term rabbit-feeding studies reported severe toxicity
effects at 150 mg/kg/day and "no observed adverse effect level" doses ranging from 50 to
200 mg/kg/day. Glyphosate can have carcinogenic effects in nonhuman mammals. These
include the induction of positive trends in the incidence ofrenal tubule
carcinoma and haemangiosarcoma in male mice, and increased pancreatic islet-cell
adenoma in male rats. In reproductive toxicity studies performed in rats and rabbits, no
adverse maternal or offspring effects were seen at doses below 175-293 mg/kg of body
weight per day [Kimmel er al 2013]. Glyphosate-based herbicides may cause life-
threatening arrhythmias in mammals. Evidence also shows that such herbicides cause direct
electrophysiological changes in the cardiovascular systems of rats and rabbits [Gress et al.,

2015]
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Human

The acute oral toxicity for mammals is low, but death has been reported after
deliberate overdose of concentrated formulations. The surfactants in glyphosate formulations
can increase the relative acute toxicity of the formulation In a 2017 risk assessment, the
European Chemicals Agency (ECHA) wrote: "There is very limited information on skin
irritation in humans. Where skin irritation has been reported, it is unclear whether it is related
to glyphosate or co-formulants in glyphosate-containing herbicide formulations." The ECHA
concluded that available human data was insufficient to support classification for skin
corrosion or irritation. Inhalation is a minor route of exposure, but spray mist may cause oral
or nasal discomfort, an unpleasant taste in the mouth, or tingling and irritation in the throat.
Eye exposure may lead to mild conjunctivitis. Superficial corneal injury is possible if
irrigation is delayed or inadequate. (Van Bruggen, et al., 2018 ; Sribanditmongkol, et al.,
2012 and Bradberry, 2004).

Acute toxicity and chronic toxicity are dose-related. Skin exposure to ready-to-use
concentrated glyphosate formulations can cause irritation, and photocontact dermatitis has
been  occasionally  reported.  These  effects are  probably due to  the
preservative benzisothiazolin-3-one. Severe skin burns are very rare. Inhalation is a minor
route of exposure, but spray mist may cause oral or nasal discomfort, an unpleasant taste in
the mouth, or tingling and irritation in the throat. Eye exposure may lead to mild
conjunctivitis. Superficial corneal injury is possible if irrigation is delayed or
inadequate. Death has been reported after deliberate overdose. Ingestion of Roundup ranging
from 85 to 200 ml (of 41% solution) has resulted in death within hours of ingestion, although
it has also been ingested in quantities as large as 500 ml with only mild or moderate
symptoms. Adult consumption of more than 85 ml of concentrated product can lead to
corrosive esophageal burns and kidney or liver damage. More severe cases cause "respiratory
distress, impaired consciousness, pulmonary edema, infiltration on chest X-ray, shock,
arrhythmias, renal failure requiring haemodialysis, metabolic acidosis, and hyperkalaemia"
and death is often preceded by bradycardia and ventricular arrhythmias. While the surfactants
in formulations generally do not increase the toxicity of glyphosate itself, it is likely that they

contribute to its acute toxicity. [Nguyen, et al., 2016].
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TOXICOLOGY OF “INERT” INGREDIENTS IN GLYPHOSATE CONTAINING
PRODUCTS

\/
0'0

Three glyphosate products contain ammonium sulfate. It causes eye irritation, nausea

and diarrhea, and may cause allergic respiratory reactions. Prolonged exposure can

cause permanent eye damage.

One glyphosate product contains benzisothiazolone. It causes eczema, skin irritation,

and a light-induced allergic reaction in sensitive people.

Four glyphosate products contain 3-iodo-2-propynyl butylcarbamate (JPBC). It is

severely irritating to eyes and increases the incidence of miscarriages in laboratory
tests.51 It also can cause allergic skin reactions.

One glyphosate product contains isobutane. It causes nausea, nervous system
depression, and difficulty breathing. It is a severe fire hazard.

One glyphosate product contains methyl pyrrolidinone. It causes severe eye

irritation. It has caused fetal loss and reduced fetal weights in laboratory animals.

Three glyphosate products contain pelargonic acid. It causes severe eye and skin

irritation and may cause respiratory tract irritation.

Nine glyphosate products contain polyethoxylated tallowamine (POEA). It causes

eye burns; skin redness, swelling, and blistering; nausea; and diarrhea.

Three glyphosate products contain potassium hydroxide. It causes irreversible eye

injury, deep skin ulcers, severe digestive tract burns, and severe irritation of the
respiratory tract.

One glyphosate product contains sodium sulfite. It may cause eye and skin irritation
with vomiting and diarrhea as well as skin allergies. Exposure to small amounts can
cause severe allergic reactions.

Three glyphosate products contain sorbic acid. It may cause severe skin irritation,
nausea, vomiting, chemical pneumonitis, and sore throat. It also causes allergic
reactions.

Isopropylamine is used in some Roundup products. It is “extremely destructive to

tissue of the mucous membranes and upper respiratory tract.” Symptoms of exposure
p p

are wheezing, laryngitis, headache, and nausea.
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CARCINOGENICITY

In March 2015, the World Health Organization's International Agency for Research
on Cancer (IARC) classified glyphosate as "probably carcinogenic in humans" (category 2A)
based on epidemiological studies, animal studies, andin vitro studies. In contrast,
the European Food Safety Authority concluded in November 2015 that "the substance is
unlikely to be genotoxic (i.e. damaging to DNA) or to pose a carcinogenic threat to humans",
later clarifying that while carcinogenic glyphosate-containing formulations may exist, studies
"that look solely at the active substance glyphosate do not show this effect." The WHO
and FAO Joint committee on pesticide residues issued a report in 2016 stating the use of
glyphosate formulations does not necessarily constitute a health risk, and giving admissible
daily maximum intake limits (one milligram/kg of body weight per day) for chronic toxicity.
The European Chemicals Agency (ECHA) classified glyphosate as causing serious eye
damage and toxic to aquatic life, but did not find evidence implicating it as a carcinogen, a
mutagen, toxic to reproduction, nor toxic to specific organs (Cressey, 2015 ; Schinasi and
Leon, 2014 ; Guyton et al, 2015 ; IARC Monographs on the Evaluation of Carcinogenic Risks
to Humans, 2016) .

The German Federal Institute for Risk Assessment toxicology review in 2013 found
that "the available data is contradictory and far from being convincing" with regard to
correlations between exposure to glyphosate formulations and risk of various cancers.
including non-Hodgkin lymphoma (NHL). A meta-analysis published in 2014 identified an
increased risk of NHL in workers exposed to glyphosate formulations (Renewal Assessment

Report: Glyphosate, 2013).

The consensus among national pesticide regulatory agencies and scientific
organizations is that labeled uses of glyphosate have demonstrated no evidence of human
carcinogenicity. The Joint FAO/WHO Meeting on Pesticide Residues (JMPR), the European
Commission, the Canadian Pest Management Regulatory Agency, the Australian Pesticides
and Veterinary “Médicities Authority and the German Federal Institute for Risk
Assessment have concluded that there is no evidence that glyphosate poses a carcinogenic
or genotoxic risk to humans. The EPA has classified glyphosate as "not likely to be
carcinogenic to humans.""'%1% One international scientific organization, the International
Agency for Research on Cancer, classified glyphosate in Group 2A, "probably carcinogenic

to humans" in 2015.
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There is weak evidence human cancer risk might increase as a result of occupational
exposure to large amounts of glyphosate, such as agricultural work, but no good evidence of
such a risk from home use, such as in domestic gardening. According to a systematic review
and meta-analysis published in 2016, when weak statistical associations with cancer have
been found, such observations have been attributed to bias and confounding in correlational
studies due to workers often being exposed to other known carcinogens Cancer Research UK.

2016.

A meta-analysis published in 2019 looked at whether there was an association
between an increased risk of non-Hodgkin lymphoma in humans and high cumulative
exposures to glyphosate-based herbicides. The analysis used the most recent update of the
Agricultural Health Study cohort published in 2018 and five case-control studies published in
2019. The research found a "compelling link" between exposures to glyphosate-based

herbicides and increased risk for non-Hodgkin lymphoma (Kimmel et al., 2013).

In fact, in 2015 the IARC (International Agency for Research on Cancer, Lyon,
France), an organization referred to as the specialized cancer agency of the World Health
Organization (WHO, Geneva, Switzerland), classified the substance as “likely carcinogenic”
to humans. This triggered an immediate and negative reaction from the producer, who
accused the Agency and claimed that they had failed to carry out their studies properly and
that these conclusions were largely contradictory to published research. Additionally, in
2015, just a few months after the IARC monography published on glyphosate, the EFSA
(European Food Safety Authority, Parma, Italy), another WHO related organization, declared
that it was “unlikely” that the molecule could be carcinogenic to humans or that it could
cause any type of risk to human health. The conflict between the two organizations of the
World Health Organization triggered many doubts, and for this reason, a series of
independent studies were launched to better understand what glyphosate’s danger to humans
and the environment really was. The results have brought to light how massive use of the
herbicide has created over time a real global contamination that has not only affected the soil,
surface and groundwater as well as the atmosphere, but even focd and commonly used
objects, such as diapers, medical gauze, and absorbent for female intimate hygiene. How
human health is compromised as a result of glyphosate exposure is a topic that is still very

debatable and still unclear and unambiguous. [Sustainability 2018, 10, 950].
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Glyphosate is a broad-spectrum systemic herbicide. Several epidemiological studies
on cancer outcomes following occupational exposure to glyphosate were available. The
evaluation of these studies focused on the occurrence of NHL. Overall, there is some
evidence of a positive association between glyphosate exposure and risk of NHL from the
case—control studies and the overall meta analysis. However, it is notable that the only large
cohort study of high quality found no evidence of an association at any exposure level.
Glyphosate has been extensively tested for genotoxic effects using a variety of tests in a wide
range of organisms. The overall weight of evidence indicates that administration of
glyphosate and its formulation products at doses as high as 2000 mg/kg body weight by the
oral route, the route most relevant to human dietary exposure, was not associated with
genotoxic effects in an overwhelming majority of studies conducted in mammals, a model
considered to be appropriate for assessing genotoxic risks to humans. The Meeting concluded
that glyphosate is unlikely to be genotoxic at anticipated dietary exposures. Several
carcinogenicity studies in mice and rats are available. The Meeting concluded that
glyphosate is not carcinogenic in rats but could not exclude the possibility that it is
carcinogenic in mice at very high doses. In view of the absence of carcinogenic potential in
rodents at human-relevant doses and the absence of genotoxicity by the oral route in
mammals, and considering the epidemiological evidence from occupational exposures, the
Meeting concluded that glyphosate is unlikely to pose a carcinogenic risk to humans from
exposure through the diet. The Meeting reaffirmed the group ADI for the sum of glyphosate
and its metabolites of 0—1 mg/kg body weight on the basis of effects on the salivary gland.
The Meeting concluded that it was not necessary to establish an ARfD for glyphosate or its
metabolites in view of its low acute toxicity. [JOINT FAO/WHO MEETING ON

PESTICIDE RESIDUES Geneva, 9-13 May 2016].

The AHS cohort study found no evidence of a positive association of NHL with
glyphosate exposure or an exposure—response relationship (De Roos et al., 2005). Elevated
risks were reported in various case—control studies. A significant elevated risk of NHL
associated with ever- versus neveruse of glyphosate (OR = 2.1; 95% CI = 1.1-4.0) was
reported (De Roos et al., 2003). Ever-use of glyphosate was not associated with risk of NHL
in the Cross-Canada Case—control Study of Pesticides and Health (McDuffie et al., 2001), but
when analysing days of use per year, there was a significant elevated risk in the highest usage
category (OR = 2.12; 95% CI = 1.20-3.73; for > 2 days/year glyphosate use). There was,

however, no indication of an exposure-response relationship across exposure usage

10
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categories (McDuffie et al., 2001). In another case—control study, a significant increased risk
of NHL associated with ever-use (OR = 2.02; 95% CI = 1.10-3.71) as well as the highest
usage category (OR = 2.36; 95% CI = 1.04-5.37; for greater than 10 days/year glyphosate
use) was observed, with some suggestion of an exposure-response gradient (Eriksson et al.,
2008). Two smaller case—control studies with few exposed cases and limited statistical power
reported a nonsignificant elevated risk (Hardell et al., 2002) and no association (Orsi et al.,
2009), respectively, for risk of NHL and ever-use of glyphosate. glyphosate (Schinasi &
Leon, 2014). The meta-analysis, including the AHS, found a significant 50% excess risk ratio

for ever- versus never-use of glyphosate (Schinasi & Leon, 2014).

Overall, there is some evidence of a positive association between glyphosate exposure
and risk of NHL from the case—control studies and the overall meta-analysis. However, it is
notable that the AHS (De Roos et al., 2005), which is the only cohort study and is large and
of high quality, found no evidence of association at any exposure level. [GLYPHOSATE
89-296 JMPR 2016].

GLYPHOSATE OPINION AND TRANSPARENCY

One adopted CLIH opinion was on glyphosate, a widely used active substance in
herbicides. Based on a thorough assessment of the information included in the proposal made
by Germany and submitted via public consultation, RAC recommended not to change the
existing harmonised classification for glyphosate. This included the conclusion that current

scientific evidence does not support the classification of glyphosate for carcinogenicity.

The RAC’s consideration of the dossier was divided into two parts. First, interested
parties [Health and Environment Alliance (HEAL), IARC, WHO/FAO JMPR, EFSA,
Germany as dossier submitter and the Glyphosate Task Force] were invited to provide their
views to the Committee on the scientific studies on glyphosate. Then, at its next meeting,
RAC discussed the classification based on all available information. It had access to the
original study reports on carcinogenicity and carried out its independent evaluation on that
basis, also acknowledging later reviews and opinions. It made its handling of the case open to
public scrutiny. The ECHA secretariat answered numerous enquiries, including those from
the European Parliament, the press and individuals.[ECHA General Report 2017]. The expert
report published in March 2017 once again confirms the existing classification: glyphosate

does not cause cancer and does not cause organ damage. According to ECHA’s assessment,
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glyphosate does not have any mutagenic, reprotoxic or genotoxic properties either. The

ECHA assessment is therefore in line with the official conclusions of the German Federal
Institute for Risk Assessment (BfR), the European Food Safety Authority (EFSA) and the
WHO/FAO Joint Meeting on Pesticide Residues (JMPR). A decision is due this year, based

on the ECHA ass essiment, as to whether glyphosate will continue to be approved in Europe.

http://www.glyphosate.eu/european-chemicals-agency-glyphosate-does-not-cause-cancer

The IARC WG concluded that glyphosate is a ‘probable human carcinogen’, putting it

into JARC category 2A due to sufficient evidence of carcinogenicity in animals, limited

evidence of carcinogenicity in humans and strong evidence for two carcinogenic

mechanisms.

>

Y

The JARC WG found an association between NHL and glyphosate based on the
available human evidence.

The IARC WG found significant carcinogenic effects in laboratory animals for rare
kidney tumours and hemangiosarcoma in two mouse studies and benign tumours in
two rat studies.

The IARC WG concluded that there was strong evidence of genotoxicity and
oxidative stress for glyphosate, entirely from publicly available research, including
findings of DNA damage in the peripheral blood of exposed humans. The RAR
concluded5 (Vol. 1, p.160 that “classification and labelling for carcinogenesis is not
warranted’ and ‘glyphosate is devoid of genotoxic potential’.

EFSA4 classified the human evidence as ‘very limited’ and then dismissed any
association of glyphosate with cancer without clear explanation or justification.
Ignoring established guidelines cited in their report, EFSA dismissed evidence of
renal tumours in three mouse studies, hemangiosarcoma in two mouse studies and
malignant lymphoma in two mouse studies.

Thus, EFSA incorrectly discarded all findings of glyphosate-induced cancer in
animals as chance occurrences.

EFSA ignored important laboratory and human mechanistic evidence of genotoxicity.
EFSA confirmed that glyphosate induces oxidative stress but then, having dismissed
all other findings of possible carcinogenicity, dismissed this finding on the grounds
that oxidative stress alone is not sufficient for carcinogen labelling.[ Portier CJ, et al. J

Epidemiol Community Health August 2016 Vol 70 No]j
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California Superior Court ruled that Roundup, which contains glyphosate, was the
cause of cancer for Dewayne Johnson, a school groundskeeper. It ordered Monsanto, the
manufacturer of the weedicide, to pay $289 (US dollars) million in damages. In India,

glyphosate is the most commonly used weedicide.

According to the Directorate Of Plant Protection, Quarantine and Storage, 148 of the
414 metric tonnes of weedicides consumed in the country in 2014-15 was glyphosate. In
2015-16, a little more than 370 metric tonnes of monocrotophos was used on Indian soil.
Both these pesticides do not figure in the list in the notification. “It looks like the authorities
chose the pesticides, many of which were already on their way out. With delays up to two
years, the pesticide industry had enough time to clear their stock,” said Kuruganti.
[https://www firstpost.com/india/india-bans-18-pesticides-after-reviewing-66-out-of-104-

used-in-country-leaves-out-monocrotophos-glyphosate-4979161.html

A 2000 review concluded that "under present and expected conditions of new use,
there is no potential for Roundup herbicide to pose a health risk to humans". A 2012 meta-
analysis of epidemiological studies (seven cohort studies and fourteen case-control studies) of
exposure to glyphosate formulations found no correlation with any kind of cancer. The 2013
systematic review by the German Institute for Risk Assessment of epidemiological studies of
workers who use pesticides, exposed to glyphosate formulations found no significant risk,
stating that "the available data are contradictory and far from being convincing". However, a
2014 meta-analysis of the same studies found a correlation between occupational exposure to
glyphosate formulations and increased risk of B cell lymphoma, the most common kind of
non-Hodgkin lymphoma. Workers exposed to glyphosate were about twice as likely to get B
cell lymphoma. A 2016 systematic review and meta-analysis found no causal relationship
between glyphosate exposure and risk of any type of lymphohematopoietic cancer including
non-Hodgkin lymphoma and multiple myeloma. The same review noted that the positive
associations found may be due to bias and confounding. The Natural Resources Defense
Council has criticized that review, noting that it was funded by Monsanto [Chang and

Delzell, 2016 ; Gary et al., 1997].

A 2015 systematic review of observational studies found that except for an excess
of Attention Deficit Hyperactivity Disorder among children born to glyphosate appliers, no
evidence that glyphosate exposure among pregnant mothers caused adverse developmental

outcomes in their children. Noting the limited size and scope of the review articles available,
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the authors noted that "these negative findings cannot be taken as definitive evidence that
GLY, at current levels of occupational and environmental exposures, brings no risk for

human development and reproduction.

GENOTOXICITY
Genetic damage

Several studies have not found mutagenic effects, so glyphosate has not been listed in
the United States Environmental Protection Agency or the International Agency for Research
on Cancer databases. Various other studies suggest glyphosate may be mutagenic. The IARC
monograph noted that glyphosate-based formulations can cause DNA sirand’ breaks in

various taxa of animals in vitro.

Glyphosate-containing products are more potent mutagens than glyphosate. The studies
include the following:

» In fruit flies, Roundup and Pondmaster (an aquatic herbicide consisting of glyphosate
and a trade secret surfactant82) both increased the frequency of sex-linked, recessive
lethal mutations. (These are mutations that are usually visible only in males.) Only a
single concentration was tested in this study.

> A study of human lymphocytes (a type of white blood cell) showed an increase in the
frequency of sister chromatid exchanges following exposure to the lowest dose tested
of Roundup.(Sister chromatid exchanges are exchanges of genetic material during cell
division between members of a chromosome pair. They result from point mutations.)
A 1997 study of human lymphocytes found similar results with Roundup (at both
doses tested) and with glyphosate (at all but the lowest dose tested).

> In Salmonella bacteria, Roundup was weakly mutagenic at two concentrations. DNA
Adducts (per 10* nucleotides) (averages with standard errors) In onion root cells,
Roundup caused an increase in chromosome aberrations, also at two concentrations.

> In mice injected with Roundup, the frequency of DNA adducts (the binding to genetic
material ofireactive-nrlecules that lead to mutations) in the liver and kidney increased
at all three doses tested.

> In another study of mice injected with glyphosate and Roundup, the frequency of
chromosome damage and DNA damage increased in bone marrow, liver, and kidney.

(Only a single concentration was tested in this study.)
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Archives of Toxicology by Koller et al showed increases in nuclear aberrations indicating
DNA damage after 20 minutes of exposure to 10 to 20 mg/L of glyphosate. They also found
that Roundup was, under all conditions, more active than glyphosate and that there were
genotoxic effects after short exposures to a concentration of a 450 dilution of spraying used
in agriculture. In conclusion, inhalation could cause DNA damage in exposed agricultural
workers.7 Another study looked at why some agricultural workers who use glyphosate have
pregnancy problems and showed that it is toxic to human placental JEG-3 cells within 18
hours of exposure in concentrations lower than those in agricultural use—and that this effect
increases with concentration and time with Roundup adjuvants. The authors also tested the
effects of glyphosate and Roundup at nontoxic concentrations on aromatase, the enzyme
responsible for estrogen synthesis. They found that glyphosate disrupts aromatase and mRNA
levels and concluded that Roundup, not just glyphosate, has endocrine and toxic effects. |

ALTERNATIVE THERAPIES, MAY/JUNE 2014 VOL. 20, 3]

DEVELOPMENTAL OR REPRODUCTIVE TOXICITY

Studies in rats and rabbits indicated that technical glyphosate is not teratogenic. Two
multigeneration studies were conducted with technical glyphosate. In the first study, the
only  effect noted was an increased incidence of unilateral renal tubular  dilation in F3b
male pups at 30 mg/kg body weight. In the second study, decreased body weights were
reported for parents and pups and  decreased litter size was associated with dose levels of
30 000 mg/kg diet. Decreased body weights reported for parents and ~ pups at 10 000 mg/kg
diet were not toxicologically significant. In  parents, the decrease was only 2 to 4% below
controls and for pups the decrease was 5.6 to 6.6% lower than controls. The findings in
pups were also transient and did not occur consistently in all litters. The NOAEL was 10
000 mg/kg diet. The absence of a renal  effect in pups at a higher dose level (1500 mg/kg
body weight), though not invalidating earlier findings of unilateral renal tubular
dilation in male F3b pups, indicates that the reproducibility of this lesion and its
toxicological significance are uncerta'm It should be noted that in no other toxicological

study was an effect on kidneys found.

NEUROTOXICITY

There was no evidence of neurotoxicity in an acute neurotoxicity study in rats at doses
up to 2000 mg/kg bw. The NOAEL for systemic toxicity was 1000 mg/kg bw, based on a
single death and general signs of toxicity at 2000 mg/kg bw (Horner, 1996a). In a 90-day
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neurotoxicity study in rats. no evidence of neurotoxicity or systemic toxicity was seen at

doses up to 20 000 ppm (equal to 1546.5 mg/kg bw per day) (Horner, 1996b).

ENDOCRINE DISRUPTION

In 2007, the EPA selected glyphosate for further screening through its Endocrine
Disruptor Screening Program (EDSP). Selection for this program is based on a compound's
prevalence of use and does not imply particular suspicion of endoerine-activity. On June 29,
2015, the EPA released Weight of Evidence Conclusion of the EDSP Tier 1 screening for
glyphosate, recommending that glyphosate not be considered for Tier 2 testing. The Weight
of Evidence conclusion stated "...there was no convincing evidence of potential interaction
with the estrogen, androgen or thyroid pathways." A review of the evidence by the European
Food Safety Authority published in September 2017 showed conclusions similar to those of

the EPA report. (United States Environmental Protection Agency, 2015).

Different reports suggest that GBHs may act as endocrine disruptors. Dallegrave et al.
(2007) described that exposure to glyphosate-Roundup may induce significant adverse effects
on the reproductive system of male Wistar rats at puberty and during adulthood. Gasnier et al.
(2009) documented that GBHs are toxic and endocrine disruptors in human cell lines using
gene reporter tests. They therefore recommended to consider a real cell impact of glyphosate-

based herbicides residues in food, feed or in the environment on human health.

ENVIRONMENTAL FATE

Glyphosate adsorbs strongly to soil, and residues are expected to generally be
immobile in soil. Ground and surface water pollution is limited. Glyphosate is readily
degraded by soil microbes to aminomethylphosphonic acid (AMPA, which like glyphosate
strongly adsorbs to soil solids and is thus unlikely to leach to groundwater). Though both
glyphosate and AMPA are commonly detected in water bodies, a portion of the AMPA
detected may actually be the result of degradation of detergents rather than from glyphosate
(Botta et al., 2009). Glyphosate does have the potential to contaminate surface waters due to
its aquatic use patterns and through erosion, as it adsorbs to soil particles suspended in runoff.
Detection in surface waters (particularly downstream from agricultural uses) has been
reported as both broad and frequent by USGS researchers, although other similar research
found equal frequencies of detection in urban-dominated small streams (Battaglin et al.,
2014). Rain events can trigger dissolved glyphosate loss in transport-prone soils. The
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mechanism of glyphosate sorption to soil is similar to that of phosphate fertilizers, the
presence of which can reduce glyphosate sorption. Phosphate fertilizers are subject to release
from sediments into water bodies under anaerobic conditions, and similar release can also
occur with glyphosate, though significant impact of glyphosate release from sediments has
not been established. Limited leaching can occur after high rainfall after application. If
glyphosate reaches surface water, it is not broken down readily by water or sunlight

(Richards, et al., 2018 ; Muniraa, et al., 2014).

The half-life of glyphosate in soil ranges between 2 and 197 days; a typical field half-
life of 47 days has been suggested. Soil and climate conditions affect glyphosate's persistence
in soil. The median half-life of glyphosate in water varies from a few to 91 days. At a sii¢ in
Texas, half-life was as little as three days. A site in Jowa had a half-life of 141.9 days. The
glyphosate metabolite AMPA has been found in Swedish forest soils up to two years after a
glyphosate application. In this case, the persistence of AMPA was attributed to the soil being
frozen for most of the year. Glyphosate adsorption to soil, and later release from soil, varies
depending on the kind of soil. Glyphosate is gencrally less persistent in water than in soil,
with 12- to 60-day persistence observed in Canadian ponds, although persistence of over a
year has been recorded in the sediments of American ponds. The half-life of glyphosate in
water is between 12 days and 10 weeks (Albers et al., 2009 ; Ole and Borggaard, 2011 and
Sparling, et al., 2006).

ECO-TOXICITY

Aquatic Fauna

In many freshwater invertebrates, glyphosate has a 48-hour LCsg ranging from 55 to 780
ppm. The 96-hour LCsqis 281 ppm for grass shrimp (Palaemonetas vulgaris) and 934 ppm
for fiddler crabs (Uca pagilator). These values make glyphosate "slightly toxic to practically
non-toxic". Glyphosate products for aquatic use generally do not use surfactants, and aquatic
formulations do not use POEA due to aquatic organism toxicity. Due to the presence of
POEA, such glyphosate formulations only allowed for terrestrial use are more toxic for
amphibians and fish than glyphosate alone. The half-life of POEA (21-42 days) 1s longer
than that for glyphosate (7-14 days) in aquatic environments. Aquatic organism exposure risk
to terrestrial formulations with POEA 1is limited to drift or temporary water pockets where

concentrations would be much lower than label rates [Mann et al., 2009].
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Some researchers have suggested the toxicity effects of pesticides on amphibians may be
different from those of other aquatic fauna because of their lifestyle; amphibians may be
more susceptible to the toxic effects of pesticides because they often prefer to breed in
shallow, lentic, or ephemeral pools. These habitats do not necessarily constitute formal water-
bodies and can contain higher concentrations of pesticide compared to larger water-
bodies. Studies in a variety of amphibians have shown the toxicity of GBFs containing POEA
to amphibian larvae. These effects include interference with gill morphology and mortality
from either the loss of osmotic stability or asphyxiation. At sub-lethal concentrations,
exposure to POEA or glyphosate/POEA formulations have been associated with delayed
development, accelerated development, reduced size at metamorphosis, developmental
malformations of the tail, mouth, eye and head, histological indications of intersex and
symptoms of oxidative stress. Glyphosate-based formulations can cause oxidative stress in

bullfrog tadpoles.

A 2003 study of various formulations of glyphosate found, "[the] risk assessments
based on estimated and measured concentrations of glyphosate that would result from its use
for the control of undesirable plants in wetlands and over-water situations showed that the
risk to aquatic organisms is negligible or small at application rates less than 4 kg/ha and only

slightly greater at application rates of 8 kg/ha.

A 2013 meta-analysis reviewed the available data related to potential impacts of
glyphosate-based herbicides on amphibians. According to the authors, the use of glyphosate-
based pesticides cannot be considered the major cause of amphibian decline, the bulk of
which occurred prior to the widespread use of glyphosate or in pristine tropical areas with
minimal glyphosate exposure. The authors recommended further study of species- and
development-stage chronic toxicity, of environmental glyphosate levels, and ongoing analysis
of data relevant to determining what if any role glyphosate might be playing in worldwide
amphibian decline, and suggest including amphibians in standardized test batteries

[Ecotoxicological Risk Assessment for Roundup Herbicide", 2019].
Toxic to Fish
Factors important in determining the toxicity of glyphosate or glyphosatecontaining products

to fish include the following:
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* First, different species of fish have different susceptibilities. For example, coho and
chinook salmon are more tolerant of glyphosate than pink or chum salmon.

* Water quality is important: glyphosate in soft water was 20 times more toxic to rainbow
trout than was glyphosate in hard water. For Roundup, the reverse is true: it is more toxic in
hard water than in soft.

* Age affects the susceptibility of fish because juveniles are often more susceptible than
adults. For example, Roundup was four times more toxic to rainbow trout fry and fingerlings
than it was to larger fish.

* Nutrition also can determine toxicity. Hungry fish are more susceptible to glyphosate than
fed fish. For example, fed flagfish were 10 times more tolerant of glyphosate than unfed fish.

* Finally, glyphosate toxicity increases with increased water temperature. In both rainbow
trout and bluegills, toxicity about doubled between 7 and 17°C (45 and 63°F). Treatment of
riparian areas with glyphosate causes water temperatures to increase for several years
following treatment because the herbicide kills shading vegetation. This means that repeated
use of glyphosate in a watershed could favor its increased toxicity to fish. In addition, the
temperature increase itself could be critical for fish, like juvenile salmon, that are sensitive to
water temperature.

Both glyphosate and the commercial products that contain glyphosate are acutely toxic to
fish. In general, glyphosate alone is less toxic than the common glyphosate product,
Roundup, and other glyphosate products have intermediate toxicity. Part of these differences
can be explained by the toxicity of the surfactant (detergent-like ingredient) in Roundup. It is

20 to 70 times more toxic to fish than glyphosate itself.

Toxic invertebrates
It is a very low potential for the compound to build up in the tissues of aquatic invertebrates

or other aquatic organisms (EXTOXNET)

Monarch butterfly populations

Use of 2-4 D and other herbicides like glyphosate to clear milkweed along roads and fields
may have contributed to a decline in monarch butterfly populations in the Midwestern United
States. Along with deforestation and adverse weather conditions, the decrease in milkweed
contributed to an 81% decline in monarchs. The Natural Resources Defense Council (NRDC)

filed a suit against the EPA in 2015, in which it argued that the agency ignored warnings
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about the potentially dangerous impacts of glyphosate usage on monarchs. (Pleasants and

Oberhauser , 2013 ; NRDC Sues EPA Over Demise of Monarch Butterfly Population 2015)

Antimicrobial activity

The antimicrobial activity of glyphosate has been described in the microbiology literature
since its discovery in 1970 and the description of glyphosate's mechanism of action in 1972.
Efficacy was described for numerous bacteria and fungi. Glyphosate can control the growth
of apicomplexan parasites, such as Toxoplasma gondii, Plasmodium falciparum (malaria),
and Cryptosporidium parvum, and has been considered an antimicrobial agent in mammals.
Inhibition can occur with some Rhizobium species important for soybean nitrogen fixation.

especially under moisture stress [de Araujo et al., 2016].

Micro-organisms

glyphosate may affect bacterial symbionts of animals living near agricultural sites,
including pollinators such as bees. The honey bee gut microbiota is dominated by eight
bacterial species that promote weight gain and reduce pathogen susceptibility. The gene
encoding EPSPS is present in almost all sequenced genomes of bee gut bacteria, indicating
that they are potentially susceptible to glyphosate. We demonstrated that the relative and
absolute abundances of dominant gut microbiota species are decreased in bees exposed to
glyphosate at concentrations documented in the environment. Glyphosate exposure of young
workers increased mortality of bees subsequently exposed to the opportunistic pathogen
Serratia marcescens. Members of the bee gut microbiota varied in susceptibility to
glyphosate, largely corresponding to whether they possessed an EPSPS of class I (sensitive to
glyphosate) or class IT (insensitive to glyphosate). This basis for differences in sensitivity was
confirmed using in vitro experiments in which the EPSPS gene from bee gut bacteria was
cloned into Escherichia coli. All strains of the core bee gut species, Snodgrassella alvi,
encode a sensitive class I EPSPS, and reduction in S. alvi levels was a consistent
experimental result. However, some S. alvi strains appear to possess an alternative
mechanism of glyphuosate-resistance. Thus, exposure of bees to glyphosate can perturb their

beneficial gut microbiota, potentially affecting bee health and their effectiveness as

pollinators

20



Soil biota

When glyphosate comes into contact with the soil, it can be bound to soil particles, thereby
slowing its degradation. Glyphosate and its degradation product, aminomethylphosphonic
acid are considered to be much more benign toxicologically and environmentally than most
of the herbicides replaced by glyphosate. A 2016 meta-analysis concluded that at typical
application rates glyphosate had no effect on soil microbial biemass or-respiration. A 2016
review noted that contrasting effects of glyphosate on earthworms have been found in
different experiments with some species unaffected, but others losing weight or avoiding
treated soil. Further research is required to determine the impact of glyphosate on earthworms
in complex ecosystems. [Rose et al., 2016 ; United States Environmental Protection Agency,

2007]

Toxicity to Birds

Glyphosate is acutely toxic to birds, but only in large amounts. The LC50, the amount
in food that kills SO percent of a population of test animals, is often above 4000 milligrams
per kilogram of food Glyphosate also has indirect impacts on birds. Because glyphosate kills
plants, its use creates a dramatic change in the structure of the plant community. This affects
bird populations, since the birds depend on the plants for food, shelter, and nest support.
For example, a study of four glyphosate-treated clear-cuts (and an unsprayed control plot) in
Nova Scotia found that the densities of the two most common species of birds (white-throated
sparrow and common yellowthroat) decreased for two years after glyphosate treatment. By
the fourth year post-spray, densities had returned to normal for these two species. However,
the unsprayed plot had by then been colonized by new species of birds (warblers, vireos, and

a hummingbird). These species did not appear on the sprayed plots.

An earlier three year study of songbird abundance following glyphosate treatment of
clear-cuts in Maine forests “sl.j}owed similar results. Abundance’s of the total number of birds
and three common species (iecreased. The decrease in bird abundance was correlated with
decrease in the diversity of the habitat.( Journal of Pesticide Reform Volume 15, Number

4, Winter 1995)
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Based on current data, EPA has determined that the effects of glyphosate on birds,
mammals, fish and invertebrates are minimal. Under certain use conditions, glyphosate may
cause adverse effects to non target aquatic plants. Additional data are needed to fully evaluate
the effects of glyphosate on nontarget terrestrial plants. Risk reduction measures will be

developed if needed, once the data from these studies are submitted and evaluated (EPA).

Honey Bees

Our results show that brood fed with food containing GLY traces (1.25-5.0 mg per
litre of food) had a higher proportion of larvae with delayed moulting and reduced weight.
Our assessment also indicates a non-monotonic dose-response and varlablllty in the effects
among colonies. Differences in genetic diversity could explain the variation in susceptibility
to GLY. Accordingly, the transcription of immune/detoxifying genes in the guts of larvae
exposed to GLY was variably regulated among the colonies studied. Consequently, under
laboratory conditions, the response of honey bees to GLY indicates that it is a stressor that
affects larval development depending on individual and colony susceptibility. PLoS ONE
13(10): 1-19

Glyphosate-containing products pose hazards to insects that are economically
beneficial because they kill pest insects. The International Organization for Biological
Control found that exposure to freshly dried Roundup killed over 50 percent of three species
of beneficial insects: a parasitoid wasp, a lacewing, and a ladybug.35 Over 80 percent of a
fourth species, a predatory beetle, was killed. Exposure to three sublethal concentrations of
GLY (2.5, 5 and 10 mg 1-1: corresponding to 0.125, 0.250 and 0.500 ug per animal) affects
the homeward flight path of honeybees in an open field. We performed an experiment in
which forager honeybees were trained to an artificial feeder, and then captured, fed with
sugar solution containing traces of GLY and released from a novel site either once or twice.
Their homeward trajectories were tracked using harmonic radar technology. We found that
honeybees that had been fed with solution containing 10 mg 1-1 GLY spent more time
performing homeward flights than control bees or bees treated with lower concentrations.
They also performed more indirect homing flights Moreover, the proportion of direct home
ward flights performed after a second release from the same site increased in control bees but
not in treated bees. These results suggest that, in honeybees, exposure to levels of GLY
commonly found in agricultural settings impairs the cognitive capacities needed to retrieve

and integrate spatial information for a successful return to the hive. Therefore, honey bee
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navigation is affected by ingesting traces of the most widely used herbicide worldwide, with

potential long-term negative consequences for colony foraging success.

Earthworms

Herbicide use is increasing worldwide both in agriculture and private gardens.
However, our knowledge of potential side-effects on non-target soil organisms, even on such
eminent ones as earthworms, is still very scarce. In a greenhouse experiment, we assessed the
impact of the most widely used glyphosate-based herbicide Roundup on two earthworm
species with different feeding strategies. We demonstrate, that the surface casting activity of
vertically burrowing earthworms (Lumbricus terrestris) almost ceased three weeks afier
herbicide application, while the activity of soil dwelling earthworms (Aporrectodea
caliginosa) was not affected. Reproduction of the soil dwellers was reduced by 56% within
three months after herbicide application. Herbicide application led to increased soil
concentrations of nitrate by 1592% and phosphate by 127%, pointing to potential risks for
nutrient leaching into streams, lakes, or groundwater aquifers. These sizeable herbicide-
induced impacts on agroecosystems are particularly worrisome because these herbicides have

been globally used for decades [Scientific Reports, August 2015].

Earthworms: A study of the most common earthworm found in agricultural soils in
New Zealand showed that glyphosate significantly affects growth and survival of
earthworms. Repeated biweekly applications of low rates of glyphosate (1/20 of typical rates)

caused a reduction in growth, an increase in the time to maturity, and an increase in mortality.

Effect on plant health

Some studies have found causal relationships between glyphosate and increased or
decreased disease resistance. Exposure to glyphosate has been shown to change the species
composition of endophytic bacteria in plant hosts, which is highly variable (Duke, et al.,

2007 ; Rosenblueth.-and.Romero, 2006)

As a broad-spectrum herbicide, glyphosate has potent acutely toxic effects on most
plant species. However, there are other kinds of serious effects. These include effects on
endangered species, reduction in the ability to fix nitrogen, increased susceptibility to plant
diseases, and reduction in the activity of mycorrhizal fungi. Journal of Pesticide Reform

Volume 15, Number 4, Winter 1995
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Genetically modified crops

Some micro-organisms have a version of 5-enolpyruvoyl-shikimate-3-phosphate synthetase
(EPSPS) resistant to glyphosate inhibition. A version of the enzyme that was both resistant to
glyphosate and that was still efficient enough to drive adequate plant growth was identified
by Monsanto scientists after much trial and error in an Agrobacterium strain called CP4,
which was found surviving in a waste-fed column - at ~a~glyphosate production
facility. This CP4 EPSPS gene was cloned and transfected into soybeans. In 1996, genetically
modified soybeans were made commercially available. Current glyphosate-resistant crops
include soy, maize (corn), canola, alfalfa, sugar beets, and cotton, with wheat still under
development.In 2015, 89% of corn, 94% of soybeans, and 89% of cotton produced in the
United States were from strains that were genetically modified to be herbicide-tolerant
(Green and Owen, 2011 ; Rashid, 2009 and Adoption of Genetically Engineered Crops in the
U.S., 2015).

GOVERNMENT AND ORGANIZATION POSITIONS
European Food Safety Authority

A 2013 systematic review by the German Institute for Risk Assessment (BfR)
examined more than 1000 epidemiological studies, animal studies, and in vitro studies. It
found that "no classification and labelling for carcinogenicity is warranted" and did not
recommend a carcinogen classification of either 1A or 1B. It provided the review to EFSA in
January 2014 which published it in December 2014. In November 2015, EFSA published its
conclusion in the Renewal Assessment Report (RAR), stating it was "unlikely to pose a
carcinogenic hazard to humans". The EU was largely informed by this report when it made

its decision on the use of glyphosate in November 2017.

EFSA's decision and the BfR report were criticized in an open letter published by 96
scientists in November 2015 saying that the BfR report failed to adhere to accepted scientific
principles of open and "t"'r';zihs'péréht procedures. The BfR report included unpublished data,
lacked authorship, omitted references, and did not disclose conflict-of-interest information

[Charles, 2016 ; Christopher, 2015).

On April 4, 2016, Dr. Vytenis Andriukaitis, European Commissioner for Health and
Food Safety, wrote an open letter to the Chair of the Board of the Glyphosate Task
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at Monsanto Europe asking to publish the full studies provided to the EFSA [European

Commission, 2016].

In September 2017, The Guardian reported that sections of the Renewal Assessment
Report prepared by the BfR and used by Efsa were copy-pasted from a study done by
Monsanto. Some sections of copy contained small changes such as using British spelling
rather than American forms but others were copied word for word, including most of the
peer-reviewed papers that were used in the report. The Guardian reported that a "Monsanto
spokesperson said that Efsa allowed renewal reports to be written this way because of the

large volume of toxicological studies submitted." [The Guardian. Retrieved, 2017].

US Environmental Protection Agency

In a 1993 review, the EPA, considered glyphosate to be noncarcinogenic and
relatively Jow in dermal and oral acute toxicity. The EPA considered a "worst case" dietary
risk model of an individual eating a lifetime of food derived entirely from glyphosate-sprayed
fields with residues at their maximum levels. This model indicated that no adverse health
effects would be expected under such conditions.’® In 2015, the EPA initiated a review of

glyphosate's toxicity and in 2016 reported that glyphosate is likely not carcinogenic.

In May 2019, CNN reported that the agency had reaffirmed its position that, when
used according to instructions, glyphosate is not carcinogenic. Noting company emails
between Monsanto and EPA executives released in 2015 which appear to suggest that an
EPA official offered to kill an agency glyphosate review, CNN cited "concerns about whether
Monsanto has had undue influence over regulators [Charles, Dan, 2019 ; CNN and Holly
Yan, 2019).

International Agency for Research on Cancer

In March 2015, theInternational- Agency for Research on Cancer (IARC), an
intergovernmental agency forming part of the World Health Organization of the United
Nations, published a summary of their forthcoming monograph on glyphosate, and classified
glyphosate as "probably carcinogenic in humans" (category 2A) based on epidemiological
studies, animal studies, and in vitro studies. It noted that there was "limited evidence" of
carcinogenicity in humans for non-Hodgkin lymphoma. The IARC classifies substances for

their carcinogenic potential, and "a few positive findings can be enough to declare a hazard,
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even if there are negative studies, as well." Unlike the BfR, it does not conduct a risk

assessment, weighing benefits against risk. [Pollack, 2015]

The BfR responded that IARC reviewed only a selection of what they had reviewed
carlier, and argued that other studies, including a cohort study called Agricultural Health
Study, do not support the classification. The IARC report did not include unpublished studies,
including one completed by the IARC panel leader. The agency's international protocol
dictates that only published studies be used in classifications of carcinogenicity, since
national regulatory agencies including the EPA have allowed agrochemical corporations to
conduct their dwn unpublished research, which may be biased in Isupport of their profit
motives. Monsanto called the IARC report biased and said it wanted it to be retracted. Two
journalists from Le Monde won the 2018 European Press Prize for the "Monsanto Papers," a
series of articles which described, among other things, Monsanto's lawyers' intimidation of
IARC scientists after the publication of the IARC finding that glyphosate was a "probable
carcinogen" in Monograph 112. (Gillam 2015; Glyphosate: IARC, 2018 )

A 2017 review done by personnel from EFSA and BfR argued that the differences
between the IARC's and EFSA's conclusions regarding glyphosate and cancer were due to
differences in their evaluation of the available evidence. The review concluded that "Two
complementary exposure assessments ... suggests that actual exposure levels are below" the
reference values identified by the EFSA "and do not represent a public concern." In contrast,
a 2016 analysis concluded that in the EFSA's Renewal Assessment Report, "almost no weight
is given to studies from the published literature and there is an over-reliance on non-publicly
available industry-provided studies using a limited set of assays that define the minimum data
necessary for the marketing of a pesticide", arguing that the IARC's evaluation of probably
carcinogenic to humans "accurately reflects the results of published scientific literature on

glyphosate" (Hakim and Danny, 2017 ; Stéphane Foucart and Stéphane Horel, 2019).

In 2017, interpal documents from Monsanto were made public by lawyers pursuing
litigation against the company. The documents appeared to indicate that Monsanto had
planned a public relations effort to discredit the IARC report, and that an opinion piece
in Forbes Magazine challenging the report had been written by an author engaged by
Monsanto who had not revealed that connection. In response, Forbes removed the piece. In
October 2017, an article in The Times revealed that Christopher Portier, a scientist advising
the IARC in the assessment of glyphosate and strong advocate for its classification as

26

622



possibly carcinogenic, had received consulting contracts with two law firm associations
representing alleged glyphosate cancer victims that included a payment of US$160,000 to
Portict. According to Geoffrey Kabat, Portier played a key role in requesting the IARC
perlornt a review of glyphosate carcinogencity and in deliberations that result in the IARC's
conclusion that glyphosate was carcinogenic. Following these reports of Portier's actions, the
TARC's final report was also found to have undergone significant changes compared to an
interim report through removal of text saying glyphosate was not carcinogenic and to
strengthening claims of carcinogenicity. During deposition, Portier said the interim report
originally did conclude "limited evidence of animal carcinogenicity." but denied knowing
when the text was changed to "sufficient evidence of animal carcinogenicity”. [Kelland, Kate,

2019 1 Reuters, 2016]

California Office of Environmental Health Hazard Assessment

Alter the California Office of Environmental Health Hazard Assessment (OEHHA)
announced, in March 2015, plans to have glyphosate listed as a known carcinogen based on
the TARC assessment, Monsanto started a case against OEHHA and its acting director,
Lauren Zeise. in 2016, but lost the suit in March 2017 [Kelland, Kate, 2019 ; Reuters, 2016].
Glyphosate was lisied as "known to the State of California to cause cancer” in 2017. As part
of an ongoing case, an injunction was issued prohibiting California from enforcing
carcinogenteity labeling requirements for glyphosate stating that arguments by California
"do] not change the fact that the overwhelming majority of agencies that that have examined

glyphosate have determined it is not a cancer risk."

Kuropean Chemicais Agency

On March 15, 2017 the European Chemicals Agency (ECHA) announced
recormmendations proceeding from a risk assessment of glyphosate performed by ECHA's
Conunitiece for Risk Assessment (RAC). Their recommendations maintained the current
classification of glyphosate as a substance causing serious eye damage and as a substance
toxic to aquatic life. However, the RAC did not find evidence implicating glyphosate to be a

carcinogen. a mutagen, as toxic to reproduction, nor as toxic to specific organs.

Fuareopean Union
o April 2014, the legislature of the Netherlands passed legislation prohibiting sale of

glyphosate to individuals for use at home; commercial sales were not affected. In June 2015,
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the French Ecology Minister asked nurseries and garden centers to halt over-the-counter sales
of glyphosate in the form of Monsanto's Roundup. This was a nonbinding request and all
sales of glyphosate remain legal in France until 2022, when it was planned to ban the
substance for home gardening. However, more recently the French parliament decided to not
to impose a definitive date for such a ban. In January 2019, "the sale, distribution, and use of
Roundup 360 [wa]s banned" in France. Exemptions for many farmers were later
implemented, and a curb of its use by §0% for 2021 is projected. [Weedkiller Roundup
banned in France after court ruling, 2019 ; Arthur Nelson, 2016]

A vote on the relicencing of glyphosate in the EU stalled in March 2016. Member
states France, Sweden, and the Netherlands objected to the renewal. A vote to reauthorize on
a temporary basis failed in June 2016 but at the last-minute the license was extended for 18
months until the end of 2017. On 27 November 2017, a majority of cighteen U member
states voted in favor of permitting the use of herbicide glyphosate for five more years. A
qualified majority of sixteen states representing 65% of EU citizens was required. The
German Minister of Agriculture, Christian Schmidt, unexpectedly voted in favor while the
German coalition government was internally divided on the issue which usually results in

Germany abstaining.

In December 2018, attempts were made to reopen the decision to license the weed-
killer. These were condemned by Conservative MEPs, who said the proposal was politically
motivated and flew in the face of scientific evidence. In March 2019, the European Court of
Justice (ECJI) ordered the European Food Safety Authority (EFSA) to release all
carcinogenicity and toxicity pesticide industry studies on glyphosate to the general public.
[European Court of Justice orders public release of industry glyphosate studies’. 2019 ;

Briner, 2018].

In March 2019, the Austrian state of Carinthia outlawed the private use of glyphosate
in residential areas while the commercial application of the herbicide is still permitted for
farmers. The use of glyphosate by public authorities and road maintenance crews was already
halted a number of years prior to the current ban by local authorities. In June 2019. Deutsche
Bahn and Swiss Federal Railways announced that glyphosate and other cominonly used
herbicides for weed eradication along railway tracks will be phased out by 2025, while more
environmentally sound methods for vegetation control are implemented. in July 2019,
the Austrian parliament voted to forbid glyphosate [Austria Staff, Centralamericadata.con.
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Other countrics

[n September 2013, the Legislative Assembly of El Salvador approved legislation to
ban 55 agrochemicals, including glyphosate; the ban on glyphosate was set to begin in 2015.
ln May 2015, the President of Sri Lanka banned the use and import of glyphosate, effective
immediately. fowever, in May 2018 the Sri Lankan government decided to re-authorize its
use in the plantation scctor. (Legislative Assembly of El Salvador, 2013 ; Glyphosate ban

lifted for tes, rubber industries).

In May 2015, Bermuda blocked importation on all new orders of glyphosate-based
herbicides for a  temaporary  suspension awaiting outcomes of research. In May
2015. Colombia announced that it would stop using glyphosate by October 2015 in the
destruction of illegal plantations of coca, the raw ingredient for cocaine. Farmers have
complained that the aerial fumigation has destroyed entire fields of coffee and other legal
produce. In April 2019, Vietnam's Ministry of Agriculture and Rural Development banned
the use of glyphosate throughout the country. The ministry had begun reviewing the use of

the chemical in 2016. (Viet Nam bans weed killer ingredient glyphosate, 2019).

Eawsuits claiming iability for cancer

in June 2018, Dewayne Johnson, a 46-year-old former California
sehool groundskeeper who is dying of non-Hodgkin lymphoma, took Monsanto (which had
been acquired by Bayer earlier that month) to trial in San Francisco County superior court,
alleging that it has spent decades hiding the cancer-causing dangers of its Roundup
herbicides. The judge ordered that jurors be allowed to consider both scientific evidence
related to the cause of Johnson's cancer and allegations that Monsanto suppressed evidence of
he risks. with possible punitive damages. In August 2018, the jury awarded Johnson US$289
million in damages. Monsanto said they would appeal, saying they were confident that
glyphosate docs not cause cancer when used appropriately. In November 2018, the award

was reduced to 78 million on appeal. (Weedkiller glyphosate doesn't cause cancer' 2018).

In Aupust 2018, the potential for additional cases was estimated at up to 4,000. Bayer
announced in April 2019 that over 13,000 lawsuits related to Roundup had been launched in
the US. In March 2019, a man was awarded $80 million in a lawsuit claiming Roundup was a
substantial factor in his cancer, resulting in Costco stores discontinuing sales. In July 2019,
U.S. District Judge Vince Chhabria reduced the settlement to $26 million. Chhabria stated
that a punitive award was appropriate because the evidence "easily supported a conclusion
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that Monsanto was more concerned with tamping down safety inquiries and manipulating
public opinion than it was with ensuring its product is safe." Chhabria stated that there is
evidence is on both sides concerning whether glyphosate causes cancer and that the behavior
of Monsanto showed "a lack of concern about the risk that its product might be carcinogenic

(Johnson and Stephen, 2019).

On 13 May 2019 a jury in California ordered Bayer to pay a couple $2 billion in
damages after finding that the company had failed to adequately inform consumers of the
possible carcinogenicity of Roundup. On July 26, 2019, an Alameda County judge cut the
settlement to $86.7 million, stating that the judgement by the jury exceeded legal precedent.
Using litigation discovery emails it was later revealed that in 2015 when Monsanto was
discussing papers they wanted to see published to counter the expected [ARC glyphosate
results they wrote in an email, "An option would be to add Greim and Kier or Kirkland to
have their names on the publication, but we would be keeping the cost down by us doing the
writing and they would just edit & sign their names so to speak. Recall that is how we

handled Williams Kroes & Munro, 2000."

CASE STUDY
The acute toxicity of glyphosate products to humans was first widely publicized by
physicians in Japan who studied 56 cases of Roundup poisoning. Most of the cases were

suicides or attempted suicides; nine cases were fatal. Symptoms of acute poisoning in humans

included gastrointestinal pain, vomiting, excess fluid in the Jungs, pneumonia, clouding of

consciousness, and destruction of red blood cells. They calculated that the mean amount
ingested in the fatal cases was slightly more than 200 milliliters (about 3/4 of a cup). They
believed that POEA was the cause of Roundup's toxicity. More recent reviews ol glyphosate
poisoning incidents have found similar symptoms, as well as lung congestion or dyslunction,
erosion of the gastrointestinal tract, abnormal electrocardiograms, massive gastrointestinal

fluid loss, low blood pressure, and kidney damage or failure.

Where is Glyphosate Banned?
A number of cities, counties, states and countries throughout the world have taken sicps to

either restrict or ban glyphosate, the active ingredient in Monsanto’s Roundup weed killer,
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The following countries have issued outright bans on glyphosate, imposed restrictions or
have isstied statements of intention to ban or restrict glyphosate-based herbicides, including

Roundup. over heaith concerns and the ongoing Roundup cancer litigation:

» Argentina: In. 2015, more than 30,000 health care professionals advocated for a
glyphosate ban tollowing the International Agency for Research on Cancer’s (IARC)
report on glyphosate, which concluded the chemical is probably carcinogenic to
bumans. More than 400 towns and cities in Argentina have passed measures

restricting glyphosate use.

¢ Australia: Numerous municipalities and school districts throughout the country are
currently testing alternative herbicides in an effort to curtail or eliminate glyphosate
use. Many use steam technology for weed control on streets and in other public areas.

e Following a series of massive jury verdicts in Roundup cancer lawsuits in the United
States, the Australian state of Victoria launched its own review of glyphosate. Two
councils in Sydney have either banned or are in the process of banning glyphosate

use, and cight other councils are reviewing the chemical.

= Austria: In Junc of 2019, Austria announced that it planned to ban glyphosate within
the year. Leader of the Social Democrats, Pamela Rendi-Wagner, said she is
“plcased” that her party’s long-standing effort to ban glyphosate in Austria would
“finally pay off” now that her party’s motion had a majority in the Austrian
parliament. The measure to ban glyphosate passed in July of 2019. The Austria

glyphosate ban will take effect on January 1, 2020.

e Babrain: According to Oman’s Ministry of Agriculture, Bahrain and five other

countries in the Gulf Cooperation Council (GCC) have banned glyphosate.

o Belgium: Banned the individual use of glyphosate. In 2017, Belgium voted against
relicensing glyphosate in the EU. The country was also one of six EU member states
to sign a letter to the EU Commission calling for “an exit plan for glyphosate...” The
city of Brussels banned the use of glyphosate within its territory as part of its “zero

pesticides” policy.

»  Bermuda: Outlawed private and commercial sale of all glyphosate-based herbicides.

In 2017, the government relaxed its ban on glyphosate, allowing the Department of
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Environment and Natural Resources to import restricted concentrations of

glyphosate for managing roadside weed overgrowth.

Brazil: In August of 2018, a federal judge in Brasilia ruled that new products
containing glyphosate could not be registered in the country. Ixisting regulations
concerning glyphosate were also suspended, pending a reevaluation of toxicological

data by Anvisa, the country’s health agency.

In September of 2018, a Brazilian court overturned the federal judge’s ruling.
September marks Brazil’s first month of soybean planting. The country is the largest
exporter of soybeans in the world, and as such, has become heavily reliant on
agrochemicals. Anvisa issued a statement following the court’s decision to overturn
the ruling, saying it will take necessary legal and technical steps in response. Further.
Brazil’s Solicitor General’s office has said it is preparing an appeal to the court
decision with support from the Agriculture Ministry. Brazil’s health agency
concluded a re-evaluation of glyphosate in February of 2019. Based on the agency’s

findings, a blanket ban of glyphosate in Brazil is unlikely.

Canada: Eight out of the 10 provinces in Canada have some form oi restriciion on
the use of non-essential cosmetic pesticides, including glyphosate. Vancouver has
banned public and private use of glyphosate, aside from the trcatment of invasive
weeds. In June of 2019, New Brunswick officials announced that the province
would reduce glyphosate spraying in certain areas with the promise that more

regulation will follow.

Colombia: In 2015, Colombia outlawed the use of glyphosate to destroy iilegal
plantations of coca, the raw ingredient for cocaine, out of concern that glyphosale
causes cancer. In March of 2019, President Ivan Duque asked for the judicial ban on
aerial glyphosate spraying to be lifted. However, in July of 2019, the court maintained
the judicial ban on glyphosate, ruling that the government has to prove that glvphosaic

is not harmful to human health and the environment in order for the bau to be lified.

Czech Republic: Agriculture Minister Miroslav Toman said the country will fimit
glyphosate use starting in 2019. Specifically, the Czech Republic will ban givphosate

as a weedkiller and drying agent.

32

628



Denmark: The Danish Working Environment Authority declared glyphosate to be
carcinogenic and has recommended a change to less toxic chemicals. Aalborg, one of
the largest cities in Denmark, issued private-use glyphosate ban in September of 2017.
In July of 2018, the Danish government implemented new rules banning the use of

glyphosate on all post-emergent crops to avoid residues on foods.

1t Salvador: In 2013, the country adapted a law banning glyphosate over links to

deadly kidney disease. However, by 2016, the legislation appeared to stall.

France: French authorities banned the sale, distribution and use of Roundup 360 in
early 2019.. In May of 2019, French Agriculture Minister Didier Guillaume
announced that France would eliminate the use of glyphosate by 2021 with limited
cxceptions. Some 20 mayors throughout the country have banned glyphosate in their

municipalities.

Germany: Environment Minister Svenja Schulze announced in September 2019
that Germany will ban glyphosate by 2023. The ban, agreed to by the Cabinet,
includes a “systemic reduction strategy” that will prohibit glyphosate spraying in
domestic gardens and at the edges of farmland. Certain retail stores in Germany have

already pulled glyphosate-based herbicides like Roundup from shelves.

Greece: Greece was one of nine EU countries to vote against relicensing glyphosate
in Noveniber of 2017. The country was also one of six EU member states to sign a
2018 letter to the European Commission calling for “an exit plan for
glyphosate...” According to Greek Minister of Agricultural Development Evangelos
Apostolou, “[iJt is our duty to push in the direction of risk management, in the
interests of consumers, producers and the environment.” In March of 2018, the Greek

government approved a five-year license for Monsanto’s Roundup against the wishes

ol Greek environmentalists.

India: In October of 2018, the government of Punjab banned the sale of glyphosate in
the state. “All pesticide manufacturers, marketers and dealers in the State shall not sell
glyphosate formulations-concentrations with immediate effect. The licensing
authorities have been asked to take necessary steps for removal of entries for

glyphosate from the licenses issued by them,” said State Agriculture Secretary K.S.
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Pannu. In February of 2019, the Indian state of Keralaissued a ban on the sale.

distribution and use of glyphosate.

Ttaly: Italy’s Ministry of Health placed a number of restrictions on glyphosate use.
Jtalian legislators have also raised concerns about glyphosate safety, and have come
out against relicensing the herbicide in the European Union. In 2016, the ltalian
government banned the use of glyphosate as a pre-harvest treatment and placed
restrictions on glyphosate use in areas frequented by the public. In November of 2017.

Italy was one of seven EU nations to vote against relicensing glyphosate.

Kuwait: According to Oman’s Ministry of Agriculture, Kuwait and five other
countries in the Gulf Cooperation Council (GCC) issued glyphosate bans.

Luxembourg: One of Luxembourg’s largest supermarket chains removed glyphosate
from its shelves following the release of the JARC glyphosate report. Luxembourg
was one of nine EU countries to vote against relicensing glyphosate in November of
2017, and in early 2018, the country signed a letter to the EU Commission calling for

“an exit plan for glyphosate...

Malawi: In April 2019, Malawi’s Principal Secretary of the Ministry of Agriculture,
Irrigation and Water Development told the country’s National newspaper that
import licenses for glyphosate-based herbicides like Monsanto’s Roundup would be

suspended immediately.

Malta: In July of 2019, Malta banned the use of glyphosate in public spaces. The
spraying of glyphosate will not be allowed on roadsides or near schools, among other
places.

Netherlands: Banned all non-commercial use of glyphosate.

New Zealand: The cities of Auckland and Christchurch passed resolutions to reduce
the usage of chemicals for weed and pest control in public places. The Physicians and
Scientists for Global Responsibility, a New Zealand charitable trust, called for a

glyphosate ban in 2015.

Oman: Eng Saleh al Abri, director general of agricultural development in Oman’s
Ministry of Agriculture and Fisheries (MoAF), told a reporter that glyphosate “hasn’t

been available in Oman since 2016.” Eng Abri added, “This active ingredient has
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been banned throughout the GCC (Gulf Cooperation Council) since last year.” In
addition to Oman, the GCC includes Saudi Arabia, Qatar, Kuwait, Bahrain, and the
United Arab Emirates (UAE).

Portugal: Prohibits the use of glyphosate in all public spaces. The president of the

Portuguese Medical Association has also called for a worldwide ban of glyphosate.

Qatar: According to Oman’s Ministry of Agriculture, Qatar and five other countries

in the Gulf Cooperation Council (GCC) have banned glyphosate.

St. Vincent and the Grenadines: Acting on advice from their Pesticides Board, the
Caribbean couniry placed an immediate suspension-on the import of glyphosate-based

herbicides.

Saudi Arabia: [ssued a glyphosate ban along with five other countries in the Gulf

Cooperation Council (GCC).

Scotland: Aberdeen cut back its use of herbicides and Edinburgh’s City Council
voted to phase out glyphosate. In November of 2017, five of Scotland’s six EU

parlianientarians voted in favor of a motion that would phase out glyphosate by 2022.

Slovenia: Slovenia was one of six EU member states to sign a 2018 letter to the
European Commission citing “concerns” about the risks associated with glyphosate.

The letter called upon the Commission to introduce “an exit plan for glyphosate...”

Spain: According to Kistifie Garcia of the Spanish NGO, Ecologistas en Accion,
Barcelona, Madrid, Zaragoza and the region of Extremuda have decided to ban
glyphosate. The regions of La Rioja (major Spanish wine region) and Aragon have
also approved motions against endocrine-disrupting chemicals, which includes

glyphosate.

Sri Lanka: Sri Lanka was the first country to issue a nationwide ban on glyphosate.
However, in 2018, the government decided to lift the ban due to crop losses and

overgrowing weeds.

Sweden: Raised concerns about glyphosate safety and has pushed against relicensing

the herbicide in the EU. In 2017, the Swedish Chemicals Agency (SCA) announced it
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was planning to tighten rules on private use of plant protection products. Under the
plan, private users would only be allowed to use products containing “‘low-risk
substances.” According to the SCA, glyphosate is an example of an active substance
not expected to be included among low-risk substances, meaning in due time, private

consumers may not be permitted to use herbicides containing glyphosate.

o Switzerland: Concerned about public well-being, the Swiss supermarket chains
Migros and Coop removed glyphosate-based products from their shelves due to health
risks. In 2017, the Green party put forth a plan to ban glyphosate in Switzerland. The

proposed plan was rejected by the Federal Council, Switzerland’s cxecutive.

« Thailand: In August 2019, Deputy Agriculture Minister Mananya Thaiseth ceased
licensing extensions for three hazardous farm chemicals, including glyphosate.

According to Thaiseth, glyphosate will be banned by the end of 2019.

« United Arab Emirates: Issued a glyphosate ban along with five other countries in

the Gulf Cooperation Council.

o United Kingdom: Following the landmark $289 million Monsanto Roundup verdict
on Aug. 10, 2018, Homebase, one of the UK’s largest DIY retailers, announced that it
would review the sale of Roundup and Ranger Pro. However, according to the Sun,

Homebase and other major retailers still stock the weed killers for sale.

The following boroughs and townships have issued bans or restrictions on pesticides and

herbicides, including glyphosate:

. Brighton

. Bristol

" Bury (ban in children’s play areas)
" ‘Croydon

" Derry City (Northern Ireland)

. Frensham

- Frome

= Glastonbury

. Hammersmith & Fulham
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" Lewes

. MidJothian (Scotland)
» North Somerset

. Trafford

. Wadebridge

s Vietnam: Following the jury verdict in Hardeman v. Monsanto Co., Vietnam
announced that it would ban glyphosate imports. According to Hoang Trung, Director
of the Plant Protection Department under the Ministry of Agriculture and Rural
Development, “the removal of this substance from the list of pesticides allowed to be

used in Vietnam will be done in the near future.”

Why is Glyphosatlc Banned?

Most of the glyphosate restrictions or bans throughout the world were introduced
following the 2015 IARC report on glyphosate. The IARC report concluded that glyphosate
is a “probable human carcinogen.” According to the report, the cancers most associated with
glyphosate exposure were found to be non-Hodgkin lymphoma and other hematopoietic
cancers. The report further concluded that giyphosate exposure caused DNA and
chromosomal damage in human cells, as well as genotoxic, hormonal and enzymatic effects

In mammals.

Other glyphosate studies have linked the chemical to a number of health issues,
including, but not limited to ADHD, Alzheimer’s Disease, Autism, Birth Defects, various
forms of cancer. Celiac Disease, Colitis, Heart Disease, Inflammatory Bowel Syndrome,

Kidney Disease, Liver Disease, and Parkinson’s Disease.
b b

Is Glyphosate Banned in Europe?
As you can see above, some individual countries have introduced legislation to ban or
restrict private sales of glyphosate, or restrictions on spraying glyphosate in public spaces. As

for the whole of the European Union (EU), glyphosate is not currently banned.

However, EU public opinion is leaning in favor of a glyphosate ban. In a 2016 poll of
the five largest EU countries, over 66 percent of respondents said they favored a glyphosate

ban. Over 1.3 million people signed a petition in 2017 calling for a European ban of
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glyphosate. That public pressure caught the attention numerous Members of Luropean

Parliament, who have cited the petition as the foundation for instituting an EU ban.

In November of 2017, EU member states narrowly voted to relicense glyphosate for a
period of five years. The vote was not without controversy; German Agriculture Minister
Christian Schmidt (CSU) entered a ‘yes’ vote for his country without consulting with German
Chancellor Angela Merkel (CDU) on the matter. His unilateral vote disregarded Germany’s
Environment Minister, who had instructed Schmidt to abstain from voting. With Germany’s
vote, the measure narrowly passed and glyphosate received a new license.

Following the scandal, six EU countries sent a letter to the European Commission, calling for
an exit plan for glyphosate. France and Italy have stated they will carry out glyphosate bans

by 2020, and Germany announced in 2018 that it will also issuc a glyphosate ban.

In January of 2019, a European Parliament report found that EU regulators based their

decision to relicense glyphosate on an assessment that was plagiarized from a coalition of

pesticide companies, including Monsanto.

The EU Parliament report investigated claims that Germany’s Federal Institute for Risk
Assessment (BfR) copied and pasted large sections of a pesticide industry assessment of
glyphosate literature in its own assessment. The BfR report concluded that classifying
glyphosate as a carcinogen is not warranted. The European Food Safety Authorty (EFSA).
which relied upon the BfR report, also found that glyphosate is safe for humans and the

environment.

Following the release of the EU Parliament report, an EU court ruled that EFSA should

publicize glyphosate studies used for its assessments.

Is Glyphosate Banned in the United States?

Despite the TARC report’s 2015 conclusion that glyphosate is a probable human
carcinogen, the U:S; “Environmental Protection Agency (EPA) maintains that glyphosatc is
not likely to be carcinogenic to humans. As such, glyphosate is not banned by the U.S.

for

government; Roundup and other glyphosate-based herbicides arc rcadily availible

purchase throughout the country.

However, the EPA is a captured agency, meaning it is dominated by the industry it

presumably regulates. Internal company documents now public in the Monsanto
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Papers demonstrate that EPA prioritizes the interests of corporations like Monsanto or

political sroups over the interests of the public it is charged with protecting.

“The EPA has got it wrong on glyphosate. We have study afier study afier study showing that
it in fuct, does cause a specific type of cancer called lymphoma. And we see it happening in
thousands and thousands of people across the country. Currently, this Administration and
this EPA will not take action against Monsanto. We 've seen.the. intexnal documents, the text
messages, 1he emails between senior EPA officials and Monsanto employees. And the simple
Jact is they know that this EPA will not take adverse action against them. It is a travesty that
this truth about it cuusing cancer and this awareness that we are trying to raise has to be
done in the context of litigation. We only exist, these lawsuits only exist, because the EPA has
Jailed the American public for 45 years and Monsanto is allowed to get away with reckless
conduct with, essentially, impunity...this agency essentially does not work for the American
public but works jor industry. The fact that the White House is telling Monsanto, ‘We have
vour back.’ I mean this just tells us that we are going to have to keep fighting this fight and
that we are not going to get any support or help from the public agencies that, ironically, are
supposed (o be protecting the public health. ”

#ren? Visner, Ronndup Cancer Atftorney

Is Glyphosate Banned in California?
California has not issued a statewide ban on glyphosate. However, on July 7, 2017, California
becamc the first state in the nation to issue a warning on glyphosate by adding the chemical

to the state™s Proposition 65 list of chemicals and substances known to cause cancer.

California’s decision to warn consumers about glyphosate was pursuant to the requirements
of the Safe Drinking Water and Toxic Enforcement Act, better known as California
Proposition 65, a ballot initiative approved by voters in 1986 to address toxic chemical
exposure concerns. Prop 65 requires California to publish a list of chemicals known to cause

cancer, birth defects or other reproductive harm.

In 2019, University of California President Janet Napolitano announced that glyphosate
would be temporarily banned on all 10 UC campuses, citing “concerns about possible human
health and ecological hazards, as well potential legal and reputational risks associated with

this category ol herbicides.”
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Arizona

Tucson, Arizona — Created an organics-first policy for controlling weeds on city

property.

California

Alameda County, California — The East Bay Regional Park District, a special
district operating regional parks in Alameda and Contra Costa Counties, banned
glyphosate around picnic and play areas effective “tuty *2019°EBRPD plans to
formally ban Roundup use in its parks by the end of 2020. EBRPD manages 73 parks
and 55 miles of shoreline.

Arcata, California — Initiated a pesticide reduction plan that urges pesticides to only
be used as a last resort.

Belvedere, California — Passed municipal ordinance initiating Integrated Pest
Management program that restricts toxic pesticide use and urges pesticide use as last
resort.

Benicia, California — City decided to go glyphosate-free following the verdict in
Johnson v. Monsanto Co.

Berkeley, California —Implemented pest management program o minimize or
eliminate the use of pesticides. The city has not used glyphosate since the

1970s, according to spokesman Matthai Chakko.

Burbank, California —City Council members voted to discontinue the use of

Roundup in city parks for one year, and Burbank Unified School District will no
longer use the herbicide due to cancer concerns.

Cambria, California — North Coast school board trustees formally proposed a ban on
glyphosate for all school properties.

Carlsbad, California — The City Council voted unanimously to adopt a poticy that
makes organic pesticides the preferred method for killing weeds. “Asked to choose
between aesthetics and public health...I’m going to choose public health every
time,” said Councilwoman Ceri Schumacher.

Concord, California — The Mount Diablo Unified School District unanimously voted
to ban glyphosate use on school property.

Contra Costa County, California — The East Bay Regional Park District, a special
district operating regional parks in Alameda and Contra Costa Counties, banned

glyphosate around picnic and play areas effective July 2019. EBRPD plans to
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formally ban Roundup use in its parks by the end of 2020. EBRPD manages 73 parks
and 55 miles of shoreline.

Corte Madera, California —Passed ordinance calling for Integrated Pest
Management (IPM) program restricting highly toxic pesticides, while also urging for
pesticide use to be a last resort.

Costa Mesa, California — City council adopted an organics-first Integrated Pest
Management (IPM) policy. o

Davis, California —Passed ordinance implementing Integrated Pest Management
(IPM) program designed to reduce the use of pesticides. Some city parks do not allow
the use of glyphosate.

Encinitas, California — Banned the use of Roundup and other glyphosate-based weed
killers wn city parks.

¥airfax, California — Passed municipal ordinance restricting use of toxic pesticides
on public property in favor of alternative methods.

Fresno, California — After hearing from concerned parents and employees, Fresno
Unified School District is investigating the use of alternative herbicides that do not
contain glyphosate, citing health risks.

{reendield, California — Adopted a resolution to “halt all use of the carcinogenic
weed killer Roundup and replace it with ‘greener’ alternatives.”

Irvine, California — City Council passed resolution to cease spraying Roundup and
other chemicals on public parks, streets and playgrounds.

l.aguna Hills, California —Passed a resolution to test an organics-only pesticide
program on iwo parks.

Lodi, California ~The city decided to ban the use of Roundup within 25 feet of
playgrounds.

Long Beach, California — Citing the landmark $289 million verdict in Johnson v.
Monsanto Co., Long Beach Parks & Recreation Director Gerardo Mouet announced
an imniediaie halt on the spraying of Roundup in Long Beach Parks.

b.os Angeles County, California — The Los Angeles County Board of Supervisors
1ssued a moratorium on glyphosate-based herbicides, including Roundup weed killer.
In July 2019, the LA County Board of Supervisors formally banned Roundup.
Malibu, California — The city may implement an Earth Friendly Management Policy

(EFMP) to avoid the use of pesticides and other chemicals.
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Marin County, California — The county stopped using glyphosate, the active
ingredient in Monsanto’s Roundup weed Kkiller, on all county-maintained parks,

landscaping, playgrounds, walkways and parking areas.

Mill Valley, California — Passed ordinance initiating Integrated Pest Management”

program that restricts toxic pesticide use and urges pesticide use as last resort.
Morgan Hill, California — Instituted a pilot program at a city park to assess the
possibility of eliminating the use of herbicides.

Napa, California — A policy announced in March of 2019 banned glyphosate use on
city property, completing a phase-out campaign that started three years ago.

Novato, California — Following the $289 million Monsanto verdict, Novato Mayor
Josh Fryday said the city will no longer use Roundup weed killer.

Oakland, California —Passed ordinance initiating Integrated Pest Management
program that restricts toxic pesticide use and promotes pesticide use as last resort. On
Sept. 1, 2018, the city formally halted the use of Roundup. Alameda County is
reviewing its chemical spraying practices.

Orange County, California — OC Parks banned the use of glyphosate on and around
playgrounds, picnic shelters, trails and campgrounds. However, glyphosate remains in
use on off-trail invasive weeds.

Oxnard, California — The Oxnard School District board voted to ban Roundup usc
on campuses.

Palo Alto, California —Pest management program calls for Integrated Pest
Management that restricts pesticide use in favor of less harmful methods.

Petaluma, California — City officials are considering a ban on glyphosate for use in
public parks.

Richmond, California — Issued an ordinance to ban the use of glyphosate for ail
weed abatement activities conducted by the city.

San Anselmo, California — Passed city resolution promoting an Integrated Pest
Management program restricting the use of toxic pesticides. The program only allows
pesticide use as a last resort.

San Francisco, California — Restricts the use of toxic pesticides on public property
in favor of alternative, organic methods.

San Juan Capistrano, Californi2 — Implemented an organics-lirst policy to control

weeds in city parks and open spaces.
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« San Lorenzo Valley, California — The San Lorenzo Valley Water District voted 4-
1 for a permanent ban of glyphosate pesticide use by the district.

«  San Luis Gbispo, California — San Luis Coastal Unified School District banned all
pesticides, including Roundup, on school properties in 2018. Coast Unified School
District banned Roundup in the summer of 2019.

« Santa Barbara, California — The Santa Barbara Unified School District Board of
Education voted to ban glyphosate spraying at all district schools.

« Santa Rosa, California — Banned the use of Roundup at city parks.

e Sonoma, California — Banned glyphosate use on all city-owned property.

« Thousand Qaks, California — City instituted a ban on glyphosate use on public golf
COUrses.

o Watsonville, California — City council voted unanimously to ban Roundup use on
city property.

e  Woodland, California — Woodland Joint Unified School District suspended the use
of Roundup on school campuses.

Colorado

» Boulder, Colorado — Banned Roundup for use on city parks.

= Irarango, Colorado — Instituted an Organically Managed Lands program to minimize
the use of synthetic fertilizers and pesticides.

Connecticut

« Middletown, Connecticut —Passed ordinance banning toxic pesticides and
herbicides on municipally-owned fields, parks and other property.

A ercwing number of Connecticut towns, including Branford, Cheshire, Granby, Essex,
Greenw&ch, Manchester, Oxford, Pine Grove, Plainville, Roxbury, Watertown, and
Woodbridge have adopted bans or restrictions on glyphosate use. The state also has Public
Act 09-56 to eliminate the use pesticides in K-8 schools.

Florida

The Florida Jish and -Waldlife. Conservation Commission ceased using aquatic herbicides,
glyphosate chief among them, anywhere in state waters, while the agency gathers public
input.

» Fort Myers Beach, Florida — The city has decided to ban Roundup.

» Key West, Florida — Key West City Commission banned the use of Roundup on city-

owned property, citing a $2.055 billion jury verdict in California.
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e Martin County, Florida—~ The local government instituted a Roundup ban that
applies to all county employees and contractors working on county projccts.

e Miami, Florida — Announced a city-wide ban on glyphosate-based herbicides in
February of 2019.

o Miami Beach, Florida — Passed a resolution banning the use of glyphosate weed
killers for landscaping and maintenance work on city-owned property.

o North Miami, Florida — City Council approved a plancalling' for the gradual
reduction of pesticide use on city property and a study on alternative pesticides.

» Satellite Beach, Florida — City Council unanimously approved a resolution that bans
the city and its contractors from using glyphosate-based herbicides, including
Monsanto’s Roundup.

o Stuart, Florida — City commissioners voted to ban glyphosate, calling for an
integrated pest control plan that reduces the use of glyphosate with the ultimate goal
of eliminating chemicals.

Hawaii

In February of 2018, a series of bills moved ahead in the legislature that would regulate
pesticides, including Roundup weed killer.

Ilinois

« Chicago, Illinois — The city stopped spraying glyphosate in public spaces.

o Evanston, Illinois — Evanston decided to go pesticide-frec in 2010. Glyphosate is
banned from use on city property, parks and schools.

e Franklin Park, Illinois —Passed resolution promoting an Integrated Pest
Management (IPM) policy that restricts highly toxic pesticides and urges for
pesticides to be considered as a last resort.

o Naperville, Illinois — Created the Sustainable Parks Initiative, which uses organic
products and sustainable practices for weed control.

o Urbana, Illinois — Adopted the Midwest Grows Green natural lawn care initiative to
eliminate synthetic lawn pesticides on city parks.

Iowa
o Dubugque, Iowa — City instituted a ban on glyphosate use in public parks.
o Story County, Iowa ~ Eliminated the use of chemical pesticides in six of its mowed

turf areas.
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Kansas

o Lawreance, Kansas - Implemented Integrated Pest Management (IPM)
program designed to reduce pesticide use.

«  Wichita, Kansas — Initiated pilot program that limits or eliminates pesticide use.

Maine
Dozens of cities and townships in Maine have adopted local ordinances restricting or banning
pesticides and herbicides.

» Portland, Mainc — Banned synthetic pesticides in March of 2019. Private property
owners may only use organic treatments on lawns and gardens. No pesticides may be
used within 75 feet of a water body or wetland.

o South Portland, Maine — Passed a pesticide plan that discourages property owners
from using certain pesticides and herbicides.

Marviand

« Greenbelt, Maryland — Adopted Sustainable Land Care policy for public lands
calling for limited use of pesticides.

« Hyattsville, Maryland — Passed ordinance prohibiting the use of toxic pesticides on
public property in favor of alternative, organic methods

- Montgomery County, Maryland — County Council voted to ban the use of cosmetic
pesticides on  private lawns. In December 2018, Montgomery County Parks
announced that it would discontinue the use of glyphosate in parks.

o Takoma Park, Maryland — Placed restriction on cosmetic pesticides for lawn care
on public and private property.

Massachusetis

« Chatham, Massachusetts — Passed an order banning glyphosate use in parks, athletic
fields, mulch beds and walkways.

o Eastham, Massachusetts — Local ordinance requires town employees to receive a
permit for use of registered pesticides and prohibits the use of highly-toxic pesticides.

s Falmouth, Massachusetts — Issued a yearlong moratorium on glyphosate use.

» Marblehead, Massachusetts — Created Organic Pest Management program to phase
out pesticides and herbicides.

e  Warwick, Massachusetts — A measure to ban Monsanto’s Roundup passed at a
Special Town Meeting. The ban does not allow people to spray glyphosate on any

tand within the town.
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Wellesley, Massachusetts — Wellesley banned all pesticides in 2011. Glyphosate is
restricted from being sprayed on athletic fields and any city-owned property. The

chemical can be used in limited emergency weed control situations.

Minnesota

Minneapolis, Minnesota — Commissioners of the Minneapolis Parks and Recreation

Board decided to eliminate all glyphosate-based products from being used in

neighborhood parks. In October of 2018, the Park Board’s Operations & Environment
Committee voted to extend the glyphosate ban to the entire Minneapolis park systém.
Rochester, Minnesota — The Parks & Recreation Department initiated a pesticide-

free pilot project for city parks.

Nevada

Reno, Nevada — The city initiated a pesticide free pilot program.

New Hampshire

Dover, New Hampshire — Passed resolution calling for Organic Land Management.
City utilizes least toxic compounds only when necessary.
Portsmouth, New Hampshire —Passed resolution eliminating thc use of toxic

pesticides on public property in favor of alternative, organic methods.

New Mexico

Bernalillo County, New Mexico — The County Commission voted to ban the use of
Roundup on county properties by 2020.

Las Cruces, New Mexico — The Las Cruces City Council voted to ban Roundup and
its principal ingredient, glyphosate, for pest control on city property. The ban is
scheduled to take effect once the city’s glyphosate supply is exhausted.

Taos County, New Mexico— Taos County Commissioners are considering the

possibility of banning all pesticides, including glyphosate.

New Jersey

New Jersey has State and local ordinances encouraging Integrated Pest Managemeni

programs to eliminae or drastically reduce the use of pesticides. At least 15 city school

districts and over a dozen other parks and recreation departments in the state have enacted

[PM programs.
New York
In January of 2019, New York State Senator Brad Hoylman (27th Disirict) sponsored a bili in

the New York State Senate that would prohibit the sale and distribution of products

containing glyphosate. Updates on the legislation can be found here.
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In April of 2019, two New York City council members introduced legislation to ban

glyphosate use in parks and other public spaces.

New York Park and Recreation Department has measures to eliminate or reduce pesticide and

herbicide use in areas under its control.

New Paltz, New York — The use of toxic pesticides and herbicides by city employees
or by private contractors is forbidden on all city-owned lands.

Rockland County, New York — Created a Non-Toxic Pesti¢ide program, mandating
the use of natural, non-toxic, or as a last resort with prior approval, the least toxic
pesticide use.

Westchester County, New York — Enacted a law for pesticide-free parks.

North Carolina

L]

Ohio

Carrboro, North Carolina — The city of Carrboro has restricted glyphosate use since
1999. Under the terms of the ban, glyphosate cannot be sprayed in public parks,
schools and town buildings or properties. The city will only allow glyphosate to be

sprayed under limited circumstances.

Cuyvahoga County, Ohio — Local ordinance prohibits the use of pesticides on county-
swred Jand. and established the adoption of an Integrated Pest Management program
for county-owned properties.

South Euclid, Ohio —Passed ordinance prohibiting toxic pesticides on public
grounds in favor of alternative, organic pest control methods unless permitted by an

Environmental Review Board.

(lregon

Texas

Kugene, Oregon — City put a moratorium on the use of weed killers containing
glyphosate on city properties.

Portland, Oregon — Since 1988, Portland has restricted the use of Roundup to
emergency use only. Glyphosate is banned on all city-owned property.

Austin, Texas — City Council voted to prohibit the spraying of glyphosate on city
lands.

Denton, Texas — City Council voted to implement an integrated pest management

program and restrict the use of glyphosate on city parks, fields and playgrounds.
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Vermont

Multiple bills containing restrictions or bans on glyphosate have been introduced in the

legislature.

Representative Mari Cordes introduced H. 301, which would ban the sale, use or application

of the herbicide glyphosate.

Representative Annmarie Christensen introduced H. 328, an act relating to the use of

glyphosate herbicide.

Virginia

Charlottesville, Virginia — Restricts the use of glyphosate on any city-owned parks,

schools, or buildings. Glyphosate can only be sprayed under limited circumstances.

Washington

King County, Washington —Passed municipal ordinance initiating an Integrative
Pest Management (IPM) program to determine if and how pesticides should be uscd.
Kitsap County, Washington— Passed measure banning the spraying of
glyphosate by workers on county-owned and maintained properties. Glyphosate may
only be used on noxious weeds as a tool of last resort.

Olympia, Washington — City passed a resolution to encourage the implementation ol

an Integrative Pest Management (IPM) program for non-chemical pest control.

Thurston County, Washington —Passed municipal ordinance to restrict the use of

toxic pesticides on public property.
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DISCLAIMER

Use of trade names is for identification only and does not imply endorsement by the Agency for Toxic
Substances and Disease Registry, the Public Health Service, or the U.S. Department of Health and Human
Services.

This information is distributed solely for the purpose of pre dissemination public comment under
applicable information quality guidelines. It has not been formally disseminated by the Agency for Toxic
Substances and Disease Registry. It does not represent and should not be construed to represent any
agency determination or policy.

**DRAFT FOR PUBLIC COMMENT***
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GLYPHOSATE fii

FOREWORD

This toxicological profile is prepared in accordance with guidelines developed by the Agency for Toxic
Substances and Disease Registry (ATSDR) and the Environmental Protection Agency (EPA). The
original guidelines were published in the Federal Register on April 17, 1987. Each profile will be revised
and republished as necessary.

The ATSDR toxicological profile succinctly characterizes the toxicologic and adverse health effects
information for these toxic substances described therein. Each peer-reviewed profile identifies and
reviews the key literature that describes a substance's toxicologic properties. Other pertinent literature is
also presented, but is described in less detail than the key studies. The profile is not intended to be an
exhaustive document; however, more comprehensive sources of specialty information are referenced.

The focus of the profiles is on health and toxicologic information; therefore, each toxicological profile
begins with a relevance to public health discussion which would allow a public health professional to
make a real-time determination of whether the presence of a particular substance in the environment
poses a potential threat to human health. The adequacy of information to determine a substance's health
effects is described in a health effects summary. Data needs that are of significance to the protection of
public health are identified by ATSDR and EPA.

Each profile includes the following:
(A) The examination, summary, and interpretation of available toxicologic information and
epidemiologic evaluations on a toxic substance to ascertain the levels of significant human
exposure for the substance and the associated acute, intermediate, and chronic health effects;

(B) A determination of whether adequate information on the health effects of each substance is
available or in the process of development to determine the levels of exposure that present a
significant risk to human health due to acute, intermediate, and chronic duration exposures;
and

(C) Where appropriate, identification of toxicologic testing needed to identify the types or levels
of exposure that may present significant risk of adverse health effects in humans.

‘The principal audiences for the toxicological profiles are health professionals at the Federal, State, and
local levels; interested private sector organizations and groups; and members of the public. ATSDR plans
to revise these documents in response to public comments and as additional data become available.
Uhercfore, we encourage comments that will make the toxicological profile series of the greatest use.

Electronic comments may be submitted via: www.regulations.gov. Follow the on-line instructions for
submitting comments.

Written comments may also be sent to: Agency for Toxic Substances and Disease Registry
Division of Toxicology and Human Health Sciences
Environmental Toxicology Branch

Regular Mailing Address: Physical Mailing Address:
1600 Clifton Road, N.E. 4770 Buford Highway
Mail Stop S102-1 Building 102, 1* floor, MS S102-1
Atlanta, Georgia 30329-4027 Chamblee, Georgia 30341
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The toxicological profiles are developed under the Comprehensive Environmental Response,
Compensation, and Liability Act of 1980, as amended (CERCLA or Superfund). CERCLA section
104(i)(1) directs the Administrator of ATSDR to .. .effectuate and implement the health related
authorities” of the statute. This includes the preparation of toxicological profiles for hazardous
substances most commonly found at facilities on the CERCLA National Priorities List (NPL) and that
pose the most significant potential threat to human health, as determined by ATSDR and the EPA.
Section 104(i)(3) of CERCLA, as amended, directs the Administrator of ATSDR to prepare a
toxicological profile for each substance on the list. In addition, ATSDR has the authority to prepare
toxicological profiles for substances not found at sites on the NPL, in an effort to **.. .establish and
maintain inventory of literature, research, and studies on the health effects of toxic substances™ under
CERCLA Section 104(i)(1)(B), to respond to requests for consultation under section [04(i)(4). and as
otherwise necessary to support the site-specific response actions conducted by ATSDR.

This profile reflects ATSDR’s assessment of all relevant toxicologic testing and information that has been
peer-reviewed. Staffs of the Centers for Discase Control and Prevention and other Federal scientists have
also reviewed the profile. In addition, this profile has been peer-reviewed by a nongovernmental panel
and is being made available for public review. Final responsibility for the contents and views expressed
in this toxicological profile resides with ATSDR.

,."—‘-.. -]1 l: ‘Q , ~
Jf&bvﬂ'{/lf ooy R
Patrick N. Breysse, Ph.D., CIH
Director, National Center for Environmental Health and

Agency for Toxic Substances and Disease Registry
Centers for Disease Control and Prevention
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CHAPTER 1. RELEVANCE TO PUBLIC HEALTH
1.1 OVERVIEW AND U.S. EXPOSURES

Glyphosate is a phosphonoglycine non-selective herbicide, first registered for use by the EPA in 1974.
Glyphosate is typically manufactured for commercial use as a salt available in soluble liquid and granule
formulations. Herbicide formulations employing glyphosate salts are commonly produced in
combination with additives, inert ingredients, and surfactants. The salt derivatives enhance absorption of
glyphosate from the surface of the plant or leaf structure, but are not the herbicidally active portion of the
compound. Specific formulations vary in composition and are marketed under numerous trade names
(NPIRS 2017; PAN 2009). Commercial products containing glyphosate may have concentrations ranging
from 0.96 to 94 w/w%. For example, the common herbicide, Roundup®, has product formulations
containing glyphosate in concentrations ranging from 0.96% to as much as 71% (w/w) (NPIRS 2017,
PAN 2016b).

Glyphosate is the active ingredient in a variety of broad spectrum herbicidal products for residential.
commercial, and agricultural purposes. Selected agricultural commodities such as roundup-ready comn
and soybeans have been genetically modified to be resistant to damage when glyphosate is applied to
control undesirable weeds. Glyphosate is produced commercially in the United States as a technical-
grade substance with a purity o' >95% (McBean 2011). [n 2007, U.S. agricultural use of giyphosate was
approximately 82,800 tons and non-agricultural use of glyphosate was approximately 9,300 tons
(Battaglin et al. 2014). In 2014, U.S. agricultural use of glyphosate was approximately 124,953 tons and
non-agricultural use of glyphosate was approximately 13,260 tons (Benbrook 2016). The manufacture
and use of glyphosate has led to its direct release into the environment (EPA 1993). Once glyphosate
enters the environment, it has low potential for environmental bioavailability and is unlikely to
bicaccumulate; the chemical is either degraded by microbial processes or inactivated by adsorption to soil
(Shushkova et al. 2010; Smith and Ochme 1992). Glyphosate is expected to adsorb to soils under most
environmental conditions; therefore, leaching into groundwater is minimal (Smith and Oehme 1992).
Glyphosate may enter surface waters due to its use in some aquatic environments. Volatilization ol
glyphosate is not an important fate process based on its low vapor pressure and ionic nature (Smith and
Ochme 1992). Transpoit'in the air after spray applications is dependent on meteorological conditions;
ground and aerial applications can result in spray drift, which may affect non-target plants (PAN 2009;

Yates et al.1978).
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The general population may be exposed to glyphosate by dermal contact with consumer products, crops,
foliage, or soils containing residues of this chemical; ingestion of plants, crops, foods, or waters
containing residues of this chemical; and inhalation of mist or spray during the use of products containing
this chemical. As a result of its widespread usage, glyphosate is present at low levels in a wide range of
foods (FAO and WHO 2016). The greatest potential for exposure can be expected for people who use
elyphosate products at home and for populations residing near agricultural areas and crop farms,
manufacturing and processing plants where glyphosate is produced or used, and hazardous waste disposal

sites containing g]yphosdte.

Occupational cxposure of glyphosate may occur via inhalation, dermal contact, and/or ocular contact
during manufacture, transport, use, and disposal. Farmers and home gardeners using herbicides
containing glyphosate may be exposed to glyphosate via inhalation, dermal contact, and/or ocular contact
as well. People may be exposed to glyphosate upon entering areas where it has been recently applied.
Dermal contact appears to be the major route of exposure to glyphosate for people involved in its

application.

Children arc expected to be exposed to glyphosate by the same routes as adults in the general population.
Products containing glyphosate should be kept out of the reach of children. Due to increased hand-to-
mouth activity and playing habits, children are more likely to come into contact with glyphosate residues
that may be present in soil. Glyphosate is not likely to bioaccumulate in breast milk (Bus 2015) and was
not detected in breast milk from lactating mothers with detectable glyphosate in their urine (McGuire et
al. 2016). In one small study, neither glyphosate nor its major degradation product,
aminomethylphosphonic acid (AMPA), were detected in the maternal or fetal cord serum of pregnant

subjects (Aris and LeBlanc 2011).

See Chapter 5 for more detailed information regarding concentrations of glyphosate in environmental

media.

1.2 SUMMARY OF HEALTH EFFECTS

Information regarding the toxicity of glyphosate comes primarily from oral studies in laboratory animals
exposed to glyphosate technical. No information was located regarding health effects in humans exposed
to glyphosate technical; human exposures are to herbicides that contain glyphosate and other ingredients or

to glyphosate residues in selected food sources. Human studies have reported possible associations
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1. RELEVANCE TO PUBLIC HEALTH

between glyphosate herbicide use and various health outcomes. A few animal studies evaluated the effects
of inhalation or oral exposure to glyphosate formulations containing surfactant and additional unspecitied
substances. Reported effects may be due, at least in part, to the surfactant. Furthermore, giyphosate
formulations vary in specific components and their relative proportions, thus precluding meaningful
comparisons of toxic effect levels. Therefore, Figure 1-1 contains summary information related only to

glyphosate technical.

Figure 1-1. Noncancer Health Effects Found in Animals Following Oral Exposure
to Glyphosate Technical

Dose (mg/kg/day) Effects in Animals
¢ 3,000-3,500 Acute: Depressed body weight and death
1,678-2,200 Intermediate: Increased liver weight and serum ALT
940-1,240 Intermediate: Delayed preputial separation

Chronic: Increased specific gravity, decreased pH of
urine; lens abnormalities; depressed body weight;
increased serum liver enzymes

300-460 Intermediate: Diarrhea/soft stool, increased severity of
cyteplasmic changes in salivary gland cells, and death
Chronic: Inflammation of gastric mucosa and increased
severity of cytoplasmic changes in salivary gland cells

175 Acute: Diarrhealfew feces

1 mg/kg/day C;) Provisional Acute, Chronic MRL

Exposure Durations: Acute (€14 days); Intermediate (15-364 days); Chronic (2365 days)
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As illustrated in Figure 1-1, gastrointestinal disturbance and effects on the salivary gland appear to be the
most sensitive noncancer effects in animal studies that employed oral exposure to glyphosate technical.
Ocular, hepatic, renal, and body weight effects have been reported as well. Developmental effects were
observed at dose levels resulting in maternal toxicity. Effects observed in animals are considered relevant

to human health in the absence of experimental data to indicate otherwise.

Gastrointestinal Effects. Gastrointestinal symptoms (e.g., nausea, vomiting, abdominal pain, sore throat,
mucosal damage in mouth and esophagus) are commonly reported in patients ingesting glyphosate
products (Chang et al. 1999; Lee et al. 2000, 2008; Moon and Chun 2010; Roberts et al. 2010; Sawada et
al. 1988; Talbot et al. 1991; Tominack et al. 1991). Gastrointestinal effects have frequently been seen in
animal studies. For example, soft stool/diarrhea were reported in pregnant rabbits gavaged with
glyphosate technical during gestation (EPA 1992f, 2017b) and rats administered glyphosate technical in
the diet for 2 generations (EPA 1992a). Inflammation of gastric mucosa was observed in female rats
orally exposed to glyphosate technical for 2 years (EPA 1991a, 1991b). Cytoplasmic alterations were
reported in salivary glands of glyphosate-treated rats and mice; the toxicological significance of these

salivary gland changes is uncertain (NTP 1992).

Body Weight Fffects. Depressed body weight was observed during intermediate- and chronic-duration
oral exposure of laboratory animals to glyphosate technical at doses >1,183 mg/kg/day (EPA 1985a,
1991a, 1991b, 1992a).

Hepatic Effects. Increased liver weight and increased serum markers of liver effects (alkaline
phosphatase [AP], alanine aminotransferase [ALT], and/or bile acids) were observed in rats administered
glyphosate technical for 13 weeks at >1,678 mg/kg/day (NTP 1992). Centrilobular hepatocellular
necrosis was observed in livers from male mice administered glyphosate technical for 2 years at an

estimated dose of 4,945 mg/kg/day (EPA 1985a).

Renal Effects. Increased specific gravity of urine and decreased urinary pH were noted among male rats
administered glyphosate technical for 2 years at 940 mg/kg/day (EPA 1991a, 1991b). Female mice
administercd glyphosirte-technical for 2 years at 6,069 mg/kg/day exhibited significantly increased
incidence of renal proximal tubule epithelial basophilia and hypertrophy (EPA 2015a).

Ocular Effects. In a report of human case series of 1,513 ocular exposures to glyphosate products, minor

symptoms (primarily transient irritation) were observed in 70% of the cases; most {99%) complained of
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eye pain (Acquavella et al. 1999). Lens abnormalities were observed in male rats administered
glyphosate technical for 2 years at 940 mg/kg/day (EPA 1991a, 1991b). According to EPA (1993),

glyphosate is considered mildly irritating to the eye following ocular instillation.

Developmental Effects. Limited epidemiology studies provided suggestive evidence of associations
between maternal preconception exposure to glyphosate and increased risk of spontaneous abortion
(Arbuckle et al. 2001) and parent-reported attention deficit disorder/attention deficit hyperactivity
disorder (Garry et al. 2002). Depressed weight and increased incidence of unossified sternebrae were
observed in gestation day (GD) 20 fetuses from rat dams treated with glyphosate technical by gavage at
3,500 mg/kg/day during GDs 619 (EPA 1992¢). In a study of rats exposed via the diet for 2 gencrations,
up to 14-20% depressed pup body weight and/or body weight gain were noted at an estimated glyphosate
technical dose of 3,134 mg/kg/day (EPA 1992a). In another 2-generation oral rat study. an estimated

glyphosate technical dose of 1,234 mg/kg/day resulted in delayed preputial separation (EPA 2013a).

Cancer Effects. The carcinogenic potential of glyphosate has been evaluated in three meta-analyses
(Chang and Delzell 2016; IARC 2017, Schinasi and Leon 2014) and a number of case-control and cohort
epidemiology studies (see Section 2.19 for detailed information and specific citations). The meta-
analyses reported positive associations between glyphosate use and selected lymphohematopoietic
cancers. Most of the case-control and cohort studies used self-reported ever/never glyphosate use as the
biomarker of exposure, and subjects were likely exposed to other pesticides as well. Numerous studies
reported risk ratios greater than 1 for associations between glyphosate exposure and risk of non-
Hodgkin’s lymphoma or multiple myeloma; however, the reported associations were statistically

significant only in a few studies.

Collectively, animal studies in which glyphosate-containing herbicide formulations were tested by the

oral exposure route have identified the following targets of toxicity:

Body weight effects (depressed body weight gain in mice),

e Hematological effects (decreases in red blood cells, hematocrit, and hemoglobin, and increases in
mean corpuseutar volume and neutrophils in mice),

e Hepatic effects (increased serum liver enzyme activity and histopathologic liver lesions in male
rats),

e Renal effects (histopathologic kidney lesions in male rats), and

Reproductive effects (increased percentage of morphologically abnormal sperm in rats).
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A summary figure of sensitive targets of glyphosate-containing herbicide formulations is not included in
this toxicological profile for glyphosate because formulations were not equivalent across studies and other

ingredients (in addition to glyphosate as active ingredient) may have influenced the observed effects.

1.3  MINIMAL RISK LEVELS (MRLs)

Animal studies submitted to EPA’s Office of Pesticides Programs to fulfill requirements for the
registration of a particular glyphosate formulation for use in the United States involve exposure to
glyphosate technical (typically <90% purity). Some animal studies in the open literature used glyphosate
formulations that typically included 1-41% glyphosate technical (or glyphosate salts) and up to 18%
surfactant (alonig with other “inert” ingredients). Surfactants in glyphosate formulations may be at least
partly responsible for the toxic effects from overexposure to glyphosate formulations (Adam et al. 1997;
Sawada et al. 1988; Williams et al. 2000). Human exposure to glyphosate formulations via its use in
weed control includes exposure to all substances in a particular glyphosate formulation. No MRLs were
derived for glyphosate formulations due to the wide variation in glyphosate content and surfactants used
in various glyphosate formulations and the fact that surfactants can contribute to the toxicity of
elyphosate forinulations. However, because exposures of the general population via food or water
sources with measurable glyphosate residues most likely involve glyphosate and/or its breakdown
products rather than the intact glyphosate-based formulation, health effects data associated with oral
exposure to glyphosate technical are considered relevant to potential derivation of oral MRLs for
glyphosate. Oral MRLs based on glyphosate technical would not be applicable to intentional or

accidental ingestion of a glyphosate formulation.

Available data for inhalation exposure to glyphosate technical are limited to a summary from a single
4-week repeated-exposure rat study in which no effects were observed at the highest exposure level (EPA
1985¢). The inhalation database was, therefore, not considered adequate for derivation of provisional
inhalation MR1.s for glyphosate. As presented in Figure 1-1, available data have identified the
gastroinlestinal tract as the most sensitive target of glyphosate toxicity following oral exposure. The oral
database was considered adequate for derivation of provisional acute- and chronic-duration oral MRLs for
glyphosate. These provisional MRLs are summarized in Table 1-1 and discussed in detail in Appendix A.
The provisional chronic-duration MRL value is adopted as the provisional intermediate-duration oral

MRL for glyphosate (see Appendix A).
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As illustrated in Figure 1-2, gastrointestinal disturbances (e.g., loose stools/diarrhea, decreased fecal

production, inflammation of gastric mucosa, cytoplasmic alterations in salivary glands) appear to be the,

most sensitive effects of glyphosate technical toxicity in animals. The lowest-observed-adverse-eftect

levels (LOAELS) in Figure 1-2 reflect actual doses (levels of exposure) employed in animal studies.

Figure 1-2. Summary of Sensitive Targets of Glyphosate Technical - Oral

The gastrointestinal tract is the most sensitive target of ingested glyphosate technical.

Numbers in circles are the lowest LOAELS for all health effects in animals; no reliable dose-
response data were available for humans.

Acute (img/ky/day)

Gastrointestinal 475
Developmental 3,500
Body weight 3,590
Intermediate (mg/kg/day)
Gastrointestinal 350
Developmental 1,234
Hepatic 1,678
Body Weight 2,219
Chronic {(mg/kg/day)
Gastrointestinal 457
Renal 940
Ocular 940

Body weight 1,183
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Table 1-1. Minimal Risk Levels (MRLs) for Glyphosate

Exposure Provisional Point of Uncertainty
duration ~ MRL Critical effect departure factor Reference
Inhalation exposure (ppm)
Acute Insufficient data for MRL derivation
Intermediate  Insufficient data for MRL derivation
Chronic ____Insufficient data for MRL derivation
Oral exposure (mg/kg/day) .
Acute 1 Gastrointestinal effects 100 (NOAEL) 100 EPA 2017b

Intermediate  The provisional chronic-duration oral MRL of 1 mg/kg/day is adopted as the provisional
intermediate-duration oral MRL.

Chronic 1 Gastrointestinal effects 113 (NOAEL) 100 EPA 19913,
1991b

aSee Appendix A for additional information.

LOAEL = lowest-observed-adverse-effect level; NOAEL = no-observed-adverse-effect level
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CHAPTER 2. HEALTH EFFECTS
2.1 INTRODUCTION

The primary purpose of this chapter is to provide public health officials, physicians,ioxicologists, and
other interested individuals and groups with an overall perspective on the toxicology of glyphosate. It
contains descriptions and evaluations of toxicological studies and epidemiological investigations and

_ provides conclusions, where possible, on the relevance of toxicity and toxicokinetic data to public health.
When available, mechanisms of action are discussed along with the health effects data; toxicokinetic

mechanistic data are discussed in Section 3.1.
A glossary and list of acronyms, abbreviations, and symbols can be found at the end of this profile.

To help public health professionals and others address the needs of persons living or working near hazardous
waste sites, as well as people exposed during production and/or use of glyphosate-containing products, the
information in this section is organized by health effect. These data are discussed in terms of route of
exposure (inhalation, oral, and dermal) and three exposure periods: acute (<14 days). intermediate (15 -

364 days), and chronic (=365 days).

As discussed in Appendix B, a literature search was conducted to identify relevant studies examining health
effect endpoints. Figure 2-1 for glyphosate technical and Figure 2-2 for glyphosate formulations provide an
overview of the database of studies in humans or experimental animals included in this chapter of the profile.
These studies evaluate the potential health effects associated with inhalation, oral, or dermal exposure to

glyphosate, but may not be inclusive of the entire body of literature.

This ATSDR Toxicological Profile for Glyphosate includes data for glyphosate technical (purity typicaily
>95%) and glyphosate formulations (typically 1-41% v/v glyphosate technical or glyphosate salts and
<18% polyoxyethyleneamine [POEA] surfactant). Surfactants in glyphosate formulations may be at least
partly responsible for the toxic effects from exposure to glyphosate formulations (Adam et al. 1997;
Sawada et al. 1988; Williams et al. 2000). As such, health effects observed in studics of animals exposead
to relatively high levels of glyphosate technical may not accurately reflect health eftects from human
exposure to glyphosate formulations during application as an herbicide. However, becausc the general
population may be exposed to glyphosate and/or its breakdown products (rather than to a particular

glyphosate formulation) in selected food sources or contaminated drinking water, health effects from
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animal studies in which glyphosate technical was used as test substance are considered relevant to human

health.

Product names and reported descriptions for glyphosate-containing products included in this toxicological
profile are summarized in Table 2-1 by reference (alphabetical order). Hereatter, each glyphosate-

containing formulation will generally be identified only by the reported product name.

Table 2-1. Description of Selected Glyphosate Formulations

Reference Product name Product description®

Adam et al. 1997 Roundup® 41% w/v glyphosate isopropylamine salt and
18% w/v POEA B

Benedem et al 2004 Glyphosate-Biocarb® 360 g/L glvphosate and 18% w/v POEA

BologneS| et al. 1997 Roundup® 30.4% glyphosate

Caglar and Kolankaya Roundup® Monsanto of Brazil, 360 g/L glyphosate, 18%

2008 w/v POEA

Cassault Meyer et al. Roundup® Grand Travaux Plus 607 g/L glyphosate isopropylamine salt and

2014 adjuvants such as POEA o

(‘ontardo Jara et al Roundup Ultra® 360 g/L glyphosate isopropylamine salt and

7009 surfactants of unspecified composition

Dallegrave etal. 2003 Roundup® Monsanto of Brazil, 360 g/L glyphosate, 18%

2007 w/v POEA

D|m|trov et al. 2006 Roundup® Ingredients and proportions not specified

EPA 1985¢ Roundup® 33.3% use dilution (41.56% isopropylamine

salt of glyphosate in concentrate)

Feng et-a_l_ 1_990a Roundup® Unspecified proportion of glyphosate
isopropylamine salt

Gasni |er et al. 2009 Roundup Grands Travaux® 40% glyphosate

Ge.orqe etal. zo1 0 Roundup Original® 41% glyphosate and 15% POEA

Grisolia 2002 Roundup® 48% glyphosate |sopropylammon|um salt; 12%
inerts, including POEA

Holeckova 2006 Unspecified technical herbicide 62% w/w isopropylamine salt of glyphosate
and 38% unspecified inerts

Jasper et aI 2012 Roundup Original® 41% glyphosate and 16% POEA -

Kale et al. 1995 Roundup® Glyphosate isopropylamine salt of unspecified
concentration

Koller etal. 2012 " Roundup Ultra Max® _450 g/L glyphosate acid

Malbach 1986 Roundup® 41% glyphosate as isopropylamine salt, water
surfactant

Mao et al. 2018 Roundup® Composition not specified

_Morlya et al 1983 Roundup® Composition not specified
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Table 2-1. Description of Selected Glyphosate Formulations
Reference Product name_

Product de‘sbripﬂqr}a

Panzacchi et al. 2018

Roundup Bioflow®

41.5% glyphosate isopropylamine—s;lt, _4-2.5%_“
water, and 15% proprietary _sun‘actant

Paz-y-Mifio et al. 2007

Roundup-Ultra®

Unspecified proportions of glyphosate, POEA,
and the adjuvant Cosmoflux 411F

'Peluso et al. 1998

Roundup®

30.4% glyphosate isopropylammc_)DiEJm galt

Piesova 2004, 2005

Unspecified product from
Monsanto, Antwerp, Belgium

62% wiw isopropylamine salt of glyphosate
and 38% unspecified inerts

Prasad et al. 2009

Roundup® >41% glyphosate isopropyla-rﬁine salt
Raipulis et al. 2009 Roundup BIO® Ingredients not specified B
Ramos-Morales et al.  Roundup® Not specified
2008
Rank et al. 1993 Roundup® 480 g/L glyphosaze iso_proma}{iné salt
Rodrigues et al. 2011 Roundup® . Not specified N

Romano et al. 2010

Roundup Transorb®

648 g/L isopropylamine salt of_gl-);;;hosate a_ngi_
594 g/L inerts

Sivikova and
Dianovsky 2006

Unspecified product from

Monsanto Europe S.A., Belgium

62% glyphosate; 38% unspeciﬁed_inerts

Vigfusson and Vyse
1980

Roundup®

Ingredients not specifiec_i _

Wester et al. 1991

Roundup®

Ingredients not specifiéa -

Wildeman and Nazar
1982

Unspecified commercial
formulation

Glyphosate-containing prodﬂc?(ﬁc?aa—ditibn'al'
details on composition)

Wunnapuk et al. 2014

Concentrate Roundup®
Weedkiller

Monsanto Australia, containing 360 g/L of
glyphosate (only ingredient specified)

2l imited to the glyphosate-containing substance description in the corresponding study report.

POEA = polyoxyethyleneamine (surfactant)

Animal oral study information for glyphosate technical is presented in Table 2-2 and Figure 2-3. Animal

oral study information for glyphosate formulations is presented in Table 2-3. Animal dermal study

information for glyphosate technical is presented in Table 2-4.

Levels of significant exposure (LSEs) for each route and duration are presented in tables and illustrated in

figures. LSE tables and tigurés'for animal inhalation studies of glyphosate technical and glyphosate

formulations are precluded by lack of data. The points in the figures showing no-observed-adverse-cfect

levels (NOAELSs) or lowest-observed-adverse-effect levels (LOAELS) reflect the actual doses (levels of

exposure) used in the studies. LOAELSs have been classified into "less serious" or "serious" effects.

"Serious" effects are those that evoke failure in a biological system and can lead 1o morbidity or mortality
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(e.g., acute respiratory distress or death). "Less serious" effects are those that are not expected to cause
significant dysfunction or death, or those whose significance to the organism is not entirely clear.

ATSDR acknowledges that a considerable amount of judgment may be required in establishing whether
an endpoint should be classified as a NOAEL, "less serious" LOAEL, or "serious" LOAEL, and that in
some cases, there will be insufficient data to decide whether the effect is indicative of significant
dystunction. However, the Agency has established guidelines and policies that are used to classify these
endpoints. ATSDR believes that there is sufficient merit in this approach to warrant an attempt at
distinguishing between "less serious" and "serious" effects. The distinction between "less serious" effects
and "serious" cffects is considered to be important because it helps the users of the profiles to identify
levels of exposure at which major health effects start to appear. LOAELs or NOAELSs should also help in
determining whether or not the effects vary with dose and/or duration, and place into perspective the

possible significance of these effects to human health.

A User's Guide has been provided at the end of this profile (see Appendix C). This guide should aid in

the interpretation of the tables and figures for LSEs and MRLs.

Glyphosate-containing products are among the most widely-used herbicides in commercial, agricultural,
and residential settings (NPIC 2015). Selected field crops have been genetically modified to resist
damage from glyphosate; such crops can be sprayed with glyphosate formulations to control weed growth
without harming the genetically-modified plants. Selected glyphosate-containing products are labeled for

use as desiccants on some grain crops a few weeks prior to harvest.

Glyphosate technical (purity typically >95%) has been evaluated in numerous animal studies, most of
which empioyed the oral exposure route and were submitted to EPA’s Office of Pesticide Programs
through the pesticide registration program as directed by the Federal Insecticide, Fﬁngicide, and
Rodenticide Act (FIFRA), Federal Food, Drug and Cosmetic Act (FFDCA), and Food Quality Protection
Act (FQPA). The submitted studies are generally unpublished proprietary studies. EPA evaluated
submitted study reports and produced summaries termed Data Evaluation Records or Data Evaluation
Reports (DERSs) that include study details and EPA’s own conclusions regarding study design, results,
and conclusions of the'stutbyartitors: Information from DERs received from EPA is summarized in this
ATSDR Toxicological Profile for Glyphosate (note: selected DERs can be requested at:
https://www.epa.gov/ioia or viewed from a list of cleared reviews for glyphosate or glyphosate salts at
https://archive.cpa.gov/pesticides/chemicalsearch/chemical/foia/web/html/a.html). EPA evaluated and

produced DERs for selected proprietary animal studies submitted by various chemical companies to
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agencies or organizations outside the United States for product registration purposes. Results from the

DERs available to ATSDR were included in the Toxicological Profile for Glyphosate.

Epidemiological studies of glyphosate are predominantly case-control and cohort studies that examined
possible associations between exposure to glyphosate (in glyphosate-containing herbicides) and selected
health outcomes (noncancer and cancer endpoints), or case reports following accidental or intentional
ingestion of glyphosate-containing products. These epidemiology studies are summarized in Table 2-5

(noncancer) and Table 2-7 (cancer). The majority of the studies used self-reported (or proxy reported)

ever/never glyphosate use as the measure of exposure and some studies included a metric for frequency of

exposure. There is no-information regarding health effects in humans exposed to glyphosate technical.

Most reliable dose-response health effects data come from oral studies of animals administered
glyphosate technical (see Figure 2-1 for an overview of the number of animal studies examining potential
endpoints of concern from oral exposure to glyphosate technical). No information was located regarding
the effects of inhaled glyphosate technical. In a 4-week study that employed repeated inhaiation exposure
of rats to Roundup®, no adverse effects were observed at the highest exposure concentration tested

(360 mg Roundup®/m?®) (EPA 1985c). Limited animal data for dermal exposure to glyphosate technical
indicate that glyphosate is not a dermal irritant. Results from the oral animal studies identity the

following targets of glyphosate toxicity, albeit at relatively high dose levels:

e Gastrointestinal effects: Clinical signs and/or pathological evidence of glyphosate-induced
irritation were observed in several animal studies; the lowest dose level resulting in
gastrointestinal effects was 175 mg/kg/day for diarrhea and few feces in pregnant rabbits
administered glyphosate acid by gavage. Gastrointestinal disturbances are signs and/or symptoms
following ingestion of large amounts of glyphosate-containing products.

e Developmental effects: Glyphosate treatment-related developmental effects were noted in a few
studies at dose levels (>1,234 mg/kg/day) resulting in maternal toxicity as well.

e Body weight effects: Depressed body weight and/or depressed body weight gain resulted from
repeated dosing of glyphosate technical at dose levels >1,183 mg/kg/day.

e Hepatic effects: Increases in liver weight and serum ALT activity were observed in one
repeated-dose study at a dose level of 1,678 mg/kg/day.

e Ocular effects: Lens abnormalities were observed in one repeated-dose study at a dose level of
940 mg/kg/day.

e Renal effects: Indicators of renal toxicity were noted in rats and mice administered glyphosate
technical in the diet for 2 years at high doses (940 and 6,069 mg/kg/day, respectively).
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e Other effects: Neurological, hematological, immunological, and reproductive endpoints have
been evaluated, but do not appear to be particular targets of glyphosate toxicity.

e Cancer: Upon evaluation of available carcinogenicity studies in laboratory rodents, a number of
agencies or organizations have concluded that glyphosate technical does not appear to be an
animal carcinogen. In contrast, IARC considered the animal data to provide “sufficient evidence”
of glyphosate carcinogenicity.

An overview of the number of human and animal studies examining potential endpoints of concern from
exposure to glyphosate formulations is presented in Figure 2-2. Results from available animal studies

identify the following targets of toxicity:

¢ Developmental effects: Histopathologic testicular lesions, decreased sperm production, and
increased incidence of fetal skeletal malformations were reported in response to oral dosing of rat
weanlings or pregnant rats with selected glyphosate formulations in the range of 5—
500 mg/kg/day.

+ FEndocrine effects: Decreased serum testosterone was noted in male rat weanlings administered
a glyphosate formulation orally at 5 mg/kg/day.

¢ Body weight effects: Seriously depressed body weight gain was observed in mice administered a
glyphosate formulation orally at 50 mg/kg/day.

¢ Renal effects: Histopathologic kidney lesions were noted in male rats gavaged once with a
glyphosate formulation at 250 mg/kg.

s Hepatic effects: Increased serum liver enzyme activity and histopathologic liver lesions were
reported in male rats repeatedly gavaged with a glyphosate formulation at 487 mg/kg/day.

¢ Hematological effects: Decreases in red blood cells, hematocrit, and hemoglobin, and increases
in mean corpuscular volume and neutrophils were reported in mice administered a glyphosate
formulation orally at 500 mg/kg/day.

s Reproductive effects: Increased percentage of morphologically abnormal sperm was reported

among rats receiving a glyphosate formulation from the drinking water for 8 days at
640 mg/kg/day.

**DRAFT FOR PUBLIC COMMENT***



683

GLYPHOSATE 15
2. HEALTH EFFECTS

Figure 2-1. Overview of the Number of Animal Studies Examining Glyphosate Technical Health Effects*

Most studies examined the potential body weight, gastrointestinal, hematological, hepatic, and developmental effects of
glyphosate technical (counts represent studies examining endpoint)
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“Includes only animal studies that employed oral exposure to glypliosate tachnical as discussed in Chapter 2. A total of 22 studies include those finding no effecl
Most studies examined multiple endpoints
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Figure 2-2. Overview of the Number of Studies Examining Glyphosate Formulations Health Effects

Most epidemiological studies examined potential cancer, respiratory, and developmental effects associated with
glyphosate-containing products; most animal studies examined potential- body weight and developmental effects
associated with glyphosate-containing products
More studies evaluated health effects in H than EIIMER (counts represent studies examining endpoint)
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*A total of 42 studies, including those finding no effect. Many studies examined multiple endpoints. Reliable exposure roule and duration information was not
typically available for humans. Therefore, relative exposure route and duration proportions are plotted only for animal studies.
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Table 2-2. Levels of Significant Exposure to Glyphosate Technical - Oral

Less
Species serious Serious
Figure (strain) Exposure Doses Parameters NOAEL LOAEL LOAEL

key' NoJgroup parameters  (mg/kg/day) monitored  Endpoint (mg/kgfday) (mgrkg/day) (mo/kglday) Effect
ACUTE EXPOSURE (=14 days)

1 Rat Once 0, 2,000 CS, GN, Gastro 2,000 Diarrhea in 2/8 rats for 6 hours
(Wistar)  (G) HP, LE, OW postdosing, resolving by sacrifice
8M at 24.hours

Adam et al. 1997 - Glyphosate technical, purity not specified o

2 Rat Once 3,160, CS, GN, Death 4,320 LDso
(Sprague- (GW) 3,980, LE
Dawley) 5,010,

5 (mixed) 6,310

EPA 1992b — Glyphosate technical, purity not specified - o -

3 Rat GDs 6-19 0, 300, BW, CS, Death - 3,500 6/25 Dams died
(Sprague- 1 time/day 1,000, DX, FX,GN, Bgwt 1,000 .« 3,500 28.5% depressed mean maternal
Dawley) (GW) 3,500 LE, MX, TG body weight gain
25F Gastro 1,000 3,500 Diarrhea, soft stools

Develop 1,000 3,500 9% depressed mean fetal body

weight, increased incidence of
unossified sternebrag at serious
maternally-toxic dose level

EPA 1992e — Glyphosate technical, purity 98.7%

4 Rat (Alpk: Once 0, 500, BW, CS, FI, BAWt 2,000
APfSD)  (GW) 1,000, GN, HP, LE, Gastro 1,000 2,000 Diarrhea
0%, 10 F 2,000 OF, OW Neuro 1,000 2,000 Decreased activity, subdued
behavior, hunched posture
Other 1,000 2,000 Hypothermia

EPA 2013c — Glyphosate technical, purity 95.6%
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Table 2-2. Levels of Significant Exposure to Glyphosate Technical — Oral

Less
Species serious Serious
Figure (strain) Exposure Doses Parameters NOAEL LOAEL LOAEL

key* NoJgroup parameters  (mg/kg/day) monitored Endpoint (mg/kg/day) (mg/kg/day) (mg/kg/day) Effect

5 Rat (Alpk:  GDs 7-16 0, 250, 500, BW, CS, Bdwt 1,000

APSD)  1tmelday 1,000 DX, FI, FX, Develop 1,000
24 F (GW) GN, LE,
MX, OW

8 Rabbit ' GDs 8-20 0, 100, 175, BW, CS, BdWt 300

(New 1 time/day 300 DX, FI, FX, Gastro 100 175
Zealand (GW) GN, LE,

white) Mx ow ~ Develop 300

20F

EPA 2017b - Glyphosale acid, purity 95.6%

NOAEL for maternal body weight
Diarrhea, few feces

INTERMEDIATE EXPOSURE (15-264 days)

i Rat 2-Generation, FO M: 0, NS BdWt 754 M 2,219 M
(Sprague- up to 137,754,
Dawley) 19 weeks/ 2,219 802 F 3,134 F
30 M, 30 F generation FOF: 0,
F) 160, 802, Gastro 754 M 2,219 M
il 802 F 3134 F
F1M: 0,
165, 818, Repro 2,219 M
2,633 3,134 F
F1F: 0, Develop 802 3,134
194, 947,
3,035

EPA 1992a :-_@I_y_phosate {echnicgl_. pyrity 97.67%

Up to 12% depressed mean
paternal body weight gain
Up to 18% depressed mean
maternal body weight gain
Soft stool

Soft stool

Up to 14-20% depressed mean
pup body weight or body weight
gain during lactation at maternally-
toxic dose level

3 Rat 3-Generation 0, 3, 10, 30 BW, CS, Bd Wt 30
(Sprague- (F) DX, FI, FX, Repro 30
Dawley) GN, HP, LE, ’
12M, 24 F MX, OW

EPA 19922 - Cﬂwhﬁt_e techn_ical, purit)i 98.7%
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Table 2-2. Levels of Significant Exposure to Glyphosate Technical - Oral
- Less = RN g
Species serious Serious
Figure (strain) Exposure Doses Parameters NOAEL LOAEL LOAEL
key®> No./group parameters  (mg/kg/day) monitored Endpoint (mg/kg/day) (mg/kg/day) (mg/kg/day) Effect N 1
9 Rat 2-Geperation, M: 0, 121, BW, CS, BdWwt 1234M
(Sprague- upto 408, 1,234; DX, FI, FX, 1273 F
Dawley) 19 weeks/ F:0,126, GN, HP,LE, .
28 M, 28 F generation 423,1,273 WX, OF, Hepatic 1,234 M
(F) OW, TG 1273 F
Renal 1,234 M
1273 F
Repro 1,234 M
1,273 F
Develop 408 M 1,234 M Delayed preputial separation

10  Rat (Alpk:
APSD)
12M, 12 F

EPA 2013c — Glyphosate technical, purity 95.6%

13 weeks

(F)

M: 0, 155.5,
617.1,
1,646.5

F: 0, 166.3,
6721,
1,630.6

BW, CS, Fl, Neuro 1,646.5 M
GN, HP, LE, 16306 F
OF, OW
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2. HEALTH EFFECTS

. Table 2-2. Levels of Significant Exposure to Glyphosate Technical - Oral

Less
Species serious Serious
Figure (strain) Exposure Doses Parameters NOAEL LOAEL LOAEL
key'  Nodgroup parameters  (maglkgiday) monitored  Endpoint (mg/kg/day) (mg/kg/day) (mafkg/day) Effect
11 Rat 13 weeks M: 0,205, BC, BW, Bdwt 1678M 3,393 M 18% lower mean body weight and
(F344/N)  (F) 410,811, CS, EA, FI, body weight gain
10M,10F 1,678, GN, HE, 3,393 7
22309' 3213 ('-)IC\I LE, OF, Gastro 205 410 M Increased severity of t.Jasophilia.
421, 844,' and r]ypertrophy of acinar cells in
1690 pan:otld and submandibular
3:393’ salivary glands

213 421 F Increased severity of basophilia
and hypertrophy of acinar cells in
parotid and submandibular
salivary glands

Hemato 3,393

Hepatic 811 M 1,678 M Increases in liver weight and
serum ALT
1,690 F 3393 F Increases in liver weight and

serum AP, ALT, and bile acids
N_TF' 1992 - Glyphosate technical, purity 99%

12"  Nouse. 28 days 0;150.1, BW,CS,Fl, BdWt 1,447.5
(B6C3F1/ (F) 4491, GN, OF, Immuno 1.447.5
Crl) 1,447.5 ow, wi '
10F
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GLYPHOSATE 21

2. HEALTH EFFECTS

Table 2-2. Levels of Signifigant Exposure to Glyphosate Technical = Oral

Less -
Species serious Serious
Figure (strain) Exposure Doses Parameters NOAEL LOAEL LOAEL
key? No./group parameters  (mg/kg/day) monitored Endpoint (mg/kg/day) (mg/kg/day) (mg/kg/day) Effect o
13 Mouse 13 weeks M: 0,507, BW,CS,Fl, Bdwi 2273M 4776 M 11% lower mean final body weight
(1%6“(;3::3)': (F) 1,085, gN, H\F/’V' LE, 5846 F 11,977 F 10% lower mean final body weight
: 2,273, F.O Gastro 1,065 M 2,273 M Increased severity of basophilia of
4,776, . = 1 aali
1,411 F 2,707 F acinar cells'in parotid salivary
10,780 gland
F: 0, 753, -
1,411, Hepatic 10,780 M
2,707, 11,977 F
5,846,
11.977
NTP 1992 - Glyphosate technical, purity 99% - ) = S
14 Rabbit GDs 6-27 0,75,175, BW,CS, Death 350 10/16 maternal rabbits died
(Dutch 1 time/day 350 DX, FX,GN.gdwt 350
belted) (GW) LE, MX, TG Gastro 175 350 Increased incidence of soft stool
16 F ;
and/or diarrhea
Develop 350
EPA 1992f - Glyphosate technical, purity 98.7% a = e
CHRONIC EXPOSURE (2365 days) e R
15 Rat Upto M: 0, 89, BC, BW, Bdwt 940M
{Sprague- 24 months 362, 940 CS, FI, GN, 457 F 1,183 F 13% lower mean body weight at
Da\,Q/nIey) (F) F:0,113, HE, HP, LE, treatment week 81 )
60M,60F 457.1,183 OW Gastro 940 M
113 Fe 457 F Inflammation of gastric squamous
mucosa
Hemato 940 M
1,183 F
Hepatic 940 M
1,183 F
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GLYPHOSATE 22

2. HEALTH EFFECTS

Table 2-2. Levels of Significant Exposure to Glyphosate Technical - Oral

] Less
Species . serious Serious
Figure (strain) Exposure Doses Parameters NOAEL LOAEL LOAEL
key? MNo.group parameters  {ma/kg/day) monitored  Endpoint (ma/kgiday) (malkg/day) (malkgiday) Effect
' Renal 362 M 940 M Increased specific gravity and
dec¢reased pH of urine
1,183 F
Qcular 362 M 940 M Increased incidence of lens
abnormalities
1,183 F
EPA 1991a; 1991b ~ Glyphosate technical, purity 96.5%
16 Rat 26 months M: 0,305, BC, BW, BdWt 3145M
(Sprague- (F) 10.30, CS, Fi, GN, 34.02F
Dawley) ©31.45 HE, HP, LE,
50 M, 50 F F.0,337, OF ow, ~Gasto 31.45M
11.22, UR 34.02F
34.02 Hemato 31.45M
34.02F
Hepatic 3145M
34,02 F
Renal 31.45M
3402 F

EPA 1992d - Glyphosatg technical, purity 98.7%
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GLYPHOSATE
2. HEALTH EFFECTS
Table 2-2. Levels of Significant Exposure to/Glyphosate Technical — Oral
o Less
Species serious
Figure (strain) Exposure Doses Parameters NOAEL LOAEL

key? No.group parameters

(mg/kg/day) monitored Endpoint (mg/kg/day) (mg/kg/day) (mg/kg/day) Effect

17 Rat (Alpk: Upto2years M: 0,121, BC, BH,

BdWt 1,214 M

APSD (F) 361, 1,214 BW, CS, 1498 F
Wistar) F:0,145, EA,Fl, GN, '
64 M, 64 F 437 1,498 HE, HP, LE, Gastro 361 M 1214 M
OF OP. 1,498 F
oW, UR Hemato 1,214 M
1,498 F
Hepatic 361 M 1214 M
437 F 1,498 F
Renal 3B1M 1,214 M
437F 1,498 F
Ocular 1,214 M
1,498 F
Neuro 1,214 M
1,498 F

EPA 2015¢ — Glyphosate technical, purity 97.6%

Exocrine hypérplasia in pancreas
in males

Increased serum AP, ALT, bilirubin
Increased serum AP and ALT

Papillary necrosis in kidney;
decreased pH of urine

Papillary necrosis in kidney
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Gl YPHOSATE 24

2. HEALTH EFFECTS

Table 2-2. Levels of Significant Exposure to Glyphosate Technical - Oral

Less
Species serious Serious
Figure (slrain) Exposure Doses Parameters NOAEL LOAEL LOAEL
key? NoJgroup parameters  (mg/kg/day) monitored  Endpoint (mgl/kg/day) (maglkg/day) (mg/kg/day) Effect
18 Rat Upto 2years 0,10,100, BC, BW, Bd Wt 300 1,000 11-14% lower mean body weight
(Sprague- (F) 300, 1,000 CS, EA, FI, and body weight gain
Dawley) GN.HE,  @astro 100 300 Increased severity of basophilia
85M, 85 F HP, LE, OF, and hypertrophy of acinar cells in
oP, oW, parotid and mandibular salivary
UR glands
Hemato 1,000
Hepatic 1,000
Renal 300 M 1,000 M Decreased pH of urine
1,000 F
Ocular 1,000
EPA 2015¢ - Glyphosate technical, purity 98.7 and 98.9% -
19 Mouse 24 months M: 0,161, BW,CS,Fl, BdWt 4945M
(CD-1) (F) 835, 4,945 GN, HE, 6069 F
50 M, 50 F F: 0,195,  HP,LE '
968, 6,069 Gastro 4,945M
6,069 F
Hemato 4,945M
6,069 F
Hepatic 835M 4,945 M Centrilobular hepatoceliular
necrosts
6,069 F
Renal 4945 M
968 F 6,069 F Renal tubular epithelial basophilia

EPA 2015a — Glyphosate technical, purity 99.7%
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GLYPHOSATE 25
2. HEALTH EFFECTS

Table 2-2. Levels of Significant Exposure to Glyphosate Technical - Oral

Less
Species serious Serious
Figure (strain) Exposure Doses Parameters NOAEL LOAEL LOAEL

key> No.group parameters (mg/kg/day) monitored Endpoint (mg/kg/day) (mg/kg/day) (mglkg/day) Effect
20 Mouse 104 weeks 0, 100, 300, BW, CS, FI, Bd Wt 1,000
(C[;;Iﬂ (F) 1,000 GN, HE, Hepatic 1,000
50M, 50 F
HP. LE, Wi Renal 1,000

EPA 2015¢ — Glyphosate technical, purity 297.5%

21 Dog 1 year 0, 20, 100, BC, BW, Bdwt 500
(Beagle) (C) 500 CS, FI, GN, nemato 500
6M,6F HE, HP, LE,

OP. OW, Ocular 500
UR, WI

EPA 1986a, 1987 — Glyphosate technical, purity 96.13%

aThe number corresponis 1o entries in Figure 2-3; differences in levels of health effects and cancer effects between male and females are nol indicated in
Figure 2-3. Where such differences exist, only the levels af effect for the most sensitive gender are presented

bUsed to derive a provisional acute-duration oral MRL for glyphosate; NOAEL divided by an uncertainty factor of 100 (10 for animal to human extrapolation and
10 for human variability); see Appendix A for more detalled informeition regarding the provisional MIRL.

cUsed to derive a provisional chronic-duration oral MRL for glyphosate; NOAEL divided by an uncertainty factor of 100 (10 for animal 1o human extrapolation and
10 for human variability); see Appendix A far more detailed information regarding the provisional MRL

ALT = alanine aminotransferase; AP = alkaline phosphatase; BC = biochemistry; BW or Bd Wt = body weight; C = capsule; C5 = cfinical signs,

Develop = developmental; DX = developmental toxicity, EA = enzyme aclivity; (F) = exposure in feed; F = female(s), Fi = foad intake; FX = fetal toxicity

G = gavage, neat, Gaslro = gastroirtestinal; GD = gestation day; GN = gross necfopsy; GW = gavage In water vehicle, HE = hematology,

Hemato = hematoiogical; HP = histapathalogy; Immuno = immunological; LDse = lethal dose, 50% kill; LE = lethality; LOAEL = lowest-ohservid-adverse-effect
level, M = male(s); MRL = Minimal Risk Level; MX = maternal toxicity, MOAEL = no observed-adverse-effect level; NS = not specified; OF = organ function;
OP = ophthalmology; OW = organ weight; Repro = reproductive; TG = teratogenicity; UR = urinalysis; WI = water intake
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Figure 2-3. Levels of Significant Exposure to Glyphosate Technical - Oral
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Figure 2-3. Levels of Significant Exposure to Glyphosate Technical - Oral
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Figure 2-3. Levels of Significant Exposure to Glyphosate Technical — Oral
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2. HEALTH EFFECTS
Figure 2-3. Levels of Significant Exposure to Glyphosate Technical - Oral
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2. HEALTH EFFECTS

Table 2-3. Levels of Significant Exposure to Glyphosate Formulations - Oral

Less
serious Serious
Species (strain) Exposure  Doses Parameters NOAEL LOAEL LOAEL
Ne./group _parameters __(Imgfkg.fday) monitored Endpoint  (mg/kg/day) (mg/kg/day) (_mg/kg/day) Effect
ACUTE EXFOSURE
Ral (Wistar) Once 0, 2,000 CS, GN, Gastro 2,000 Diarrhea in rats administered
8 M (G) HP, LE, OW Roundup® (41% wiv glyphosate

isopropylamine salt and 18% w/v
polyoxyethyleneamine {POEA]) or
glyphosate isopropylamine salt +
POEA at the same concentrations
as contained in the Roundup®

formulation
Adam et al. 1997 -- Roundup® (41% wiv glyphosate isopropylamine salt and 18% POEA
Rat (Sprague- 8 days 0, 640 BW, OF, Repro 640 Up to 18% increased percent
Dawley) (W) ow, Wi abnormal sperm morphology;
15 M
Cassault-Mayer et al. 2014 — Roundup® Grand Travaux Plus (607 g/L glyphoszte isopropylamine salt and adjuvants such as POEA)
Rat (Wistar) GDs 6-15, 0, 500, 750, BW, DX, FI, Death 1,000 F 8/15 dams died
15 F 1 time/day 1,000 FX, GN, HP, Bd Wit 1.000F
(GW) LE, MX, Develop 500 Increased incidence of fetal skeletal
OW, TG, WI .
malformations
Dallegrave et al. 2003 — Roundupt {(Monsanto of Brazil; 360 g/L glyphosale, 18% w/v POEA).
Rat (Wistar) Once 0, 250, 500, HP, OF Renal 250 M Histopathologic kidney lesions.
4M (GW) 1,200,
2,600

Wunngpu_k_et al. 2014 -- Concentrate Roundupti Weedkiller (Monsanto Australia, containing 360 g/L of glyphosate)
INTERMEDIATE EXPOSURE

Rat (Wistar) 75 days, 0, 4.87, EA, OF Hepatic 487 M 487 M Increased serum liver enzyme

14 0r 16 M 1 time/ 48.7, 487 activity, histopathologic liver lesions
2 days !
(GwW)

Benedetti et al. 2004 — Glyphosate-Biocarb® (360 g/L glyphosate and 18% w/v POEA)
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2. HEALTH EFFECTS

Table 2-3. Levels: of Significant Exposure to Glyphosate Fm_rh"uj_a_tidps ~Oral

Less
serious Serious
Species (strain) Exposure  Doses Parameters NOAEL LOAEL LOAEL
No/group parameters (ma/kg/day) monitored Endpoint  (ma/kg/day) (malkg/day) (mglka/day) Effect B
Rat (Wistar) 5 weeks, 0, 56,560 BW, EA, FI, BdWwWt 560
NS 1 timelday HE, HP, OF, Hepatic 560
(GW) ow, wi

Caglar and Kolankaya 2008 ~ Roundup® {Monsanto of Brazil, 360 g/l glyphosate and 18% w/v POEA)

Rat (Wistar) 13 weeks, 0, 56,560 BW, EA, FIl, Bd Wt 560
NS 1 time/day HE, HP, OF, Hepatic 560
(GW) ow, Wi
Caglar and Kolankaya 2008 — Roundup® (Monsanto of Brazil; 360 g/L glyphosate and 18% wiv P_OEA)
Rat (Wistar) 42-44 days 0, 50, 150, BW, CS, Bd Wt 450 F

16 F (gestation, 450 DX, FX, HP, pevelop 50 M Décreased sperm production.
lactation) LE, MX, histopathologic testicular iesions
{GW) oW, TG

Dallegrave et al. 2007 ~ Roundup® (Monsanto of Brazil, 360 g/L glyphosate and 18% wliv POEA)‘ L _ S

Mouse {albino 15 days 0, 50,500 BW, EA, Bd Wt 50 60~66% depressed mean body

Swiss) 1 time/day HE, HP, OF weight gain

10M, 10F (GW) Hemato 50 500 Decreased red blood cells,

hematocrit, hemoglobin; increased
mean corpuscular volume,
neutrophils
Hepatic 500
Jasper et al. 2012 -Roundup® Original (41% glyphosate and 16% POEA

*4DRAFT FOR PUBLIC COMMENT***



loly

GLYPHOSATE 32
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ure to Glyphosaté Formulations - Oral

Table:2:3. Levels'of SignificantEx)

Less
. ) serious Serious
Species (Strain) Exposure  Doses Parameters NOAEL LOAEL LOAEL
No/group ~  parameters (mg/kg/day) mor]iiored Endpoint  (mg/kg/day) (ma/ka/day) (mg/kg/day) Effect
Rat (Wistar) 30 days, 0, 5, 50, BW, DX, Bd Wt 250 M
16-18 M g;PDs 23~ 250 HP, OF, Endocr 5M Decreased serum testosterone
(G%N ) ow Develop 5M Decreased epithelial thickness and

increased |luminal diameter in
seminiferous tubules

Romano et al. 2010 — Roundup Transorb® (648 g/L isopropylamine salt of glyphosate and 594 g/L ineris)

Bd Wt or BW = body weighl; CS = clinical signs; Develop = developmental; DX = developmental toxicity, EA = enzyme activity; Endocr = endocring; F = female(s);
Fl = food intake; FX = fetal toxicity; Gastro = gastrointestinal; GD = gestation day; GN = gross necropsy; GW = gavage in water vehicle; HE = hematology;
Hemato = hematological; HP = histopathology; IT = intratracheal; LE = lethality; LOAEL = lowest-observed-adverse-effect level; M = male(s); MX = maternal
toxicity; NOAEL = no observed-adverse-effect level; NS = not specified; OF = organ function; OW = organ weight; POEA = polyoxyethyleneamine; PPD = post-
parturiticn day; Repro = reproductive; TG = teratogenicity; W = water vehicle; Wi = water intake

***DRAFT FOR PUBLIC COMMENT***

700



6>

GLYPHOSATE 33

2. HEALTH EFFECTS

Table 2-4. Levels of Significant Exposure to Glyphosate Technical — Dermal

Less
Species (strain) Exposure Doses Parameters serious Serious
No./group parameters  (mg/kg/day) monitored  Endpoinl  NOAEL LOAEL LOAEL  Effget
INTERMEDIATE EXPOSURE = = ST S
Rabbit (New 21 days, 0, 100, BC, BW, Bd Wt 5,000
Zealand) 5 days/week, 1,000, CS, EA, Fl. Hemato 5,000
10M, 10 F 6 hours/day 5,000 GN, HE,

Hepatic 5,000

Dermal 1,000 5,000 Very slight erythema and edema at
application site

HP, LE, OW

EPA 1992c¢ — glyphosate technical, purity not specified

BC = biochemistry; BW or Bd wt = body weight; CS = clinical signs; EA = enzyme activity; F = female(s); Fl = food intake; GN = gross necropsy; }
HE = hematology; Hemato = hematological; HP = histopathology; LE = lethality; LOAEL = lowest-observed-adverse-effect level; M = male(s); NOAEL = no
observed-adverse-effect level; OW = organ weight
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2.2 DEATH

Several case report series have reported deaths in individuals intentionally ingesting glyphosate products
(Chen et al. 2009; Kim et al. 2014; Roberts et al. 2010; Sawada et al. 1988; Talbot et al. 1991; Tominack
etal. 1991). The predominant cause of death was often shock (hypovolemic or cardiegenic),
hypotension, and respiratory failure, often due to aspiration (Chen et al. 2009; Kim et al. 2014; Talbot et
al. 1991).

An acute oral LDso value of 4,320 mg/kg/day was reported following single oral dosing of rats with
glyphosate technical (EPA 1992b). In a developmental toxicity study, 6/25 pregnant rats died during oral
dosing of glyphosate technical at 3,500 mg/kg/day; there were no deaths during treatment at

1,000 mg/kg/day (EPA 1992¢). No adequate sources were located regarding death in laboratory animals

exposed to glyphosate technical by inhalation or dermal routes.

In a study that employed oral dosing of pregnant rats with Roundup®, 8/15 dams died during the first

8 days of treatment at 1,000 mg/kg/day glyphosate (Dallegrave et al. 2003). No deaths occurred in a
4-week study of rats intermittently exposed to Roundup® at exposure levels as high as 360 mg/m’
{approximately 36 mg Roundup®/m?) (EPA 1985¢). No adequate sources were located regarding death

in laboratory animals exposed to glyphosate formulations by the dermal route.

2.3 BODY WEIGHT

Oral exposure of rats to glyphosate technical at relatively high doses resulted in significant effects on
body weight and/or body weight gain. Pregnant rats gavaged at 3,500 mg/kg/day during GDs 619
exhibited as much as 28.5% lower mean body weight gain than controls (EPA 1992e). Body weight gain
was 12--18% less than that of controls in two generations of parental male and female rats exposed via the
diet for 1419 weeks at 2,219 or 3,134 mg/kg/day, respectively (EPA 1992a). No treatment-related
effects on body weight were seen among young female mice treated for 28 days at estimated doses up to
1.447.5 mg/kg/day (EPA 2013b). In 13-week oral studies, body weight and/or body weight gain among
rats and mice at oral doses in the range of 2,273-11,977 mg/kg/day were 10—18% less than controls (NTP
1992). Ina 2-year study, female rats dosed at 1,183 mg/kg/day exhibited 13% lower mean body weight
than controls at treatment week 81 (EPA 1991a). There was no evidence of treatment-related effects on
body weight among laboratory animals receiving oral doses of glyphosate technical at <1,000 mg/kg/day
during acute-, intermediate-, or chronic-duration exposure (EPA 1986a, 1987, 1991a, 1991b, 19924,
1992d, 1992e, 19921, 1992g, 2013a, 2013b, 201 7b).
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No significant treatment-related effects on body weight were observed among rabbits administered
repeated dermal applications of glyphosate technical at doses in the range of 100--5,000 mg/kg/application
for 21 days (EPA 1992c¢).

No significant body weight effects occurred in a 4-week study of rats intermittently exposed to
Roundup® at exposure levels as high as 360 mg/m? (approximately 36 mg Roundup®/m?) (EPA 1985c¢).
Several studies evaluated effects of oral exposure to glyphosate formulations on body weight. Limited
results indicate that mice may be more sensitive than rats to body weight effects from repeated oral
exposure to glyphosate formulations. Seriously-depressed mean body weight gain (60-66% less than
controls) was reported for albino Swiss mice gavaged with Roundup Original® at 50 mg/kg/day for

15 days and approximately 10% body weight loss for mice dosed at 500 mg/kg/day (Jasper ct al. 2012).
No significant effects on body weight were observed among Wistar rats gavaged with Roundup® at 56 or
560 mg/kg/day for up to 13 weeks (Caglar and Kolankaya 2008), pregnant Wistar rats gavaged with
Roundup® at 1,000 mg/kg/day during GDs 6-15 (Dallegrave et al. 2003), or maternal Wistar rats
gavaged with Roundup® at 50-450 mg/kg/day during gestation and lactation (Dallegrave et al. 2007).
No effects on body weight were observed among male Wistar rats gavaged with Roundup Transorb® at

250 mg/kg/day during postnatal days (PNDs) 23-53 (Romano et al. 2010).

2.4 RESPIRATORY

As summarized in Table 2-5, several investigations of the Agricultural Health Study participants have
examined the possible associations between use of glyphosate-containing products and increased risk of
rhinitis, wheezing, atopic asthma, allergic asthma, or chronic bronchitis (Hoppin et al. 2002, 2006a,
2006b, 2007, 2008, 2009; Slager et al. 2009, 2010). No associations were found for diagnosed chronic
bronchitis (Hoppin et al. 2007) or for wheezing after adjusting for confounding exposure to other
pesticides (Hoppin et al. 2002, 2006a, 2006b). Current rhinitis was associated with glyphosate use among
commercial applicators (Slager et al. 2009) and farmers (Slager et al. 2010), but no relationship between
risk and the number of days of use per year was found among the commercial applicators (Slager et al.
2009). An association between glyphosate use and the risk of atopic asthma was found among farm
women, but there was no association with nonatopic asthma (Hoppin et al. 2008). No associations were

found between glyphosate use by male farmers and risk of allergic or nonallergic asthma (Hoppin ct al.
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Table 2-5. Noncancer Outcomes in Humans Exposed to Glyphosate-Containing Products

Reference and study _populatién -

Exposure

Outcomes

Respiratory

Hoppin et al. 2002

Cohort study of 20,468 participants in the
Agricultural Health Study in lowa and North
Carolina

Exposure: glyphosaié' ever use and
application frequency categories

Logistic regression adjustments: age,
state, smoking history, asthma-atopy
status

Wﬁéeze, self-reported

OR 1.05 (0.95-1.17), p=0.04 for trend of

increasing exposure days

Hoppin et al. 2006a

Prospective cohort study of 20,175 participants in
the Agricullural Health Study in lowa and North
Carolina (17,920 farmers and 2,255 commercial
pesticide applicators)

Exposure: glyphosate ever us;e in the
year prior to enrollment

Logistic regression adjustments: age,
state, smoking history, BMI

Wheeze, self-reported
OR 1.05 (0.94-1.17), farmers
OR 1.14 (0.83—1.57), applicators

Hoppin et al. 2006b

Sohott study of 2,255 commercial pesticide
applicators participating in the Agricultural Health
Study in lowa and North Carolina

Exposure: glyphosate ever use in the
year prior to enroliment

Logistic regression adjustments: age,
smoking status, asthma and atopy history,
BMI

Wheeze, self-reported
OR 1.38 (1.03-1.86)

OR 1.14 (0.83—1.57), with adjustment for

use of chlorimuron-ethyl pesticide

Hoppin et al. 2007 S

Prospective cohort study of 20,908 participants in
the Agricultural Health Study in fowa and North
Carolina

Ex;_)osure: glyphosate ever use

Logistic regression adjustments: age,
state, sex, smoking (pack-years)

Chronic bronchitis
OR 0.99 (0.82—1.19)

Hoppin et al. 2008_h'

Prospective cohort studly of 25,814 farm women
participating in lhe Agricultural Health Study in
lowa and North Carolina

Exposure: glyphosate ever use

Logistic regression adjustments: age,
state, smoking status, "grew up on farm”

Hoppin ct al. 2009

Prospective cohort study of 19,704 male farmers
participating in the Agricultural Health Study in
lowa and North Car_c_)lina

Exposure: glyphosate ever use

Logistic regression adjustments: age,
state, smoking status, BM!

Atopic asthma
OR 1.31 (1.02-1.67)

Nonatopic asthma
OR 1.13 (0.92-1.39)

Allergic asthma

OR 1.37 (0.86-2.17)
Nonallergic asthma

OR 1.15 (0.87-1.51)
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Table 2-5. Noncancer Outcomes in Humans Exposed to GIyphosate-Containihg Products

Reference and study population

Exposure Outcomes

Slager et al. 2009

Prospective cohort study of 2,245 commercial
applicators participating in the Agricultural Health
Study in lowa

Current rhinitis
OR 1.32 (1 08-1.61), p=0.735 for trend for
increasing use days per year

Exposure: any glyphosate use and
application frequency categories during the
past year

Logistic regression adjustments: age,
education, "growing up on farm”

Slager et al. 2010

Prospective cohort study of 19,565 farmers
participating in the Agricultural Health Study in
lowa and North Carolina

Current rhinitis
OR 1.09 (1.05-1.13)

Exposure: any glyphosate use and
application frequency categories during the
past year

Logistic regression adjustments: age;
race; education; state; BMI; currently
working on farm; years mixing pesticides,
repairing engines or pesticide equipment,
welding, painting, handling stored grain or
hay, working in swine areas, working with
hogs or other farm animals, butchering
animals, and growing cabbage, Christmas
trees, field corn, sweet corn, and hay

Cardiovascular Effects

Dayton et al. 2010

Case control study of 168 cases of nonfatal
myocardial infarction and 22,257 controls in
women in lowa and North Carolina participating in
the Agricultural Health Study

Nonfatal myoca;di_aﬁ infarction
OR 0,8 (0.6-1.2)

Exposure: glyphosate ever use

Logistic regression adjustments: age,
BMI, smoking, state

Mills et al. 2009

Prospective study of male paticipants in the
Agricultural Health Study in lowa and North
Carolina (n=54,069 for fatal myocardial infarction
and 32,024 for nonfatal incidence)

Fatal myocaﬂdial infarction
HR 0.99 (0.80-1.23)

Expos.u-re: glyphosate ever use

Cox proportional regression
adjustments: age, state, smoking, BMI
(nonfatal analysis only)

Nonfatal myocardial infarction
HR 1.10 (0.93-1.31)
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Table 2-5. Noncancer Outcomes in Humans Exposed to Glyphosate-Containing Products

Reference and _s_tpfi:y p_opulgo?

Exposure

Outcomes

.Musculoskg_lgtal Effects

De Roos et al. 2005b

Nesied case control study of 135 cases of
physician-confirmed rheumatoid arthritis and
675 controls participating in the Agricuttural
Health Study in lowa and North Carolina (femate
participants only) )

Exposure: glyphosate ever use

Unconditional logistic regression
adjustments: birth date, state

Rheumatoid arthritis
OR 1.2 (0.8-1.8)

Parks et al. 2016

Nested case-control study of cases of physician-
confirmed rheumatoid arthritis or self-reported
use of disease modifying antirheumatic drugs and
noncases participating in the Agricultural Health
Study in lowa and North Carolina (female
spouses of licensed pesticide applicators only);
enrolied between 1993 and 1997 and followed
through 2010

Exposure: glyphosate ever use

Logistic regression adjustments: age,
state, pack-years smoking

Rheumatoid arthritis
OR 1.2 (0.95-1.6), based on 100 prevalent
cases
OR 1.4 (1.0-2.0); based on 54 incident
cases

Dermal Effects

Maibach 1986

Experimental study of 24 males and females

Exposure: 0.1 mL applied to intact and
Draize-type abraded skin; patch removed
after 24 hours

No skin irritation 24 or 48 hours after
application to intact skin

Irritancy scores 24 hours after application to
abraded skin were negative in 10 subjects,
equivocal in 4 subjects and erythema was
noted in 10 subjects; at 48 hours, the scores
were negative in 10 subjects, equivocal in

6 subjects, and erythema was noted in

8 subjects

Maibach 1986

Experimental study of 23 males and females

Exposure: 0.1 mL applied 5 days/week
for 21 days

The average score was 1.4 where a score of

1 indicates erythema and 2 indicates erythema
and induration; none of the subjects reported
burning, stinging, or itching from the test
compound
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Table 2-5. Noncancer Outcomes in Humans Exposed to Glyphosate-Containing Products

Referer_wce and study population

Exposure

Outcomes

Maibach 1986

Experimental study of 204 males and females

Exposure: 0.2 mL applied to 3 days/week
for 3 weeks with patches remaining in
place for 48—72 hours; a challenge patch
was applied after a 2-week rest period

No skin irrit—atio?was observed

Maibach 1986

Experimental study of 15 males and females

Exposure: Full-strength glyphosate was
applied to skin stripped of the stratum
corneum; the test site received irradiation
with ultraviolet A and ultraviolet B light

No pos.it.iv-e results for photoirrilatidn or
photosensitization were found

Ocular Effects

Kirrane et al. 2005

Prospective study of 31,173 female spouses of
commercial pesticide applicators participating in
the Agricultural Health Study in lowa and North
Carolina

Endocrine Effects

Exposure: glyphosate ever use

Hierarchical regression adjustments.
age, state

Retinal degeneration
OR 1.1(0.8-1.5)

Goldner et al. 2010

Prospective study of 16,529 participants (female
spouses only) in the Agricultural Health Study in
lowa and North Carolina

Thyroid disease was self-reported clinically
diagnosed

Exposure: glyphosate ever use

Polytomous logistic regression
adjustments: age, education, smoking
status, hormone replacement therapy, BMi

Hyperthyroid disease
OR 0.98 (0.78-1.2)

Hypothyroid disease
OR 1.0 (0.91--1,2)

Other thyroid disease
OR 0.97 (0.81-1.2)

Neurological Effects

Kamel et al. 2007

Case control study of cases of self-reported
Parkinson's disease (n=83 prevalent cases

and 78 incident cases) and controls

(n=79,557 prevalent controls and 55,931 incident
controls) participating in the Agricultural Health
Study in lowa and North Carolina

Expos'ﬁ?e':_ glyphosate ever use

Logistic regression adjustments: age,
state, type of participant

Pafkinson's disease
OR 1.0 (0.6-1.7), prevalent disease
OR 1.1 (0.6-2.0), incident disease

Prevalent disease defined as reporting
Parkinson's disease at enrolliment and incidenl
disease defined as Parkinson's disease
reported at the study follow-up
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Table 2-5. Noncancer Outcomes in Humans Exposed to Glyphosate-Containing Products

;i?_ef_t?_r&__c:;ta_ and étud_y ﬁo_pﬁatio_ﬁ-

Exposure

Qutcomes

Repro_tluctive_Effects

Curtis et al. 1999

Relrospective cohort study of 2,012 planned
pregnancies among participants in the Canadian
Ontario Farm Family Health Study

Exposure: glyphosate use on the farm

Cox proportional hazard adjustments:
age when beginning to try to conceive,
recent oral contraceptive use, men's and
women’s smoking, and use of other
pesticides

Fecundability
CFR 0,61 (0.30-1.26), pesticide use on the
farm and women reported pesticide
activities
CFR 1.30 (1.07-1.56), pesticide use on the
farm, but no pesticide activities reported
by women

Developmental Effects

Arbuckle et al. 2001

Retrospeclive cohort study of 2,110 female
participants in the Canadian Ontario Farm Family
Health Study

Exposure: glyphosate use during
gestation

Logistic regression adjustments: none

Spontaneous abortion, preconception
exposure
OR 1.4 (1.0-2 1), all gestational ages
OR 1.1 (0 7-1.9), <12 weeks gestation
OR 1.7 (1.0-2.9), >12 weeks gestation
Spontaneous abartian, postconception
exposure
OR 1.1 (0.7-1.7), all gestational ages
OR 0.8 (0.4-1.6), <12 weeks gestation
OR 1.4 (0.8-2.5), >12 weeks gestation

Garcia et al. 1998

Case control study of 261 cases of congenital
malformations and 261 matched controls in Spain

Exposure: paternal glyphosate use

Conditional logistic regression
adjustments: paternal age and paternal
job and maternal history of spontaneous
abortion, twins, drug consumption, heavy
smoking, education, occupation

Garry et al 2002

Cross seclional study of 695 families and
1,632 children in Minnesota

Exposu}é: glyphosate ever use

Regression adjustments: maternal age,
smoking status, alcohol use, season of
conception

_Congenital malformations

OR 0,94 (0.37-2.34) for the acute risk
period (during 3 months preceding
conception or during the first trimester of
pregnancy or both for the father and during
1 month preceding conception or during the
first trimester of pregnancy or both for the
mother)

ADD/ADHD, parent reported
OR 3.6 (1.35-9.65)

***DRAFT FOR PUBLIC COMMENT***

708



GLYPHOSATE

2. HEALTH EFFECTS

41

Table 2-5. Noncancer Outcomes in Humans Exposed to Glyphosate-Containing Products

Eeference and study population

Exposure

Qutcomes

Rull et al. 2006

Case control study of 731 cases of neural tube
defecls and 940 controls in California

Exposure: maternal residential pcoximity
to glyphosate application (within 1,000 m)

Unconditional logistic regression
adjustments: maternal ethnicity,
education, periconceptional smoking,
vitamin use

Neural tube defects
OR 1.5 (1.0-2.4)
OR 1.5 (0.8-2.9) with adjustment for other

pesticide exposure

Sathyanarayana et al. 2010

Prospective study of 2,246 women whose most
recent singleton birth occurred within 5 years of
enrollment in the Agricultural Health Study in
lowa and North Carolina

Exposure: maternal glyphosate ever use
(n=700)

Linear regression adjustments:
maternal BMI and height, parity, preterm
status, state, maternal smoking during
pregnancy

Multiple regression estimates of change in
birth weight (g) in relation to maternal self-
reported glyphosate use (coefficient = 4 g;
95% CI -40 to +48 g) indicate no significant
association between birth weight and maternal
use of glyphosate

Savitz et al, 1997

Retrospective cohort study of 1,898 couples
participating in the Canadian Ontario Farm Family
Health Study

Exposure: any paternal glyphosate use
from 3 months prior {0 conception through
the month of conception

Logistic regression adjustments:
maternal age, parity, maternal and paternal
education, income, maternal and paternal
off farm job, maternal smoking and alcohol
use during pregnancy, conception to
interview interval

Miscarriage

OR 1.5(08-27)
Preterm delivery

OR 24 (0.8-7.9)
Small for gestational age:

OR 0,8 (0.2-2.3)

Other Noncancer Effects

Montgomery et al. 2008

Prospective study of 33,457 participants (white
males only) in the Agricultural Health Study in
lowa and North Carolina

Exposure: glyphosate ever use

Logistic regression adjustments: age,
state, BMI

Diabetes incideﬁce
OR 0,85 (0.74-0.98)
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Table 2-5. Noncancer Outcomes in Humans Exposed to Glyphosate-Containing Products

Reference and study population Exposure Outcomes B -
Saldana et al. 2007 Exposure: any agricultural glyphosate Gestational diabetes mellitus
exposure during the first trimester OR 0.7 (0.2-1.75)
Prospective study of 11,273 participants in the
Agricultural Health Study in lowa and North Unconditional logistic regression
Carofina adjustments: BMI at enroliment, mother's

age at pregnancy, parity, race, state,
commonly used pesticides by women

ADD/ADHD = attention deficit disorder/attention deficit hyperactivity disorder; BMI = body mass index; CFR = conditional fecundability ratio; Cl = confidence
interval; HR = hazard ratio; OR = odds ratio
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2009). It is noted that many of these studies did not account for use of other pesticides. Respiratory
failure or distress was reported in about 10-25% of the cases of intentional ingestion of glyphosate

products (Lee et al. 2000; Moon and Chun 2010; Tominack et al. 1991).

Available data regarding respiratory effects in laboratory animals exposed:to- gtyphosate arc limited.
Kumar et al. (2014) reported an inflammatory respiratory response (evidenced by increased eosinophil
and neutrophil counts, mast cell degranulation, and production of IL-33, TSLP, IL-13, and IL-5) in
anesthetized mice exposed intranasally to glyphosate. Adam et al. (1997) designed a study to evaluate the
effects of glyphosate technical (200 mg/kg), glyphosate + POEA (200 and 100 mg/kg, respectively),
POEA alone (100 mg/kg), and Roundup® in rats evaluated for 24 hours following intratracheal
instillation (Adam et al. 1997). Control rats received normal saline. Obvious clinical signs of adverse
pulmonary effects and mortalities occurred in each group except the saline controls. The study authors
stated that the pulmonary effects were more severe and lasted longer in rats treated with POEA alone or in
combination with glyphosate compared to respo.nses in glyphosate only-treated rats. These results
suggest POEA was more acutely toxic than glyphosate to the lungs. No respiratory effects occurred in a
4-week study of rats intermittently exposed to Roundup® at exposure levels as high as 360 mg/m?

(approximately 36 mg Roundup®/m?) (EPA 1985¢).

2.5 CARDIOVASCULAR

Two studies of Agricultural Health Study participants did not find associations between the use of
glyphosate-containing products and the risk of myocardial infarctions (Dayton et al. 2010; Mills et al.
2009); see Table 2-5 for details. In case series reports, abnormal electrocardiogram (EKG) readings have
been found in patients ingesting large doses of glyphosate-containing products (Kim et al. 2014; Lec et al.
2000, 2008; Moon and Chun 2010; Talbot et al. 1991). The most commonly reported alterations included
prolonged QTc interval and sinus tachycardia. In the most severe poisoning cases, hypotension and shock

have been reported (Roberts et al. 2010; Sawada et al. 1988; Tominack et al. 1991).

No data were available regarding evaluation of cardiovascular endpoints in laboratory animals exposed to

glyphosate technical or glyphosate formulations by any exposure route.

2.6 GASTROINTESTINAL

Gastrointestinal symptoms are commonly reported in case series reports of patients who ingested

glyphosate products. In numerous reports, over 40% of the patients reported nausea/vomiting (Lee et al.
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2000, 2008; Roberts et al. 2010; Sawada et al. 1988; Tominack et al. 1991). Other effects reported
included abdominal pain (Lee et al. 2000, 2008; Moon and Chun 2010; Roberts et al. 2010; Sawada et al.
1988; Talbot et al. 1991), sore throat (Lee et al. 2000; Tominack et al. 1991), and damage to mucosal
tissue in the mouth and esophagus (Chang et al. 1999; Sawada et al. 1988; Talbot et al. 1991; Tominack
et al. 1991). v

Several studies evaluated effects of glyphosate technical oral exposure in laboratory animals. The most
common effect was clinical signs of gastrointestinal disturbances. Such clinical signs are commonly
observed in studies of laboratory animals receiving bolus gavage doses of test substances, in which cases
the clinical signs may be at least partially the result of the method of gavage dosing. Diarrhea was
observed among rats gavaged once with glyphosate technical at 2,000 mg/kg (EPA 2013c).
Gastrointestinal disturbances (e.g., soft stool, diarrhea, few feces) were reported among pregnant rats
gavaged at 3,500 mg/kg/day during GDs 6-19 (EPA 1992¢) and pregnant rabbits gavaged at

350 mg/kg/day during GDs 627 (EPA 1992f) or 175 mg/kg/day during GDs 8-20 (EPA 2017b). A
slight increase in observations of soft stool and/or diarrhea was noted in the rabbits dosed at

175 mg/kg/day during GDs 6-27 as well (EPA 1992f). Soft stools were observed in rats exposed via the
dict for 2 gencrations at concentrations resulting in estimated doses in the range of 2,219-2,633 and
3,035 3,134 my/kg/day for parental males and females, respectively (EPA 1992a). Mao et al. (2013)
reported that glyphosate added to the drinking water of rat dams from GD 6 through lactation and to F1
offspring up to PND 125 at a concentration resulting in a daily dose of 1.75 mg/kg/day (the U.S.
acceptable daily intake [ADI]) resulted in modifications to the gut microbiota in early development,
particularly among prepubertal rats. In a 2-year study of rats exposed via the diet (EPA 1991a, 1991b),
inflammation of gastric squamous mucosa was observed in females at an estimated dose level of

457 mg/kg/day: there were no signs of gastrointestinal effects in males at estimated doses as high as

940 mg/kg/day. In another chronic-duration oral rat study (EPA 1992d), there were no signs of treatment-
related gastrointestinal effects at the highest estimated dose level (31.45-34.02 mg/kg/day). No clinical
signs or histopathological evidence of treatment-related gastrointestinal effects were seen among male or
female mice exposed via the diet for 24 months at estimated doses as high as 4,945 and 6,069 mg/kg/day,
respectively (EPA 1985a, 2015a). Increased incidence of exocrine hyperplasia in the pancreas was
reported for male rats receiving glyphosate technical from the diet for up to 2 years at an estimated dose
of 1,214 mg/kg/day (EPA 2015¢). Increased severity of cytoplasmic changes in salivary gland cells
(basophilia and hypertrophy of acinar cells in parotid and submandibular salivary glands) was reported for
male and female rats receiving glyphosate from the diet for 13 weeks at 410 and 421 mg/kg/day,
respectively (NTP 1992) and other rats similarly treated at 300 mg/kg/day for up to 2 years (EPA 2015¢c).
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Similar effects on salivary glands were observed in male and female mice treated for 13 weeks at much
higher doses (1,065 and 2,707 mg/kg/day, respectively; not observed at 507 and 753 mg/kg/day,
respectively) (NTP 1992). Although salivary gland cytoplasmic changes were noted in rats at doses

<300 mg/kg/day as well, the changes were reported to be only of minimal or mild severity; therefore, they
are not considered adverse effects. The toxicological significance of the gtyphusate tteatment-related

effects on salivary glands is uncertain.

Limited information was located regarding gastrointestinal effects in laboratory animals following oral
exposure to glyphosate formulations. In a study designed to evaluate the effects of glyphosate technical
(2,000 mg/kg), glyphosate + POEA (2,000 and 1,000 mg/kg, respectively), POEA alone (1.000 mg/kg),
or Roundup® were administered to rats by gavage, followed by 24 hours of posttreatment observation
(Adam et al. 1997). Control rats received normal saline. Two rats in the POEA-only treatment group
died. Diarrhea was noted in all groups except the control group. The study authors stated that the groups
given POEA or mixtures that included POEA experienced more rapid and severe diarrhea than those
given glyphosate alone. These results suggest that POEA was more acutely toxic than glyphosate to the
gastrointestinal system. Mao et al. (2018) reported that Roundup® added to the drinking water of rat
dams from GD 6 through lactation and to F1 offspring up to PND 125 at a concentration designed to
deliver a daily dose of 1.75 mg glyphosate/kg/day (the U.S. glyphosate ADI) resulted in modilications to

the gut microbiota in early development, particularly among prepubertal rats.

2.7 HEMATOLOGICAL

No information was located regarding hematological effects in humans exposed to glyphosate-containing
products; results from available animal studies do not implicate the hematological system as a sensitive
target of glyphosate toxicity. Hematological endpoints were evaluated in chronic-duration oral studies of
rats (EPA 1991a, 1991b, 1992d), mice (EPA 2015a), and dogs (EPA 1986a, 1987) exposed Lo glyphosate
technical. There were no apparent treatment-related effects in chronic-duration oral studies of rats, mice,
or dogs administered glyphosate technical at oral doses as high as 940-1,183 mg/kg/day for rats (EPA
1991a, 1991b, 1992d), 4,945-6,069 mg/kg/day for mice (EPA 2015a), and 500 mg/kg/day for dogs (EPA
1986a, 1987). Rabbits administered repeated dermal applications of glyphosate technical at doses in the
range of 100-5,000 mg/kg/application for 21 days exhibited no evidence of treatment-related
hematological effects (EPA 1992¢). Small changes in hematological parameters were seen in both male
and female rats in the 13-week NTP (1992) study. These were considered to be unremarkable and most

likely due to mild dehydration.

**DRAFT FOR PUBLIC COMMENT***

713



Ne

GLYPHOSATE 46

2. HEALTH EFFECTS

Available information regarding hematological effects related to glyphosate formulations is limited. No
hematological effects occurred in a 4-week study of rats intermittently exposed to Roundup® at exposure
levels as high as 360 mg/m® (approximately 36 mg Roundup®/m®) (EPA 1985¢). Decreases in red blood
cell count, hematocrit, and hemoglobin, and increases in corpuscular volume and neutrophil count were
reported in mice gavaged with Monsanto Roundup® Original for 15 days at 500 mg/kg/day (Jasper et al.
2012).

2.8 MUSCULOSKELETAL

De Roos et al. (2005b) did not find an association between glyphosate use and the risk of rheumatoid
arthritis among participants of the Agricultural Health Study. In a subsequent study of female spouses of
licensed pesticide applicators, Parks et al. (2016) reported a weakly positive association between spousal

use of glyphosate and risk of rheumatoid arthritis. See Table 2-5 for additional study details.

No data were available regarding evaluation of musculoskeletal endpoints in laboratory animals exposed

to glyphosate technical or glyphosate formulations by any exposure route.

2.9 HEPATIC

No information was located regarding hepatic effects in humans exposed to glyphosate-containing
products. The potential for glyphosate technical to cause liver toxicity was evaluated in studies of rats
and mice; there is some evidence that oral doses near or above recommended limit dosing for animal
studies (2,000 mg/kg/day) may cause adverse liver effects. In a 13-week rat dietary study of glyphosate
technical, increases in liver weight and serum ALT were observed in males at 1,678 mg/kg/day; increased
liver weight and increased serum AP, ALT, and bile acids were noted in females at 3,393 mg/kg/day.
There werc no indications of treatment-related liver effects among male and female rats treated via the
diet for 2 generations at estimated doses as high as 1,234—1,273 mg/kg/day (EPA 2013a) or other rats
treated for 2 years to doses as high as 940—1,183 mg/kg/day (EPA 1991a, 1991b). Male mice exposed via
the dict for 13 weeks at doses >2,273 mg/kg/day exhibited increased mean relative liver weight (4-9%
gredter than controls)y in“the-absence of histopathologic liver lesions; there were no effects on liver weight
in similarly-treated female mice at doses up to and including 11,977 mg/kg/day (NTP 1992). Male mice
exposed via the diet for 2 years at an estimated dose of 4,945 mg/kg/day exhibited increased incidence of
histopathologic central lobular hepatocyte necrosis; there was no evidence of treatment-related liver

effects in similarly-treated female mice at an estimated doss of 6,069 mg/kg/day (EPA 2015a). Rabbits
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administered repeated dermal applications of glyphosate technical at doses in the range of 100~
5,000 mg/kg/application for 21 days exhibited no evidence of treatment-related hepatic effects (EPA
1992c¢).

Available information regarding hepatic endpoints in animals exposed tu glyphusate formulations is
limited. No hepatic effects occurred in a 4-week study of rats intermittently exposed to Roundup® at
exposure levels as high as 360 mg/m?® (approximately 36 mg Roundup®/m®) (EPA 1985c). Increased
serum ALT and aspartate aminotransferase (AST) activity and histopathologic liver lesions (increased
Kupffer cells in hepatic sinusoids and deposition of reticulin fibers) were seen in male rats treated with
Glyphosate-Biocarb® by gavage for 75 days (one dose every 2 days) at 487 mg/kg/dosing (Benedetti et
al. 2004).

2.10 RENAL

One case-control study of patients with chronic kidney disease found an increased risk of chronic kidney
disease among glyphosate applicators (Jayasumana et al. 2015). However, uncertainty regarding an
association between exposure to glyphosate-containing products and risk of chronic kidney disease
includes the finding that the applicators were also exposed to high levels of calcium, magnesium. barium,

strontium, iron, titanium, and vanadium by drinking water from abandoned wells.

Several studies evaluated possible renal toxicity in laboratory animals treated with glyphosate technical.
In a 2-generation reproductive toxicity study (EPA 2013a), slightly increased absolute and relative kidney
weights (7-11% greater than controls) were reported among F0 parental female rats dosed at

1,273 mg/kg/day; there was no evidence of histopathologic kidney lesions. Therefore, the slightly
increased kidney weight was not considered to represent an adverse effect. During 2 years of dietary
treatment of rats, urinalysis revealed increased specific gravity of urine and decreased urinary pH among
males treated at an estimated dose of 940 mg/kg/day (NOAEL=362 mg/kg/day); therc were no signs of
treatment-related renal effects in urinalysis results from females treated at an estimated dose as high as
1,183 mg/kg/day (EPA 1991a, 1991b). Papillary necrosis (males and females) and decreased pH of urine
(males only) were observed in a study of rats administered glyphosate in the diet for up to 2 years at
estimated doses of 1,214 mg/kg/day (males) and 1,498 mg/kg/day (females); respective NOAELs were
361 and 437 mg/kg/day (EPA 2015c). Another 2-year rat study reported decreased pH of urine among
males treated at 1,000 mg/kg/day (NOAEL=300 mg/kg/day); no renal effects were observed in females at
doses as high as 1,000 mg/kg/day (EPA 2015c). Female mice treated for 2 years at an estimated dose of
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6,069 mg/kg/day exhibited significantly increased incidence of renal proximal tubule epithelial basophilia
and hypertrophy (NOAEL=968 mg/kg/day); there was no evidence of renal effects in similarly-treated
male mice at doses as high as 4,945 mg/kg/day (EPA 2015a).

Information regarding renal effects in animals exposed to glyphosate formulations is limited. No renal
effects occurred in a 4-week study of rats intermittently exposed to Roundup® at exposure levels as high
as 360 mg/m’ (approximately 36 mg Roundup®/m?®) (EPA 1985c). Histopathologic kidney lesions
(necrotic and apoptotic cells, localized primarily in tubular epithelium of the proximal straight tubule and
thick ascending limb of the loop of Henle) were reported in male rats gavaged once with Concentrate
Roundup® Wecdkiller at dose levels ranging from 250 to 2,500 mg/kg (Wunnapuk et al. 2014). There is

some uncertainty regarding the role of glyphosate in the reported effects.

2.11 DERMAL

One study evaluated the potential dermal toxicity of glyphosate in humans. In an experimental study (see
Table 2-5), a single application of Roundup® to intact skin for 24 hours did not result in irritation
(Maibach 1986). When applied to abraded skin, erythema was noted in 42% of the subjects after

24 hours. Mikd skin irritation was observed in a repeated exposure test study (Maibach 1986). No skin
irritation was observed in a Draize skin sensitization test or in a photosensitivity/photoirritation test

(Maibach 1986).

Auvailable information regarding dermal effects in animals is limited. Minor dermal irritation was
reported in response to dermally-applied glyphosate technical. At the application site, very slight
crytheima and cdema were observed in rabbits during 21 days of repeated dermal application of
glyphosate technical at 5.000 mg/kg/application; no dermal effects were seen at doses <1,000 mg/kg/

application (EPA 1992¢). According to EPA (1993), glyphosate is considered a slight dermal irritant

following acute dermal application.

2.12 OCULAR

In a study of wives of commercial pesticide applicators, no association was found between glyphosate use
among the wives and retinal degeneration (Kirrane et al. 2005); see Table 2-5 for details. In a case series
report of 1,513 ocular exposures to glyphosate, minor symptoms (primarily transient irritation) were
observed in 70% of the cases; most (99%) complained of eye pain (Acquavella et al. 1999). Moderate

effects, such as persistent irritation or low-grade corneal burns or abrasions, were observed in about 2% of
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the cases. Among the cases with moderate effects, 93% reported eye pain, 20% reported lacrimation, and

27% reported blurred vision.

Two chronic-duration oral studies included ophthalmoscopic examinations of laboratory animals exposed
to glyphosate technical. EPA (1991a, 1991b) reported significantly increased'ircidétice of lens
abnormalities in male rats treated via the diet for 2 years at an estimated dose of 940 mg/kg/day; there
were no indications of a treatment-related ocular effect in female rats at the highest estimated dosc level
(1,183 mg/kg/day). No signs of treatment-related ocular effects were seen among dogs treated via
capsule for 1 year at estimated doses as high as 500 mg/kg/day (EPA 1986a). According to EPA (1993),
glyphosate is considered mildly irritating to the eye following ocular instillation. According to FAO and
WHO (2016), glyphosate was moderate to severely irritating to the rabbit eye. EFSA (2015) stated that
glyphosate acid was a severe ocular irritant, but that salts of glyphosate do not require classification as
ocular irritants. There were no signs of exposure-related effects in ophthalmologic examinations of rats
intermittently exposed to Roundup® for 4 weeks at exposure levels as high as 360 mg/m’® (approximately

36 mg Roundup®/m?) (EPA 1985c).

2.13 ENDOCRINE

Available human information regarding possible associations between exposure to glyphosate-containing
products and risk of endocrinological effects is limited to results from one study that reported no
associations between any glyphosate exposure and the risks of thyroid diseases (Table 2-5) in the female

spouses of Agricultural Health Study participants (Goldner et al. 2010).

In a weight-of-evidence approach to evaluate the potential for glyphosate to affect the endocrine system,
EPA (2015b) subjected glyphosate to the Endocrine Disruptor Screening Program Tier 1 (a battery of in
vitro assays designed assist in evaluation of the potential for a substance to interact with estrogen,
androgen, or thyroid signaling pathways). EPA evaluated results from the battery of in vitro assays and
relevant laboratory mammalian and wildlife studies. Using this approach, EPA determined that there is
no convincing evidence of potential interaction between glyphosate and estrogen, androgen, or thyroid
pathways in mammals or wildlife. Included in the evaluation of the estrogen pathway were estrogen
receptor (ER) binding assays, an ER transactivation assay, aromatase and steroidogenesis assays, a fish
short-term reproduction assay, and mammalian and wildlife studies that assessed female reproductive
parameters. Included in the evaluation of the androgen pathway were androgen receptor (AR) binding

and steroidogenesis assays, a fish short-term reproduction assay, Hershberger and male pubertal assays,
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an AR transactivation assay, and mammalian and wildlife studies that assessed male reproductive
parameters. Included in the evaluation of the thyroid pathway were male and female pubertal assays, an
amphibian metamorphosis assay, and mammalian and wildlife studies that assessed thyroid parameters
Refer to EPA (2015b) for study summaries and EPA (2015d) for DERs from most studies that contributed

to EPA’s conclusions regarding the potential for glyphosate to affect the endocriiie systerm.

Limited information was located regarding the potential for glyphosate formulations to affect the
endocrine system. Romano et al. (2010) reported dose-related 30-50% decreased serum testosterone in
young male rats gavaged with Roundup Transorb® at 5-250 mg/kg/day during postpartum days 23-53.
Romano et al. (2012) implicated disruption of gonadotropin expression as a mechanism of action for

glyphosate-induced effects on male rat sexual development.

2.14 IMMUNOLOGICAL

Studies examining possible associations between glyphosate exposure and asthma risk or rheumatoid

arthritis risk are discussed in Sections 2.4 and 2.8, respectively.

{.imited information is available regarding immunological effects. There was no evidence of treatment-
refated ¢ffects on spleen or thymus of mice administered glyphosate technical in the diet for 28 days at
estimated doses as high as 1,447.5 mg/kg/day and no evidence of treatment-related effects on splenic anti-
sheep red blood cell (SRBC) anti-body forming cell (AFC) responses to SRBC (EPA 2013b). EPA
(1992d) reported significantly increased incidences of lymphocytic hyperplasia in the thymus from female
rats administered glyphosate technical in the diet for up to 26 months at doses of 3.37, 11.22, and

34.02 me/kg/day (13/32, 18/37, and 17/34, respectively, versus 5/25 controls). However, EPA (1992d)
did not consider the lesion to be compound-related because the lesion occurs spontaneously in older rats
and is quite variable in the thymus, there was no apparent effect on lymphocytes in the spleen (a much
less variable indicator for lymphocytic hyperplasia), and the severity of the lesion was similar among
controls and glyphosate-treated groups. Kumar et al. (2014) reported an inflammatory respiratory
response (evidenced by increased eosinophil and neutrophil counts, mast cell degranulation, and

production of [L.-33, TSLP, [L-13, and IL-5) in anesthetized mice exposed intranasally to glyphosate.

2.15 NEUROLOGICAL

Available information regarding possible associations between exposure to glyphosate-containing

products and risk of neurological effects in humans is limited to a single case-control study that did not
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find an association between glyphosate exposure and Parkinson’s disease (see Table 2-5 for details)

(Kamel et al. 2007).

In one animal study, rats were administered glyphosate technical once by gavage at up to 2,000 mg/kg
and observed for up to 2 weeks postdosing. In a separate study, rats were treatedvia-the diet for 13 weeks
at doses as high as 1,547—-1,631 mg/kg/day (EPA 2013c). There was no evidence of treatment-related
neurotoxicity in either study as assessed by clinical signs, functional observational battery, motor activity
testing, and gross and histopathologic examination of brain and peripheral nervous tissue. However,

clinical signs included decreased activity, subdued behavior, and hunched posture.

2.16 REPRODUCTIVE

No association between glyphosate use and fecundability was found among women living at farms in
which pesticides were used and were involved in pesticide activities (Curtis et al. 1999). This study also
reported an association with improved fecundability when the women were not involved in pesticide

activities; see Table 2-5 for additional information.

Increased incidence of prostatitis was reported among male rats receiving glyphosate technical from the
diet for up to 2 years at estimated doses of 2361 or 1,214 mg/kg/day (EPA 2015c). There was no
evidence of treatment-related reproductive effects among parental male or female rats administered
glyphosate technical in the diet for 2 generations at estimated doses as high as 1,234-3,134 mg/kg/day
(EPA 19924, 2013a). Cassault-Meyer et al. (2014) reported increased abnormal sperm morphology in
rats receiving Roundup® Grand Travaux Plus from the drinking water for 8 days at 640 my/kg/day (the
only dose level tested). See Section 2.17 for information regarding treatment-related effects on the
reproductive system of male rats exposed to glyphosate formulations during in utero and/or postnatal

development.

2,17 DEVELOPMENTAL

Several epidemiology studies have examined possible associations between glyphosate use and
developmental.toxisity; these studies are summarized in Table 2-5. Given that only one study examined
each endpoint and the lack of quantification of glyphosate exposure across studies, these results were not
considered sufficient for drawing conclusions on the risk of developmental toxicity associaled with
glyphosate exposure in humans. Arbuckle et al. (2001) reported a positive association between maternal

preconception exposure to glyphosate and increased risk of spontaneous abortion (miscarriage). Garry et
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al. (2002) reported a positive association between glyphosate exposure and parent-reported attention
deficit disorder/attention deficit hyperactivity disorder (ADD/ADHD). No associations were found
between paternal exposure and risk of miscarriages (Savitz et al. 1997), preterm delivery (Savitz et al.
1997). small for gestational age risk (Savitz et al. 1997), or congenital malformations (Garcia et al. 1998).
Similarly, no associations were found between maternal glyphosate exposure and birth weight

(Sathyanarayana ct al. 2010) or neural tube defects (Rull et al. 2006).

Developmental endpoints were evaluated in animals orally exposed to glyphosate technical. Depressed
weight and increased incidence of unossified sternebrae were observed in fetuses from rat dams treated by
gavage at 3,500 mg/kg/day during GDs 6-19 (EPA 1992¢). Increased incidence of kidney tubular
dilation was reported for F3b male weanlings in a 3-generation study of glyphosate technical (98.7%
purityy administered to male and female Sprague-Dawley rats in the diet at an estimated dose level of

30 mg/kg/day; the reported NOAEL was 10 mg/kg/day (EPA 1992g). However, there were no signs of
treatment-related effects on kidneys of rat offspring in two subsequent 2-generation rat studies at dose
levels up to 1,234 mg/kg/day (EPA 2013a) or 3,134 mg/kg/day (EPA 1992a). Therefore, the finding of
increased incidence of kidney tubular dilation in the 3-generation rat study (EPA 1992g) was considered a
spurious result rather than a glyphosate-induced adverse developmental effect. In one 2-generation oral
rat study, exposure via the diet at an estimated dose level of 1,234 mg/kg/day resulted in delayed preputial
separation in male pups (EPA 2013a). In the other 2-generation study, the highest dose level

(3.134 mg/kg/day) resulted in up to 14-20% depressed pup body weight and/or body weight gain during
the lactation period (EPA 1992a). There were no apparent treatment-related developmental effects in a
study of rabbits treated by gavage at up to 350 mg/kg/day during GDs 6-27 (EPA 1992f). Depressed
mean fetal weight (8% less than controls) was noted in a study of pregnant rabbits administered
glyphosate acid at 300 mg/kg/day during GDs 8-20 (EPA 2017b). However, on a per litter basis, there
was no statistically significant difference between controls and glyphosate-treated groups. Therefore, the

300 mg/kg/day dose level is considered a NOAEL for fetal body weight.

Developmental endpoints were evaluated in three open-literature studies that employed oral exposure to

glyphosate formulations. The specific role of glyphosate in the reported results is uncertain. Dallegrave
et al. (2003) observed an increased incidence of skeletal malformations in fetuses from rat dams gavaged
with Roundup® at 500 mg/kg/day during GDs 6-15. Dallegrave et al. (2007) reported decreased sperm

production and histopathologic testicular lesions in offspring of rat dams gavaged with Roundup® at

50 mg/kg/day during gestation and lactation. Romano et al. (2010) reported decreased epithelial

thickness and increased luminal diameter in seminiferous tubules of male rat pups treated with Roundup
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Transorb® by gavage at S mg/kg/day on postpartum days 23-53 and delayed preputial separation at a
dose level of 50 mg/kg/day.

2.18 OTHER NONCANCER

No associations were found between glyphosate exposure and increased risks of diabetes (Montgomery ct
al. 2008) or gestational diabetes (Saldana et al. 2007) in epidemiology studies (see Table 2-5). Metabolic
acidosis (Kim et al. 2014; Lee et al. 2008; Moon and Chun 2010; Tominack et al. 1991), hyperkalemia
(Kim et al. 2014; Lee et al. 2008; Moon and Chun 2010), and acute pancreatitis (Hsiao et al. 2008; Kim et
al. 2014; Moon and Chun 2010) have been reported in case series of individuals ingesting glyphosate;

metabolic acidosis was typically reported in >35% of the cases.

Hypothermia was reported among rats following single gavage dosing of glyphosate technical at

2,000 mg/kg (EPA 2013c).

2.19 CANCER

Meta-Analyses of Epidemiological Studies

Lymphohematopoietic Cancers. From 2014 to 2016, several meta-analyses were conducted for
lymphohematopoietic cancers. The results of these analyses are presented in Table 2-6. The primary

literature used in these meta-analyses is discussed later in this section.

Schinasi and Leon (2014) conducted a systematic review and meta-analysis of 21 pesticide active
ingredients and chemical groups including glyphosate. The authors reported a positive association
between glyphosate use and B-cell lymphoma based on two studies (meta-relative risk [RR] 2.0; 95%
confidence interval [CI] 1.1-3.6) and a positive association between glyphosate use and non-Hodgkin’s

lymphoma (NHL) based on six studies (meta RR 1.5; 95% CI 1.1-2.0).

Chang and Delzell (2016) performed meta-analyses for NHL subtypes (diffuse large B-cell [ymphoma,
B-cell lymphoma, ehronic lymphecytic leukemia/small lymphocytic leukemia [CLL/SLL], and hairy-cell
leukemia), as well as other types of lymphohematopoietic cancers (leukemia, multipte myeloma, and
Hodgkin’s lymphoma). The authors reported a positive association between glyphosate usc and the risk
of NHL (meta RR 1.3; 95% CI 1.0—1.6; six studies), multiple myeloma (meta RR 1.4; 95% C1 1.0-1.9;
four studies), and the NHL subtype B-cell lymphoma (meta RR 2.0; 95% CI 1.1--3.6; two studies). The
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Table 2-6. Summary of Meta-Analyses of Results from Studies Examining Possible Association Between Self-
Reported Use of Glyphosate and Lymphohematopoietic Cancers
Studies included in Number reporting Meta-analysis®
Outcome  analysis Number of participants  glyphosate use relative risk (95% CI) __Reference
Nen- Ne Roos et al. 2003 650 cases/1,933 controls 36 cases/61 controls 1.5 (1.1-2.0) Schinasi and
Hodgkin's de Roos 2005a 54,315 71 cases 12=32.7% Leon 2014
lymphoma Eriksson et al. 2008 1,163 cases/1,016 controls 29 cases/18 controls
Hardell et al. 2002 515 cases/1,141 controls 8 cases/B controls
McDuffie et al. 2001 517 cases/1,506 controls 51 cases/133 controls
Orsi et al. 2009 244 cases/436 controls 12 cases/24 controls
Non- De Roos et al. 2003 Not stated Not stated 1.3 (1.03-1.85) IARC 2017
Hodgkin's De Roos 2005a 54,315 Not stated 12=0.0%, p=0.589 for
lymphoma Eriksson et al. 2008 910 cases/1,016 controls 29 cases heterogeneity
Hardell et al. 2002 404 cases/741 controls 8 cases
McDuffie et al. 2001 517 cases/1,506 controls 51 cases
- _O_rs_i etal 2000 244 cases/456 controls 12 cases -
Non- Ne iRoos ct al. 2003 650 cases/1,933 controls 36 cases/61 controls 1.3 (1.0-1.86) Chang and
Hodgkin= Ne Rocs 20054 49,211 71 cases 12=0.0%, p=0.84 for heterogeneity Delzell 2016
lymphoma Friksson el al, 2008 995 cases/1,016 controls 29 cases/18 controls
Hardell ot al. 2002 515 cases/1,141 controls 8 cases/8 controls
McDuffie et al. 2001 517 cases/1,506 controls 51 cases/133 controls
- Orsi et al 2009 244 cases/456 controls 12 cases/24 controls
B-cell Cocco et al. 2013 2,348 cases/2,462 controls 4 cases/2 controls 2.0 (1.1-3.6) Chang and
lymphoma Eriksson et al. 2008 1,163 cases/1,016 controls Not stated 12=0.0%, p=0.58 for heterogeneity Delzell 2016;
Schinasi and
Leon 2014
Leukemia Brown et al. 1990 578 cases/1,245 controls 15 cases/49 controls 1.0 (0.6-1.5) Chang and
De Roos ¢t al. 2005a 49,211 43 cases 12=0,0%3, p=0,92 for Delzell 2016
i ~ Kaufman et al. 2009 180 cases/756 controls 1 case/3 controls heterogeneity
Mulliple Brown el al. 1993 173 cases/650 controls 11 cases/40 controls 1.4 (1.0-1.9) Chang and
myeloma De Roos et al. 2005a 19 cases Not stated 12=0.0%, p=0.63 for heterogeneity Delzell 2016

Kachuri et al. 2013
Orsi et al. 2009
Pahwa et al. 2012
Sorahan 2015

iy

342 cases/1,357 controls
56 cases/456 controls

32 cases/133 controls
40,719

32 cases/131 controls
5 cases/24 controls
Not stated

24 cases
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Table 2-6. Summary of Meta-Anallyses of Results from Studies Examining Possible Association Bétwaen Self-
Reported Use of Glyphosate and Lymphohematopoietic Cancers

Studies included in

Number feporting

Méta-analysis"

Outcome  analysis Number of participants  glyphosate use relative risk (95% CI) Reference
Hodgkin's Karunanayake et al. 2012 316 cases/1,506 controls 38 cases/133 controls 1.1 (0.7-1.6) : Chang and
lymphoma Orsi et al. 2009 87 cases/496 controls 6 cases/24 controls 12=0.0%, p=0.36 for heterogeneity Delzell 2016
Diffuse large Eriksson et al. 2008 955 cases/1,016 controls Not stated 1.1 (0.5-2.3) Chang and
B-cell Orsi et al. 2009 5 cases/24 controls 12=0.0%, p=0.79 for heterogeneity Delzell 2016
lymphoma R _.. . _
CLL/SLL Eriksson et al. 2008 955 cases/1,016 controls Not stated 1.3 (0.2-10) Chang and

Orsi et al. 2009 2 cases/18 controls 12=83.7%, p=0.01 for Delzell 2016

B _heterogeneity i _aE RN

Follicular Eriksson et al. 2008 955 cases/1,016 controls Not stated 1.7 (0.7-3.9) Chang and
lymphoma Orsi et al. 2009 3 cases/24 controls 12=0.0%, p=0.73 for heterogeneity Deizell 2016
Hairy cell Orsi et al. 2009 2 cases/18 controls 2.5(0.9-7.3) Chang and
leukemia Nordstrom et al. 1988 111 cases/400 controls 4 cases/5 controls 12=0.0%, p=0.63 for heterogeneity

Delzeli 2016

312 is a measure of fotal variance explained by siudy heterogeneity and measure of inconsistency in results; higher values indicate grealer inconsistency.

Ci = confidence interval; CLL/SLL = chronic lymphocytic leukemia/small lymphocytic lymphoma
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authors concluded that associations were statistically null for Hodgkin’s lymphoma (meta RR 1.1; 95%
C10.7-1.6; two studies), leukemia (meta RR 1.0; 95% CI 0.6-1.5; three studies); and the NHL subtypes
diffuse large B-cell lymphoma (meta RR 1.1; 95% CI 0.5-2.3; two studies), CLL/SLL (meta RR 1.3; 95%
Cl1 0.2-10; two studies), follicular lymphoma (meta RR 1.7; 95% CI 0.7-3.9; two studies), and hairy cell
leukemia (meta RR 2.5; 95% CI 0.9-7.3; two studies). Some of the RR Cls were wide, indicating

uncertainty in the point cstimate.

The IARC Working Group conducted a meta-analysis for NHL using the same six studies as Schinasi and
Leon (2014) and Chang and Delzell (2016). The Working Group reanalyzed the data, but used the most
fully adjusted risk estimates for the studies by Hardell et al. (2002) and Eriksson et al. (2008) and
estimated a slightly lower meta-analysis relative risk (meta RR 1.3; 95% CI 1.03-1.65) (IARC 2017).

Epidemiological Studies

A number of case-control and prospective cohort epidemiology studies have examined possible
associations between use of glyphosate-containing compounds and increased cancer risks. Detailed
overviews—including a description of the exposure metric used, the results, and the conclusions and
limitations as reported by the study authors—are presented in Table 2-7 for solid tumor types and

Table 2-8 for lymphohematopoietic cancers.

The majority of the studies examined individuals who were occupationally exposed to pesticides and used
self-reported or proxy-reported (ever/never use of glyphosate-containing compounds) use as the marker of
exposure. A few studies examined potential cancer risk among family members (i.e., wife and children)
of pesticide applicators. The cohort studies utilized data on participants from the Agricultural Health
Study, a prospective study of cancer and other health outcomes. The cohort consisted of >89,000 licensed
pesticide applicators and their spouses (52,394 applicators and 32,345 spouses) who were recruited
between 1993 and 1997 from lowa and North Carolina. Study limitations included self-reported exposure
information, few cases for many of the cancer subtypes, limited information regarding the timing and

duration of exposure, and recall bias.
Solid Tumors. The epidemiological studies on the association between glyphosate use and solid-type

tumors are presented in Table 2-7. Overall, these studies did not detect a statistically significant

association between glyphosate use and all cancer types studied, including melanoma, childhood cancers,
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Table 2-7. Cancer Outcomes for Solid Tumor-Types in Humans Exposed to Glyphosate-Containing Products

Reference and study overview

Methods and outcomes

Andreotti et al. 2018

Prospective cohort study of

54,251 licensed pesticide applicators
(97% white, 97% male) recruited between

1993 and 1997 in lowa and North

Carolina from the Agricultural Health
Study to evaluate agricultural exposure to
50 pesticides (including glyphosate) and

cancer incidence cases.

44,932 participants reported ever use of
glyphosate, including 5,779 participants

with incident cancer cases.

Results (with 95% CI)

Study author conclusions and
limitations

Exposure: Self-reported
ever/never use of any glyphosate
pesticides, lifetime days of
glyphosate use (days per year x
number of years), and intensity-
weighted lifetime days (lifetime
days x intensity score) at
enroliment (1993-1997) or follow-
up (1999-2005)
Intensity-weighted lifetime days of
glyphosate use was categorized
into quartiles, tertiles, or the
median, such that there were at
least five exposed cases in each
category

Outcome: Incident cancer
diagnoses ascertained via linkage
to cancer registries in lowa
(enroliment through 2013) and
North Carolina (enrollment through
2012).

Data analysis: Poisson regression
Adjustments: Age, cigarette
smoking status, alcohol drinks per
month, family history of any
cancer, state of recruitment, and
the five pesticides (atrazine,
alachlor, metolachlor, trifluralin,
and 2,4-D)

Confounders considered included
BMI and pack-years of cigarettes
smoked

Oral cavity:
Q4: RR 0.84 (0.48-1.46)
p-trend: 0.54

Coton:
Q4: RR 1.01 (0.74-1.38)
p-trend: 1.00

Rectum:
Q4: RR 0.84 (0.52—-1.34)
p-trend: 0.43

Pancreas:
Q4: RR 1.06 (0 57-1.97)
p-trend: 0.14

Lung:
Q4: RR 1.00 (0.76—1 33)
p-trend: 0.78

Melanoma:
Q4: RR 1.17 (0.78-1.74)
p-trend: 0.53

Prostate:
Q4: RR 0.99 (0.86-1.13)
p-trend: 0.89

Testicular:
T3: RR 0.57 (0.20-1.67)
p-trend: 0.07

Bladder:
Q4: RR 1.26 (0.87-1.82)
p-trend: 0.42
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Conclusions: The authors
observed no associations
between glyphosate use and
overall cancer risk or risk of
cancer of the oral cavity, colon,
rectum, pancreas, lung, skin,
prostate, testes, bladder or
kidney. Risk estimates were
similar in magnitude between the
unlagged and lagged (5 or

20 years) exposure analyses for
all sites evaluated

Limitations: Some
misclassification of exposure
undoubtedly occurred; because
many cancer sites were
evalualed, there is the possibilily
that results were observed by
chance, and should be
interpreted with caution
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Table 2-7. Cancer Outcomes for Solid Tumor-Types in Humans Exposed to Glyphosate-Containing Products

Reference and study overview

Methods and outcomes

Results (with 95% Cl)

Study author conclusions and

limitations

Kidney:
Q4: RR 1.03 (0.66-1.61)
p-trend: 0.95

De Roos et al. 2005a
Prospective cohort study of

54,315 certified pesticide applicators
(97% male, 97% Caucasian) in lowa and
North Carolina (Agricuitural Health Study)

to evaluate agricultural exposure to
glyphosate and cancer incidence.

Among 54,315 subjects included in age-
adjusted analyses 41,035 subjects
reported exposure to glyphosate and
13,280 reporied no exposure

Number cases (exposed percent) for
different cancer sites:

All cancers: 2,088 (73.0%)
Lung: 204 (72.1%)

Oral cavity: 59 (76.3%)
Colon: 174 (75.3%)
Rectum: 76 (77.6%)
Pancreas: 38 (76.3%)
Kidney: 63 (73.0%)
Bladder: 79 (76 0%)
Prostate: 825 (72.5%)
Melanoma: 75 (84.0%)

Exposure: Self-reported
never/ever use of glyphosate.
Cumulative exposure days
(CEDs): 1-20 (reference), 21-56,
and 57-2,678 days.

Intensity weighted exposure days
(IWEDs) of 0.1-79.5 (reference),
79.6-337.1, and 337.2—

18,241 units

QOuicomes/endpoints: Cancer
registry files in lowa and North
Carolina for case identification
Incident cases were identified from
enrollment to 2001 (median follow-
up time: 6.7 years)

Data analysis: Poisson regression
analyses for all cancers combined
and 12 specific cancer sites (with
at least 30 cases).

Adjustments: Age at enroliment,
education, pack-years of cigarette
smoking, alcohol consumption,
family history of cancer, state of
residency, and co-exposure to

10 other pesticides (2,4-D,
alachlor, atrazine, metolachlor,
trifluralin, benomy!, maneb,
paraquat, carbaryl, and diazinon).

All cancers:

Ever used: RR 1.0 (0.9-1.2)
CED T3: RR 1.0 (0.9-1.1)
p-trend: 0.57

IWED T3: RR 0.9 (0.8—1.1)
p-trend: 0.35

Lung:

Ever used: RR 0.9 (0.6-1.3)
CED T3: RR 0.7 (0.4-1,2)
p-trend: 0.21

IWED T3: RR 0.6 (0.3-1.0)
p-trend: 0.02

Oral cavity:

Ever used: RR 1.0 (0.5-1.8)
CED T3: RR 0.8 (0.4—-1.7)
p-trend: 0.66

IWED T3: RR 1,0 (0.5-2.3)
p-trend: 0.95

Colon:

Ever used: RR 1.4 (0.8-2.2)
CED T3: RR0,9(0.4-17)
p-trend: 0.54

IWED T73: RR 1.4 (0.8-2.5)
p-trend: 0.10

Rectum:

Ever used: RR 1.3 {0.7-2,3)
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Conclusions: No association
between glyphosate exposure
and all cancer incidence or most
of the specific cancer subtypes,
including NHL. A small number
of cases suggested a positive
association between multiple
myeloma and glyphosate
exposure.

Limitations: Self-reported
exposure information, few cases
for many of the cancer subtypes,
most applicators were male, there
is no information on timing of
pesticide use in relation to
disease,
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Table 2:7..Cancer Outcomes for Solid. Tunior-Types in Humans Exposed to Glyphps;a'lte.,-Conté'ining Products

Reference and study overview

Methods and outcomes

- Results (with 95% CI)

SuEy_;utr_!_c}r-é_dn_c_ll.i-s-;_l'o]s and
limitations

CED T3: RR 1.1 (0.6-2.3)
p-trend: 0.70
IWED T3: RR 0.9 (0.5-1.9)
p-trend: 0.82

Pancreas:

Ever used: RR 0.7 (0.3-2.0)
CED T3: RR 1.3 (0.5-3.6)
p-trend: 0.83

IWED T3: RR0.5(0.1-1.9)
p-trend: 0.06

Kidney:

Ever used: RR 1.6 (0.7-3.8)
CED T3: RR 0.7 (0.3-1.6)
p-trend: 0.34

IWED T3: RR0.5(0.2-1.0)
p-trend: 0.15

Bladder:

Everused: RR 1.5 (0.7-3.2)
CEDT3: RR1.2(0.6-2.2)
p-trend: 0.53

IWED T3: RR 0.8 (0.3-1.8)
p-trend: 0.88

Prostate:

Ever used: RR 1.1 (0.9-1.3)
CEDT3: RR1.1(0.9-1.3)
p-trend: 0.69

IWED T3; RR 1.1 (0.9-1.3)
p-trend: 0.60

Melanoma:
Ever used: RR 1.6 (0.8-3.0)
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Reference and study overview

Methods and outcomes

Results (with 95% Cli)

Study author conclusions and
limitations

CED T3: RR 0.9 (0.5-1.8)

IWED T3: RR 0.7 (0.3-1.2)

Engel-éf ;I2005__ il

Prospective cohort study of 30,454 wives
(98% Caucasian) of private pesticide
applicators (largely farmers) in lowa and
North Carolina (Agricultural Health Study)
to evaluate breast cancer risk in relation
to use of individual pesticides by the

Exposure: Self-reported

ever/never use of any glyphosate Wife's pesticide use among all
wives in cohort: RR 0.9 (0.7—
1997). Husband's information was 1.1)

products at enrollment (1993—

used as a measure of possible
indirect pesticide exposure for
their wives

women themselves or by their husbands. Outcomes/endpoints: Breast

Glyphosate analysis for wife's pesticide

use among il wives in the colhort

mcluded 82 exposed and 227 unexposed
cases (n= 309) and 10,016 exposed and
20,129 (n= 30,145) unexposed controls
Further analysis of husband's pesticide
use among wives who reported never

having used pesticides themselves

included 109 “exposed” (husband used
pesticide) and 43 “unexposed" cases and
9,304 "exposed” and 3,993 "unexposed”

controls

cancer incident cases identified
through state cancer registries

from enrollment to 2000 (mean
follow-up period: 4.8 years)

Data analysis: Poisson regression
Adjustments: Age, race, and state
of residence.

Confounders considered included
BMI, age at menarche, parity, age
at first birth, menopausal status,
age at menopause, family history
of breast cancer, physical activity,
smoking, alcohol consumption,
fruit and vegetable consumption,
and education,

Husband's pesticide use among
wives who never used
pesticides: RR 1.3 (0.8-1.9)

Conclusions: No specific
conclusion was given on
glyphosate exposure and breast
cancer.

Limitations: Some associations
may have occurred by chance,
data on pesticide-specific
exposure-response relations
were only available for the
husband, lack of information on
how fong each woman had been
married to her current partner,
limited power to assess
associations for less commonly
used pesticides, pesticide use
was based on self-reporting
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Study author conclusions and
limitations

Conclusions: No significant
associations were observed
between maternal (or paternal)
pesticide (including glyphosate)
application, including increased
frequency of application, and risk
of childhood cancer risk.

Reference and study overview
Flower et al. 2004

Methods and outcomes Results (with 95% Cl)

Exposure: Self-reported parental Childhood cancers:
ever/never use of any glyphosate Maternal use (ever). OR 061
Prospective and retrospective cohort product by both applicators and (0.32-1.16)

study of 17,280 children (52% male, 96% spouses at enroliment (1993-
Caucasian) of pesticide applicators in 1997).

lowa (Agriculturat Health Study) to
evaluate parental exposure to

50 pesticides (including glyphosate) and

Paternal use (prenatal): OR
0.84 (0.35-2.34)

Outcomes/endpoints: Childhood
cancer cases were both

childhood cancer risk

Glyphosate analysis included

6,075 children (13 cases) with maternal
use and 3,231 children (6 cases) with

paternal use of glyphosate.

retrospectively and prospectively
identified after parental enroliment
through lowa Cancer registries
from 1975 to 1998.

Data analysis: Multiple logistic
regression,

Adjustments: Child’s age at
parent’s enroliment.

Confounders considered included
parental age at child's birth, child's
sex, child’s birth weight, history of
parental smoking, paternal history
of cancer, and maternal history of
miscarriage.

Limitations: Small number of
cases limits statistical power,
maternal use is limited by lack of
data on timing of exposure in
relation to child’s birth, paternal
prenatal use constitutes a broad
window of exposure and not
necessarily just prenatal
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Study author conclusions and

Reference and study overview Methods and outcomes Results (with 95% Cl) limitations )

Koutros et al. 2013a, 2013b Exposure: Self-reported Cumulative lifetime exposure Conclusions: No significant
ever/never glyphosate use, lifetime based on intensity-weighted association was found between

Prospective cohort study of days of glyphosate use (years of  days: any specific pesticide (including

54,412 certified pesticide applicators in - use x days/year used), intensity- glyphosate) and risk of total

lowa and North Carolina (Agricultural weighted lifetime days of Total prostate cancer: prostate cancer.

Health Study) to evaluate agricultural glyphosate use (lifetime days x 04: RR 0.99 (0.86-1.15)

exposure to 50 pesticides (including exposure intensity) at enrollment Limitations: Information on

glyphosate) and prostate cancer risk. (1993-1997). Exposure was Aggressive prostate cancer: Gleason score of severity was

There were 1,962 incident prostate categorized into non-exposed and Q4: RR 0.94 (0.75-1.18) missing for some and not

cancer cases, 919 of whom had quartiles exposure on the basis of standardized, which most likely

aggressive prostate cancer. the distribution of exposed cases. Total prostate cancer, no family led to an underestimation of

history: advanced cases; use of take-

Glyphosate analysis included Outcomes/endpoints: Prostate Q4: RR 1.02 (0.86—1.21) home questionnaire could

1,464 exposed and 498 unexposed cases cancer incidences determined p-trend: 0.27 introduce selection bias and

(n=1,962) and 42,420 exposed and through state cancer registries exposure misclassification; large

10,015 unexposed contols (n=52,435).  from enrollment to 2007. Total prostate cancer, with number of pesticides investigated

family history: so cannot rule out the possibility

Data analysis: Poisson Q4: RR 0.95 (0.64-1.40) that some findings may be due to
regression. p-trend: 0.71 chance.

Adjustments: Age at enroliment,
race, state, family history of
prostate cancer, smoking, fruit
servings, and leisure-time physical
activity in the winter

Separate glyphosate analyses
were conducted by disease
aggressiveness and family history
of prostate cancer (yes, no).
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ét_tJ_dy author conclusions and.

Reference and study overview Methods and outcomes Results (with 95% Cl) limitations )
Koutros et al. 2016 Exposure: Self-reported Bladder cancer: Conclusions: No specific

ever/never glyphosate use, lifetime Ever use: RR 1.17 (0.76-1.77) conclusion given on glyphosate
Prospective cohort study of 54,344 male days of glyphosate use (years of - exposure and bladder cancer.
pesticide applicators in lowa and North use x days/year used), intensity- Cumulative lifetime exposure Never smokers who were heavy
Carolina (Agricultural Health Study) to weighted lifetime days of based on intensity-weighted ~ users of the glyphosate had
evaluate agricultural exposure to glyphosate use (lifetime days x days: - increased risk of bladder cancer.
65 pesticides (including glyphosate) and  exposure intensity) at enroliment )
bladder cancer risk (n=321 incident cases (1993-1997). Overall Limitations: Potential for
identified). Q4: RR 1.07 (0.73-1.56) exposure misclassification,

Outcomes/endpoints: Bladder p-trend: 0.99 . findings may be due to chance,
Glyphosate analysis included cancer incidences determined due to smalf number of cases.
248 exposed and 73 unexposed cases  through state-based cancer Stratification by smoking status
(n=321) and 54,023 controls registries from enrollment through Never smoker:

2010 in North Carofina and 2011  Q4: RR 1.93 (0.95-3.91)

in lowa. p-trend: 0.03

Data analysis: Poisson Former smoker:

regression. Q4: RR 1.00 (0.58-1.72)

Adjustments: Age, race, state, p-trend: 0.67

cigarette smoking, and pipe

smoking. Current smoker:
Q4: RR 0.58 (0.25—1.34)
p-trend: 0.17
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Reference a_rjd study overview

Methods and outcomes

Results (with 95% C1)

Study author conclusions and

limitations

Lee et al. 2007

Prospective cehort study of

56,813 certified pesticide applicators
(97% male, 97% Caucasian) in lowa and
North Carolina (Agricultural Health Study)
to evaluate agricultural exposure to

50 pesticides (including glyphosate) and
colorectal cancer risk.

Glyphosate analysis included

225 exposed and 67 unexposed for
colorectal cancer cases (n=305),

151 exposed and 49 unexposed for colon
cancar cases (n=212), and 74 exposed
and I3 uncxposed for 1ectal cancers
in-93)

Exposure: Self-reported ever use Colorectal cancer:
of any glyphosate pesticides at OR 1.2 (0.9-1.8)
enrollment (1993—-1997).

Colon cancer:
Outcomes/endpoints: Colorectal OR 1.0 (0.7-1.5)
cancer incidences determined
through cancer registries from Rectal cancer:
enrollment to 2002 (mean follow- OR 1.6 (0.9-2.9)
up period: 7.3 years).

Data analysis: Unconditional
multivariate logistic regressions
Adjustments: Age, state of
residence, smoking history, total
pesticide application days to any
pesticide.

Confounders considered included
BMI, race, license type, education
level, aspirin intake, family history
of colorectal cancer, physical
activity, smoking, and intakes of
meat, fruits, vegetables, and
alcohol,

Conclusions: No specific
conclusion was given on

glyphosate exposure and
colorectal cancers

Limitations: Since the study
examined risks for 50 pesticides,
it is possible that some significant
findings might occur by chance
alone due to the multiple
comparisons. Potential recall
bias and thus exposure
misclassification associated with
subjects recalling pesticide use
from many years ago
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élu_dy author conclusions and

Reference and study overview Methods and outcomes Results (with 95% CI) limitations

Andreotti et al. 2009 Exposure: Self-reported Pancreatic cancer: Conclusions: No specific
ever/never use of any glyphosate conclusion given on glyphosate

Nested case-control study of 93 cases of product for applicators and Ever/never among applicators  exposure and pancreatic cancer

pancreatic cancer (64 applicators and spouses and intensity-weighted  and spouses: OR 1.1 (0.6-1.7)

29 spouses) and 82,503 controls lifetime exposure days for Limitations: There was a limited

(52,721 applicators and 29,782 spouses) applicators at enroliment (1893—  Intensity weighted pesticide number of exposed cases and

from the Agricultural Heaith Study, 1997). exposure among applicators: limited in generalizability due to

conducted in lowa and North Carolina, to Never: 1.0 (reference) predominantly white male study

evaluate the association of pancreatic Outcomes/endpoints: Pancreatic <184: 1.9 (0.9-3.8) population.

cancer and use of 24 pesticides cancer incidences identified 2185: 1.2 (0.6-2.6)

(including glyphosate). through state cancer registries p-trend: 0.85

from enroliment to 2004 (over

Glyphosate analysis included 55 exposed 9 years of follow-up time).

and 35 unexposed cases (n= 90) and

48,461 exposed and 31,282 unexposed  Data analysis: Unconditional

controls (n= 79,743). logistic regression.
Adjustments: Age, cigarette
smoking, diabetes, and subject
type for ever/never pesticide
exposure (applicator versus
spolse)
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Reference and study overview

Band et al. 2011

Case-ceontrol study on male cancer

paticnts (96 8% Caucasian) in British
Columbia, Canada, to evaluate exposure
to 139 specific active compounds in
pesticides (including glyphosate) and

prostate cancer risk.

Glyphosate analysis included 25 exposed
and 1,128 unexposed cases (n=1,153)
and 60 exposed and 3,939 age-matched
internal controls (patients with cancer of
other primary site) controls (n=3,999).

_Methods and outcomes

Results (with 95% CI)

Study author conclusions and '

limitations

Exposure: Self-reported
ever/never use of glyphosate
pesticides from questionnaire
Agricultural job exposure matrix
(JEM) was developed for farm
workers in British Columbia for the
period of 1950-1998.

Outcomes/endpoints: Prostate
cancer cases identified through

British Cotumbia Cancer Registry
for 1983-1990 and histologically
confirmed.

Data analysis: Conditional logistic
regression matched sets of cases
and controls

Adjustments: Alcohol
consumption, cigarette years,
education level, p-years, and
respondent

Confounders considered included
marital status, smoking (age
started smoking, average number
of cigarettes, pipe or cigars
smoked per day, total years
smoked), and ethnicity.

Prostate cancer:
OR 1.36 (0.83-2.25)

Conclusions: No specific
conclusion given on glyphosate
exposure and prostate cancer.
JEM likely to resuit in non-
differential misclassification and
may underestimate the true
association; thus, negative
findings should be regarded as
inconclusive.

Limitations: Lack of information
on familial history, potential for
misclassification of exposure due
to use of JEM, use of cancer
controls may result in selection
bias, statistically significant
associations could have occurred
by chance as a result of multiple
comparisons since 142 active
chemicals were examined,
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Methods and outcomes

Results (with 95% Cl)
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timitations

Lee et al. 2004b

Case control study of white men and
women (ages 221 years) diagnosed with
stomach adenocarcinoma (n=170) or
esophagus adenocarcinoma (n=137) and
502 controls in eastern Nebraska to
evaluate the risk of the stomach and
esophageal adenocarcinomas associated
with farming and agriculturaf use of 16
insecticides and 14 herbicides (including
glyphosate)

Glyphosate analysis included

12 cases of stomach cancer and

12 cases of esophageal cancer among
farmers, and 46 controls compared to
non-farmers (59 stomach cancer,

62 esophageal cancer cases and

184 controls)

Controls were randomly selected from a
group of controls interviewed in 1986—
1987 for a previous population-based
case-contro! study. Controls were
frequency-matched by sex and age to the
combined distribution of the stomach and
esophagus cases.

Exposure: Self- or broxy—reported Stomach cancer.
ever use of glyphosate pesticide at OR 0.8 (0.4-1.5)

enroliment (1992-1994).

Esophageal cancer:
OR 0.7 (0.3-1.4)

Outcomes: Stomach and
esophageal cancer cases were
identified from the Nebraska
Cancer Registry (1988-1980) or
by review of discharge diagnosis
and pathology records at

14 hospitals (1991-1993)

Data analysis: Unconditional
logistic regression

Adjustments: Age, sex.
Confounders considered included
BMI, smoking, alcohol
consumption, educational level,
family history of stomach or
esophageal cancer, respondent
type, dietary intake of vitamin A
and C, b-cryptoxanthin, riboflavin,
folate, zinc, dietary fiber, protein,
and carbohydrate,

Conclusions: “"No significantm -

associations were found between
specific agricuftural pesticide
exposures (including glyphosate)
and the risk of stomach or
esophageal adenocarcinomas
among Nebraska farmers.”

Limitations: Possible
misclassification of pesticide
exposure and generally small
number of farmers exposed to
some of the individual pesticides
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Reference and | study overview

Methods and outcomes

Resulfs (with 95% Cl)

Study author conclusions and
limitations

'L'ee et al. 2005

Case control study of 251 white men and
women {ages 221 years) diagnosed with
gliomas and 498 controls in eastermn
Nebraska (Nebraska Health Study II) to
evaluate adult glioma associated with
farming and agricultural use of

20 insecticides and 17 herbicides
(including glyphosate)

Glyphosate analysis (only conducted
among male farmers) included 17 cases

Exposure: Self- or proxy-reported Glioma among male farmers:
ever use of glyphosate pesticide at OR 1.5 (0.7-3.1), all reported
glyphosate use

enrolliment (1992—1994).

Outcomes: Incident primary aduft OR 0.4 (0.1-1.6), self-reported
glioma cases diagnosed between glyphosate use

1988 and 1993 were identified
from the Nebraska Cancer
Registry or from 11 hospitals.

Data analysis: Unconditional
logistic regression. Separate
analyses by sex and respondent

and 32 controls among farmers compared type (self- versus proxy-reported)

o non-farmers (49 cases and

112 contiols) Among these, scif-
reported respondents included

4 cases/17 controls for glyphosate users
and 20 cases/40 controls for reference
non-farmers; proxy-reported respondents
incliuded, 13 cases/15 controls for
glyphosate users and 29 cases/

72 controls for reference non-farmers.

Controls were randomly selected from a
group of controls interviewed in 1986—
1987 for a previous population-based
case-conltrof study. Controls were
frequency-matched by sex, age, and vital
status to the combined distribution of the
cases.

were also conducted.
Adjustments: Age, sex, and
respondent type

Confounders considered included
history of head injury, marital
status, education level, alcohol
consumption, medical history of
diabetes mellitus, dietary intake of
a- and b-carotene, and dietary
fiber.

Conclusions: "Glioma risk was
also significantly increased
among men who used specific
pesticides (including glyphosate)
and pesticide chemical classes;
however, the positive re