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Hello again Dr. Loring,
 
Health Canada’s Pest Management Regulatory Agency (PMRA) completed a comprehensive
review of all relevant test data that are required to support a pesticide registration in Canada,
as well as the published scientific literature, in order to conduct the human health risk
assessment for the re-evaluation of glyphosate. Details of this human health risk assessment as
well as all relevant scientific studies considered for the glyphosate re-evaluation are presented
in the proposed (PRVD2015-01) and final (RVD2017-01) re-evaluation decision documents.
Please refer to links below to obtain copies of the PRVD2015-01 and RVD2017-01.
 
http://publications.gc.ca/collections/collection_2015/sc-hc/H113-27-2015-1-eng.pdf 
http://publications.gc.ca/collections/collection_2017/sc-hc/H113-28/H113-28-2017-1-eng.pdf
 
Given that one component of this re-evaluation included review workshare with the United
States Environmental Protection Agency (USEPA), the majority of the PMRA data evaluation
records for published scientific studies are published by the USEPA. Thus, in addition to the
reference list sections of the PRVD and RVD documents, please check the link below for
further scientific articles considered during the re-evaluation of glyphosate.
 
https://www.regulations.gov/document?D=EPA-HQ-OPP-2009-0361-0067
 
Note that the USEPA recently published an update for this literature review which included
consideration of newly available scientific articles. For details, please see the link here:
 
US EPA - Glyphosate: Response to Comments on the Proposed Interim Decision Regarding
the Human Health Risk Assessment
 
To date, international regulatory authorities have each concluded that there is no cancer risk
from exposure to glyphosate based on the best available science and based on how it is used
today. This includes the European Food Safety Authority, the European Chemicals Agency,
the Australian Pesticides and Veterinary Medicines Authority, and the United States
Environmental Protection Agency.
 
Health Canada has continued to monitor for updates and additional assessments by
international scientific organizations and/or regulatory authorities, as well as for any new
toxicity data. Health Canada’s PMRA will review any new toxicity data and/or information
that become available, as well as updates to any international assessments, including the
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1. Introduction 



 
The Agency strives to use high-quality studies when evaluating the hazard of pesticidal 
chemicals and considers a broad set of data during this process.  A wide range of potential 
adverse effects are assessed using acute, subchronic, chronic, and route-specific studies 
predominately from studies with laboratory animals in addition to epidemiologic and human 
incident data.  In vitro studies are typically considered as part of mode of action/adverse outcome 
pathway (MOA/AOP) analyses when in vitro to in vivo extrapolation (IVIVE) approaches are 
not sufficiently developed for deriving points of departure for regulatory risk assessment.  All 
studies are thoroughly reviewed to ensure appropriate conduct and methodologies are utilized 
and that sufficient data and details are provided.  
 
For all pesticides, there are toxicology data requirements that must be submitted to the Agency 
for registration.  These studies, defined under the 40 CFR Part 158 Toxicology Data 
Requirements, provide information on a wide range of adverse health outcomes, routes of 
exposure, exposure durations, species, and lifestages.  They typically follow Organization for 
Economic Cooperation and Development (OECD) accepted protocols and guidelines, which ease 
comparisons across studies and chemicals.  Data may also be available to elucidate a chemical’s 
hazard from the open scientific literature, structure activity relationships, physiologically-based 
pharmacokinetic (PBPK) or biological dose-response models, biomonitoring, or other exposure 
studies/analyses.   
 
In 2012, OPP published a guidance document to provide guidance procedures for considering 
and using open literature toxicity studies to support human health risk assessment1.  This 
guidance assists OPP scientists in their judgement of the scientific quality of open literature 
publications.  More specifically, the document discusses how to screen open literature studies for 
journal articles/publications that are relevant to risk assessment, how to review potentially useful 
journal articles/publications and categorize them as to their usefulness in risk assessment, and 
how the studies may be used in the risk assessment. 
 
In 2010, OPP developed a draft “Framework for Incorporating Human Epidemiologic & Incident 
Data in Health Risk Assessment” which provides the foundation for evaluating multiple lines of 
scientific evidence in the context of the understanding of the MOA/AOP (U.S. EPA, 2010).  The 
draft framework, which includes two key components:  problem formulation and use of the 
MOA/AOP frameworks, was reviewed favorably by the SAP in 2010 (FIFRA SAP, 2010).  In 
2016, a final version of the framework was published, which incorporated improvements based 
on recommendations from the SAP, public comments, and the experience gained since 2010 
conducting assessments on several pesticides for which epidemiological data were available. 
 
OPP’s framework is consistent with updates to the World Health Organization/International 
Programme on Chemical Safety mode of action/human relevance framework, which highlight 
the importance of problem formulation and the need to integrate information at different levels of 



                                                 
1 U.S. EPA (2012). Guidance for considering and using open literature toxicity studies to support human health risk 



assessment. http://www.epa.gov/pesticides/science/lit-studies.pdf 
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biological organization (Meek et al, 20142).  Consistent with recommendations by the NRC in its 
2009 report on Science and Decisions3, OPP’s framework describes the importance of using 
problem formulation at the beginning of a complex scientific analysis.  The problem formulation 
stage starts with planning dialogue with risk managers to identify goals for the analysis and 
possible risk management strategies.  This initial dialogue provides the regulatory context for the 
scientific analysis and helps define the scope of such an analysis.  The problem formulation stage 
also involves consideration of the available information regarding the pesticide use/usage, 
toxicological effects of concern and exposure pathways and duration along with key gaps in data 
or scientific information.  Specific to glyphosate, the scoping document prepared for Registration 
Review (J. Langsdale; 3-JUN-2009; D362745) along with this memorandum represents the 
problem formulation analyses for the identification and evaluation of open literature studies with 
the potential to impact human health risk assessment.   
 
In recent years, the National Academy of Sciences National Research Council (NRC) has 
encouraged the Agency to move towards systematic review processes to enhance the 
transparency of scientific literature reviews that support chemical-specific risk assessments to 
inform regulatory decision making4.  The NRC defines systematic review as “a scientific 
investigation that focuses on a specific question and uses explicit, pre-specified scientific 
methods to identify, select, assess, and summarize the findings of similar but separate studies"5.  
Consistent with NRC’s recommendations, EPA’s Office of Chemical Safety and Pollution 
Prevention is currently developing policies and procedures in order to employ fit-for-purpose 
systematic reviews.  As a result, more recent evaluations of open literature studies are starting to 
reflect this progression in the Agency’s process.  Similar to the framework for incorporating 
human epidemiologic and incident data, systematic review of the open literature begins with a 
problem formulation to determine the scope and purpose of the search.  Studies are considered 
based on their relevance to answer specific questions and those studies deemed relevant are then 
further evaluated for their usefulness in risk assessment predominantly using much of the same 
criteria as those described in the 2012 open literature review guidance.   
 
The purpose of this document is to detail two open literature searches conducted for glyphosate 
and the subsequent review of the studies gathered from these searches.  The open literature was 
assessed for hazard identification and characterization purposes in order to identify studies that 
could potentially impact the human health risk assessment.  For hazard identification purposes, 
in vivo studies were given more weight as generic IVIVE approaches are not developed for 
glyphosate and a PBPK model does not exist for glyphosate at this time.  Studies concerning 
epidemiology, poisoning, or incidents were not considered as part of the reviews since a Tier II 
incident report was recently completed for glyphosate (S. Recore; 6-FEB-2014; D417808) that 



                                                 
2 Meek ME, Boobis A, Cote I, Dellarco V, Fotakis G, Munn S, Seed J, Vickers C.  2014. New developments in the 
evolution and application of the WHO/IPCS framework on mode of action/species concordance analysis.  J Appl 
Toxicol. 2014 Jan;34(1):1-18. 
3 NRC (National Research Council). 2009. Science and decisions: Advancing risk assessment. Washington, DC: The 
National Academies Press. http://www.nap.edu/openbook.php?record_id=12209 
 
4 NRC 2011. “Review of the Environmental Protection Agency’s Draft IRIS Assessment of Formaldehyde”;  
NRC 2014. “Review of EPA's Integrated Risk Information System (IRIS) Process” 
5 NRC (2014). Review of EPA's Integrated Risk Information System (IRIS) process. Washington, DC: The National 
Academies Press. http://www.nap.edu/catalog.php?record_id=18764 
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evaluated available human epidemiologic and incident data.  Furthermore, epidemiology studies 
were also considered as part of the Agency’s evaluation of the human carcinogenic potential of 
glyphosate (D444689, 12-DEC-2017; TXR# 0057688 and J. Rowland; 1-OCT-2015; TXR 
#0057299). 
 



2. Document Overview 



 
As part of the draft risk assessment for Registration Review, the Agency collaborated with 
Health Canada’s Pest Management Regulatory Agency (PMRA) in 2012 to conduct a literature 
search and review for glyphosate using the 2012 open literature review guidance.  A subsequent 
search of the open literature was conducted more recently by the Agency to supplement the 2012 
joint review with PMRA.  This more recent search reflects the Agency’s movement toward 
systematic review and OPP’s efforts to standardize literature review documentation.  Due to the 
large number of studies reviewed as part of the 2012 joint review with PMRA, the format of that 
review was not updated to reflect the more current approaches utilized in the more recent search; 
therefore, results of these searches will be described and presented differently in this document.  
The primary goal for both of these searches was to identify relevant and appropriate open 
literature studies that had the potential to impact human health risk assessment.  This document 
presents the results of these open literature searches and is organized according to the following:   
 



• Section 3 provides information on how each search was conducted and additional details 
related to the review of potentially relevant studies;   



• Section 4 presents the results of the 2012 and 2015 searches;  
• Section 5 provides information found regarding whole animal exposures to commercial 



formulations given the large number of studies that were seen in the open literature that 
used commercial formulations;   



• Section 6 discusses the impact of the literature searches on the human health risk 
assessment for glyphosate;  



• Appendix A is a table with the summary of findings for the joint review with PMRA; 
• Appendix B is a list of references included in the joint review with PMRA; 
• Appendix C is a compilation of the data evaluation records (DERs) generated for the joint 



review with PMRA; 
• Appendix D is a table with the literature studies obtained from the recent search of 



PubMed and screening comments. 



 
3. Search Methods 



 
3.1 Open literature search with PMRA 



 



The search was conducted for abstracts, articles, and articles in press, books and reviews at 
http://www.scirus.com under the following subject areas: Life Sciences, Agriculture and 
Biological Sciences, Pharmacology, Medicine, and Neuroscience.  Search results that did not 
contain the keywords on their abstracts were not reported and duplicates were removed.  The 
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same keywords were then searched on PubMed.  The following is a list of the search terms used 
to address various durations and endpoints of toxicity: 
 



1. Reproduction/Developmental Toxicity (Date of Search: Jan-Feb, 2012)  
- In search bar, the keywords Glyphosate and Reproduct* toxicity were entered.         
- Other search terms used were Glyphosate and developmental toxicity.   



  
2. Short-term Toxicity/Long term Toxicity/Oncogenicity (Date of Search: December, 
2011-Feb, 2012) 
- In search bar, the keywords Glyphosate and chronic toxicity studies were entered.          
- The search results captured in the previous searches (e.g. Glyphosate and Reproduct* 
toxicity) were not reported. 
- Searching the keywords Glyphosate and Tumours or Tumors did not result in 
meaningful results.  Results were not considered relevant to human health (e.g. Impact of 
glyphosate on the development, fertility and demography of Chrysoperla externa 
(Neuroptera: Chrysopidae): ecological approach)  
- Other terms searched were glyphosate and mammalian toxicity, glyphosate and short 
term toxicity studies, and glyphosate and toxicity.  
- Regulatory reports that were not captured in scirus.com were also included in this 
section because they contain several published toxicology studies.  



 
3. In Vitro/Genotoxicity/Endocrine Studies (Date of Search: Nov-Dec, 2011) 
- In search bar, the keywords Glyphosate and Endocrine were entered.             
- The search results captured in the previous searches (e.g. Glyphosate and Reproduct* 
toxicity) were not reported. 
- Other terms searched were Glyphosate and genotoxicity. 
 
4. Epidemiology Studies/Incident Reports  
  - In search bar, the keywords Glyphosate and Epidemiology were entered.           
  - The search results captured in the previous searches (e.g. Glyphosate and Reproduct* 
toxicity) were not reported.  



 
An initial screening process was undertaken to identify the published articles that are most 
relevant and appropriate for the purposes of addressing the critical aspects of hazard 
identification and characterization for human health risk assessment.  Criteria from the OPP 2012 
open literature review guidance were then used to identify suitable studies for hazard assessment.  
Eligible journal articles/publications are reviewed to ensure general information has been 
included that is considered important in determining the reliability and utility of a study in 
human health risk assessment.  This information covers a range of factors that are commonly 
evaluated as part of guideline study reviews, such as (but not limited to) the nature of the test 
substance, test organism details (e.g., species, age, sex, lifestage, etc.), adequate sample size, 
adequate dose levels, appropriate husbandry conditions, exposure details (i.e., method, route, 
frequency, and length of treatment period), and suitable controls. 
 
PMRA generated DERs for each eligible study listing study limitation/deficiencies and 
categorized studies as acceptable or invalid (Appendix C).  Acceptable studies were then further 
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categorized as appropriate for quantitative or qualitative use in risk assessment.  Studies found to 
be acceptable and appropriate for quantitative use were evaluated to determine no observed 
adverse effect levels (NOAELs) and lowest observed adverse effect levels (LOAELs). 
 
The Agency conducted secondary reviews of the DERs primarily focusing on whether the study 
would be considered acceptable or unacceptable (considered equivalent to the PMRA categories 
of acceptable or invalid for this review).  For studies found to be acceptable and appropriate for 
quantitative, NOAEL and LOAEL values were evaluated based on current Agency policies and 
approaches in hazard characterization.  If the Agency disagreed with the values set by PMRA, 
then separate NOAEL and LOAEL values were reported for each agency.  Studies concerning 
epidemiology, poisoning, or incidents were also removed at this time. 
 
3.2 Recent Systematic Review 



 



To obtain literature studies that have been published since the collaborative search with PMRA, 
a search was conducted on October 5, 2015 for studies published from January 1, 2012 to 
October 5, 2015 using the following search string in PubMed: 
 
(((((glyphosate) NOT plants)) NOT frogs) NOT tadpoles AND (("2012/01/01"[PDat] : 
"2015/10/05"[PDat])) 
 
The list was then cross-referenced with other literature studies submitted during that time to the 
Agency by non-profit groups or members of the public.  Titles and abstracts were initially 
screened to identify journal articles that were not within the scope of the search due to the 
subject of the research (e.g., ecological and fate studies, monitoring data, crop composition 
studies, pest management studies) or the type of article (e.g., review, commentary, editorial, 
article retraction).  Full articles were further screened if necessary to determine their relevance to 
human health risk assessment and to determine whether the journal article would be considered 
appropriate for use in risk assessment.  Full articles that were not publically available or were not 
available in English were not considered.  Studies concerning epidemiology, poisoning, or 
incidents were not considered. 
 
 
4. Results 



 
4.1 Open literature search with PMRA 



 
PMRA provided DERs for 67 studies (Appendix C) obtained from 62 individual references 
(Appendix B).  Of these, 17 studies related to poisoning/incidents, biomonitoring data, and 
epidemiological studies were not included in this review6 since they were evaluated as part of the 
Tier II incident report (S. Recore; 6-FEB-2014; D417808).  The U.S. EPA conducted secondary 
reviews and generally agreed with PMRA’s conclusions regarding the validity and potential use 
of the remaining studies.  A summary of the findings can be found in Table A-1 of Appendix A, 
which lists the PMRA and EPA categorizations for each study and some of the noted 
limitations/deficiencies if the study was found to be invalid or unacceptable. 
                                                 
6 References in Appendix B not included: 1, 5, 11, 13, 15, 20, 31, 32, 35, 38, 40, 51, 54, 55, 57, 58, and 62. 
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The majority of these literature studies were found to be unacceptable for use in the U.S. EPA’s 
glyphosate Registration Review draft human health risk assessment for a variety of reasons (see 
Table A-1 of Appendix A and Appendix C).  For example, 6 studies did not meet the minimum 
criteria to be considered eligible (e.g., the study was not found to be the primary source of the 
data, was not publicly available, or not presented as a full article).  Of the studies eligible for 
further review, the most common limitations/deficiencies were related to the nature of the test 
substance(s) used for exposure.  Most studies used commercial formulations or dilutions; 
however, direct measurements of the active ingredient were not conducted in order to determine 
actual dose concentrations and/or identification information was not provided for the formulation 
used (e.g., EPA registration number).  As a result, potential effects could not be attributed to 
defined glyphosate exposure concentrations.  Additionally, limited dosing, small sample sizes, 
and lack of test chemical purity was often noted in several of the studies.   
 
Only a limited number of the reviewed literature studies for glyphosate were deemed acceptable 
and appropriate for qualitative or quantitative risk assessment purposes.  The only studies found 
to be appropriate for quantitative use were the 90-day oral toxicity studies in rats and mice from 
the NTP Technical Report (Reference #43 in Appendix B).  In these studies, cytoplasmic 
alterations of the salivary gland were observed in both species.  The Agency set NOAELs for 
this effect at ~400 and >1000 in rats and mice, respectively.  Alterations at lower doses were 
scored as minimal and not considered adverse.  These dose levels are well above the point of 
departures currently used for risk assessment.  Therefore, none of the studies in this joint PMRA 
2012 review will have an impact on the hazard characterization or draft human health risk 
assessment for glyphosate.  
 
4.2 Recent systematic review 



 



The literature search yielded 392 articles.  This list was then cross-referenced with other studies 
submitted during that time to the Agency by non-profit groups or members of the public and 
another 7 studies were added for review bringing the total number of articles to 399 (Appendix 
D).  Since the goal of the literature search was to identify relevant and appropriate open literature 
studies that had the potential to impact human health risk assessment, most of the studies (288 
articles) were not considered to be within the scope of the search due to the subject of the 
research (i.e., ecological and fate studies, crop composition studies, pest management studies, 
method generating, hypothesis generating, exposure and monitoring) or not relevant in general.  
Additionally, 26 articles were not appropriate due to the type of article (i.e.., review, 
commentary, editorial, article retraction, news article, abstract only, not available in English).  
Another 27 articles were not considered because they concerned epidemiology, poisoning, and/or 
incidents. 
 
The remaining studies were further screened for relevance to human health and similar to the 
search conducted with PMRA, almost all of the potentially relevant studies used commercial 
formulations; however, direct measurements of the active ingredient were not conducted in order 
to determine actual dose concentrations and/or identification information was not provided for 
the formulation used.  As a result, potential effects could not be attributed to defined glyphosate 
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exposure concentrations.  None of the studies from this more recent review were found to have 
an impact on the hazard characterization or draft human health risk assessment for glyphosate. 
 
 
5. In vivo Studies with Commercial Formulations 
 
The Agency recognizes that a multitude of studies have been performed using commercial 
formulations containing glyphosate.  The majority of these are in vitro studies, which are 
difficult to translate into in vivo effects where metabolism and clearance would play a large role 
in potential toxicity.  As mentioned previously, in vitro studies are typically considered as part of 
MOA/AOP analyses when in vitro to in vivo extrapolation (IVIVE) approaches are not 
sufficiently developed for deriving points of departure for regulatory risk assessment.  
Consequently, in vivo studies are given more weight as generic IVIVE approaches are still under 
development for glyphosate and a PBPK model does not exist for glyphosate at this time.  Only a 
limited number of in vivo studies (13 studies) were identified as part of both the 2012 joint 
review with PMRA and the more recent 2015 systematic review (Table 1).  Studies conducted 
via a route that was not relevant for human exposure were not included (i.e., intraperitoneal 
injection).   
 
The 13 in vivo studies were evaluated using similar criteria outlined in the 2012 open literature 
review guidance for evaluating the acceptability of open literature studies.  The Agency strives to 
use high-quality studies that follow acceptable conduct and contain all the sufficient information 
needed to evaluate potential adverse effects from exposure to a pesticidal active ingredient.  This 
is also the case for a study conducted using a commercial formulation.  Consistent with guidance 
to determine whether a study meets the criteria outlined in guidelines for pesticide testing, there 
is general information that is considered important when determining the reliability and utility of 
an open literature study.  A study could be considered of questionable reliability and utility based 
on a single factor or, more typically, several issues may be combined to lead to this conclusion.  
As such, none of the 13 studies were found to be of adequate quality in order to be further 
reviewed for use in risk assessment.  Overall, the following were common 
limitations/deficiencies seen in these studies: 
 



• The majority of the studies reported using a commercial formulation and often referred to 
the general product name (e.g., Roundup); however, there are numerous formulations 
with glyphosate as the active ingredient and reporting identification information 
(including the full product name and EPA registration number) is important since this 
information allows the Agency to ascertain the exact formulation used in a study and 
determine all of its chemical components.   



• Exposure conditions were not adequately described or documented, especially in the case 
of gavage studies.   



• Data was only presented as graphs and often measures of variability were not included. 
• Sample sizes were considered too small for the type of study conducted and/or not 



reported for all lifestages (e.g., fetuses). 
• Only one dose was investigated to look at an observed effect, which does not allow for 



dose-response evaluation of the effect.     
• Age and overall health of animals prior to commencing a study was not reported. 
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Most of these studies with commercial formulations focused on clinical chemistry measurements 
(i.e., enzymes, hormones, electolytes) or histopathological examinations (without reporting 
severity) making it difficult to determine the adversity of the results.  The relationship between 
any changes noted in these effects and possible adverse apical outcomes from commercial 
formulations has not been established.  As described in the NRC report, “Toxicity Testing in the 
21st Century”7, to develop a MOA/AOP not only is it necessary to establish plausible 
relationships among the key events, but quantitative relationships also need to be established.  In 
other words, how much of a change in one key event is needed to result in an adverse effect at 
the next level of biological organization?  Thus, certain exposures to a chemical may impact 
normal physiological responses in a way that may not necessarily be adverse, and thus, the 
MOA/AOP concept requires an understanding of adaptive/homeostatic capacity of biological 
systems and their limits, relative to concentration and duration of exposure.  Without an 
MOA/AOP understanding or even a potentially solid hypothesis, pertubations in physiology 
cannot be interpreted for risk assessment without understanding how these changes lead to 
adverse outcomes. 
 



                                                 
7 National Research Council (NRC). 2007. Toxicity Testing in the 21st Century: A Vision and a Strategy.  
Washington, D.C. The National Academies Press.    
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Table 1. Review of in vivo journal articles performed with commercial formulations containing glyphosate. 



Journal Article Benedetti et al. 2004 Beuret et al. 2005 
Caglar and Kolankaya 



2008 
Cattani et al. 2014 Dallegrave et al. 2003 Dallegrave et al. 2007 



Test Substance       



Source of test substance reported? Yes (Biocarb) Yes (Herbicygon) Yes (Roundup) Yes (Roundup Original) Yes (Roundup) Yes 



Adequate information to identify 
specific formulation (full product 
name, registration number, etc.)? 



No No No No No  No 



Analysis of glyphosate or other 
components? 



No No No No No No 



Vehicle (if applicable) reported? Yes Yes Yes Yes Yes Yes 



Test Species       



Species, age, sex, size, health, and 
lifestage reported? 



No No No No No No 



If not, what information is missing? Health Age, health 
Health, species identified 
as Wistar and Sprague-
Dawley 



Age, health, size Health Health 



Was only one sex tested? Yes, males Yes, females No Yes, females Yes, females Yes, females 



Was the number of test animals 
reported? 



Yes Yes No Yes Yes Yes 



Is the number of animals used 
sufficient? 



Yes 



Yes (lower than 
typical 
developmental, but 
only looked at 
enzymes) 



Unknown No (only 4 dams) 
Yes (but slightly lower 
than typical 
developmental) 



Yes (but slightly lower 
than typical 
developmental) 



Animal Husbandry       



Were adequate husbandry 
conditions presented? 



No No No No No No 



If not, what information is missing? 
Source of feed, diet 
description 



Humidity, nature and 
composition of 
bedding, container 
dimensions 



Source of feed, diet 
description 



Humidity, nature and 
composition of bedding, 
container dimensions, 



Humidity, source of 
feed, diet description 



Humidity, diet 
description 
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Journal Article Benedetti et al. 2004 Beuret et al. 2005 
Caglar and Kolankaya 



2008 
Cattani et al. 2014 Dallegrave et al. 2003 Dallegrave et al. 2007 



Test Substance       



diet description, number 
per cage 



Exposure Conditions       



Were the exposure conditions 
adequately described? 



Yes Yes 
No (assumed to be by 
drinking water) 



Yes Yes Yes 



Was a control used? Yes Yes Yes Yes Yes Yes 



Was the control adequate? Yes Yes Yes Yes Yes Yes 



Was there more than one dose 
tested to evaluate the dose response 
nature of the effects? 



Yes No Yes No Yes Yes 



Were the animals assigned to 
treatment groups randomly? 



Unknown Unknown Unknown Unknown Unknown Unknown 



Toxicity Effects  



(Non-histopathological) 
      



Were the toxicological effects 
reported adequately described (i.e., 
nature, incidence, time, severity, 
and duration)? 



Yes Yes Yes Yes Yes Yes 



If not, what information is missing 
or incomplete? 



- - - - - - 



Were the research assessors blinded 
to the treatment? 



Unknown Unknown Unknown Unknown Unknown Unknown 



Toxicity Effects 



(Histopathological) 
      



Were histopathological evaluations 
performed? 



Yes No Yes No No Yes 



Were the tissues properly fixed? Yes - Yes - - Yes 
Were the histopathological findings 
properly described, including the 
severity and incidence? 



No - No - - No 



Were the research assessors blinded 
to the treatment? 



Unknown - Unknown - - Unknown 



Statistics       
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Journal Article Benedetti et al. 2004 Beuret et al. 2005 
Caglar and Kolankaya 



2008 
Cattani et al. 2014 Dallegrave et al. 2003 Dallegrave et al. 2007 



Test Substance       



Are the statistical methods properly 
described? 



Yes Yes Yes Yes Yes Yes 



Does the data include a measure of 
the variability (SD or SE)? 



Yes Yes Yes Yes Yes Yes 



Study Results/Discussion       



Do the authors provide a clear 
summary of the data? 



Yes Yes Yes Yes Yes Yes 



Does the report include clear 
conclusions drawn from the 
analysis? 



Yes Yes Yes Yes Yes Yes 



Overall, do you feel like the study is 
of adequate quality to be reviewed 
for use in risk assessment? 



No No No No No No 



Comments 



Utility of results 
questionable given 
relatively small 
changes in liver 
enzymes and presence 
of Kupffer cells only at 
highest dose (487 
mg/kg), full 
identification of 
formulation needed 



Only one dose tested; 
no description of 
formulation used; 
adversity of results 
questionable without 
relating to 
downstream effects 



Exposure conditions 
were not clear; number 
of test animals not 
reported, inconsistencies 
noted (e.g., rats listed as 
2 different species); 
relatively no change in 
clinical chemistry 
measurements; severity 
not reported 



Only one dose tested; 
utility of results unclear; 
data only presented as 
graphs 



Doses and observed 
effects were above 
those relevant for risk 
assessment (≥500 
mg/kg), full 
identification of 
formulation needed; 
some data only 
presented as graphs 



Severity of 
histopathological 
findings not reported, 
relatively small changes 
and/or no dose response 
with treatment for many 
effects evaluated, full 
identification of 
formulation needed 
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Table 1 Cont’d. 



Journal Article Daruich et al. 2001 Jasper et al. 2012 Romano et al. 2010 Romano et al. 2012 Seralini et al. 2014 Tizhe et al. 2014a Tizhe et al. 2014b 



Test Substance        



Source of test substance 
reported? 



Yes (Herbicygon) 
Yes (Roundup 
Original) 



Yes (Roundup 
Transorb) 



Yes (Roundup 
Transorb) 



Yes (WeatherMAX) Yes (Bushfire®) Yes (Bushfire®) 



Adequate information to identify 
specific formulation (full 
product name, registration 
number, etc.)? 



No No No No 
Yes (WeatherMAX; 
540 g/L glyphosate, 
EPA Reg. 524-537) 



No No 



Analysis of glyphosate or other 
components? 



No No No No No No No 



Vehicle (if applicable) reported? Yes Yes Yes Yes Yes Yes 
Yes 



Test Species        



Species, age, sex, size, health, 
and lifestage reported? 



No No Yes No No No No 



If not, what information is 
missing? 



Age, health Health Size, health 
Body weight, Health, 
Lifestage (not 
reported for dams) 



Size, health Age, health, lifestage Age, health, lifestage 



Was only one sex tested? Yes, females No Yes, males Yes, females No No No 



Was the number of test animals 
reported? 



Yes (for dams); 
Fetal number 
unknown 



Yes Yes Yes Yes Yes Yes 



Is the number of animals used 
sufficient? 



Yes for dams (lower 
than typical 
developmental, but 
only looked at 
enzymes); unknown 
for fetuses 



Yes Yes No (only 12 dams) 
No (only 
10/sex/group) 



Yes Yes 



Animal Husbandry        



Were adequate husbandry 
conditions presented? 



No No No No Yes No No 
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Table 1 Cont’d. 



Journal Article Daruich et al. 2001 Jasper et al. 2012 Romano et al. 2010 Romano et al. 2012 Seralini et al. 2014 Tizhe et al. 2014a Tizhe et al. 2014b 



If not, what information is 
missing? 



Humidity, nature 
and composition of 
bedding, container 
dimensions 



Container 
dimensions, 
number per cage, 
source of animal 
feed 



Humidity, nature 
and composition of 
bedding, container 
dimensions, number 
per cage, source of 
animal feed 



Humidity, nature and 
composition of 
bedding, container 
dimensions, number 
per cage, source of 
animal feed 



- 



Ambient temperature 
and humidity, 
photoperiod,  nature and 
composition of bedding, 
container dimensions, 
number per cage, source 
of animal feed 



Ambient temperature 
and humidity, 
photoperiod,  nature 
and composition of 
bedding, container 
dimensions, number 
per cage, source of 
animal feed 



Exposure Conditions        



Were the exposure conditions 
adequately described? 



Yes No Yes Yes Yes No No 



Was a control used? Yes Yes Yes Yes Yes Yes Yes 



Was the control adequate? Yes Yes Yes Yes Yes Yes Yes 



Was there more than one dose 
tested to evaluate the dose 
response nature of the effects? 



Yes Yes Yes No Yes Yes Yes 



Were the animals assigned to 
treatment groups randomly? 



Unknown Unknown Yes Unknown Yes Yes Yes 



Toxicity Effects  



(Non-histopathological) 
       



Were the toxicological effects 
reported adequately described 
(i.e., nature, incidence, time, 
severity, and duration)? 



Yes Yes Yes Yes No No NA 



If not, what information is 
missing or incomplete? 



- - - - 
Not all data shown, 
limited description 



Data values not 
provided 



- 



Were the research assessors 
blinded to the treatment? 



Unknown Unknown Unknown Unknown Unknown Unknown Unknown 



Toxicity Effects 



(Histopathological) 
       



Were histopathological 
evaluations performed? 



No Yes Yes Yes Yes No Yes 



Were the tissues properly fixed? - Yes Yes Yes Yes - Yes 
Were the histopathological 
findings properly described, 



- Yes Yes Yes Yes  - No 
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Table 1 Cont’d. 



Journal Article Daruich et al. 2001 Jasper et al. 2012 Romano et al. 2010 Romano et al. 2012 Seralini et al. 2014 Tizhe et al. 2014a Tizhe et al. 2014b 



including the severity and 
incidence? 
Were the research assessors 
blinded to the treatment? 



- Unknown Unknown Unknown Unknown Unknown Unknown 



Statistics        



Are the statistical methods 
properly described? 



Yes Yes Yes Yes Yes  Yes 
No statistics 
performed – Only 
histopathology 



Does the data include a measure 
of the variability (SD or SE)? 



Yes Yes Yes Yes 
Yes (for some 
measurements) 



Yes - 



Study Results/Discussion        



Do the authors provide a clear 
summary of the data? 



Yes Yes Yes Yes Yes Yes Yes 



Does the report include clear 
conclusions drawn from the 
analysis? 



Yes Yes Yes Yes Yes Yes Yes 



Overall, do you feel like the 
study is of adequate quality to 
be reviewed for use in risk 
assessment? 



No No No No No No No 



Comments 



Full identification of 
formulation needed, 
number of fetal 
animals unknown, 
small changes 
and/or no dose 
response with 
treatment, adversity 
of enzyme changes 
alone difficult to 
determine without 
downstream 
measurements, some 
data only presented 
as graphs 



Full identification 
of formulation 
needed, no 
information 
provided on 
gavage volume 



Full identification of 
formulation needed, 
discrepancies in 
sample size between 
experimental 
description and 
results, no 
information about 
which pups came 
from which litters.   



Full identification of 
formulation needed, 
only 12 dams were 
used, not all data 
shown (e.g., body 
weights) 



Not all data shown, 
some data presented 
only as graphs or 
percentages, 
measures of 
variability only on 
some 
measurements, 
small sample size 
for a long term 
exposure cancer 
study 



Full identification of 
formulation needed, 
only graphs and 
percentages were 
provided for clinical 
chemistry data, 
exposure conditions 
were unclear (i.e., 
exposure volumes for 
gavage), relatively 
small changes in 
formulation treatment 
groups. 



Full identification of 
formulation needed, 
severity/incidence of 
histopathology not 
provided, exposure 
conditions unclear 
(i.e., exposure 
volumes for gavage).  
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6. Impact on Glyphosate Human Health Risk Assessment 
 
Over 450 open literature journal articles were considered as part of this review.  Only a limited 
number of these studies were deemed acceptable and appropriate for consideration in risk 
assessment.  The only studies found to be appropriate for quantitative use identified NOAELs at 
doses well above the point of departures currently used for risk assessment.  As a result, there 
was no impact on the hazard characterization or draft human health risk assessment for 
glyphosate.  The Agency will continue to monitor the open literature for studies that use 
scientifically sound and appropriate methodology and relevant routes of exposure that have the 
potential to impact the risk evaluation of glyphosate. 
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Appendices: 



Appendix A: Summary of the findings for the joint review with PMRA 
Appendix B: Studies included in the joint review with PMRA 
Appendix C: Data Evaluation Records (DERs) generated for the joint review with PMRA 
Appendix D: Literatures studies obtained from searching PubMed for recent systematic review
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Appendix A: Summary of the findings for the joint review with PMRA 
 



Table A-1. Glyphosate Literature Search with PMRA — Primary and Secondary Review Findings 



Study Title 



(Reference # in Appendix B) 
Study Type Primary Review (PMRA) Secondary Review (U.S. EPA) Limitations/Deficiencies2 



NTP Technical Report on Toxicity Studies 
of Glyphosate Administered in Dosed 
Feed to F344/N Rats and B6C3F1 Mice. 
(Ref. No. 43) 



90-day oral (rat) 



Acceptable even though not 
conducted according to guideline 
requirements; appropriate for 
quantitative use 



Acceptable; appropriate for 
quantitative use 



Not Applicable  



NTP Technical Report on Toxicity Studies 
of Glyphosate Administered in Dosed 
Feed to F344/N Rats and B6C3F1 Mice. 
(Ref. No. 43) 



90-day oral (mice) 



Acceptable even though not 
conducted according to guideline 
requirements; appropriate for 
quantitative use 



Acceptable; appropriate for 
quantitative use 



Not Applicable 



NTP Technical Report on Toxicity Studies 
of Glyphosate Administered in Dosed 
Feed to F344/N Rats and B6C3F1 Mice. 
(Ref. No. 43) 



Mechanistic (rat) 
Acceptable; appropriate for 
qualitative use 



Acceptable; appropriate for 
qualitative use 



Not Applicable 



An Evaluation of the Genotoxic Potential 
of Glyphosate. (Ref. No. 34) 



Bacterial reverse 
mutation assay 



Acceptable; satisfies guideline 
requirements 



Acceptable Not Applicable 



An Evaluation of the Genotoxic Potential 
of Glyphosate. (Ref. No. 34) 



In vitro mammalian 
cell assay 



Acceptable; satisfies guideline 
requirements however some 
deficiencies present 



Acceptable Not Applicable 



An Evaluation of the Genotoxic Potential 
of Glyphosate. (Ref. No. 34) 



In vivo cytogenetics 
Acceptable; satisfies guideline 
requirements 



Acceptable Not Applicable 



Toxicokinetics of Glyphosate and Its 
Metabolite Aminomethyl Phosphonic Acid 
in Rats (Anadon et al. 2009). (Ref. No. 3) 



Metabolism 



Acceptable even though not 
conducted according to guideline 
requirements; appropriate for 
qualitative use 



Acceptable; appropriate for 
qualitative use 



Not Applicable 



NTP Technical Report on Toxicity Studies 
of Glyphosate Administered in Dosed 
Feed to F344/N Rats and B6C3F1 Mice. 
(Ref. No. 43) 



Metabolism 



Acceptable even though not 
conducted according to guideline 
requirements; appropriate for 
qualitative use 



Acceptable; appropriate for 
qualitative use 



Not Applicable 



Glyphosate Impairs Male Offspring 
Reproductive Development by Disrupting 
Gonadotropin Expression. (Ref. No. 53) 



NA 
Invalid (inappropriate for 
quantitative or qualitative use in 
risk assessment because it is of 



Unacceptable (inappropriate for 
quantitative or qualitative use in risk 
assessment because it is of 



- The test substance was a glyphosate based 
commercial formulation. 
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Table A-1. Glyphosate Literature Search with PMRA — Primary and Secondary Review Findings 



Study Title 



(Reference # in Appendix B) 
Study Type Primary Review (PMRA) Secondary Review (U.S. EPA) Limitations/Deficiencies2 



insufficient quality and lacks 
scientific defensibility) 



insufficient quality and lacks 
scientific defensibility) 



- The percent active ingredient was not 
indicated/measured and other components were not 
identified.  
- Only one dose group was used. 



Vitamin C and E reverse effect of 
herbicide-induced toxicity on human 
epidermal cells HaCaT: a biochemometric 
approach. (Ref. No. 25) 



NA Invalid 



Unacceptable (inappropriate for 
quantitative or qualitative use in risk 
assessment because it is of 
insufficient quality and lacks 
scientific defensibility) 



- The percent active ingredient was not 
indicated/measured and other components were not 
identified.  
- Inadequate description of the data in the results 
section as the IC50 values could not be obtained for 
glyphosate alone (the active ingredient) before the 
addition of Vitamin C or E.  
- It is in vitro effects with in vivo toxicity. 



Glyphosate-based pesticides affect cell 
cycle regulation. (Ref. No. 37) 



NA Invalid 



Unacceptable (inappropriate for 
quantitative or qualitative use in risk 
assessment because it is of 
insufficient quality and lacks 
scientific defensibility) 



-  The test substance was a glyphosate based 
commercial formulation. 
-  The percent active ingredient was not 
indicated/measured and other components were not 
identified. 
- It is difficult to extrapolate in vitro effects with in 
vivo toxicity. 



A glyphosate-based herbicide induces 
necrosis and apoptosis in mature rat 
testicular cells in vitro and testosterone 
decrease at lower levels. (Ref. No. 16) 



NA Invalid or of little utility for hazard 
assessment 



Unacceptable (inappropriate for 
quantitative or qualitative use in risk 
assessment because it is of 
insufficient quality and lacks 
scientific defensibility) 



- The percent active ingredient was not 
indicated/measured and other components were not 
identified.  
- It is difficult to extrapolate in vitro effects with in 
vivo toxicity.  
- The study report did not discuss whether the 
tested concentrations of glyphosate would produce 
cytotoxicity and impact the results of this study 



Placental passage of benzoic acid, caffeine 
and glyphosate in an ex vivo human 
perfusion system. (Ref. No. 42) 



NA Invalid or of little utility for hazard 
assessment 



Unacceptable (inappropriate for 
quantitative or qualitative use in risk 
assessment because it is of 
insufficient quality and lacks 
scientific defensibility) 



- The purity of glyphosate was not provided. 
- It is difficult to extrapolate in vitro effects with in 
vivo toxicity. 



Alteration of estrogen-regulated gene 
expression in human cells induced by 
agricultural and horticultural herbicide 
glyphosate. (Ref. No. 29) 



NA Invalid or of little utility for hazard 
assessment 



Unacceptable (inappropriate for 
quantitative or qualitative use in risk 
assessment because it is of 
insufficient quality and lacks 
scientific defensibility) 



- The purity of glyphosate was not provided. 
- The cell lines used were not adequately 
characterized. 
- It is difficult to extrapolate in vitro effects with in 
vivo toxicity. 
- The retail product used as stock was not identified 
and the concentration of glyphosate was not 
measured. 











Page 21 of 204 
 



Table A-1. Glyphosate Literature Search with PMRA — Primary and Secondary Review Findings 



Study Title 



(Reference # in Appendix B) 
Study Type Primary Review (PMRA) Secondary Review (U.S. EPA) Limitations/Deficiencies2 



The oral and intra-tracheal toxicities of 
Roundup and its components to rats. (Ref. 
No. 2) 



NA 



Invalid (inappropriate for 
quantitative or qualitative use in 
risk assessment because it is of 
insufficient quality and lacks 
scientific defensibility); provides 
useful info about effects of 
surfactant 



Unacceptable (inappropriate for 
quantitative or qualitative use in risk 
assessment because it is of 
insufficient quality and lacks 
scientific defensibility) 



- The study included in addition to glyphosate, a 
surfactant, and a glyphosate commercial 
formulation without measurements of glyphosate.   
- The purity of the test substances were not 
specified.   
- The study did not evaluate multiple dose levels 
(could not detect a dose response, and therefore, it 
is not possible to identify a NOAEL/LOAEL).  
- Only 8 animals/group were used, which reduces 
the strength of statistical analysis. 
- At time of assignment, the range of body weights 
was larger than expected (difference of 100g).  
- Study did not include body weight, body weight 
gain and food consumption data. 



Glyphosate formulations induce apoptosis 
and necrosis in human umbilical, 
embryonic and placental cells. (Ref. No. 7) 



NA 



Invalid (inappropriate for 
quantitative or qualitative use in 
risk assessment because it is of 
insufficient quality and lacks 
scientific defensibility) 



Unacceptable (inappropriate for 
quantitative or qualitative use in risk 
assessment because it is of 
insufficient quality and lacks 
scientific defensibility) 



- The study included glyphosate formulations, in 
addition to glyphosate itself, surfactant and primary 
metabolite, AMPA. 
- The purities of test substances were not specified.  
- Data was shown only in a graph format, without 
access to raw data tables. 
- It is difficult to extrapolate in vitro effects with in 
vivo toxicity. 



Roundup revelation: weed killer adjuvants 
may boost toxicity. (Ref. No. 12) 



NA 



Invalid (inappropriate for 
quantitative or qualitative use in 
risk assessment because it is of 
insufficient quality and lacks 
scientific defensibility) 



Unacceptable (inappropriate for 
quantitative or qualitative use in risk 
assessment because it is of 
insufficient quality and lacks 
scientific defensibility) 



- The reference is for a commentary on a study in 
Environmental Health Perspectives (see Differential 
Effects of Glyphosate and Roundup on Human 
Placental Cells and Aromatase). 
- The reference has incomplete data. 



Pre- and post-natal toxicity of the 
commercial glyphosate formulation in 
Wistar rats. (Ref. No. 18) 



NA 



Invalid (inappropriate for 
quantitative or qualitative use in 
risk assessment because it is of 
insufficient quality and lacks 
scientific defensibility) 



Unacceptable (inappropriate for 
quantitative or qualitative use in risk 
assessment because it is of 
insufficient quality and lacks 
scientific defensibility) 



- The test substance was a glyphosate based 
commercial formulation. 
- The percent active ingredient was not 
indicated/measured or measured and other 
components were not identified.  
- Only 5 animals per dose were observed at 
microscopic level. 



Morphological damages of a glyphosate-
treated keratinocyte cell line revealed by a 
micro- to nanoscale microscopic 
investigation. (Ref. No. 21) 



NA 



Invalid (inappropriate for 
quantitative or qualitative use in 
risk assessment because it is of 
insufficient quality and lacks 
scientific defensibility) 



Unacceptable (inappropriate for 
quantitative or qualitative use in risk 
assessment because it is of 
insufficient quality and lacks 
scientific defensibility) 



- Method has not been evaluated for reproducibility 
and validity. Graded scale of effects was not 
indicated. 
- It is difficult to extrapolate in vitro effects with in 
vivo toxicity and to determine a NOAEL value. 
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Table A-1. Glyphosate Literature Search with PMRA — Primary and Secondary Review Findings 



Study Title 



(Reference # in Appendix B) 
Study Type Primary Review (PMRA) Secondary Review (U.S. EPA) Limitations/Deficiencies2 



- Purity of test substance was not specified. 



Glyphosate-based herbicides are toxic and 
endocrine disruptors in human cell lines. 
(Ref. No. 23)  



NA 



Invalid (inappropriate for 
quantitative or qualitative use in 
risk assessment because it is of 
insufficient quality and lacks 
scientific defensibility) 



Unacceptable (inappropriate for 
quantitative or qualitative use in risk 
assessment because it is of 
insufficient quality and lacks 
scientific defensibility) 



- The test substances were glyphosate based on 
commercial formulations and glyphosate as 
negative control.  
- The percentages of active ingredient were 
indicated but purity was not specified. Other 
formulation components of the formulation were 
not identified. 



Dig 1 protects against cell death provoked 
by glyphosate-based herbicides in human 
liver cell lines. (Ref. No. 24) 



NA 



Invalid (inappropriate for 
quantitative or qualitative use in 
risk assessment because it is of 
insufficient quality and lacks 
scientific defensibility) 



Unacceptable (inappropriate for 
quantitative or qualitative use in risk 
assessment because it is of 
insufficient quality and lacks 
scientific defensibility) 



- The test substances were glyphosate based 
commercial formulations and a new drug Dig 1.  
- The percentages of active ingredient were 
indicated, but purity of glyphosate was not 
specified. Other formulation components were not 
identified.  
- The study focused more on the protective effect of 
Dig 1, than toxicity of glyphosate. 



Mechanism of toxicity of commercial 
glyphosate formulations: How important is 
the surfactant? (Ref. No. 27) 



NA 



Invalid (inappropriate for 
quantitative or qualitative use in 
risk assessment because it is of 
insufficient quality and lacks 
scientific defensibility) 



Unacceptable (inappropriate for 
quantitative or qualitative use in risk 
assessment because it is of 
insufficient quality and lacks 
scientific defensibility) 



- Only an abstract is available. 
- The test substance is poorly characterized. 



Prepubertal exposure to commercial 
formulation of the herbicide glyphosate 
alters testosterone levels and testicular 
morphology. (Ref. No. 52) 



NA 
Invalid (inappropriate for 
quantitative or qualitative use in 
risk assessment) 



Unacceptable (inappropriate for 
quantitative or qualitative use in risk 
assessment because it is of 
insufficient quality and lacks 
scientific defensibility) 



- The test substance was a glyphosate-based 
commercial formulation  
- No information was provided on the inert 
ingredients.  
- Histology was restricted to an examination of the 
testes and adrenal glands. 
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Table A-1. Glyphosate Literature Search with PMRA — Primary and Secondary Review Findings 



Study Title 



(Reference # in Appendix B) 
Study Type Primary Review (PMRA) Secondary Review (U.S. EPA) Limitations/Deficiencies2 



Effect of the herbicide glyphosate on liver 
lipoperoxidation in pregnant rats and their 
fetuses. (Ref. No. 9) 



NA 
Invalid (inappropriate for 
quantitative or qualitative use in 
risk assessment) 



Unacceptable (inappropriate for 
quantitative or qualitative use in risk 
assessment because it is of 
insufficient quality and lacks 
scientific defensibility) 



- The test substance was a glyphosate-based 
commercial formulation. 
- The percent active ingredient and purity were not 
stated/measured.  
- Histopathology was not performed on the 
maternal and fetal livers that were collected. No 
other organs were examined.  
- A single treated group, rather than a range of 
dosage groups, was compared to the control.  
- No rationale is provided for dose selection. 



A generational study of glyphosate-
tolerant soybeans on mouse fetal, 
postnatal, pubertal and adult testicular 
development. (Ref. No. 10) 



NA 
Invalid (inappropriate for 
quantitative or qualitative use in 
risk assessment) 



Unacceptable (inappropriate for 
quantitative or qualitative use in risk 
assessment because it is of 
insufficient quality and lacks 
scientific defensibility) 



- This study is concerned with the effect of a 
glyphosate-tolerant soybean-based diet compared to 
a conventional soybean-based diet during 
development and maturation in mice. It does not 
deal with the effect of glyphosate itself as an active 
ingredient.  
- While the transgenic soybean crop was treated 
with glyphosate there is no indication that residues 
of glyphosate remain, nor are there any details of 
the actual crop treatment. 



Reproductive toxicity studies with 
octamethyl cyclotetrasiloxane in female 
rats using various exposure regimens. 
(Ref. No. 49) 



NA 
Invalid (inappropriate for 
quantitative or qualitative use in 
risk assessment) 



Unacceptable (inappropriate for 
quantitative or qualitative use in risk 
assessment because it is of 
insufficient quality and lacks 
scientific defensibility) 



- This study does not deal with the active ingredient 
glyphosate.  
- The report is an abstract of a conference poster. 



Effect of the herbicide glyphosate on 
enzymatic activity in pregnant rats and 
their foetuses. (Ref. No. 19) 



NA 
Invalid (inappropriate for 
quantitative or qualitative use in 
risk assessment) 



Unacceptable (inappropriate for 
quantitative or qualitative use in risk 
assessment because it is of 
insufficient quality and lacks 
scientific defensibility) 



- The test substance was a glyphosate-based 
commercial product. 
- The percent active ingredient and purity were not 
stated/measured.  
- Only two dose groups were used.  



The teratogenic potential of the herbicide 
glyphosate-Roundup in Wistar rats. (Ref. 
No. 17) 



NA 
Invalid (inappropriate for 
quantitative or qualitative use in 
risk assessment) 



Unacceptable (inappropriate for 
quantitative or qualitative use in risk 
assessment because it is of 
insufficient quality and lacks 
scientific defensibility) 



- The test substance was a glyphosate based 
commercial formulation. 
- The active ingredient was not measured 
- No information was provided on the inert 
ingredients. 



The impact of simultaneous intoxication 
with agrochemicals on the antioxidant 
defense system in rat. (Ref. No. 4) 



NA 
Invalid (inappropriate for 
quantitative or qualitative use in 
risk assessment) 



Unacceptable (inappropriate for 
quantitative or qualitative use in risk 
assessment because it is of 
insufficient quality and lacks 
scientific defensibility) 



- The percent active ingredient and purity were not 
stated for the individual pesticides.  
- The route of exposure was via i.p. injection, which 
is not relevant to human health.  
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Table A-1. Glyphosate Literature Search with PMRA — Primary and Secondary Review Findings 



Study Title 



(Reference # in Appendix B) 
Study Type Primary Review (PMRA) Secondary Review (U.S. EPA) Limitations/Deficiencies2 



- A single dose level for each pesticide was 
compared to the control. All other treatments 
involved combinations of more than one pesticide. 



Oxidative stress responses of rats exposed 
to Roundup and its active ingredient 
glyphosate. (Ref. No. 22) 



NA 
Invalid (inappropriate for 
quantitative or qualitative use in 
risk assessment) 



Unacceptable (inappropriate for 
quantitative or qualitative use in risk 
assessment because it is of 
insufficient quality and lacks 
scientific defensibility) 



- Amount of active ingredient during exposure was 
not measured. 
- The route of exposure was via i.p. injection, which 
is not relevant to human health.  
- A single dose level for each pesticide was 
compared to the control. All other treatments 
involved combinations of more than one pesticide. 



Studies on glyphosate-induced 
carcinogenicity in mouse skin: a proteomic 
approach. (Ref. No. 26) 



NA 
Invalid (inappropriate for 
quantitative or qualitative use in 
risk assessment) 



Unacceptable (inappropriate for 
quantitative or qualitative use in risk 
assessment because it is of 
insufficient quality and lacks 
scientific defensibility) 



- The test substance was a glyphosate based 
commercial formulation and the active ingredient 
was not measured.  
- No information was provided on the inert 
ingredients.  



Genotoxic potential of glyphosate 
formulations: mode-of-action 
investigations. (Ref. No. 28) 



NA 
Invalid (inappropriate for 
quantitative or qualitative use in 
risk assessment) 



Unacceptable (inappropriate for 
quantitative or qualitative use in risk 
assessment because it is of 
insufficient quality and lacks 
scientific defensibility) 



- The test substance was a glyphosate based 
commercial formulation.  
- No information was provided on the inert 
ingredients.  
- The percent active ingredient and purity were not 
stated/measured for the individual pesticides.  
- The study was largely concerned with i.p. 
injection route of exposure, which is not relevant to 
human health.  



The effect of sub-acute and sub-chronic 
exposure of rats to the glyphosate-based 
herbicide Roundup. (Ref. No. 14) 



NA 
Invalid (inappropriate for 
quantitative or qualitative use in 
risk assessment) 



Unacceptable (inappropriate for 
quantitative or qualitative use in risk 
assessment because it is of 
insufficient quality and lacks 
scientific defensibility) 



- The test substance was a glyphosate-based 
commercial formulation. 
- No information was provided on the inert 
ingredients.  
- A number of important experimental details are 
not included (i.e., number of animals/group, method 
of administering dose, etc.) 
- Discussion of results is vague with references to a 
variety of other experiments rather than the results 
of the present study.  
- Very few statistically significant effects occur. 
Effects indicated as “mild effects” or “mild 
differences” do not appear to be statistically 
significant. 
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Table A-1. Glyphosate Literature Search with PMRA — Primary and Secondary Review Findings 



Study Title 



(Reference # in Appendix B) 
Study Type Primary Review (PMRA) Secondary Review (U.S. EPA) Limitations/Deficiencies2 



The effects of sub-chronic exposure of 
Wistar rats to the herbicide Glyphosate-
Biocarb®. (Ref. No. 8) 



NA 
Invalid (inappropriate for 
quantitative or qualitative use in 
risk assessment) 



Unacceptable (inappropriate for 
quantitative or qualitative use in risk 
assessment because it is of 
insufficient quality and lacks 
scientific defensibility) 



- The test substance was a glyphosate based 
commercial formulation and the active ingredient 
was not measured.  
- No information was provided on the inert 
ingredients.  



Clastogenic effects of glyphosate in bone 
marrow cells of Swiss albino mice. (Ref. 
No. 47) 



NA 
Invalid (inappropriate for 
quantitative or qualitative use in 
risk assessment) 



Unacceptable (inappropriate for 
quantitative or qualitative use in risk 
assessment because it is of 
insufficient quality and lacks 
scientific defensibility) 



- The test substance was a glyphosate based 
commercial formulation and the active ingredient 
was not measured.  
- No information was provided on the inert 
ingredients.  
- The route of exposure was via i.p. injection, which 
is not relevant to human health.  



Evaluation of genome damage and its 
relation to oxidative stress induced by 
glyphosate in human lymphocytes in vitro. 
(Ref. No. 41) 



NA 
Invalid (inappropriate for 
quantitative or qualitative use in 
risk assessment) 



Unacceptable (inappropriate for 
quantitative or qualitative use in risk 
assessment because it is of 
insufficient quality and lacks 
scientific defensibility) 



- Exposure was directly to blood samples obtained 
from human volunteers.  
- The authors concede that the lack of statistical 
significance at lower concentrations may be due to 
the low number of samples included in the study. 



Time- and dose-dependent effects of 
Roundup on human embryonic and 
placental cells. (Ref. No. 6) 



NA 
Invalid (inappropriate for 
quantitative or qualitative use in 
risk assessment) 



Unacceptable (inappropriate for 
quantitative or qualitative use in risk 
assessment because it is of 
insufficient quality and lacks 
scientific defensibility) 



- Exposure was directly to human embryonic and 
placental cells as well as other tissues.  
- The active ingredient was not measured. 
- It is difficult to extrapolate in vitro effects with in 
vivo toxicity.  
- The percent purity of the reagent grade glyphosate 
was not stated.  



Exposure to pesticides increases levels of 
uPA and uPAR in pre-malignant human 
prostate cells. (Ref. No. 46) 



NA 
Invalid (inappropriate for 
quantitative or qualitative use in 
risk assessment) 



Unacceptable (inappropriate for 
quantitative or qualitative use in risk 
assessment because it is of 
insufficient quality and lacks 
scientific defensibility) 



- It is difficult to extrapolate in vitro effects with in 
vivo toxicity. 
- The percent purity of the reagent grade glyphosate 
was not stated. 
- For the glyphosate based commercial formulation 
used, the percent active ingredient and purity was 
not indicated/measured and other components were 
not identified.  



Oral bioavailability of glyphosate: studies 
using two intestinal cell lines. (Ref. No. 
56) 



NA 
Invalid (inappropriate for 
quantitative or qualitative use in 
risk assessment) 



Unacceptable (inappropriate for 
quantitative or qualitative use in risk 
assessment because it is of 
insufficient quality and lacks 
scientific defensibility) 



-  Exposure was directly to the intestinal epithelial 
barrier using two cell lines.  
- The applicability to in vivo human risk is unclear.  
- The percent purity of the reagent grade glyphosate 
is given as approximately 95% pure (not validated). 



Cysteine turnover in human cell lines is 
influenced by glyphosate. (Ref. No. 30) 



NA 
Invalid (inappropriate for 
quantitative or qualitative use in 
risk assessment) 



Unacceptable (inappropriate for 
quantitative or qualitative use in risk 
assessment because it is of 



- Exposure was directly to human cell lines.  
- The percent purity of the reagent grade glyphosate 
is not stated 
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Table A-1. Glyphosate Literature Search with PMRA — Primary and Secondary Review Findings 



Study Title 



(Reference # in Appendix B) 
Study Type Primary Review (PMRA) Secondary Review (U.S. EPA) Limitations/Deficiencies2 



insufficient quality and lacks 
scientific defensibility) 



- The active ingredient was not measured. 
- The number of glyphosate doses (2) was limited. 



The hemodynamic effects of the 
formulation of glyphosate-surfactant 
herbicides. (Ref. No. 33) 



NA 



Invalid (inappropriate for 
quantitative or qualitative use in 
risk assessment because it is of 
insufficient quality and lacks 
scientific defensibility) 



Unacceptable (inappropriate for 
quantitative or qualitative use in risk 
assessment because it is of 
insufficient quality and lacks 
scientific defensibility) 



- The test substance was a glyphosate based 
commercial formulation.  
- The percent active ingredient and purity of the test 
substances for exposure were not 
indicated/measured and other components were not 
identified. 
- Only a single dose of each test substance was 
utilized. 
- Pigs are atypical animals used in toxicology 
studies reviewed by regulatory agencies. 



Genotoxicity of AMPA, the environmental 
metabolite of glyphosate, assessed by the 
Comet assay and cytogenetics tests. (Ref. 
No. 36) 



NA 



Invalid (inappropriate for 
quantitative or qualitative use in 
risk assessment because it is of 
insufficient quality and lacks 
scientific defensibility) 



Unacceptable (inappropriate for 
quantitative or qualitative use in risk 
assessment because it is of 
insufficient quality and lacks 
scientific defensibility) 



- The test substance was the primary metabolite of 
glyphosate, not the active ingredient. 
- Analytical measurements for exposure were not 
provided. 



Ethoxylated adjuvants of glyphosate-based 
herbicides are active principles of human 
cell toxicity. (Ref. No. 39) 



NA 



Invalid (inappropriate for 
quantitative or qualitative use in 
risk assessment because it is of 
insufficient quality and lacks 
scientific defensibility) 



Unacceptable (inappropriate for 
quantitative or qualitative use in risk 
assessment because it is of 
insufficient quality and lacks 
scientific defensibility) 



- Purity of glyphosate was not specified.  
- Only a single concentration was used as a control. 
- For glyphosate based commercial formulations, 
the percent active ingredient and purity of the test 
substances were not indicated and other 
components were not identified.  Analytical 
measurements for exposure were not provided. 
- Data is mainly presented in graph format (no raw 
data provided), making evaluation difficult.  
- Data for LC50 for glyphosate in HepG2 cell line 
was not determined.  
- It is difficult to extrapolate in vitro effects with in 
vivo toxicity. 



Comparative effects of the Roundup and 
glyphosate on mitochandrial oxidative 
phosphorylation. (Ref. No. 44) 



NA 



Invalid (inappropriate for 
quantitative or qualitative use in 
risk assessment because it is of 
insufficient quality and lacks 
scientific defensibility) 



Unacceptable (inappropriate for 
quantitative or qualitative use in risk 
assessment because it is of 
insufficient quality and lacks 
scientific defensibility) 



- The test substance was glyphosate and a 
glyphosate-based commercial formulation. 
- The percent active ingredient and purity of 
glyphosate and the formulation were not 
indicated/measured and other components of the 
formulation were not identified. 



Comparison of the effect of Roundup Ultra 
360 SL pesticide and its active compound 
glyphosate on human erythrocytes. (Ref. 
No. 45) 



NA 
Invalid (inappropriate for 
quantitative or qualitative use in 
risk assessment because it is of 



Unacceptable (inappropriate for 
quantitative or qualitative use in risk 
assessment because it is of 



- Exposure directly to human blood in vitro of 
commercial formulation. 
- Analytical measurements for exposure were not 
provided. 
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Table A-1. Glyphosate Literature Search with PMRA — Primary and Secondary Review Findings 



Study Title 



(Reference # in Appendix B) 
Study Type Primary Review (PMRA) Secondary Review (U.S. EPA) Limitations/Deficiencies2 



insufficient quality and lacks 
scientific defensibility) 



insufficient quality and lacks 
scientific defensibility) 



- Provided poor description of blood donors. 
- It is difficult to extrapolate in vitro effects with in 
vivo toxicity. 
- A positive control was not included. 
- pH measurement was not included. 
- Other components of the formulation were not 
identified. 



Genotoxicity testing of the herbicide 
Roundup and its active ingredient 
glyphosate isopropylamine using the 
mouse bone marrow micronucleus test, 
Salmonella mutagenicity test and Allium 
anaphase-telophase test. (Ref. No. 48) 



NA 



Invalid (inappropriate for 
quantitative or qualitative use in 
risk assessment because it is of 
insufficient quality and lacks 
scientific defensibility) 



Unacceptable (inappropriate for 
quantitative or qualitative use in risk 
assessment because it is of 
insufficient quality and lacks 
scientific defensibility) 



- The percent active ingredient and purity of the 
glyphosate based commercial formulation was not 
indicated/measured and other components were not 
identified. 
- Cytotoxicity/cell survival was not measured. 
- A greater number of bacterial strains needed to be 
used. 



Differential effects of glyphosate and 
Roundup on human placental cells and 
aromatase. (Ref. No. 50) 



NA 



Invalid (inappropriate for 
quantitative or qualitative use in 
risk assessment because it is of 
insufficient quality and lacks 
scientific defensibility) 



Unacceptable (inappropriate for 
quantitative or qualitative use in risk 
assessment because it is of 
insufficient quality and lacks 
scientific defensibility) 



- The test substances were pure technical 
glyphosate and a glyphosate commercial 
formulation.  
- The purity of glyphosate was not specified. 
- The percent active ingredient and purity of the 
glyphosate based commercial formulation was not 
indicated and other components were not identified. 



Glyphosate and AMPA in drinking water. 
(Ref. No. 61) 



NA 



Invalid (inappropriate for 
quantitative or qualitative use in 
risk assessment because it is of 
insufficient quality and lacks 
scientific defensibility) 



Unacceptable (inappropriate for 
quantitative or qualitative use in risk 
assessment because it is of 
insufficient quality and lacks 
scientific defensibility) 



- Reference only included summaries of studies.  
- Reproductive studies with glyphosate included 
only limited histopathological examination. 
- Long term studies and reproductive toxicity 
studies for primary metabolite, AMPA are 
unavailable. 



Safety evaluation and risk assessment of 
the herbicide roundup and its active 
ingredient, glyphosate, for humans. (Ref. 
No. 59) 



NA 



Invalid (inappropriate for 
quantitative or qualitative use in 
risk assessment because it is of 
insufficient quality and lacks 
scientific defensibility) 



Unacceptable (inappropriate for 
quantitative or qualitative use in risk 
assessment because it is of 
insufficient quality and lacks 
scientific defensibility) 



- Reference is for a review paper, not a single study.  



Developmental and reproductive outcomes 
in humans and animals after glyphosate 
exposure: a critical analysis. (Ref. No. 60) 



NA 



Invalid (inappropriate for 
quantitative or qualitative use in 
risk assessment because it is of 
insufficient quality and lacks 
scientific defensibility) 



Unacceptable (inappropriate for 
quantitative or qualitative use in risk 
assessment because it is of 
insufficient quality and lacks 
scientific defensibility) 



- Reference is for a review paper, not a single study.  
- Most human studies involved glyphosate based 
commercial formulations, and have poor 
characterization of the test substance. 
- Some studies suffered from numerous 
inadequacies in design and reporting. 



NA = not applicable. Study does not correspond with any guideline studies. 
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2Listed are some of the limitations/deficiencies noted during preliminary review that indicated the study would be considered unacceptable for use in risk assessment.  These do not represent all potential 
limitations/deficiencies.
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7. Benachour, N. and Séralini, G. 2009.  Glyphosate Formulations Induce Apoptosis and 
Necrosis in Human Umbilical, Embryonic, and Placental Cells. Chem. Res. 22 (1), pp 97–105. 
 
8. Benedetti, A.L., Vituri, C.de L., Trentin, A.G., Domingues, M.A.C.D., and Alvarez-Silva, M.. 
2004. The effects of sub-chronic exposure of Wistar rats to the herbicide Glyphosate-Biocarb®.  
Toxicol. Lett. 153(2):227-232.  



9. Beuret, C.J., Zirulnik, F, and Giménez, M.S. 2005. Effect of the herbicide glyphosate on liver 
lipoperoxidation in pregnant rats and their foetuses.  Reproductive Toxicology 19:501-504.  



10. Brake, D.G. and Evenson, D.P. 2004. A generational study of glyphosate-tolerant soybeans 
on mouse fetal, postnatal, pubertal and adult testicular development.  Food Chem. Toxicol. 
42(1):29-36.   



11. Bolognesi, C., Carrasquilla, Volpi, S., Solomon, K.R., and Marshall, E.J.P.  2009.  
Biomonitoring of genotoxic risk in agricultural workers from five Columbian regions: 
association to occupational exposure to glyphosate.  Journal of toxicology and Environmental 
Health, Part A: Current issues, 72:15-16, 989-997. 
 
12. Bonn, D. 2005.  Roundup revelation: weed killer adjuvants may boost toxicity. International 
health Perspectives 13(6): A403-404. 
 











Page 30 of 204 
 



13. Bradberry SM, Proudfoot AT, Vale JA. 2004. Glyphosate poisoning. Toxicol Rev. 
23(3):159-67. 
 
14. Çağlar, S. and Kolankaya, D. 2008. The effect of sub-acute and sub-chronic exposure of rats 
to the glyphosate-based herbicide Roundup.  Environ. Toxicol. Pharmacol. 25(1):57-62. 
 
15. Chang, C. B., and Chang, C. C. 2009. Refractory cardiopulmonary failure after glyphosate 
surfactant intoxication: a case report. J Occup Med Toxicol. 4:2. 
 
16. Clair, É., Mesnage, R., Travert, C., and Séralini, G. É. 2012. A glyphosate-based herbicide 
induces necrosis and apoptosis in mature rat testicular cells in vitro, and testosterone decrease at 
lower levels. Toxicology in Vitro,26(2):269-279. 
 
17. Dallegrave, E., Mantese, F.D., Coelho, R.S., Pereira, J.D., Dalsenter, P.R. & Langeloh, A. 
2003. The teratogenic potential of the herbicide glyphosate-Roundup in Wistar rats.  Toxicology 
Letters. 142:45-52.  



18. Dallegrave, E., Mantese, F.D., Oliveira, R.T., Andrade, A.J.M., Dalsenter, P.R., and 
Langeloh, A. 2007.  Pre- and postnatal toxicity of the commercial glyphosate formulation in 
Wistar rats. Archives of Toxicology. 81 (9): 665-673. 
 
19. Daruich, J., Zirulnick, F., & Giménez, M.S. 2001. Effect of the herbicide glyphosate on 
enzymatic activity in pregnant rats and their foetuses. Environmental Research. 85:226-231. 



20. De Roos, A.J., Blair, A., Rusiecki, A.A., Hoppin, J.A., Svec, M., Dosemeci, M., Sandler, 
D.P., and Alavanja, M.C.  2004. Cancer incidence among glyphosate-exposed pesticide 
applicators in the Agricultural Health Study.  Environmental Health Perspectives, 113(1): 49-54. 
 
21. Elie-Caille, C., Heu, C., Guyon, C. and Nicod, L. 2010.  Morphological damages of a 
glyphosate-treated keratinocyte cell line revealed by a micro- to nanoscale microscopic 
investigation. Cell Biol Toxicol. 26: 331-339. 
 
22. El-Shenawy, N.S. 2009. Oxidative stress responses of rats exposed to Roundup and its active 
ingredient glyphosate. Environ. Toxicol. Pharmacol. 28(3):379-385. 
 
23. Gasnier, C., Dumont, C., Benachour, N., Clair, E. Chagnon, M., Seralini, G. 2009.  
Glyphosate-based herbicides are toxic and endocrine disruptors in human cell lines. Toxicology. 
262(3): 184-191. 
 
24. Gasnier, C., Benachour, N., Clair, E., Travert, C., Langlois, F., Laurent, C., Decroix-Laporte, 
C., and Seralini, G. 2010.  Dig 1 protects against cell death provoked by glyphosate-based 
herbicides in human liver cell lines.  Journal of Occupational Medicine and Toxicology. 5:29. 
 
25. Gehin, A., Guillaume, Y. C., Millet, J., Guyon, C., and Nicod, L. 2005. Vitamins C and E 
reverse effect of herbicide-induced toxicity on human epidermal cells HaCaT: a biochemometric 
approach. International journal of pharmaceutics. 288(2):219-226. 
 











Page 31 of 204 
 



26. George, J., Prasad, S., Mahmood, Z. & Shukla, Y. 2010.  Studies on glyphosate-induced 
carcinogenicity in mouse skin: a proteomic approach. J. Proteomics. 73(5):951-964. 



27. Goldstein DA, Farmer DL, Levine SL, Garnett RP. 2005. Mechanism of Toxicity of 
Commercial Glyphosate Formulatons: How Important is the Surfactant? Journal of Toxicology: 
Clinical Toxicology, 43(5):423-424. 
 
28. Heydens, W.F., Healy, C.E., Hotz, K.J., Kier, L.D., Martens, M.A., Wilson, A.G.E., and 
Farmer, D.R. 2008.  Genotoxic potential of glyphosate formulations: mode-of-action 
investigations. J. Agric. Food Chem. 56(4):1517-1523. 



29. Hokanson, R., Fudge, R., Chowdhary, R., and Busbee, D. 2007. Alteration of estrogen-
regulated gene expression in human cells induced by the agricultural and horticultural herbicide 
glyphosate. Human & experimental toxicology. 26(9):747-752. 
 
30. Hultberg, M. (2007)  Cysteine turnover in human cell lines is influenced by glyphosate. 
Environ. Toxicol. Pharmacol. 24(1):19-22. 



31. Lee, H. L., Chen, K. W., Chi, C. H., Huang, J. J., and Tsai, L. M..  2000. Clinical 
Presentations and Prognostic Factors of a Glyphosate — Surfactant Herbicide Intoxication: A 
Review of 131 Cases.   Academic Emergency Medicine. 7(8):906-10. 
 
32. Lee, C. H., Shih, C. P., Hsu, K. H., Hung, D. Z., & Lin, C. C. 2008..  The early prognostic 
factors of glyphosate-surfactant intoxication.  American Journal of Emergency Medicine 26(3): 
275-281. 
 
33. Lee, H.L. and Guo, H.R. 2011. The Hemodynamic Effects of the Formulation of Glyphosate-
Surfactant Herbicides. Herbicides, Theory and Applications Prof. M Larramendy (Ed.) ISBN, 
978-953. 



34. Li, A.P. and Long, T.J. 1988. An evaluation of the genotoxic potential of glyphosate. 
Fundamental and Applied Toxicology 10:537-546.  Institute of Environmental Toxicology, 
Tokyo. 
  
35. Malhotra R.C., Ghia, D.K., Cordato, D. J. and Beran, R.G. 2010. Glyphosate-surfactant 
herbicide-induced reversible encephalopathy.  Journal of Clinical Neuroscience. 17:1472-1473. 



36. Manas, F., Peralta, L. Raviolo, J., Garcıa Ovando, H., Weyers, A., Ugnia, L., GonzalezCid, 
M., Larripa, I., Gorla, N. 2009.  Genotoxicity of AMPA, the environmental metabolite of 
glyphosate, assessed by the Comet assay and cytogenetic tests.  Ecotoxicology and 
Environmental Safety.  72: 834-837. 



37. Marc, J., Mulner‐Lorillon, O., and Bellé, R. 2004. Glyphosate‐based pesticides affect cell 
cycle regulation. Biology of the Cell. 96(3):245-249. 



38. McQueen, H., Callan, A. C., and Hinwood, A. L. 2012. Estimating maternal and prenatal 
exposure to glyphosate in the community setting. International journal of hygiene and 











Page 32 of 204 
 



environmental health, 215(6):570-576.  
 
39. Mesnage, R., Bernay, B., and Seralini, G. 2013.  Ethoxylated adjuvants of glyphosate-based 
herbicides are active principles of human cell toxicity.  Toxicology. 313: 122-128. 
 
40. Mink, P.J., Mandel, J.S., Lundin, J.I. and Sceurman, B.K.  2011.  Epidemiologic studies of 
glyphosate and non-cancer health outcomes: a review.  Regulatory Toxicology and 
Pharmacology. 61:172-184. 
 
41. Mladinic, M., Berend, S., Vrdoljak, A.L., Kopjar, N. Radic, B. and Zeljezic, D. 2009. 
Evaluation of genome damage and its relation to oxidative stress induced by glyphosate in 
human lymphocytes in vitro. Environ. Mol. Mutagen. 50(9): 800-807.  



42. Mose, T., Kjaerstad, M. B., Mathiesen, L., Nielsen, J. B., Edelfors, S., and Knudsen, L. E. 
2008. Placental passage of benzoic acid, caffeine, and glyphosate in an ex vivo human perfusion 
system. Journal of Toxicology and Environmental Health, Part A. 71(15):984-991. 
 
43. NTP Technical Report on Toxicity Studies of Glyphosate Administered in Dosed Feed to 
F344/N Rats and B6C3F1 Mice. 1992. Glyphosate, NTP Toxicity Report Number 16.  
 
44. Peixoto, F. 2005.  Comparative effects of the Roundup and glyphosate on mitochondrial 
oxidative phosphorylation.  Chemosphere 61:1115-1122. 
 
45. Pieniazek, D., Burkowska, B. and Duda, W. 2004.  Comparison of the effect of Roundup 
Ultra 360 SL pesticide and its active compound glyphosate on human erythrocytes.  Pesticide 
Biochemistry and Physiology. 79:58-63. 
 
46. Potti, A. and Seghal, I. 2005. Exposure to pesticides increases levels of uPA and uPAR in 
pre-malignant human prostate cells. Environ. Toxicol. Pharmacol. 19(2): 215-219. 



47. Prasad, S., Srivasta, S., Singh, M. and Shukla, Y. 2009. Clastogenic effects of glyphosate in 
bone marrow cells of Swiss albino mice.  J. Toxicol. 2009: 6 pages. 



48. Rank, J., Jensen, A.-G., Skov, B., Pendersen, L.H. and Jensen, K. 1993. Genotoxicity testing 
of the herbicide Roundup and its active ingredient glyphosate isopropylamine using the mouse 
bone marrow micronucleous test, Salmonella mutagenicity test, and Allium anaphase-telophase 
test. Mutation Research. 300:29-36. 



49. Reynolds, V.L., DeSesso, J.M., Mast, R.W., Stump, D.G. and Holson, J.F. 1998. 
Reproductive toxicity studies with octamethyl cyclotetrasiloxane in female rats using various 
exposure regimens.  Toxicology Letters 95: 216 



50. Richard, S., Moslemi, S., Sipahutar, H., Benachour, N. and Seralinin, G-E. 2005.  
Differential effects of glyphosate and Roundup on human placental cells and aromatase.  
Environmental Health Perspectives.  113(6): 716-720. 



51. Roberts, D. M., Buckley, N. A., Mohamed, F., Eddleston, M., Goldstein, D. A., Mehrsheikh, 











Page 33 of 204 
 



A., Bleeke, M.S., and Dawson, A. H. 2010. A prospective observational study of the clinical 
toxicology of glyphosate-containing herbicides in adults with acute self-poisoning. Clinical 
toxicology, 48(2):129-136. 
  
52. Romano, R.M., Romano, M.A., Bernardi, M.M., Furtado, P.V. and Oliveira, C.A. 2010. 
Prepubertal exposure to commercial formulation of the herbicide glyphosate alters testosterone 
levels and testicular morphology. Arch. Toxicol. 84(4):309-317. 



53. Romano, M.A. 2012. Glyphosate impairs male offspring reproductive development by 
disrupting gonadotropin expression. Arch. Toxicol. 86:663-673. 



54. Stella, J. and Ryan, M. 2004. Herbicide formulation: A potentially lethal ingestion. 
Emergency Medicine Australasia. 16: 235-239. 



55. Talbot, A.R., Shiaw, M.H., Huang, J.S., Yang, S.F., Goo, T.S., Wang, S.H., and Sanford, 
T.R. 1991.  Acute poisoning with a glyphosate-surfactant herbicide (‘roundup’): a review of 93 
cases. Human and Experimental Toxicology. 10(1):1-8. 
 
56. Vasiluk, L., Pinto, L.J. and Moore, M.M. 2005. Oral bioavailability of glyphosate: studies 
using two intestinal cell lines.  Environ. Toxicol. Chem. 24(1):153-160. 



57. Walsh, L.P., McCormick, C., Martin, C., and Stocco, D.M. 2000.  Roundup Inhibits 
Steroidogenesis by Disrupting Steroidogenic Acute Regulatory (StAR) Protein Expression. 
Environ Health Perspect. 108(8): 769–776. 
 
58. Wang, G., Fan, X. N., Tan, Y. Y., Cheng, Q., & Chen, S. D. 2011. Parkinsonism after 
chronic occupational exposure to glyphosate. Parkinsonism & Related Disorders. 17(6):486-487.  
 
59. Williams, G.M., Kroes, R., and Munro, I.C. 1999. Safety Evaluation and Risk Assessment of 
the Herbicide Roundup and Its Active Ingredient, Glyphosate, for Humans. Regulatory 
Toxicology and Pharmacology. 31(2): 117-165. 



60. Williams, A.L., Watson, R.E., and DeSesso, J.M. 2012. Developmental and Reproductive 
Outcomes in Humans and Animals After Glyphosate Exposure: A Critical Analysis. Journal of 
Toxicology and Environmental Health, Part B: Critical Reviews. 15:1, 39-96 



61. World Health Organization. 2005. Glyphosate and AMPA in drinking water. Background 
document for development of WHO Guidelines for Drinking-water Quality. 
WHO/SDE/WSH/03.04/97. 
 
62. Wu JY, Chang SS, Tseng CP, Deng JF, Lee CC. 2006.  Parenteral glyphosate-surfactant 
herbicide intoxication. Am J Emerg Med. 24(4):504-6. 











Page 34 of 204 
 



Appendix C: Data Evaluation Records (DERs) generated for joint review with PMRA 



Note: In studies classified acceptable and appropriate for quantitative use, PMRA and EPA did not agree 
on all of the selected NOAEL/LOAEL values.  Additionally, DERs are not presented for the 17 studies 
related to poisoning/incidents, biomonitoring data, and epidemiological studies that were not included as 
part of this review since they were evaluated as part of the glyphosate Tier II incident report. 
 
 
 
 



 Reviewer # 1912 Date July 10, 2012 



_______________ 
 
Study Type: Short-Term Oral (90-day) (rodent) [feeding] - Rat; OPPTS 870.3100 (rodent); OECD 408. 
 
Test Material (purity): Glyphosate (99% a.i.) 
 
Synonyms: Glyphosate, technical grade; Glycine, N-(phosphonomethyl); N-phosphono-methyl glycine; 
N-(phosphonomethyl)glycine; MON0573; MON 2139.  
 
Citation: NTP Technical Report on Toxicity Studies of Glyphosate Administered in Dosed Feed to 
F344/N Rats and B6C3F1 Mice.  Laboratory name: Southern Research Institute, Birmingham, AL. 
Laboratory report number: Glyphosate, NTP Toxicity Report Number 16. Study report date: July 1992.  
 
Sponsor: None 
 
MRID: N/A 
 
Executive Summary: In a short term chronic toxicity study, glyphosate (99%) was administered to 10 
F344/N Rats/sex/group at dietary concentrations of 0, 3125, 6250, 12500, 25000, or 50000 ppm 
(equivalent to 0, 205, 410, 811, 1678, or 3393 mg/kg bw/day for males and 0, 213, 421, 844, 1690 or 
3393 mg/kg bw/day for females, respectively) for 90 days. Ten additional rats/sex were included at each 
dietary level for evaluation of hematology and clinical chemistry parameters.  
 
All animals survived to necropsy. Diarrhea was noted in the high dose animals. Body weight and body 
weight gain were reduced in the two high doses in males and high dose in females.  
 
Mild increases in RBC counts, hematocrit, and hemoglobin concentrations were noted in males, mostly in 
the three high doses. In high dose females, slight increases in lymphocyte and platelet counts, WBC, 
MCH, and MCV were noted. 
 
Increase in the activities of ALP in the treated animals was noted. In addition, increased relative liver 
weights in the two high doses and ALT in four high doses were noted in males. These findings are 
consistent of a hepatobiliary effect that can be attributed to glyphosate administration.  
 
A decrease in absolute and relative thymus weight was noted across all dose groups. Absolute heart 
weight was increased in the high dose animals. Relative right kidney and right testis weights were 
increased in the two high dose male groups. In high dose females, relative right kidney weight was 
increased.  
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A dose-related increase in the incidence and severity of cytoplasmic alteration of the parotid and 
submandibular salivary glands was noted in the microscopic evaluations.  
 
A decrease in sperm counts was noted in the three high doses. Longer estrous cycle was noted in the high 
dose group. No other treatment related finding was noted in the evaluations of reproductive tissues.  
 
PMRA: The LOAEL is 205/213 mg/kg bw/day for males/females based on dose related increase in 



the incidence and severity of cytoplasmic alterations in the parotid and submandibular salivary 



glands of male and female rats. A NOAEL was not determined.  



 



EPA:  The NOAEL is 410 and 421 mg/kg/day for males and females, respectively.  The LOAEL is 



811/844 mg/kg/day based on mild cytoplasmic alterations in the parotid and submandibular 



salivary glands.  The alterations at lower doses were scored as minimal in severity and not 



considered adverse. 
 
Although this study was not conducted according the guideline requirement for a subchronic oral study 
(OPPTS 870.3100; OECD 408), it is considered acceptable and classified as appropriate for quantitative 
use for hazard characterization of glyphosate.  
 
Compliance: Signed and dated GLP, Quality Assurance, and Data Confidentiality statements were not 
provided. However, this study was peer-reviewed by NTP internally. The peer-review panel determined 
that the design and conditions of this study was appropriate and ensured that the toxicity study report 
presented the experimental results and conclusions thoroughly and clearly.  
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I. MATERIALS AND METHODS 
 
A. Materials 
 



Test material: Glyphosate  
Description: White solid, stable for at least 3 weeks in room temperature in the dark 
Lot/Batch #: Obtained from Monsanto Agricultural Products (St. Louis) 
Purity: 99 % a.i. 
CAS #:  1071-83-6 
Vehicle: None 
Positive control: None 
Test species: Rat 
Strain: F344/N 
Age at start: 43 days of age  
Weight at start: ♂: 108-115g  ♀:92-95g  
Source: Simonsen Laboratories (Gilroy, CA, USA) 
Housing: 5 per cage  
Diet: NIH-07 feed was provided ad libitum 
Water: NIH-07 water was provided ad libitum 
Environmental 



conditions: 
Temperature: 



Humidity: 



Air changes: 



Photoperiod: 



67-74°F 
40-89% 
10/hr 
12 hours dark/12 hours light 



Acclimation: 12 days 
 
B. Study design and methods 
 
1. Study experimentation dates - Start:  May -1988 End: September - 1988 
 
2. Animal assignment - Animals were assigned randomly (stratified weight method first and then 
assigned to study groups in a random order) to the test groups noted in Table 1. The NTP used copies of 
proprietary reports of toxicity studies performed by Monsanto Corporation in designing its glyphosate 
studies.  
 
Table 1: Study Designa 



Dose (mg/kg bw/d) Conc. in Diet 



(ppm) 
Number of Animals 



Main Study - 3 months 
Hematology and Clinical 



Chemistry Groups  



Male Female Male Female Male Female 



0 0 0 10 10 10 10 



205 213 3125 10 10 10 10 



410 421 6250 10 10 10 10 



811 844 12500 10 10 10 10 



1678 1690 25000 10 10 10 10 



3393 3393 50000 10 10 10 10 
a Data were extracted from page 12 of the study report 



 
 
3. Diet preparation and analysis - The report stated that glyphosate when mixed with diet and stored at 
room temperature in the dark, was stable for at least 3 weeks. Further details and data were not provided 
in the report.  
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4. Statistics -  
 
“Two approaches were employed to assess the significance of pairwise comparisons between dosed and 
control groups in the analysis of continuous variables. Organ and body weight data, which are 
approximately normally distributed, were analyzed using the parametric multiple comparisons procedures 
of Williams (1971, 1972, 1986) and Dunnett (1955). Clinical pathology and hematology data, which 
typically have skewed distributions were analyzed using nonparametric multiple comparisons methods of 
Shirley (1977) and Dunn (1964). Jonckheere’s test (Jonckheere, 1954) was used to assess the significance 
of dose-response trends and to determine whether a trend-sensitive test (Williams, Shirely) was more 
appropriate for pairwise comparisons than a test capable of detecting departures from monotonic dose 
response (Dunnett, Dunn). If the P-value from Jonchkheere’s test was greater than or equal to 0.10, 
Dunn’s or Dunnett’s test was used rather than Shirley’s or Williams’s test.  The outlier test of Dixon and 
Massey (1951) was employed to detect extreme values. No value selected by the outlier test was 
eliminated unless it was at least twice the next largest value or at most half of the next smallest value.  
 
Analysis of Vaginal Cytology Data  
 
Since the data are proportions (the proportion of the observation period that an animal was in a given 
estrous state), an arcsine transformation was used to bring the data into closer conformance with 
normality assumptions. Treatment effects were investigated by applying a multivariate analysis of 
variance (Morrison, 1976) to the transformed data to test for the simultaneous equality of measurements 
across dose levels.”  
 
C. Methods 
 
1. Observations - Animals were inspected for mortality/moribundity (twice daily), and clinical signs of 
toxicity (once a week). 
 
2. Body weight - Animals were weighed weekly.  
 
3. Food consumption and compound intake - Food consumption for each animal was determined as 
average food consumption in g/animal/day. Compound intake (mg/kg bw/day) values were estimated as 
time-weighted averages from the consumption and body weight gain data. 
 
4. Hematology and clinical chemistry - For clinical pathology studies, animals were anesthetized with a 
mixture of carbon dioxide and oxygen (70%:30%), and blood samples were collected from the retro-
orbital sinus using heparinized microcapillary tubes. The checked (X) parameters were examined. 
 
a. Hematology 



X Hematocrit (HCT)* X Leukocyte differential count* 
X Hemoglobin (HGB)* X Mean corpuscular HGB (MCH)* 
X Leukocyte count (WBC)* X Mean corpuscular HGB concentration (MCHC)* 
X Erythrocyte count (RBC)* X Mean corpuscular volume (MCV)* 
X Platelet count*  Reticulocyte count 
 Blood clotting measurements*   
 (Thromboplastin time)   
 (Clotting time)   
 (Prothrombin time)   



* Recommended for subchronic rodent studies based on Guideline 870.3100 



 
b. Clinical chemistry 
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 ELECTROLYTES  OTHER 
 Calcium* X Albumin* 
 Chloride* X Blood creatinine* 
 Magnesium X Blood urea nitrogen* 
 Phosphorus*  Total Cholesterol* 
 Potassium*  Globulins 
 Sodium*  Glucose* 
 ENZYMES  Total bilirubin 
X Alkaline phosphatase (ALP) X Total serum protein (TP)* 
 Cholinesterase (ChE)  Triglycerides 
X Creatine phosphokinase  Serum protein electrophores 
 Lactic acid dehydrogenase (LDH) X Total bile acids 
X Serum alanine amino-transferase (ALT/also SGPT)*   
 Serum aspartate amino-transferase (AST/also SGOT)*   
X Sorbitol dehydrogenase   
 Gamma glutamyl transferase (GGT)   
 Glutamate dehydrogenase   



* Recommended for subchronic rodent studies based on Guideline 870.3100 



 
5. Sacrifice and pathology - All animals that died and those sacrificed on schedule were subjected to 
gross pathological examination. The checked (X) tissues were collected for histological examination from 
the control and high dose group animals. The salivary gland was examined in all dose groups. In addition, 
the (XX) organs were weighed. 
 



 DIGESTIVE SYSTEM  CARDIOVASC./HEMAT.  NEUROLOGIC 
 Tongue  Aorta* X Brain*+ 
X Salivary glands* XX Heart*+  Peripheral nerve* 
X Esophagus*  Bone marrow* X Spinal cord (3 levels)* 
X Stomach* X Lymph nodes* X Pituitary* 
X Duodenum* X Spleen*+  Eyes (optic nerve )* 
X Jejunum* XX Thymus*+  GLANDULAR 
X Ileum*   X Adrenal gland*+ 
X Cecum*  UROGENITAL  Lacrimal glandT 
X Colon* XX Kidneys*+ X Mammary gland* 
X Rectum* X Urinary bladder* X Parathyroid* 
XX Liver*+ XX Testes*+ X Thyroid* 
X Pancreas* X Epididymides*+  OTHER 
  X Prostate* X Bone 
 RESPIRATORY X Seminal vesicles*  Skeletal muscle 
X Trachea* X Ovaries*+  Skin 
XX Lung* X Uterus*+ X All gross lesions and masses* 
X Nose* X Vagina   
 Pharynx*     
 Larynx*     



* Recommended for subchronic rodent studies based on Guideline 870.3100 
+ Organ weights required for rodent studies 
T Required only when toxicity or target organ 
 



6. Reproduction toxicity - The caudal, epididymal, and testicular weights, sperm motility, sperm count 
per gram caudal tissue, and testicular spermatid head count were evaluated at necropsy. Vaginal cytology 
was evaluated on animals during the two weeks just preceding necropsy, using procedures outlined by 
Morrissey et al. (1988) (referenced in the report). For the 12 days prior to sacrifice, females were 
subjected to vaginal lavage with saline. The aspirated cells were air dried onto slides, stained with 
Toluidine Blue O, and cover slipped. The relative preponderance of leukocytes, nucleated epithelial cells, 
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and large squamous epithelial cells were used to identify the stages of the estrual cycle.  
Sperm motility was evaluated at necropsy as follows: the left epididymis was removed and quickly 
weighed; the cauda epididymis was removed at the junction of the vas deferens and the corpus 
epididymis, and then weighed. Warm (37°C) test yolk buffer was applied to two pre-warmed slides, and a 
small cut was made in the distal cauda epididymis. The sperm that extruded from the epididymis were 
dispersed throughout the solution, cover-slipped, and counted immediately on a warmed microscope 
stage. Two independent observers counted the number of moving and non-moving sperm in 5 fields of 30 
sperm or less per field. After sperm sampling for motility evaluation, the cauda was placed in phosphate 
buffered saline (PBS), chopped with a razor blade, and allowed to sit for 15 minutes. The remaining 
clumps of tissue were removed; the solution was mixed gently, then heat-fixed at 65°C.  Sperm density 
was determined using a hemocytometer. To quantify spermatogenesis, the left testis was weighed, frozen 
and stored. After thawing, testicular spermatid head count was determined by removing the tunica 
albuginea and homogenizing the testis in PBS containing 10% DMSO. Homogenization-resistant 
spermatid nuclei were enumerated using a hemocytometer; the data were expressed as spermatid heads 
per total testis, and per gram of testis.  All above reproduction tissue evaluations were performed in the 
three high doses and control groups.  
 



II. RESULTS 
 
A. Observations: 
 
1. Clinical signs of toxicity - Diarrhea was noted in the high dose animals for the first 50 days of the 
treatment, though not thereafter. The incidence and/or severity of this finding were not provided in the 
report.  
 
2. Mortality - All animals survived until the scheduled necropsy.  
 
B. Body weight and weight gain - A summary of body weight and body weight gain data are provided in 
table 2. Weekly body weight data was not provided in the report. Body weight and body weight gain were 
reduced for the top two doses in the males and top dose in females.  
 



Table 2 Body weight (g) and body weight gain (g)a 
Conc. (ppm)  Initial BW (g) Final BW (g) BWG (g) 



0 M 115 353 238 
F 95 191 96 



3125 M 111 352  241 
F 92 190  98 



6250 M 111 338 227 
F 94 194 100  



12500 M 113 345  232 
F 96 193  97 



25000 M 108 332 (-6%) 224 (-6%) 
F 92 186 (-3%) 94 (-2%) 



50000 M 112 290 (-18%) 178 (-25%) 
F 95 181 (-5%) 86 (-10%) 



a Data was obtained from page 23 of the study report  
( ) indicates a percent difference from control  



 
C. Food consumption and compound intake 
 
1. Food consumption - The average food consumption was slightly lower in the high dose groups 
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compared to control (♂: -12%, ♀: -9%). Weekly food consumption values were not reported.  
 
E. Blood analyses 
 
1. Hematology - Treatment-related hematology findings observed in males were slight increases in 
hematocrit (2-7%) and RBC (2-7%) at the three high doses, hemoglobin (5-7%) at the two high doses, 
and platelets (11%) at the high dose. In high dose females, increases in lymphocyte and platelet counts, 
WBC, MCH, and MCV were noted.  
 
2. Clinical chemistry - Treatment-related dose response increase (♂: 4-22%, ♀: 6-25%; Table B2 pages 
50-51 of the study report) in the activity of alkaline phosphatase (ALP) was noted in males and in females 
across all dose groups. An increase in bile acid concentrations were also noted in the two high dose 
groups. A treatment-related increase in the alanine aminotransferase activity (ALT) was noted in males 
starting at 410 mg/kg bw/day.  Histopathological findings related to these effects were not reported 
(histopathology was only conducted for the highest dose and control animals).  
 
G. Sacrifice and pathology -  
 
1. Organ weight - In the two high dose male groups, increases in relative organ weights were observed 
for liver (~ 15%), right kidney (~ 8-13%), and right testicle (~7-21%). A decrease in the absolute (♂: 7-
28%, ♀: 8-12%) and relative (♂:7-13%, ♀: 6-7%) thymus weight was noted across all dose groups. 
Absolute heart weight (♂:13%, ♀: 6%) was decreased in high dose animals. Relative right kidney weight 
(~7%) was also increased in high dose females.  
 
2. Gross pathology - Incidences of the findings were not reported; however, it was mentioned that no 
gross lesions were observed that were considered possibly related to glyphosate administration.  
 
3. Microscopic pathology - Key histopathological findings are reported in Table 3.  
 
Increased incidence and severity of lesions in the parotid and submandibular salivary glands of male and 
female rats were observed. These lesions were diagnosed as “cytoplasmic alteration” and consisted of 
basophilic change and hypertrophy of acinar cells. These changes were noted more in the parotid gland in 
which the normal glandular, eosinophilic staining cytoplasm of the acinar epithelial cells was replaced by 
basophilic and finely vacuolated cytoplasm. The pathology report indicated that this effect varied in 
distribution from multifocal in less severe cases, imparting a mottled tinctorial staining appearance to the 
gland, to diffuse involvement in higher dose animals. In addition, acinar cells appeared swollen, resulting 
in enlargement of secretory acini and a relative reduction in the number of secretory ducts seen. Nuclei of 
affected acinar cells were hyperchromatic. In the submandibular salivary gland, similar cytoplasmic 
tinctorial and hypertrophic effects were observed. No lesions in the sublingual gland were reported.  
 
Incidences of the findings for other tissues and organs were not reported; however, it was mentioned that 
no lesions were observed that were considered possibly related to glyphosate administration. 
 



Table 3 - Incidence and Severity of Cytoplasmic Alteration of the Parotid and Submandibular Salivary 
Glands (combined) following the 90 day treatment with glyphosatea 



Combined Incidence and Severity of Cytoplasmic alteration of the parotid and Submandibular glands 



N 10 10 10 10 10 10 



Dose  0 3125 6250 12500 25000 50000 



♂ 0 6 (1) 10 (1) 10 (2) 10 (3) 10 (3) 



♀ 0 8 (1) 10 (1) 10 (2) 10 (2) 10 (3) 
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a Data was obtained from page 23 of the study report  
( ) Average severity score based on a scale of 1=minimal, 2=mild, 3=moderate, 4= marked 
 
4. Reproductive toxicity - Treatment-related findings included decrease (~10-20%) in sperm counts in 
the three high doses. Left caudal, epididymal and testicular weights, epididymal sperm motility, total 
spermatid heads/testes, and total spermatid heads/g caudal tissue were not different from those of 
controls. High dose females had a longer estrous cycle length (5.4 days vs. 4.9 days) compared to 
controls.  



 



III. DISCUSSION 
 
A. Investigators’ conclusions - “In the 13-week studies, glyphosate did not affect survival of F344/N rats 
or B6C3F1 mice. Body weight gains were depressed in rats and mice at the 2 highest dose levels; weight 
gain depression was more severe in males than in females. Kubena et al (1981) reported that body weight 
gains were reduced (about 50%) in male and female chicks fed a diet containing 6080 ppm of the 
isopropylamine salt of glyphosate for 21 days, beginning at 1 day of age; the calcium and magnesium 
content of the tibiotarsus bone was increased compared to controls. There were no differences in body 
weights in chicks fed a dose of 608 ppm or lower. In the Kubena study (which did not mention feed 
palatability) and in our 13-week study, the possibility of reduced food intake in the high dose groups 
cannot be ruled out; more food tends to be spilled when it is not palatable, and our food consumption 
measurements did not account for scattered feed. Poor palatability of feed containing high concentrations 
of glyphosate is suggested by the finding that rats drank less water containing Roundup® at 10000 ppm 
or higher. Another possibility is that the higher concentrations of glyphosate in feed result in poor 
absorption of dietary components from the GI tract. However, if uncoupling of oxidative phosphorylation, 
as proposed by Olorunsogo et al. (1979) and Bababunni et al. (1979), is occurring as a result of 
glyphosate ingestion, then a reduction in weight gain for a given amount of food consumed would be 
expected.   
 
Hematologic effects in rats dosed with glyphosate were unremarkable and generally consistent with mild 
dehydration (increases in RBC counts, hematocrit, and hemoglobin concentrations). This conclusion also 
is supported by the mild increases that occurred at various time points in serum concentrations of urea 
nitrogen, total protein and albumin. Mild but significant increase in concentrations of TBA and in 
activities of serum alanine aminotransferase and alkaline phosphatase at multiple time points in male and 
female rats are consistent with an hepatobiliary effect. These findings likely reflect hepatocellular leakage 
or perhaps single cell necrosis (ALT) and cholestasis (TBA and ALP). Increases in absolute and relative 
liver weights in female rats also were suggestive of an effect of glyphosate on the liver, and support the 
clinical pathology findings. However, the lack of histopathologic evidence for a treatment-related effect 
on the liver indicates the mild nature of the hepatotoxicity. Vainio et al. (1983) reported an absence of 
peroxisome proliferation or hypolipidemia in male Wistar rats given Roundup® daily by gavage at 300 
mg/kg, 5 times a week for 2 weeks; these daily doses were more than 10-fold lower than those achieved 
in the highest dose groups in the current study.  
 
Measures of sperm density, or the number/g caudal epididymal tissue, were reduced somewhat in male 
rats in the 2 highest dose groups; other spermatozoal measurements were not different from controls in 
rats or mice. There was a slight lengthening of the estrous cycle in high dose female rats, but the biologic 
significance of these findings, if any, is not known.  
 
It is noteworthy that the U.S. Environmental Protection Agency, after reviewing an unpublished 2-year 
carcinogenicity study of glyphosate in CD-1 mice, announced that there was “equivocal carcinogenic 
response, possibly causing a slight increase in the incidence of renal tubular adenomas in male mice at the 
highest dose tested (30000 ppm).” A carcinogenicity study in rats hast yet to be reviewed (Anonymous, 
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1991). In the present study, however, the salivary gland was identified as the sole target organ for 
glyphosate toxicity in both rats and mice. The lesion was diagnosed as cytoplasmic alteration of the acinar 
epithelial cells, consisting of increased basophilic staining and vacuolation of cytoplasm, and enlargement 
of cells and acini. This lesion was limited to the parotid gland in mice but affected both parotid and 
submandibular glands in rats; the sublingual gland was not affected. Salivary gland lesions are relatively 
uncommon in toxicity studies; however, both spontaneous and chemically-induced changes of a similar 
nature to those seen in the glyphosate study have been described. So called “basophilic hypertrophic foci” 
occasionally may be seen as a spontaneous lesion in the parotid gland or rats and mice (Chiu and Chen, 
1986); however, these are infrequent and focal in nature. More extensive and diffuse basophilic and 
hypertrophic change has been described in subchronic studies with some chemicals, such as doxylamine 
(Jackson and Blackwell, 1988) and methapyrilene (Jackson and Sheldon, 1984). By far, the most 
extensive and detailed studies of these changes in salivary glands have been done with sympathomimetic 
agents  -- for example, the adrenergic agonist, isoproterenol, which induces striking morphologic changes 
in salivary glands (Schneyer, 1962; Fukuda, 1968). As with glyphosate’s effects on the salivary glands, 
isoproterenol affects the parotid and submandibular glands but not the sublingual. This is due to the fact 
that, in the rat, the acini of the parotid and submandibular are richly supplied with adrenergic fibers, while 
the sublingual gland is devoid of adrenergic innervation (Nordenfelt, 1967). Because glyphosate and 
isoproterenol are similar in both morphologic effects induced in the salivary glands and the gland 
specificity of those effects, it was hypothesized that glyphosate-related lesions were mediated through an 
adrenergic mechanism. A study was designed to test this hypothesis.”  
 
B. Reviewer comments - The study author’s conclusions are acceptable regarding the target organ. Some 
findings were also considered treatment related because of statistical significance. The study reviewer 
evaluated the magnitude of change, dose response, and other contextual information available to consider 
findings treatment related.  
 
All animals survived to necropsy. Diarrhea was noted in the high dose animals. This effect was possibly 
related to consumption of glyphosate at high concentrations in the diet which was also reflected in lower 
average food consumption in the high dose animals compared to controls. Body weight and body weight 
gain were reduced in the top two doses in males and top dose in females.  
 
Increases in the activities of ALP in the treated animals were noted. In addition, increased relative organ 
weights were noted in males. These findings are consistent of a hepatobiliary effect that can be attributed 
to glyphosate administration.  
 
A decrease in absolute and relative thymus weight was noted across all dose groups. Absolute heart 
weight was increased in the high dose animals. Relative right kidney and right testis weights were 
increased in top two male groups. In high dose females, relative right kidney weight was increased. The 
histopathology findings for these organs were not reported (these tissues were examined for high dose and 
control groups). The study author stated that no treatment-related lesions from the microscopic 
examinations besides the salivary glands toxicity.  
 
A dose-related increase in the incidence and severity of cytoplasmic alteration of the parotid and 
submandibular salivary glands was noted in the microscopic evaluations. The pathology report indicated 
that this effect varied in distribution from multifocal in less severe cases, imparting a mottled tinctorial 
staining appearance to the gland, to diffuse involvement in higher dose animals. In addition, acinar cells 
appeared swollen, resulting in enlargement of secretory acini and a relative reduction in the number of 
secretory ducts seen. Nuclei of affected acinar cells were hyperchromatic.  
 
A decrease in sperm counts was noted at three high doses. Sperm measurements were not performed in 
the two low dose groups.  Longer estrous cycle was noted in the high dose group. No other treatment 
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related finding was noted in the evaluations of reproductive tissues.  
 
PMRA: The LOAEL is 205/213 mg/kg bw/day for males and females based on dose related increase 



in the incidence and severity of cytoplasmic alterations in the parotid and submandibular salivary 



glands of male and female rats. A NOAEL was not determined.  



 



EPA:  The NOAEL is 410 and 421 mg/kg/day for males and females, respectively.  The LOAEL is 



811/844 mg/kg/day based on mild cytoplasmic alterations in the parotid and submandibular 



salivary glands.  The alterations at lower doses were scored as minimal in severity and not 



considered adverse. 
 
This study is considered acceptable and classified as appropriate for quantitative use for hazard 
characterization of glyphosate. It is recognized that raw data was not provided in the study report; 
however, this report provided a relatively comprehensive understanding of the conditions under which the 
study was conducted and of the data generated by the study. In addition, the effects noted in this study 
(e.g. salivary glands toxicity) are aligned with other lines of evidence throughout the glyphosate 
toxicology database (e.g. other short and long term studies have reported salivary gland toxicity). 
 
C. Study deficiencies -  
The following is a list of deficiencies according to OPPTS 870.3100; OECD 408 test guidelines.  
 
1. Relative humidity levels should be between 30-70% compared to 40%-89% 
2. The actual concentration, stability and homogeneity of the test substance in the diet were not reported 
or determined.  
3. Ophthalmological examination was not conducted.  
4. A measure of blood clotting time/potential was not examined.  
5. Electrolyte levels, glucose, total cholesterol were not examined in clinical chemistry assessment.  
6. Spleen, brain, ovaries, epididymides, uterus were not weighed.  
7. Weekly body weight and food consumption data, gross pathology data, and histopathology data on 
other organs besides salivary glands were not reported.  
8. Raw data was not included in the study report.  
 
These deficiencies are not expected to impact the regulatory outcome of this study. 
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 Reviewer # 1912 Date July 20, 2012 



_______________ 
 
Study Type: Short-Term Oral (90-day) (rodent) [feeding] - Mice; OPPTS 870.3100 (rodent); OECD 408. 
 
Test Material (purity): Glyphosate (99% a.i.) 
 
Synonyms: Glyphosate, technical grade; Glycine, N-(phosphonomethyl); N-phosphono-methyl glycine; 
N-(phosphonomethyl)glycine; MON0573.  
 
Citation: NTP Technical Report on Toxicity Studies of Glyphosate Administered in Dosed Feed to 
F344/N Rats and B6C3F1 Mice.  Laboratory name: Southern Research Institute, Birmingham, AL. 
Laboratory report number: Glyphosate, NTP Toxicity Report Number 16. Study report date: July 1992.  
 
Sponsor: N/A 
 
MRID: N/A 
 
Executive Summary: In a short term chronic toxicity study, glyphosate (99%) was administered to 10 
B6C3F1mice/sex/group at dietary concentrations of 0, 3125, 6250, 12500, 25000, or 50000 ppm 
(equivalent to 0, 507, 1065, 2273, 4776, or 10780 mg/kg bw/day for males and 753, 1411, 2707, 5846, 
11977 mg/kg bw/day for females, respectively) for 90 days. Evaluation of the reproductive tract tissues 
and estrual cycle length were also incorporated in the design of the study and examined at the three high 
doses and control groups.  
 
Two female animals (one from the control group and one from the high dose group) were sacrificed 
before the end of the treatment. Necropsy findings on these animals were not provided to confirm or 
dismiss a treatment-related cause of death.  No clinical signs of toxicity were reported. A dose related 
decrease in the body weight and body weight gain of the animals were noted starting at the third high 
dose group. Average daily food consumption was comparable across the treated and control groups. 
Hematology and clinical chemistry examinations were not conducted.  
 
A non-dose related increase in the absolute and relative weight of heart was observed starting at the 
second low dose group in males. A non-dose related increase in the absolute and relative weights of right 
kidney and lungs was observed starting at low dose males. Increases in the relative liver weight and 
relative right testis weight at the two high dose male groups were also noted. In females, a dose related 
decrease in the absolute heart weight was observed at three high dose groups. A dose related decrease in 
the absolute liver weight was noted at the two high female dose groups. A non-dose related decrease in 
the absolute and relative thymus weight was noted in the three high dose female groups. Histopathology 
examination of control and high dose animals did not reveal related findings. A treatment-related effect 
was not observed in the examination of the reproductive tract tissues and estrual cycle length.  
 
Dose related increase in the incidence and severity of lesions in the parotid salivary glands of male and 
female mice were observed. These lesions were diagnosed as “cytoplasmic alteration” and consisted of 
basophilia of the acinar cells.  In more severely affected glands, the cells and acini also appeared enlarged 
with an associated relative reduction in the number of ducts. PMRA believes this will likely result in 
altered general function of the salivary glands organ; therefore, this finding was considered adverse.  
 
PMRA: The NOAEL is 507/753 mg/kg bw/day for males/females. The LOAEL is 1065/1411 mg/kg 



bw/day for males/females based on dose related increase in the incidence and severity of 
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cytoplasmic alterations in the parotid salivary glands.  



 



EPA: The NOAEL is 1065 and 1411 mg/kg/day for males and females, respectively.  The LOAEL is 



2273/2707 mg/kg/day based on cytoplasmic alterations (average severity scores = mild in males, 



greater than minimal but less than mild in females) in the parotid and submandibular salivary 



glands.  The alterations at lower doses were scored as minimal in severity and not considered 



adverse. 
 
Although this study was not conducted according the guideline requirement for a subchronic oral study 
(OPPTS 870.3100; OECD 408), it is considered acceptable and classified as appropriate for quantitative 
use for hazard characterization of glyphosate.  
 
Compliance: Signed and dated GLP, Quality Assurance, and Data Confidentiality statements were not 
provided. However, this study was peer-reviewed by NTP internally. The peer-review panel determined 
that the design and conditions of this study was appropriate and ensured that the toxicity study report 
presented the experimental results and conclusions thoroughly and clearly.  
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I. MATERIALS AND METHODS 
 
A. Materials 
 



Test material: Glyphosate  
Description: White solid, stable for at least 3 weeks in room temperature in the dark 
Lot/Batch #: Obtained from Monsanto Agricultural Products (St. Louis) 
Purity: 99 % a.i. 
CAS #:  1071-83-6 
Structure: 



 
Test species: Mice 
Strain: B6C3F1 
Age at start: 49 days of age  
Weight at start: ♂: 23-23.5g  ♀:18.2-18.9g  
Source: Simonsen Laboratories (Gilroy, CA, USA) 
Housing: 1 per cage  
Diet: NIH-07 feed was provided ad libitum 
Water: NIH-07 water was provided ad libitum 
Environmental 



conditions: 
Temperature: 



Humidity: 



Air changes: 



Photoperiod: 



67-74°F 
40-89% 
10/hr 
12 hours dark/12 hours light 



Acclimation: 11 days 
 
B. Study design and methods 
 
1. Study experimentation dates - Start:  May -1988 End: September - 1988 
 
2. Animal assignment - Animals were assigned randomly (stratified weight method first and then 
assigned to study groups in a random order) to the test groups noted in Table 1. Copies of proprietary 
reports of toxicity studies performed by Monsanto Corporation were made available to the NTP for use in 
designing its glyphosate studies.  
 
Table 1: Study Designa 



Dose (mg/kg bw/d) Conc. in Diet (ppm) Number of Animals 



Main Study - 3 months 



Male Female Male Female 



0 0 0 10 10 



507 753 3125 10 10 



1065 1411 6250 10 10 



2273 2707 12500 10 10 



4776 5846 25000 10 10 



10780 11977 50000 10 10 
a Data were extracted from page 12 of the study report 



 
3. Diet preparation and analysis - The report stated that glyphosate in diet was stable for at least 3 
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weeks at room temperature when stored in the dark. Further details regarding the concentration, stability, 
and homogeneity analysis of the test compound in the diet were not provided. 
 
4. Statistics -  
 
“Two approaches were employed to assess the significance of pairwise comparisons between dosed and 
control groups in the analysis of continuous variables. Organ and body weight data, which are 
approximately normally distributed, were analyzed using the parametric multiple comparisons procedures 
of Williams (1971, 1972, 1986) and Dunnett (1955). Clinical pathology and hematology data, which 
typically have skewed distributions were analyzed using nonparametric multiple comparisons methods of 
Shirley (1977) and Dunn (1964). Jonckheere’s test (Jonckheere, 1954) was used to assess the significance 
of dose-response trends and to determine whether a trend-sensitive test (Williams, Shirely) was more 
appropriate for pairwise comparisons than a test capable of detecting departures from monotonic dose 
response (Dunnett, Dunn). If the P-value from Jonchkheere’s test was greater than or equal to 0.10, 
Dunn’s or Dunnett’s test was used rather than Shirley’s or Williams’s test.  The outlier test of Dixon and 
Massey (1951) was employed to detect extreme values. No value selected by the outlier test was 
eliminated unless it was at least twice the next largest value or at most half of the next smallest value.  
 
Analysis of Vaginal Cytology Data  
 
Since the data are proportions (the proportion of the observation period that an animal was in a given 
estrous state), an arcsine transformation was used to bring the data into closer conformance with 
normality assumptions. Treatment effects were investigated by applying a multivariate analysis of 
variance (Morrison, 1976) to the transformed data to test for the simultaneous equality of measurements 
across dose levels.”  
 
C. Methods 
 
1. Observations - Animals were inspected twice daily for mortality/moribundity, and once a week for 
clinical signs of toxicity.  
 
2. Body weight - Animals were weighed weekly.  
 
3. Food consumption and compound intake - Food consumption for each animal was determined as 
average food consumption in g/animal/day. Compound intake (mg/kg bw/day) values were estimated as 
time-weighted averages from the consumption and body weight gain data. 
 
4. Hematology and clinical chemistry – Hematology and clinical chemistry measurements were not 
conducted.  
 
5. Sacrifice and pathology - All animals were sacrificed with carbon dioxide at the end of the study and 
were subjected to gross pathological examination. The checked (X) tissues were collected for histological 
examination from the control and high dose group animals. The salivary gland was examined in all dose 
groups. In addition, the (XX) organs were weighed. A necropsy was performed on all animals. Tissues 
were preserved in 10% neutral buffered formalin. Following dehydration and embedding, tissues were 
sectioned at approximately 5μM, stained with hematoxylin and eosin (H&E), and then examined 
microscopically. Blood smears were prepared from animals for genetic toxicology studies (determination 
of micronuclei in erythrocytes). After completion of the histopathological evaluation by laboratory 
pathologist on site, the slides, paraffin blocks, and residual wet tissues were sent to the NTP Archives for 
inventory, slide/block match, and wet tissue audit. The slides, individual animal data records, and 
pathology tables were sent to independent pathology laboratory where quality assessment was performed. 
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The results were reviewed and evaluated through an NTP Pathology Review. The reported data 
represented a consensus of contractor and review pathologists.  
 



 DIGESTIVE SYSTEM  CARDIOVASC./HEMAT.  NEUROLOGIC 
 Tongue  Aorta* X Brain*+ 
X Salivary glands* XX Heart*+  Peripheral nerve* 
X Esophagus*  Bone marrow* X Spinal cord (3 levels)* 
X Stomach* X Lymph nodes* X Pituitary* 
X Duodenum* X Spleen*+  Eyes (optic nerve )* 
X Jejunum* XX Thymus*+  GLANDULAR 
X Ileum*   X Adrenal gland*+ 
X Cecum*  UROGENITAL  Lacrimal glandT 
X Colon* XX Kidneys*+ X Mammary gland* 
X Rectum* X Urinary bladder* X Parathyroid* 
XX Liver*+ XX Testes*+ X Thyroid* 
X Pancreas* X Epididymides*+  OTHER 
  X Prostate* X Bone 
 RESPIRATORY X Seminal vesicles*  Skeletal muscle 
X Trachea* X Ovaries*+  Skin 
XX Lung* X Uterus*+ X All gross lesions and masses* 
X Nose* X Vagina   
 Pharynx*     
 Larynx*     



* Recommended for subchronic rodent studies based on Guideline 870.3100 
+ Organ weights required for rodent studies 
T Required only when toxicity or target organ 
 



6. Reproduction toxicity - The reproductive tract tissue evaluations were performed in the three high 
dose and control groups. The caudal, epididymal, and testicular weights, sperm motility, sperm count per 
gram caudal tissue, and testicular spermatid head count were evaluated at necropsy. Vaginal cytology was 
evaluated in animals during the two weeks just preceding necropsy, using procedures outlined by 
Morrissey et al. (1988) (referenced in the report). For the 12 days prior to sacrifice, females were 
subjected to vaginal lavage with saline. The aspirated cells were air dried onto slides, stained with 
Toluidine Blue O, and cover slipped. The relative preponderance of leukocytes, nucleated epithelial cells, 
and large squamous epithelial cells were used to identify the stages of the estrual cycle.  
Sperm motility was evaluated at necropsy as follows: the left epididymis was removed and quickly 
weighed; the cauda epididymis was removed at the junction of the vas deferens and the corpus 
epididymis, and then weighed. Warm (37°C) Tyrodes buffer was applied to two pre-warmed slides, and a 
small cut was made in the distal cauda epididymis. The extruded sperm from the epididymis were 
dispersed throughout the solution, cover-slipped, and counted immediately on a warmed microscope 
stage. Two independent observers counted the number of moving and non-moving sperm in 5 fields of 30 
sperm or less per field. After sperm sampling for motility evaluation, the cauda was placed in phosphate 
buffered saline (PBS), chopped with a razor blade, and allowed to sit for 15 minutes. The remaining 
clumps of tissue were removed; the solution was mixed gently, then heat-fixed at 65°C. Sperm density 
was determined using a hemocytometer. To quantify spermatogenesis, the left testis was weighed, frozen 
and stored. After thawing, testicular spermatid head count was determined by removing the tunica 
albuginea and homogenizing the testis in PBS containing 10% DMSO. Homogenization-resistant 
spermatid nuclei were enumerated using a hemocytometer; the data were expressed as spermatid heads 
per total testis, and per gram of testis.   
 



II. RESULTS 
 
A. Observations: 
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1. Clinical signs of toxicity - Clinical signs of toxicity were not reported.  
 
2. Mortality - There were two early (unscheduled) deaths in the study. The study author stated that a 
control female was accidentally killed, and a high dose female died from undetermined causes. Necropsy 
data on these animals (especially the treated animal) were not reported to either confirm or dismiss a 
treatment-related cause.  
 
B. Body weight and weight gain - A summary of body weight and body weight gain data are provided in 
table 2. A dose related decrease in the overall body weight and body weight gain was noted in the three 
high dose groups. Weekly body weight measurements were not reported.  
 



Table 2 Body weight (g) and body weight gain (g)a 
Conc. (ppm)  Initial BW (g) Final BW (g) BWG (g) 



0 M 23.5 32.1 8.6 
F 18.9 27.9 9.0 



3125 M 23.2 31.1 7.9 
F 18.4 28.6 10.2 



6250 M 23.4 31.5 8.1 
F 18.2 26.2 8.0 



12500 M 23.2 30.3 (-6%) 7.1 (-17%) 
F 18.8 26.9 (-4%) 8.1 (-10%) 



25000 M 23.0 28.6 (-11%) 5.6 (-35%) 
F 18.5 26.2 (-6%) 7.7 (-14%) 



50000 M 23.5 26.7 (-17%) 3.2 (-63%) 
F 18.5 25.1 (-10%) 6.6 (-27%) 



a Data was obtained from page 23 of the study report  
( ) indicates a percent difference from control  



 
C. Food consumption and compound intake 
 
1. Food consumption - The average daily food consumption was comparable across all treated and 
control groups. Weekly food consumption values were not reported.  
 
E. Blood analyses 
 
1. Hematology – Hematology analyses were not conducted in this study. However, blood smears were 
analyzed to determine micronuclei in the erythrocytes for genotoxic effects of glyphosate (if any). The 
results of this study is captured in another review 
 
2. Clinical chemistry - Clinical chemistry measurements were not conducted.  
 
G. Sacrifice and pathology -  
 
1. Organ weight - Organ weight data are summarized in table 3. Individual organ weight data was not 
provided in this study.   
 
A non-dose related increase in the absolute and relative heart weight (abs.: 6-16%, rel.: 10-23%) was 
observed starting at the second low dose group in males. A non-dose related increase in the absolute and 
relative weights of right kidney (abs.: 6-15%, rel.: 7-23%) and lungs (abs.: 9-18%, rel.: 9-28%) was also 
observed starting at low dose males. Increase in the relative liver weight (~ 8%) and relative right testis 
weight (~ 10-18%) at the two high dose male groups was also noted. The magnitude of the increase in 
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these findings was dose related in the first three or four doses and plateaued in the following higher 
dose(s). An initial screening of the glyphosate animal metabolism data from various studies revealed that 
the unchanged parent compound (glyphosate) was excreted in the feces suggesting poor systemic 
absorption from the oral route. Metabolism studies that were conducted at dose levels exceeding the limit 
dose (i.e. at the dose levels used in this study) were not available. Metabolism data should be further 
examined to relate the plateauing trend in the organ weight data with absorption data (e.g. if the 
plateauing trend is likely due to saturation of absorption or poor systemic absorption of glyphosate from 
the oral route). Such findings was also likely due to poor selection of four dose levels that were well in 
excess of the limit dose (= 1000 mg/kg bw/day) of testing.  
 
In females, a dose related decrease in the absolute heart weight (~ 6-14%) was observed at the three high 
dose groups. A dose related decrease in the absolute liver weight (~ 8-14%) was noted at the two high 
female dose groups. A non-dose related decrease in the absolute and relative thymus weight (abs.: 14-
21%, rel.: 10-18%) was noted in the three high dose female groups. The organ weight data showed 
contradictory results in males and females (i.e. increase in the heart weight in males and decrease in the 
heart weight in females). An initial screen of limited metabolism data did not clearly dismiss or confirm 
gender-specific differences in the absorption that could relate to this contradictory finding; however, this 
conclusion can change upon further examination of metabolism data (if available).  
 
The study author stated that no histopathological lesions were noted in these organs; however, only the 
control and high dose animals were examined. The coefficient of variations (standard deviation/mean) for 
the organ data were considered acceptable by the reviewer as they were below 20%. Historical control 
data were not provided to examine whether the concurrent control values were aberrant. In addition, 
clinical chemistry and hematology data were not part of the design of this study to provide further relating 
evidence. Therefore, in the absence of these data, the above-mentioned changes in the organ weights were 
considered treatment related. In addition, sporadic, but treatment-related findings have been noted in other 
toxicology studies in these organs (especially in kidneys and lungs) to suggest that these organs can be a 
target of glyphosate toxicity.  
 
Table 3. Organ weights Dataa 



♂ 0 3125 ppm 6250 ppm 12500 ppm 25000 ppm 50000 ppm 



Abs. heart 0.145 ± 0.003 0.149 ± 0.003 0.161 ± 0.006 0.168 ± 0.006* 0.153 ± 0.007 0.153 ± 0.007 
Rel. heart 4.56 ± 0.14 4.71 ± 0.11 4.98 ± 0.17 5.31 ± 0.22** 5.21 ± 0.20** 5.60 ± 0.20** 



Abs. kidney 0.279 ± 0.006 0.295 ± 0.006 0.313 ± 0.011 0.320 ± 0.009* 0.316 ± 0.014 0.278 ± 0.012 
Rel. kidney 8.74 ± 0.15 9.35 ± 0.24 9.68 ± 0.31* 10.07 ± 0.27** 10.75 ± 0.40** 10.18 ± 0.31** 
Abs. liver 1.39 ± 0.05 1.46 ± 0.07 1.54 ± 0.06 1.43 ± 0.05 1.38 ± 0.04 1.28 ± 0.04 
Rel. liver 43.4 ± 0.9 45.8 ± 0.8 47.5 ± 1.3* 45.0 ± 0.9* 47.0 ±0.8* 47.1 ± 1.0* 



Abs. lungs 0.159 ± 0.003 0.173 ± 0.007 0.188 ± 0.012 0.183 ± 0.005 0.179 ± 0.010 0.174 ± 0.007 
Rel. lungs 5.00 ± 0.16 5.45 ± 0.16  5.81 ± 0.37* 5.78 ± 0.20* 6.11 ± 0.35** 6.38 ± 0.20** 
Abs. testis 0.118 ± 0.002 0.117 ± 0.003 0.122 ± 0.003 0.116 ± 0.003 0.120 ± 0.003 0.119 ± 0.004 
Rel. testis 3.71 ± 0.12 3.69 ± 0.10 3.77 ± 0.07 3.66 ± 0.06 4.08 ± 0.10** 4.37 ± 0.11** 



abs. thymus 0.036 ± 0.002 0.037 ± 0.002 0.042 ± 0.002 0.040 ± 0.002 0.036 ± 0.002 0.038 ± 0.002 
Rel. thymus 1.14 ± 0.08 1.15 ± 0.05 1.31 ± 0.07 1.26 ± 0.05 1.21 ± 0.05 1.39 ± 0.05** 



♀ 0 3125 ppm 6250 ppm 12500 ppm 25000 ppm 50000 ppm 



Abs. heart 0.143 ± 0.008 0.138 ± 0.004 0.140 ± 0.007 0.135 ± 0.004 0.132 ± 0.005 0.124 ± 0.004* 
Rel. heart 4.98 ± 0.21 4.83 ± 0.16 5.17 ± 0.26 4.72 ± 0.17 4.90 ± 0.20 4.86 ± 0.18 



Abs. kidney 0.214 ±0.009 0.235 ± 0.007 0.217 ± 0.009  0.222 ± 0.005 0.212  ± 0.005 0.212 ± 0.006 
Rel. kidney 7.45 ± 0.21 8.22 ± 0.28 8.02 ± 0.31 7.75 ± 0.18 7.87 ± 0.23 8.28 ± 0.22 
Abs. liver 1.37 ± 0.06 1.37 ± 0.03 1.33 ± 0.04 1.32 ± 0.03 1.27 ± 0.03 1.18 ± 0.03** 
Rel. liver 47.5 ± 1.3 47.8 ± 1.1 49.1 ±0.9 45.9 ±1.0 46.9 ±0.7 46.1 ± 0.9 



Abs. lungs 0.182 ±0.007 0.175 ±0.005 0.181 ± 0.011 0.180 ± 0.005 0.167 ± 0.007 0.171 ± 0.006 
Rel. lungs 6.33  ± 0.19 6.12 ± 0.22 6.69 ± 0.39 6.29 ± 0.21 6.21 ± 0.31 6.67 ± 0.22 



abs. thymus 0.056 ± 0.003 0.049 ± 0.002 0.055  ± 0.004 0.048  ± 0.003 0.044 ± 0.003** 0.045± 0.002** 
Rel. thymus 1.94 ±0.08 1.71 ±0.06 2.01 ±0.15 1.68 ±0.11 1.61 ±0.09 1.75 ±0.07 
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a Data was obtained from page 44 of the study report  
Organ weights and body weights are given in grams, relative organ weights (organ-weight-to-body-weight ratios are given as mg organ weight/g 
body weight [mean ± standard error]) are calculated by the study author.  
* Statistically significantly different (P 0.05) from the control group by Williams’ test or Dunnett’s test 
* Statistically significantly different (P 0.01) from control group by Williams’ test or Dunnett’s test 



 
2. Gross pathology - A “dark” salivary gland in a high dose male was noted at gross necropsy 
examinations. This finding is consistent with the treatment-related histopathological findings in the 
salivary glands. Incidences of the findings were not reported; however, it was mentioned that no gross 
lesions were observed that were considered possibly related to glyphosate administration.  
 
3. Microscopic pathology - Key histopathological findings are reported in Table 3.  
 
Dose related increase in the incidence and severity of lesions in the parotid salivary glands of male and 
female mice were observed. These lesions were diagnosed as “cytoplasmic alteration” and consisted of 
basophilia of the acinar cells.  In more severely affected glands, the cells and acini also appeared enlarged 
with an associated relative reduction in the number of ducts. Similar treatment-related effects were not 
noted on submandibular and sublingual salivary glands. This finding was considered treatment-related.  
 
Incidences of the findings for other tissues and organs were not reported; however, it was mentioned that 
no lesions were observed that were considered possibly related to glyphosate administration. 
 



Table 3 - Incidence and Severity of Cytoplasmic Alteration of the Parotid Salivary Glands (combined) 
following the 90 day treatment with glyphosatea 



Combined Incidence and Severity of Cytoplasmic alteration of the parotid glands 



N 10 10 10 10 10 10 
Dose (ppm) 0 3125 6250 12500 25000 50000 



♂ 0 0 5 (1) 9 (1.6) 10 (2.8) 10 (4) 



♀ 0 0 2 (1) 9 (1.3) 10 (2.1) 10 (3.1) 
a Data was obtained from page 23 of the study report  
( ) Average severity score based on a scale of 1=minimal, 2=mild, 3=moderate, 4= marked 
 
4. Reproductive toxicity – No treatment-related effects were observed in the evaluations of the 
reproductive tissues and estrual cycle length.  
 



III. DISCUSSION 
 
A. Investigators’ conclusions - “In the 13-week studies, glyphosate did not affect survival of F344/N rats 
or B6C3F1 mice. Body weight gains were depressed in rats and mice at the 2 highest dose levels; weight 
gain depression was more severe in males than in females. Kubena et al (1981) reported that body weight 
gains were reduced (about 50%) in male and female chicks fed a diet containing 6080 ppm of the 
isopropylamine salt of glyphosate for 21 days, beginning at 1 day of age; the calcium and magnesium 
content of the tibiotarsus bone was increased compared to controls. There were no differences in body 
weights in chicks fed a dose of 608 ppm or lower. In the Kubena study (which did not mention feed 
palatability) and in our 13-week study, the possibility of reduced food intake in the high dose groups 
cannot be ruled out; more food tends to be spilled when it is not palatable, and our food consumption 
measurements did not account for scattered feed. Poor palatability of feed containing high concentrations 
of glyphosate is suggested by the finding that rats drank less water containing Roundup® at 10000 ppm 
or higher. Another possibility is that the higher concentrations of glyphosate in feed result in poor 
absorption of dietary components from the GI tract. However, if uncoupling of oxidative phosphorylation, 
as proposed by Olorunsogo et al. (1979) and Bababunni et al. (1979), is occurring as a result of 
glyphosate ingestion, then a reduction in weight gain for a given amount of food consumed would be 
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expected.   
 
It is noteworthy that the U.S. Environmental Protection Agency, after reviewing an unpublished 2-year 
carcinogenicity study of glyphosate in CD-1 mice, announced that there was “equivocal carcinogenic 
response, possibly causing a slight increase in the incidence of renal tubular adenomas in male mice at the 
highest dose tested (30000 ppm).” A carcinogenicity study in rats has yet to be reviewed (Anonymous, 
1991). In the present study, however, the salivary gland was identified as the sole target organ for 
glyphosate toxicity in both rats and mice. The lesion was diagnosed as cytoplasmic alteration of the acinar 
epithelial cells, consisting of increased basophilic staining and vacuolation of cytoplasm, and enlargement 
of cells and acini. This lesion was limited to the parotid gland in mice but affected both parotid and 
submandibular glands in rats; the sublingual gland was not affected. Salivary gland lesions are relatively 
uncommon in toxicity studies; however, both spontaneous and chemically-induced changes of a similar 
nature to those seen in the glyphosate study have been described. So called “basophilic hypertrophic foci” 
occasionally may be seen as a spontaneous lesion in the parotid gland or rats and mice (Chiu and Chen, 
1986); however, these are infrequent and focal in nature. More extensive and diffuse basophilic and 
hypertrophic change has been described in subchronic studies with some chemicals, such as doxylamine 
(Jackson and Blackwell, 1988) and methapyrilene (Jackson and Sheldon, 1984). By far, the most 
extensive and detailed studies of these changes in salivary glands have been done with sympathomimetic 
agents  -- for example, the adrenergic agonist, isoproterenol, which induces striking morphologic changes 
in salivary glands (Schneyer, 1962; Fukuda, 1968). As with glyphosate’s effects on the salivary glands, 
isoproterenol affects the parotid and submandibular glands but not the sublingual. This is due to the fact 
that, in the rat, the acini of the parotid and submandibular are richly supplied with adrenergic fibers, while 
the sublingual gland is devoid of adrenergic innervation (Nordenfelt, 1967). Because glyphosate and 
isoproterenol are similar in both morphologic effects induced in the salivary glands and the gland 
specificity of those effects, it was hypothesized that glyphosate-related lesions were mediated through an 
adrenergic mechanism. A study was designed to test this hypothesis.”  
 
B. Reviewer comments - The study author’s conclusions are acceptable regarding the target organ. Some 
findings (e.g. changes in the organ weight data) were also considered treatment related because of 
statistical significance. The study reviewer evaluated the magnitude of change, dose response, and other 
contextual information available to consider findings treatment related and/or adverse.  
 
Two female animals (one from the control group and one from the high dose group) were sacrificed 
before the end of the treatment. Necropsy findings on these animals were not given to confirm or dismiss 
a treatment-related cause of death.  No clinical signs of toxicity were reported. A dose related decrease in 
the body weight and body weight gain of the animals were noted starting at the third high dose group. 
Hematology and clinical chemistry examinations were not conducted.  
 
A non-dose related increase in the absolute and relative weight of heart was observed starting at the 
second low dose group in males. A non-dose related increase in the absolute and relative weights of right 
kidney and lungs was observed starting at low dose males. Increases in the relative liver weight and 
relative right testis weight at the two high dose male groups were also noted. In females, a dose related 
decrease in the absolute heart weight was observed in the three highest dose groups. A dose related 
decrease in the absolute liver weight was noted at the two high female dose groups. A non-dose related 
decrease in the absolute and relative thymus weight was noted in the three high dose female groups. The 
study reviewer considered these changes in the organ weight data as treatment related.  
 
Dose related increase in the incidence and severity of lesions in the parotid salivary glands of male and 
female mice were observed. These lesions were diagnosed as “cytoplasmic alteration” and consisted of 
basophilia of the acinar cells. In more severely affected glands, the cells and acini also appeared enlarged 
with an associated relative reduction in the number of ducts. PMRA believes this will likely result in 
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altered general function of the salivary glands; therefore, this finding was considered adverse.  
 
PMRA: The NOAEL is 507/753 mg/kg bw/day for males/females. The LOAEL is 1065/1411 mg/kg 



bw/day for males/females based on dose related increase in the incidence and severity of 



cytoplasmic alterations in the parotid salivary glands.  



 



EPA: The NOAEL is 1065 and 1411 mg/kg/day for males and females, respectively.  The LOAEL is 



2273/2707 mg/kg/day based on cytoplasmic alterations (average severity scores = mild in males, 



greater than minimal but less than mild in females) in the parotid and submandibular salivary 



glands.  The alterations at lower doses were scored as minimal in severity and not considered 



adverse. 
 
This study is considered acceptable and classified as appropriate for quantitative use for hazard 
characterization of glyphosate. It is recognized that raw data was not provided in the study report; 
however, this report provided a relatively comprehensive understanding of the conditions under which the 
study was conducted and of the data generated by the study. In addition, the effects noted in this study 
(e.g. salivary glands toxicity) are aligned with other lines of evidence throughout the glyphosate 
toxicology database (e.g. other short and long term studies have reported salivary gland toxicity). 
 
C. Study deficiencies -  
The following is a list of deficiencies according to OPPTS 870.3100; OECD 408 test guidelines.  
 
1. Relative humidity levels should be between 30-70% compared to 40%-89% 
2. The actual concentration, stability and homogeneity of the test substance in the diet were not reported 
or determined.  
3. An additional satellite group of ten animals (five per sex) in the control and high dose group should 
have been included for observation, after treatment period, for reversibility or persistence of any toxic 
effects; in this case, mostly salivary gland toxicity. 
4. Sensory reactivity to stimuli of different types (e.g. auditory, visual, and proprioceptive stimuli), 
assessment of grip strength and motor activity assessment were not conducted.  
5. Spleen, brain, ovaries, epididymides, uterus were not weighed.  
6. Weekly body weight and food consumption data, gross pathology data, and histopathology data on 
other organs besides salivary glands were not reported.  
7. Raw data was not included in the study report.  
8. Four dose levels were well in excess of the limit dose of testing (1000 mg/kg bw/day). The dose 
selection and design of this study should have included more dose levels lower than 1000 mg/kg bw/day 
compared to using multiple excessive doses. From the body weight data, maximum tolerated dose was 
reached at 25000 ppm. Reaching MTD is not considered a required result of a short term study.  
 
These deficiencies are not expected to impact the regulatory outcome of this study. 
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 Reviewer # 1912 Date July 20, 2012 



_______________ 
 
Study Type: Mechanistic Study (rodent) [feeding] - Rat; OPPTS 870.3100 (rodent); OECD 408. 
 
Test Material (purity): Glyphosate (99% a.i.) 
 
Synonyms: Glyphosate, technical grade; Glycine, N-(phosphonomethyl); N-phosphono-methyl glycine; 
N-(phosphonomethyl)glycine; MON0573; MON 2139.  
 
Citation: NTP Technical Report on Toxicity Studies of Glyphosate Administered in Dosed Feed to 
F344/N Rats and B6C3F1 Mice.  Laboratory name: Southern Research Institute, Birmingham, AL. 
Laboratory report number: Glyphosate, NTP Toxicity Report Number 16. Study report date: July 1992.  
 
Sponsor: N/A 
 
MRID: N/A 
 
Executive Summary: In a 14-day study conducted because of the morphologic similarity between 
salivary gland changes noted in the 13-week studies of glyphosate and salivary gland lesions reported to 
result from the treatment of a β-adrenergic receptor agnonist (i.e. isoproterenol), five groups of four male 
F344 rats were used in the following manner. Group 1 was fed control diet and was administered the 
vehicle by continuous subcutaneous infusion by osmotic minipumps. Group 2 and 3 were fed glyphosate 
@ 50000 ppm in diet and were concurrently administered the vehicle or propranolol (a β-adrenergic 
receptor antagonist) @ 1.2 mg/kg bw/day by osmotic minipumps respectively. Group 4 was fed control 
diet and was concurrently administered isoproterenol (a β-adrenergic receptor agonist) @ 1.0 mg/kg 
bw/day by the minipumps. Group 5 was fed control diet and was concurrently administered isoproterenol 
and propranolol by the minipumps.  
 
Softer and wetter feces were noted in the glyphosate fed groups by day 7 of the study during the 
observation of clinical signs of toxicity. Decreased body weight gain was also observed in the glyphosate 
fed animals. Parotid and submandibular glands weights were increased in the glyphosate fed groups more 
than other groups. Increased incidence of hypertrophy, cytoplasmic alteration, enlargement of acini and a 
reduction in the number of ducts were observed in the parotid (groups 2 through 5) and submandibular 
glands (groups 2 and 3). This effect was more pronounced in group 2 in which animals were fed 
glyphosate and administered the vehicle concurrently via the pumps. Propranolol administered 
concurrently with glyphosate suppressed the severity of this effect in parotid gland but did not have 
detectable inhibitory effect in the submandibular gland. Administration of isoproterenol alone or with 
propranolol (groups 4 and 5) resulted in similar effects in the parotid glands but no detectable effects in 
the submandibular glands.    
 
This study by itself did not provide adequate evidence to show that glyphosate has agonistic activity in 
the β-adrenergic receptors. The salivary glands effects observed in this study (or other studies with 
glyphosate) are not the only effect that would be observed from the agonistic activity of a compound at β- 
receptors. Other organs and tissues that are also innervated with these receptors should have been 
examined to show whether glyphosate acts as an agonist of the β- receptors.  
 
The thickened secretions from the salivary glands were perhaps shown in this study indirectly by the 
electron micrographs of the salivary glands that indicated an increase in size and number of secretory 
granules within the acinus cells. The examination of these endpoints are generally not required in the 
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toxicity studies (except glucose levels = increased blood sugar, and dilated pupil of eyes in the clinical 
observation of these studies).  
 
Overall, this study is considered acceptable and classified as appropriate for qualitative use for hazard 
characterization of glyphosate. This study was conducted because of the morphologic similarity between 
a salivary gland change noted in the 13-week studies of glyphosate and a salivary gland lesion previously 
reported to result from treatment with the adrenergic agnonist, isoproterenol.  
 
Compliance: Signed and dated GLP, Quality Assurance, and Data Confidentiality statements were not 
provided. However, this study was peer-reviewed by NTP internally. The peer-review panel determined 
that the design and conditions of this study was appropriate and ensured that the toxicity study report 
presented the experimental results and conclusions thoroughly and clearly.  











Page 56 of 204 
 



I. MATERIALS AND METHODS 
 
A. Materials 
 



Test material: Glyphosate  
Description: White solid, stable for at least 3 weeks in room temperature in the dark 
Lot/Batch #: Obtained from Monsanto Agricultural Products (St. Louis) 
Purity: 99 % a.i. 
CAS #:  1071-83-6 
Structure: 



 
Test species: Male Rats 
Strain: F344/N 
Age at start: Not stated   
Weight at start: ♂: 200-250  
Source: Charles River Laboratories (Raleigh, NC) 
Housing: Not stated   
Diet: NIH-07 feed was provided ad libitum 
Water: Not stated   
Environmental 



conditions: 
Temperature: 



Humidity: 



Air changes: 



Photoperiod: 



Not stated   



Acclimation: Not stated   
 
B. Study design and methods 
 
1. Study experimentation dates - Start: Not stated End: Not stated 
 
2. Animal assignment - Animals were assigned randomly to the test groups noted in Table 1. Copies of 
proprietary reports of toxicity studies performed by Monsanto Corporation were made available to the 
NTP for use in designing its glyphosate studies. The adrenergic agents, isoproterenol and propranolol, 
were administered by continuous subcutaneous infusion by osmotic mini-pumps. A day prior to starting 
treatment, all rats were anesthetized with methoxyflurane and the osmotic mini-pumps were implanted 
subcutaneously. Group 1 (negative control) was fed standard NIH-07 diet and implanted with pumps 
containing vehicle (sterile water + 0.1% ascorbic acid). Group 2 was fed NIH-07 diet containing 
glyphosate (5000 ppm) and implanted with vehicle pumps. Group 3 was fed 5000 ppm glyphosate-dosed 
feed and implanted with pumps containing the adrenergic antagonist propranolol. As a positive control, 
group 4 was given the adrenergic agonist, isoproterenol, by pump and fed normal diet. Group 5 animals 
(blocking controls) were implanted with both isoproterenol and propranolol and fed normal diet.  
 
Table 1: Study Designa 



Group Feed Pump 



1 Control Vehicle (water + 0.1% ascorbate 
2 Glyphosate (5000 ppm) Vehicle 
3 Glyphosate (5000 ppm) Propranolol (~ 1.2 mg/kg/day) 
4 Control Isoproterenol (~ 1.0 mg/kg/day) 
5 Control Isoproterenol + propranolol 
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3. Diet preparation and analysis - The report stated that glyphosate in diet was stable for at least 3 
weeks at room temperature when stored in the dark. Further details regarding the concentration, stability, 
and homogeneity analysis of the test compound in the diet were not provided. 
 
4. Statistics – The statistical methods below were used for all studies that are discussed in the NTP 
report.  
 
“Two approaches were employed to assess the significance of pairwise comparisons between dosed and 
control groups in the analysis of continuous variables. Organ and body weight data, which are 
approximately normally distributed, were analyzed using the parametric multiple comparisons procedures 
of Williams (1971, 1972, 1986) and Dunnett (1955). Clinical pathology and hematology data, which 
typically have skewed distributions were analyzed using nonparametric multiple comparisons methods of 
Shirley (1977) and Dunn (1964). Jonckheere’s test (Jonckheere, 1954) was used to assess the significance 
of dose-response trends and to determine whether a trend-sensitive test (Williams, Shirely) was more 
appropriate for pairwise comparisons than a test capable of detecting departures from monotonic dose 
response (Dunnett, Dunn). If the P-value from Jonchkheere’s test was greater than or equal to 0.10, 
Dunn’s or Dunnett’s test was used rather than Shirley’s or Williams’s test.  The outlier test of Dixon and 
Massey (1951) was employed to detect extreme values. No value selected by the outlier test was 
eliminated unless it was at least twice the next largest value or at most half of the next smallest value.”  
 
C. Methods 
 
1. Observations - Animals were inspected twice daily for mortality/moribundity, and once a week for 
clinical signs of toxicity.  
 
2. Body weight - Animals were weighed weekly.  
 
3. Food consumption and compound intake - Food consumption was measured every other day.  
 
4. Hematology and clinical chemistry – Hematology and clinical chemistry measurements were not 
conducted.  
 
5. Sacrifice and pathology – After 14 days of treatment, the left parotid and submandibular/sublingual 
glands were removed and weighed separately, after which the glands were cut into small pieces, placed 
into a 2.5% glutaraldehyde/ 2.0% paraformaldehyde solution, and processed for electron microscopy. The 
right parotid and submandibular/sublingual glands were removed and placed in 10% neutral buffered 
formalin, embedded in paraffin, sectioned, and stained with hematoxylin and eosin (H&E) and Alcian 
Blue (pH 2.5)-periodic acid Schiff (AB-PAS). The results were reviewed and evaluated through an NTP 
Pathology Review. The reported data represented a consensus of contractor and review pathologists.  
 



 
 
 
 
 



II. RESULTS 
 
A. Observations: 
 
1. Clinical signs of toxicity – Rats receiving isoproterenol were hypoactive and had increased respiratory 
rates on day 1 following pump implantation, but were normal by the following day according to the study 
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report.  
 
Increased incidence of softer and wetter feces was reported for the glyphosate-fed animals by day 7 of the 
study.  
 
2. Mortality – All rats survived to the end of 14-day treatment period.   
 
B. Body weight and weight gain - A summary of body weight gain data is provided in table 2. Body 
weight data were not reported. Decrease in body weight gains in the glyphosate-fed groups was noted 
compared to the other groups.  
 
Table 2 Body weight (g) and body weight gain (g)a 



Group (diet/pump) Food consumption g/rat/day Body weight gain (g) 



1 (control diet/vehicle) 14.4 16.0 ± 2.9 
2 (glyphosate/vehicle) 17.6 6.3 ± 2.0 
3 (glyphosate/propranolol) 20.4 6.0 ± 2.4 
4 (control diet/isoproterenol) 14.9 16.7 ± 1.6 
5 (control diet/isoproterenol + propranolol) 15.0 17.5 ± 8.0 



 
C. Food consumption – A summary of food consumption data is provided in table 2. The average daily 
food consumption was higher in the glyphosate-fed groups compared to the other groups.  
 
G. Sacrifice and pathology -  
 
1. Organ weight – Parotid and submandibular/sublingual organ weight data are summarized in table 3. 
Individual organ weight data was not provided in this study.  Absolute parotid weight was increased in 
the group 2 (glyphosate-fed = 3-fold), group 3 (glyphosate-fed and adrenergic antagonist ~ 2.0 fold), and 
group 4 (isoproterenol given by subcutaneous pump = 54%) compared to group 1. Absolute 
submandibular/sublingual was increased in group 2 (~ 2.0 fold), group 3 (25%), and group 4 (24%) 
compared to group 1.     
 
Table 3. Organ weights Dataa 



Group (diet/pump) Parotid Submandibular/sublingual 
 Absolute (mg) Relative* Absolute (mg) Relative* 



1 (control diet/vehicle) 126.2 ± 16.2 0.50 ± 0.08 209.7 ± 14.8 0.83 ± 0.04 
2 (glyphosate/vehicle) 354.0 ± 37.5 1.47 ± 0.12 375.0 ± 26.3 1.56 ± 0.07 
3 (glyphosate/propranolol) 245.0 ± 10.4 1.06 ± 0.06 261.0 ± 6.4 1.13 ± 0.04 
4 (control diet/isoproterenol) 194.2 ± 15.6 0.76 ± 0.06 259.7 ± 10.6 1.03 ± 0.03 
5 (control diet/isoproterenol + propranolol) 137.2 ± 19.1 0.55 ± 0.07 225.5 ± 7.8 0.91 ± 0.05 



* mg/g body weight 



 
2. Microscopic pathology - The histopathological findings are reported in Table 3. Increased incidence 
of lesions in the parotid gland was observed in the in all groups compared to group 1(control). Increased 
incidence of lesions was also observed in the submandibular gland of the group 2 (glyphosate + vehicle) 
and 3 (glyphosate + propranolol) animals. Parotid lesions consisted of cytoplasmic basophilic change, 
fine vacuolation, and swelling of acinar cells, diagnosed collectively as cytoplasmic alteration. A distinct 
gradation in the severity of these lesions was reported which was based on the extent of involvement and 
degree of tinctorial alteration and cell enlargement.  
 
Parotid glands of glyphosate-treated animals were most severely affected. The parotid glands of all these 
animals were characterized by diffuse, intense basophilic change of acinar cells with clearly evident 
acinar enlargement, resulting in a relative reduction in the number of ducts present. Concurrently, the 
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cytoplasm of affected cells was finely vacuolated, and nuclei were hyperchromatic and displaced more 
basally by increased cytoplasmic secretory granules. In serial sections stained with Alcian Blue/Periodic 
acid Schiff (AB/PAS), areas of cytoplasmic alteration were seen to be associated with loss of PAS 
positive staining of secretory granules. Electron micrographs showed an increase in size and number of 
these secretory granules.  
 
The lesions of the submandibular glands consisted of cellular and acinar swelling with a relative reduction 
in the number of duct profiles per field. Tinctorial change was less of a component of the submandibular 
lesion than in the parotid; with more acinar cells being paler than controls, with scattered individual cells 
or acini being more basophilic, imparting a mottled staining pattern to the tissue. AB-PAS reactivity was 
unchanged 
 
No inhibitory effect of propranolol was noted in the incidence of the lesions in the submandibular glands 
of the glyphosate-treated animals compared to animals that were not exposed to propranolol (i.e. Group 3 
vs. group 2). Animals receiving the adrenergic antagonist, propranolol, subcutaneously and concurrently 
with glyphosate-dosed feed did not exhibit high severity of these lesions. 
 
Isoproterenol administration alone or with propranolol resulted in similar lesions in parotid gland that 
glyphosate produced with lower degree of severity.  
 



Table 3 - Incidence and Severity of Cytoplasmic Alteration of the Parotid Salivary Glands (combined) 
following the 90 day treatment with glyphosatea 



 
Group (diet/pump) Parotid - Incidence/severity 



(mean severity)  



Submandibular – 



Incidence  



Sublingual – 



Incidence  



1 (control diet/vehicle) 1/4 (1.0)* 0/4 0/3 
2 (glyphosate/vehicle) 4/4 (4.0) 4/4 0/4 
3 (glyphosate/propranolol) 3/4 (1.5) 4/4 0/2 
4 (control diet/isoproterenol) 4/4 (2.7) 0/4 0/1 
5 (control diet/isoproterenol + 
propranolol) 



4/4 (2.0) 0/4 0/4 



* Average severity grades for parotid gland lesions in affected animals, based on the following scale: 1 = focal change; 2 = 
multifocal, confluent change; 3 = diffuse change; 4 = diffuse change with intense basophilia and marked acinar swelling.  



 



III. DISCUSSION 
 
A. Investigators’ conclusions - “In the 13-week studies, glyphosate did not affect survival of F344/N rats 
or B6C3F1 mice. Body weight gains were depressed in rats and mice at the 2 highest dose levels; weight 
gain depression was more severe in males than in females. Kubena et al (1981) reported that body weight 
gains were reduced (about 50%) in male and female chicks fed a diet containing 6080 ppm of the 
isopropylamine salt of glyphosate for 21 days, beginning at 1 day of age; the calcium and magnesium 
content of the tibiotarsus bone was increased compared to controls. There were no differences in body 
weights in chicks fed a dose of 608 ppm or lower. In the Kubena study (which did not mention feed 
palatability) and in our 13-week study, the possibility of reduced food intake in the high dose groups 
cannot be ruled out; more food tends to be spilled when it is not palatable, and our food consumption 
measurements did not account for scattered feed. Poor palatability of feed containing high concentrations 
of glyphosate is suggested by the finding that rats drank less water containing Roundup® at 10000 ppm 
or higher. Another possibility is that the higher concentrations of glyphosate in feed result in poor 
absorption of dietary components from the GI tract. However, if uncoupling of oxidative phosphorylation, 
as proposed by Olorunsogo et al. (1979) and Bababunni et al. (1979), is occurring as a result of 
glyphosate ingestion, then a reduction in weight gain for a given amount of food consumed would be 
expected.   
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It is noteworthy that the U.S. Environmental Protection Agency, after reviewing an unpublished 2-year 
carcinogenicity study of glyphosate in CD-1 mice, announced that there was “equivocal carcinogenic 
response, possibly causing a slight increase in the incidence of renal tubular adenomas in male mice at the 
highest dose tested (30000 ppm).” A carcinogenicity study in rats hast yet to be reviewed (Anonymous, 
1991). In the present study, however, the salivary gland was identified as the sole target organ for 
glyphosate toxicity in both rats and mice. The lesion was diagnosed as cytoplasmic alteration of the acinar 
epithelial cells, consisting of increased basophilic staining and vacuolation of cytoplasm, and enlargement 
of cells and acini. This lesion was limited to the parotid gland in mice but affected both parotid and 
submandibular glands in rats; the sublingual gland was not affected. Salivary gland lesions are relatively 
uncommon in toxicity studies; however, both spontaneous and chemically-induced changes of a similar 
nature to those seen in the glyphosate study have been described. So called “basophilic hypertrophic foci” 
occasionally may be seen as a spontaneous lesion in the parotid gland or rats and mice (Chiu and Chen, 
1986); however, these are infrequent and focal in nature. More extensive and diffuse basophilic and 
hypertrophic change has been described in subchronic studies with some chemicals, such as doxylamine 
(Jackson and Blackwell, 1988) and methapyrilene (Jackson and Sheldon, 1984). By far, the most 
extensive and detailed studies of these changes in salivary glands have been done with sympathomimetic 
agents  -- for example, the adrenergic agonist, isoproterenol, which induces striking morphologic changes 
in salivary glands (Schneyer, 1962; Fukuda, 1968). As with glyphosate’s effects on the salivary glands, 
isoproterenol affects the parotid and submandibular glands but not the sublingual. This is due to the fact 
that, in the rat, the acini of the parotid and submandibular are richly supplied with adrenergic fibers, while 
the sublingual gland is devoid of adrenergic innervation (Nordenfelt, 1967). Because glyphosate and 
isoproterenol are similar in both morphologic effects induced in the salivary glands and the gland 
specificity of those effects, it was hypothesized that glyphosate-related lesions were mediated through an 
adrenergic mechanism. A study was designed to test this hypothesis. 
 
Two weeks’ exposure to glyphosate by dosed feed resulted in marked increases in parotid and 
submandibular salivary gland weights. This effect on salivary gland weights is similar to that of 
isoproterenol, both as described in the literature (Schneyer, 1962) and as seen in the positive control of 
this study. Increased salivary gland weights were associated histologically with cytoplasmic alteration of 
acinar cells. This effect was more marked in the parotid than in the submandibular gland. In the parotid, 
the cytoplasmic changed induced by both glyphosate and isoproterenol was associated with a loss of the 
granules or a change in their chemical composition. The sublingual gland was not affected histologically 
by either glyphosate or isoproterenol, demonstrating target specificity of glyphosate- and isoproterenol-
associated lesions to those salivary glands which are innervated by adrenergic fibers (Nordenfelt, 1967).  
 
The effect of adrenoreceptor stimulation on parotid acinar cells has been described by ultrastructural and 
morphometric criteria to be increases in cell size, primarily due to increases in the number and size of 
secretory granules, as well as changes in the staining of these granules from electron dense to lucent, 
interpreted to represent a mucoid transformation of the cell (Schneyer, 1962; Henriksson, 1982; Carlsoo 
et al., 1984). These findings are identical to those found upon electron microscopic examination of parotid 
cells from animals treated with both glyphosate and isoproterenol in this study, the effects varying only in 
degree between the chemicals. Ultrastructural effects in the submandibular gland were similar between 
these compounds, though of a less well-defined nature, these effects consisted of cell enlargement due to 
accumulation of lucent or heterogeneous staining mucoid type granules, although it was not clear whether 
the serous or mucous cells of the acinus were being affected. This study led to the conclusion that the 
salivary gland effect is mediated through an adrenergic mechanism, as evidenced by (1) inhibition of the 
glyphosate-induced effect by the adrenergic antagonist, propranolol; (2) the similarity between the effects 
of glyphosate and the adrenergic agonist, isoproterenol; and (3) the specificity of those effects for salivary 
glands with adrenergic innervation. 
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The biologic significance of this finding is unknown. In addition to basophilic and hypertrophic 
morphologic changes of acinar cells, treatment with isoproterenol has been associated with increased cell 
proliferation in the parotid gland (Schneyer et al., 1967). This suggests that if glyphosate is acting through 
an adrenergic pathway, it may likewise induce hyperplasia in this gland, possibly predisposing it to 
neoplastic change; however, this is not considered likely, since spontaneous basophilic, hypertrophic foci 
of the parotid, as well as of the pancreas (an anatomically similar tissue) are not considered to be pre-
neoplastic lesions. Moreover, there was no increased incidence in rats of salivary gland tumors in a 2-year 
study of methapyrilene (personal communication, Dr. I. Hirono, Fujita Gakuen Health University, Japan, 
May 17, 1991), a chemical which induced similar salivary gland lesions as glyphosate in subchronic 
studies.”  
 
B. Reviewer comments – The objectives of this study was to show that the salivary glands toxicity 
produced by glyphosate occur through the adrenergic pathway.  
 
Increased salivary glands (parotid and submandibular) weights and parotid gland lesions diagnosed as 
cytoplasmic alteration was noted for glyphosate-fed group and a β-adrenergic receptor agonist 
(isoproterenol) administered group. Similar lesions were noted in the submandibular gland for 
glyphosate-fed group, but not the β-agonist (isoproterenol) administered group.  A β-blocker 
(propranolol) showed some suppression of the severity of the parotid lesion when given concurrently with 
glyphosate. Administration of propranolol did not show a suppression of the incidence (e.g. presence) of 
this lesion in the parotid and submandibular glands when given concurrently with glyphosate. The 
rationale behind the selection of the doses for propranolol and isoproterenol were not discussed in the 
study report. The dose of propranolol compared to the dose of glyphosate will likely influence the 
suppression of the lesions in the salivary gland as there may be competitive binding/affinity to the 
receptor site. This could explain the reason that a pronounced suppression of the lesions in the salivary 
glands was not noted.  
 
The study author concluded that glyphosate is acting through an adrenergic mechanism. The study 
reviewer disagreed with this conclusion because demonstrating that a compound could act through an 
adrenergic mechanism requires extensive data describing step by step process of how a compound 
perturbs such a pathway. In order to provide more convincing data that glyphosate has activity in the β- 
adrenergic receptors (e.g. through weight of evidence), other organs that are innervated with β- receptors 
should also be examined. Therefore, the following is a short list of major endpoints (i.e. empirical 
evidence) that should be observed concurrently with salivary glands effects when test animals are exposed 
to a β- receptor agonist:  
 



- Increased heart rate (pulse rate) 
- Increased respiration rate  
- Increased blood pressure due to renin release from the kidneys  
- Relaxed bronchioles  
- Dilate pupils of eyes  
- Uterine relaxation  
- Increased blood sugar  
- Thickened secretions from the salivary glands  



 
The thickened secretions from the salivary glands were perhaps shown in this study indirectly by the 
electron micrographs of the salivary glands that indicated an increase in size and number of secretory 
granules within the acinus cells. The examination of the other abovementioned endpoints are generally 
not required in the toxicity studies (except glucose levels = increased blood sugar, and dilated pupil of 
eyes in the clinical observation of these studies). Therefore, special mechanistic studies can be conducted 
to examine these endpoints in order to provide convincing evidence that glyphosate has activity at β- 
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receptors.  
 
Hypertrophy, acinar enlargement, cytoplasmic alterations, reduced number of ducts and increase in size 
and number of secretory granules are noted in the parotid and/or submandibular glands of animals 
exposed to glyphosate in number of studies besides this one (a 28-day study in rats in three strains of rats, 
two 90-day studies in SD and F344 rats, a 90 day study in mice, a two year study in SD rats, and two 
generation reproduction toxicity in SD rats). The effect is more pronounced in F344 strains compared to 
other strains of rats. These studies examined the effects on the structures of the salivary glands compared 
to the effect on the function of these organs. The functions of saliva (salivary glands) fall into three 
general categories of digestion, lubrication, and protection. The digestive actions are the results of the two 
enzymes; the amylase and lipase that digest carbohydrates and fat respectively. The lubricating properties 
of saliva are due primarily to its mucus content. Protection properties of saliva are through the serous 
secretions that dilute and buffer harmful substances. The parotid glands are made up only of serous cells 
while the submandibular and sublingual glands are made up of serous and mucous secreting cells. The 
acinar cells secrete the initial salivary gland fluid, consisting of electrolytes, mucus, and enzymes. From 
the acinus, saliva passes relatively unchanged through the ducts. The basement membranes of acini and 
ducts are covered in part by specialized contractile cells. The contraction of these cells occur when 
salivary secretion is stimulated (by parasympathetic and sympathetic nervous system among other factors 
e.g. food in the mouth) and results in the release of saliva into the mouth.  
 
The salivary gland effects from the administration of glyphosate were noted in short and long term studies 
and these lesions did not turn into neoplastic ones in the long term studies. The reduced number of ducts 
in this study was noted. This study did not specify whether the reduced number of ducts was due to 
hypertrophy (same absolute number of ducts compared to control animals) or there was an absolute 
decrease in the number of ducts. With lack of data on the function of salivary glands because of these 
effects, the toxicological significance of such these findings are unknown. However, a NOAEL/LOAEL 
should be established on these effects (especially combined with increased salivary glands weights) until 
such data are available to discern the toxicological adversity. The IPCS JMPR/WHO (2004) also 
concluded that this finding is of unknown toxicological significance however establishing the 
ADI/NOAEL on this effect and requesting further data for clarification.  
 
Overall, this study is considered acceptable and classified as appropriate for qualitative use for hazard 
characterization of glyphosate. It is recognized that raw data was not provided in the study report; 
however, this report provided a relatively comprehensive understanding of the conditions under which the 
study was conducted and of the data generated by the study. In addition, the effects noted in this study 
(e.g. salivary glands toxicity) are aligned with other lines of evidence throughout the glyphosate 
toxicology database (e.g. other short and long term studies have reported salivary gland toxicity). 
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 Reviewer # 2032 Date Oct 29, 2012 



_______________ 
 
Study type: Bacterial reverse mutation assay - (Salmonella typhimurium; E. coli); OPPTS 
870.51008; OECD 471 (formerly OECD 471 & 472). 
 
Test Material (purity): Glyphosate (98% a.i.) 
 
Synonyms: N-phosphomethyl-glycine 
 
Citation: Li, A.P. and Long, T.J. An evaluation of the genotoxic potential of glyphosate. 



Fundamental and Applied Toxicology 10:537-546.  Institute of Environmental 
Toxicology, Tokyo. Laboratory report number unspecified.  Journal article date: 
10-11-1987.  DACO 4.5.4. 



 
Sponsor: Monsanto Co. 
 
MRID: NA 
 
Executive Summary: In a reverse gene mutation (plate-incorporation) assay in bacteria, strains 
TA1535, TA1537, TA1538, TA100  and TA98 of S. typhimurium were exposed to glyphosate, 
(98% a.i.), in water at concentrations of 10, 50, 100, 500 and 1000 µg/plate in the presence and 
absence of mammalian metabolic activation (S9).  The tryptophan-hcr strain of E.coli WP2 was 
used to test for glyphosate mutagenicity in the presence and absence of S9 using plate-
incorporation technique, simultaneously with Salmonella/histidine reversion assay, using the 
same doses.     
 
Glyphosate was tested up to concentration of 5000 µg/plate, showing cytotoxicity at the highest 
dose only in WP2 hcr strain in reversion assay. No statistically significant induction of revertants 
above solvent control levels and significant dose-response relationship were observed. The 
positive controls induced the appropriate responses in the corresponding strains. There was no 



evidence of induced mutant colonies over background with glyphosate treatment. 
 
This study is classified as acceptable. This study satisfies the requirement for Test Guideline  
OPPTS 870.51001; OECD 471 for  mutagenicity (bacterial reverse gene mutation) data.  
 
Compliance: Signed and dated GLP, Quality Assurance, and Data Confidentiality statements 
were not available since this was a published journal article.  
 



                                                 



     8870.5100 - Reverse mutation E. coli WP2 and WP2uvrA; S. typhimurium TA 97, TA98, TA100, TA1535, TA1537 
870.5140 - Gene mutation Aspergillus nidulans 
870.5250 - Gene mutation Neurospora crassa 
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I. Materials and Methods 
 
A. Materials 
 



1. Test material: Glyphosate 
 Description: NA 
 Lot/Batch #: XHJ-64 
 Purity: 98% a.i. 
 CAS #:  NA 
   
 Solvent used: water 



 
2. Control materials:  
 Negative: water 
 Solvent (final conc’n):  
 Positive: Nonactivation: 



2-Aminoanthracene    10 µg/plate all strains 
and 



0.1 µg AF-2/plate for TA98, 0.05 µgAF-2/plate for TA100, 50 mgp-
propiolactone for TA1535, 200 µg 9-aminiacridine/plate for TA1537, 50 µg2-
nitrofluorene/plate for TA1538 and 0.25 µg AF-2/plate for WP2 hcr. 
 



  Activation:  
2-Aminoanthracene    10 µg/plate all strains 
Other (list): 



 
3. Activation: S9 derived from  
  x Induced x Aroclor 1254 x Rat x Liver 
   Non-induced  Phenobarbitol  Mouse  Lung 
     None  Hamster   



 
Aroclor 1254-induced rat liver homogenate supernatant (S9) was prepared according to the methods described by Ames and 
coworkers (Ames, B.N., McCann, J. and Yamasaki, E., Mut. Res., 31:347-364, 1975).  No further information about 
determination of the activity and storage of the S9 fraction was provided. 
 



4. Test organisms: S. typhimurium strains  
   TA97 x TA98 x TA100  TA102  TA104 
  x TA1535 x TA1537 x TA1538  list any others   
            
Properly maintained?  Yes  No 
Checked for appropriate genetic markers (rfa mutation, R factor)?  Yes  No 



 
5. Test compound concentrations used:  
 Non-activated 



conditions: 
10, 50, 100, 500, 1000 or 5000 µg/plate 



 Activated conditions: 10, 50, 100, 500, 1000 or 5000 µg/plate 
 All doses of the test substance and controls were plated in the main assay in 2 replicates. 



 
B. Test performance 
 
1. Type of Salmonella assay 



 x   standard plate test 
    pre-incubation (minutes) 
    "Prival" modification (i.e. azo-reduction method) 
    spot test 
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2. Protocol – Glyphosate was tested for mutagenicity in five strains of Salmonella typhimurium, 
including TA1535, TA1537, TA1538 and TA98 for detection of frame-shift mutation and in 
TA100 for detection of base-pair substitution using plate-incorporation assay, with or without 
activation. Glyphosate was dissolved in water and tested at doses of 10, 50, 100, 500, 1000 or 
5000 µg/plate. The tryptophan-hcr strain of E.coli WP2 was used to test for glyphosate 
mutagenicity in the presence and absence of S9 using plate-incorporation technique, 
simultaneously with Salmonella/histidine reversion assay, with the same doses. Distilled water 
was used as the solvent control. 2-Aminoanthracene (10 µg/plate) was used as the promutagen 
positive control for all five strains and WP2-hcr. Direct-acting positive controls included β-
propiolactone (50 µg/plate), AF-2 (2-(2-furyl)3-(5-nitro-2- furyl) acrylamide), (0.05-0.25 
µ/plate), 9-aminoacridine (200 µg/plate), and 2-nitrofluorene (50 µg/plate). The incubation 
timing was not specified. 
 
3. Statistics – The statistical-significance of the dose-response relationship was determined using 
linear-regression analysis without further data transformation at the significance level of p≤0.05. 
 
4. Evaluation criteria – Not specified 
 
 
II. Results   
 
A. Preliminary cytotoxicity assay – No preliminary cytotoxicity assay was included with the 
study. 
 
B. Mutagenicity assay – the highest concentration tested in WP2 hcr was cytotoxic, and no 
colonies were noted.  No statistically significant induction of revertants above solvent control 
levels, and significant dose-response relationship was observed with glyphosate treatment.  All 
the positive controls yielded the expected results.  It was concluded that the test system was 
capable of detecting base-pair substitutions and frame-shift mutagens and that the metabolic 
activation system was functioning properly.  Because the main assay was done in two replicates, 
no standard deviation was generated. 
 
Table 1. Revertant colonies per plate (2 trials), standard plate test 



 Not activated with S9 



Dose (µg/plate) 0 10 50 100 500 100 5000 Positive 



TA98 24, 23 27, 28 33, 40 20, 20 31, 24 21, 23 10, 3 >3000, 
>3000 



TA100 167, 129 130, 160 151, 159 143, 160 118, 143 87, 120 58, 87 1024, 
1150 



TA1535 6, 14 2, 5 5, 5 4, 5 3, 1 9, 12 6, 6 315, 358 



TA1537 9, 10 3, 7 5, 6 8, 8 11, 9 10, 10 3, 3 1024, 
1150 



TA1538 10, 13 17, 24 15, 15 17, 24 7, 15 18, 12 6, 7 >3000, 
>3000 
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WP2 hcr 20, 24 22, 21 12, 25 18, 20 21, 26 15, 18 *, * 1672, 
2272 



*Inhibition of bacterial growth was observed 
Positive controls included: 0.1µg AF-2/plate for TA98, 0.05 µgAF-2/plate for TA100, 50µgp-propiolactone for TA1535, 200µg 
9-aminiacridine/plate for TA1537, 50µg2-nitrofluorene/plate for TA1538 and 0.25µg AF-2/plate for WP2 hcr.  



 
Table 2. Revertant colonies per plate (2 trials), standard plate test 



 Activated with S9 



Dose (µg/plate) 0 10 50 100 500 100 5000 Positive 
(2-



aminoanth
racene) 



TA98 22, 16 19, 23 21, 26 9, 20 19, 26 15, 23 19, 22 >3000, 
>3000 



TA100 139, 140 110, 135 123, 131 129, 115 138, 111 97, 88 51, 36 >3000, 
>30000 



TA1535 6, 5 4, 1 9, 5 5, 7 3, 3 11, 4 5, 7 376, 335 



TA1537 7, 5 3, 3 7, 9 11, 6 12, 5 11, 7 6, 3 370, 388 



TA1538 8, 11 16, 11 13, 17 18, 14 15, 7 20, 11 11, 15 >3000, 
>3000 



WP2cr 17, 22 25, 18 27, 22 33, 17 28, 30 29, 24 25, 34 98, 79 



Positive controls included 2-aminoanthrace (all strains) 



 
 
III. Discussion 
 
A. Investigators’ conclusions – “Salmonella typhimurium strains TA1535, TA100, TA1537, 
TA1538 and TA98 were treated with 10 to 5000 µg/plate of glyphosate in both the presence and 
absence of S9.  No statistically significant induction of revertants above solvent control levels 
and significant dose-response relationship were observed.  The positive controls yielded the 
expected positive responses.”  Same results were noted for WP2 reversion assay.  Glyphosate 
was considered nongenotoxic on the basis of results. 
   
B. Reviewer comments - The study author’s conclusions are acceptable.  Cytotoxicity was 
noted at the high dose in WP2 hcr strain.  The test substance did not show a dose-related or 
biologically relevant increase in the number of revertant colonies/plate over the negative control 
with any Salmonella typhimurium or Escherichia coli tester strains trial in the presence or 
absence of S9 metabolic activation. There was no evidence of induced mutant colonies over 



background with glyphosate treatment. 
 
C. Study deficiencies – A summary of the study with data was only available in a form of 
journal article.  Some protocol details and evaluation criteria were not specified.  As well, only 
two replicates instead of three were performed.   
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 Reviewer # 2032 Date Dec 31 2012 



_______________ 
 
Study Type: In vitro mammalian cell assay - CHO cells; OPPTS 870.5300; OECD 476. 
 
Test Material (purity): Glyphosate (98% a.i.) 
 
Synonyms: N-phosphomethyl-glycine 
 
Citation: Li, A.P. and Long, T.J. 1988.An evaluation of the genotoxic potential of 



glyphosate. Fundamental and Applied Toxicology 10:537-546.  Institute of 
Environmental Toxicology, Tokyo. Laboratory report number unspecified.   
DACO 4.5.5. 



 
Sponsor: Monsato Co. 
 
MRID: NA 
 
Executive Summary: In a mammalian cell gene mutation assay HGPRT, CHO cells cultured in 



vitro were exposed to glyphosate, (98% a.i.), in Ham’s F12 medium at concentrations of 2-25 
mg/mL in the presence and absence of mammalian metabolic activation (1-10%), in two 
independent experiments. 
 
Glyphosate was tested up to cytotoxic concentrations (i.e., 20g/mL). The positive controls 
induced the appropriate response. There was no evidence of induced mutant colonies over 



background with glyphosate treatment. 
 
This study is classified as acceptable. This study satisfies the requirement for Test Guideline 
OPPTS 870.5300, OECD 476 for in vitro mutagenicity (mammalian forward gene mutation) 
data; however some deficiencies are also present.  
 
Compliance: Signed and dated GLP, Quality Assurance, and Data Confidentiality statements 
were not available, since this was a published journal article. 
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I. Materials and Methods 
 
A. Materials 
 



1. Test material: Glyphosate 
 Description: NA 
 Lot/Batch #: XHJ-64 
 Purity: 98% a.i. 
 CAS #:  NA 
   
 Solvent used: Medium without serum 



 
2. Control materials:  
 Negative: DMSO (1%) and pyrene (50µM) 
 Solvent (final conc’n): 0.1 N sodium hydroxide 1% of final volume 
 Positive: Non activation: ethyl methanesulfonate (EMS, 200µg/mL) 
  Activation: benzo[a]pyrene (BaP, 2µg/mL) 



 
3. Activation: S9 derived from  
   Induced X Aroclor 1254 X Rat X Liver 
   Non-induced  Phenobarbitol  Mouse  Lung 
     None  Hamster  Other  
     Other   Other    



 
Aroclor 1254-induced rat liver homogenate (S9) commercially purchased from Litton Bionetics was used as exogenous 
activation system.  The S9-cofactor, consisting of 50 mM sodium phosphatate (pH 7.5), 4 mM NADP, 5mM glucose-6-
phosphate, 30 mM KCl, 10 mg MgCl2, and different amounts of liver S9 was used. 
 



4. Test cells: mammalian cells in culture    
   mouse lymphoma L5178Y cells  V79 cells (Chinese hamster lung fibroblasts) 
  x Chinese hamster ovary (CHO) cells  list any others 
 
Media: Ham’s F12 medium with or without serum (dialyzed newborn calf) 
Properly maintained?  Yes x Unspecified 
Periodically checked for Mycoplasma contamination?  Yes x Unspecified 
Periodically checked for karyotype stability?  Yes x Unspecified 
Periodically "cleansed" against high spontaneous background?  Yes x Unspecified 



 
5. Locus Examined:  Thymidine kinase (TK)  Hypoxanthine-guanine-



phosphoribosyl transferase 



(HGPRT) 



 Na+/K+ ATPase 



 Selection agent:  bromodeoxyuridine 
(BrdU)  



 8-azaguanine (8-AG)   ouabain   



   fluorodeoxyuridine 
(FdU) 



x 6-thioguanine (6-TG)   



   trifluorothymidine (TFT)     
        



 
6. Test compound concentrations used:  First and second experiment 
 Nonactivated conditions: 5, 17.5, 22.5 mg/ml 



 Activated conditions: 5, 17.5, 22.5 mg/ml with 1, 2, 5 or 10% with 1 mL of S9/cofactor mixture to a final 
volume of 5 mL 



         
           Non activated 



conditions: 
 2-20mg/mL mg/ml 
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Activated conditions:   5-25 mg/L with 5% of S9/cofactor mixture  



 
B. Test performance 
 
1. Cell treatment - 
CHO cell line (K1BH4) was originally obtained from Dr. A. W. Heise of Oak Ridge National 
Laboratory.    For cytotoxicity determination, the cells were seeded in 25 cm2 plastic culture 
flasks at 0.5x106 cells/flask in growth medium for 18-24 hours prior to treatment.  The medium 
was then changed to 2.5 mL Ham’s F12 medium without serum, with or without S9 and an equal 
volume of 2 x solutions of glyphosate (dissolved directly in medium without serum) was then 
added.  The tubes were incubated for 3 hours at 37.5±2ºC and the treatment medium was 
discarded and cells were washed with Hank’s balanced salt solution.  Cells were then removed 
from flasks by tryptonization and counted.   
 
Three samples of 200 cells were plated for determination of cloning efficiency.  The plates were 
incubated for 7-9 days and developed colonies were fixed with 70% methanol, stained with 10% 
Giemsa and counted by hand. 
 
Cloning efficiency (C.E.) = # of colonies/# cells plated 
Relative survival (R.S.) = C.E. (treated)/ C.E. (control) 
 
For mutagenicity determination, the cells were exposed to test compound just as above, with 
negative/solvent or positive controls for 18-24 hours (non-activated or activated).  Two 
independent mutagenicity experiments were performed.  In the first experiment glyphosate 
toxicity was tested at 5, 17.5, 22.5 mg/mL ± 1, 2, 5 and 10% S9 (v/v).  In the second experiment, 
glyphosate concentrations of 2-20 mg/mL –S9 or with 5 and 25 mg/mL +5% S9 were used. 
 
After washing, 106 cells were subcultured every 2-3 days for 7-9 days (expression period) before 
cell selection using hypoxanthine-free Ham’s F12 medium, supplemented with 10 µM 6TG and 
5% dialyzed newborn calf serum. 
 
After expression, 2x105 cells/dish (5 dishes/ group) were cultured for 8-12 days in in 8ml 
selection medium to determine numbers of mutants and 200 cells/dish (3 dishes/group in 2mL 
medium) were cultured for 8-12 days without 6GT selective agent to determine cloning 
efficiency.  The colonies which developed were fixed, stained and counted, with results 
expressed as Mutant Frequency (M.F.) 
 
M.F>= # of mutant colonies/# cells plated x 1/C.E. 
 
2. Statistics – “Mutagenicity data were analyzed according to statistical method of Snee and Irr 
(1981), designed specifically for CHO/HGPRT mutation assay.  Mutant frequency values were 
transformed according to the equation Y=(X+1)0.15, where Y=transformed mutant frequency, and 
X=observed mutant frequency.  Student’s t test was then used to compare treatment data to 
solvent control data.  The Snee and Irr analysis also allowed the determination of the dose-
response relationship as linear, quadratic, or higher order.  A computer program obtained from 
Dr. Joe Irr (Dupont) and incorporated into the Monsato computer by Alan Dickson (Monsato) 
was used.”   











Page 70 of 204 
 



 
3. Evaluation criteria – The indexes below were used for calculation, however evaluation 
criteria were not discussed. 
 
Cloning efficiency (C.E.) = # of colonies/# cells plated 
Relative survival (R.S.) = C.E. (treated)/ C.E. (control) 
M.F>= # of mutant colonies/# cells plated x 1/C.E. 
 
II. Reported Results  
 
A. Preliminary cytotoxicity assay – Significant cytotoxicity was observed for 20 mg/mL of 
glyphosate and 25 mg/mL glyphosate concentrations in the absence and presence of S9, 
respectively.  
 
B. Mutagenicity assay – Two individual experiments were performed.  The glyphosate 
treatment groups did not have statistically significant higher mutant frequency than the negative 
control (solvent) and no statistically significant dose-response.  The positive controls EMS and 
BaP yielded the expected positive results.  A decrease in mutagenicity of BaP was noted with 
increasing S9 concentrations in the first experiment.  The decrease was explained as a result of 
detoxification (e.g. GSH conjugation) of the active BaP metabolites by the liver S9. 
 
Table 1. Mutant frequency (group mean), first test 



 Not activated with S9 



Dose (mg/mL) 0 5 17.5 22.5 



 



Positive (EMS 0.2 
mg/mL) 



Cytotoxicitya 1.00 1.10 0.64 0.11 0.92 



Mutagenicity/Mutant 
frequencyb x 10-6 



7.4 7.1 14.4 5.3 163.7* 



 
Table 2. Mutant frequency (group mean), first test 



 Activated with 1% S9 



Dose (mg/mL) 0 5 17.5 22.5 



 



Positive (BaP) 



Cytotoxicitya 1.00 1.12 0.69 0.25 0.74 



Mutagenicity/Mutant 
frequencyb x 10-6 



5.9 4.3 11.6 15.3 353.1* 



 Activated with 2% S9 



Dose (mg/mL) 0 5 17.5 22.5 



 



Positive (BaP) 



Cytotoxicitya 1.00 1.00 0.77 0.44 0.49 



Mutagenicity/Mutant 
frequencyb x 10-6 



7.1 8.6 8.1 10.2 185.9* 



 Activated with 5% S9 
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Dose (mg/mL) 0 5 17.5 22.5 



 



Positive (BaP) 



Cytotoxicitya 1.00 1.00 0.77 0.44 0.49 



Mutagenicity/Mutant 
frequencyb x 10-6 



4.4 6.4 6.9 8.5 121.2* 



 Activated with 10% S9 



Dose (mg/mL) 0 5 17.5 22.5 



 



Positive (BaP) 



Cytotoxicitya 1.00 1.02 0.37 0.18 0.35 



Mutagenicity/Mutant 
frequencyb x 10-6 



9.1 10.5 16.3 9.7 95.3* 



 
Table 3. Mutant frequency (group mean), second test 



 Not activated with S9 



Dose (mg/mL) 0 2 5 10 15 20 Positive 
(EMS 0.2 



mg/mL) 



Cytotoxicitya 1.0 0.99 0.93 0.90 1.04 0.38 0.92 



Mutagenicity/Mutant 
frequencyb x 10-6 



11.3 3.5 11.3 10.8 20.8 10.1 135.4* 



a survival relative to solvent control (average of triplicate treatment) 
b Mutants per 106 clonable cells (average of duplicate treatments) 
* p≤0.05 
 
Table 4. Revertant colonies (group mean), second test 



 Activated with S9 



Dose (mg/mL) 0 10 15 20 25 



 



Positive (BaP) 



Cytotoxicitya 1.00 1.15 0.99 1.13 0.46 0.47 



Mutagenicity/Mutant 
frequencyb x 10-6 



11.3 5.7 13.1 9.9 13.1 76.8* 



a survival relative to solvent control (average of triplicate treatment) 
b Mutants per 106 clonable cells (average of duplicate treatments) 
* p≤0.05 



 
 



III. Discussion 
 
A. Investigators’ conclusions – “As observed in the first experiment, none of the glyphosate 
treatment groups had a statistically significant higher mutant frequency than the solvent control 
and no statistically significant dose-response relationship (linear, quadratic, or higher-order) 
between dose and mutant frequency was observed.” 
 
B. Reviewer comments – The reviewer is in agreement with the investigators’ conclusions.  The 
positive controls induced mutant colonies over background.  There was no evidence of induced 
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mutant colonies over background with glyphosate treatment of CHO cells. 
 
C. Study deficiencies – Standard deviation was not provided for the data.  No information was 
provided about upkeep of medium and cells karyotype specificity.  No information was provided 
about evaluation criteria for the data. 
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 Reviewer # 2032 Date Dec 31 2012 



_______________ 
 
Study Type: In vivo cytogenetics - micronucleus assay in rat; OPPTS 870.5395; OECD 474. 
 
Test Material (purity): Glyphosate (98% a.i.) 
 
Synonyms: N-phosphomethyl-glycine 
 
Citation: Li, A.P. and Long, T.J. An evaluation of the genotoxic potential of glyphosate. 



Fundamental and Applied Toxicology 10:537-546.  Institute of Environmental 
Toxicology, Tokyo. Laboratory report number unspecified.  Journal article date: 
10-11-1987.  DACO 4.5.7. 



 
Sponsor: Monsato Co. 
 
MRID: NA 
 
Executive Summary: In a Sprague Dawley rat bone marrow micronucleus assay, animals 
(18sex/dose) were treated ip with glyphosate  (98% a.i.) at doses of 0, 1000 mg/kg bw. Bone 
marrow cells were harvested at 6, 12, 24 post-treatment (6/sex/time). The vehicle was HBSS.  
 
There were no signs of toxicity during the study. Glyphosate was tested at an adequate dose 
(based on limit dose of 1000 mg/kg). The positive control induced the appropriate response. 
There was not a significant increase in the frequency of percentage of chromatic 



aberrations in bone marrow after any treatment time with glyphosate, as compared to the 



negative control. 
 
This study is classified as acceptable. This study satisfies the requirement for Test Guideline 
OPPTS 870.5395; OECD 474 for in vivo cytogenetic mutagenicity data. 
 
Compliance: Signed and dated GLP, Quality Assurance, and Data Confidentiality statements 
were not provided since this is a published journal article. 
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I. Materials and Methods 
 
A. Materials 
 



1. Test material: Glyphosate 
 Description: NA 
 Lot/Batch #: XHJ-64 
 Purity: 98% a.i. 
 CAS #:  NA 
   
 Solvent used: Hank’s balanced salt solution (HBSS) neutralized to 7.0 pH with 1N sodium hydroxide 



 
2. Control materials:    
 Negative control 



 
 Final Volume: Route: 



 Vehicle: Solvent HBSS Final Volume: NA Route: NA 
 Positive control : cyclophosphamide Final Dose(s): 25 mg/kg Route: ip 
     



 
3. Test animals:  
 Species: Rats 
 Strain: Sprague Dawley 
 Age at study initiation: NA 
 Weight at study initiation: NA 
 Source: NA 
 No. animals used per dose 18 males;    18 females 
 Properly maintained? NA 



 
4. Test compound administration (ip): 
  Dose Levels Final Volume Route 
 Preliminary: 



Main Study: 
1000 mg/kg bw NA ip 



 
B. Test performance                  
 
1. Treatment and sampling times (n/sex):  



a. Test compound: 
 Dosing: n once n once 
 Sampling (after last dose) 6 6 hr 6 12 hr 6 24 hr 



  
b. Negative and/or vehicle control: 
 Dosing: n once n once 
 Sampling (after last dose): 6 6 hr 6 12 hr 6 24 hr 



 
c. Positive control: 
 Dosing: n once n once 
 Sampling (after last dose)           6 6 hr 6 12 hr 6 24 hr 



 
2. Tissues and cells examined:  
 Bone marrow    30 cells/animal; 300 



cells/treatment/time period 
 No. of polychromatic erythrocytes (PCE) examined per animal: NA 
 No. of normochromatic erythrocytes (NCE; more mature RBCs) examined per animal: NA 
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3. Details of slide preparation – Six animals of each sex from treatment and control groups 
were terminated at 6, 12 and 24 hours post-treatment.  Two hours prior to termination, colchicine 
(2 mg/kg) was administered to all animals to arrest cells in metapahase. The bone marrow was 
collected from both femurs of each animal and processed for slide preparation. When possible, 
50 cells per animal (~300 cells/treatment per time period) were examined for chromosome 
aberrations.  
 
4. Evaluation criteria – No evaluation criteria were specified, including lack of differentiation 
between polychromatic and normochromatic erythrocytes. 
 
5. Statistics – “Student’s t test was used to determine the statistical significance of the difference 
between treatment groups (test chemical and positive control groups) and the vehicle control 
group, using a significance level of p≤0.05.” 
 
II. Reported Results  
 
A. Preliminary toxicity assay – no information was provided. 
 
B. Micronucleus assay – No general toxicity was observed for the male and female rats after 
glyphosate treatment at various time points.  In a separate study, radiolabelled glyphosate was 
shown to reach the bone marrow, with a peak level at 0.5 hours after ip dosing and half time of 
elimination in excess of 7.6 hours.  The ratio of PCE/NCE was not provided. Chromatid-type 
aberrations were observed in both the negative control and glyphosate treatment groups at low 
frequency.  No statistically significant increases in chromosome aberrations or achromatic 
lesions (gaps) were observed in glyphosate treatment group as compared to the negative control, 
at any time tested.  The positive control showed anticipated results, with high frequencies of 
chromosomal aberrations.  No explanation was provided why so few female cells were collected 
for the positive control at 24 hour time period.  The percent of aberrant cells was comparable at 
different time points in the glyphosate group, and slightly higher in the female animals. 
 
Table 1. Chromatid aberrations observed (percent with aberrations) after 6 hour sampling time 



Dose (mg/mL) Solvent 
control M 



Solvent 
Control F 



Glyphosate 
1000 M 



Glyphosate 
1000 F 



Positive 
Control M 



Positive 
Control F 



Number of cells 300 300 300 300 NA NA 



Normal cells 296 292 293 291 NA NA 



Chromatid deletions 3 4 3 3 NA NA 



Chromatid 
interchanges 



1 0 0 0 NA NA 



Chromatid 
intrachanges 



0 0 0 0 NA NA 



Achromatic lesions 0 5 6 6 NA NA 



% aberrant cells 1.3 2.7 2.3 3.0 NA NA 



 
Table 2. Chromatid aberrations observed (percent with aberrations) after 12 hour sampling time 
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Dose (mg/mL) Solvent 
control M 



Solvent 
Control F 



Glyphosate 
1000 M 



Glyphosate 
1000 F 



Positive 
Control M 



Positive 
Control F 



Number of cells 300 275 300 277 NA NA 



Normal cells 297 271 294 270 NA NA 



Chromatid deletions 1 1 3 2 NA NA 



Chromatid 
interchanges 



0 0 0 0 NA NA 



Chromatid 
intrachanges 



0 0 0 0 NA NA 



Achromatic lesions 2 1 3 6 NA NA 



% aberrant cells 1.0 1.5 2.0 2.5 NA NA 



 
Table 3. Chromatid aberrations observed (percent with aberrations) after 24 hour sampling time 



Dose (mg/mL) Solvent 
control M 



Solvent 
Control F 



Glyphosate 
1000 M 



Glyphosate 
1000 F 



Positive 
Control M 



Positive 
Control F 



Number of cells 300 265 192 300 256 21 



Normal cells 296 259 190 289 148 16 



Chromatid deletions 1 3 2 5 217 14 



Chromatid 
interchanges 



0 0 0 0 76 1 



Chromatid 
Intrachanges 



0 0 0 0 6 0 



Achromatic lesions 3 5 0 6 34 3 



% aberrant cells 1.3 2.3 1.0 3.7 42.2* 23.8* 



* p<0.05 



 
III. Discussion 
  
A. Investigators’ conclusions – “Chromatid-type aberrations were observed in both the solvent 
control and glyphosate treatment groups at low frequencies. Chromatid deletions, the most 
frequent category, was observed at a frequency of approximately 1%. No statistically significant 
increases in either chromosomal aberrations or achromatic lesions (gaps) were observed in the 
glyphosate-treated groups at any time point studied.  The expected high frequencies of 
chromosomal aberrations were observed for the positive control groups.” 
 
B. Reviewer comments – The reviewer finds investigators’ conclusions acceptable.  Chromatid-
type aberrations were observed at comparable frequency in both the solvent control and 
glyphosate treatment groups, indicating no increased induction by treatment.   The positive 
control group induced a higher frequency of chromosomal aberrations over solvent control, as 
expected.  There was not a significant increase in the frequency of chromosomal 



aberrations in bone marrow after any treatment time with glyphosate. 
 
C. Study deficiencies – Only one dose of glyphosate was provided.  The positive control data 
was not tabulated for the 6 and 12 hour time period.  No evaluation criteria were specified, 
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including lack of differentiation between polychromatic (PCE) and normochromatic (NCE) 
erythrocytes and the number of NCE/PCE was not provided.  Animal toxicity in the positive 
control was not noted.  Some details of the protocol were not provided. 
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 Reviewer # 1912 Date November 1, 2012 



_______________ 
 
Study Type: Metabolism – Rat; OPPTS 870.7485 (Tier I & Tier II); OECD 417 (5.1.1/2). 
 
Test Material (purity): Glyphosate (95% a.i.) 
 
Synonyms: Glyphosate, technical grade; Glycine, N-(phosphonomethyl); N-phosphono-methyl glycine; 
N-(phosphonomethyl)glycine; MON0573; MON 2139. 
 
Citation: Toxicokinetics of glyphosate and its metabolite aminomethyl phosphonic acid in rats.  
Department of Toxicology and Pharmacology, Faculty of Veterinary Medicine, Complutense de Madrid, 
28040 Madrid, Spain. July 14, 2009 
 
Sponsor: N/A 
 
MRID: N/A 
 
Executive Summary: In a time-course toxicokinetic study, glyphosate (95% a.i.) was administered to 
adult male Wistar rats by a single oral dose of 400 mg/kg bw via gavage or a single intravenous (i.v.) dose 
of 100 mg/kg bw (n = 80/exposure route). 
 
Glyphosate was slowly and poorly absorbed orally. The absorption half-life was calculated to be 2.29 
hours while the maximal plasma concentration was determined to be 4.64 μg/ml and time to maximal 
plasma concentration was determined to be 5.16 hours after the oral administration of glyphosate. The 
oral bioavailability of glyphosate was 23.21%. Glyphosate was also not extensively metabolized in rats. 
Aminomethyl phosphonic acid (AMPA) is the main metabolite which represented 6.49% of the parent 
plasma concentrations. The rate of elimination of AMPA (T1/2β = 15.08h) after oral glyphosate 
administration was similar to that of glyphosate (T1/2α = 14.38).  
 
After i.v. administration of 100 mg/kg bw, the distribution phase of glyphosate was fast (T1/2α = 0.345 hr) 
and with a high volume of distribution at steady state (Vss = 2.99 L/kg) glyphosate is extensively 
distributed in extravascular tissues. The two compartment model was the best fit for both groups to 
establish the toxicokinetic characteristics. The values of apparent volume of distribution in the second 
compartment were 2.39 and 2.32 L/kg after i.v. and oral administration, respectively. 
 
The elimination half-life calculated after i.v. administration was 9.99 hours. The elimination half-life of 
glyphosate increased by 44% (to 14.38 hr) after oral administration compared to the i.v. administration.  
 
Although this study was not conducted according the guideline requirement for a metabolism study 
(OPPTS 870.7485; OECD 417), it is considered acceptable and classified as appropriate for qualitative 
use for hazard characterization of glyphosate.  
 
Compliance: Signed and dated GLP, Quality Assurance, and Data Confidentiality statements were not 
provided since this was a published journal article.  
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I. MATERIALS AND METHODS 
 
A. Materials 
 



Test material: Glyphosate  



Purity: 95% a.i. 



Lot/Batch #: Not provided  



CAS #:  107-83-6 



Vehicle: Corn oil (oral) or glycerol formal (i.v.) 



Positive control: None 



Preparation of 



dosing solutions: 
Volume of 0.5 ml corn oil/rat (oral) or 0.1 ml glycerol formal (i.v.) 



Test species: Rat 



Strain: Male Wistar  



Age at start: Not provided  



Weight at start: 200-210 g 



Source: Charles River Inc, Margate, Kent, UK 



Housing: Polycarbonate cage  



Diet: A04 rodent diet, Panlab SL was provided ad libitum 



Water: ad libitum 



Environmental 



conditions: 
Temperature: 



Humidity: 



Air changes: 



Photoperiod: 



22±2°C 
50±10% 
Not stated 
12 hours dark/12 hours light 



Acclimation: Not provided  
 
B. Study Methods: 
 
1. Study experimentation dates - Start: NA End: NA 



 
2. Group Arrangements - Animals were assigned to the test groups noted in Table 1. The study did not 
mention that the animals were randomly assigned to the test groups.  
 
Table 1: Dosing groups for pharmacokinetic studies for glyphosate  



Test Group Dose (mg/kg bw) Number Time of Sac (n=8 at each time) in HR 



Oral (Gavage) 400 80♂ 0.25, 0.5, 1, 2, 4, 6, 8, 10, 12, and 24 hr 



Intravenously 100 80♂ 0.25, 0.5, 1, 2, 4, 6, 8, 10, 12, and 24 hr 



 
3. Dosing and sample collection – Eighty male rats were dosed orally via gavage and while the other 80 
male rats received glyphosate intravenously via a single injection of 100 mg/kg bw into the lateral tail 
vein (in 0.1 ml glycerol formal/rat). Animals dosed orally were fasted for 12 hours prior to dosing.  At 
each time point after dosing, 8 animals per group were sacrificed by cervical dislocation and then 
exsanguinated. Blood samples were withdrawn and collected in heparin tubes.   
 
a. Pharmacokinetic studies – The plasma concentration of test material (glyphosate or AMPA) were 
measured by high performance liquid chromatography. Fluorescence agent 9-
fluorenylmethylchloroformate (FMOC-Cl) was used as derivatizing agent to measure plasma 
concentrations of glyphosate and AMPA. The mean plasma concentration versus time data were 
sequentially fitted to 1, 2- and multiple-compartment models, using the computer program WinNonlin. 
The 2-compartment model was the best fit for both routes of exposure and was used to establish 
toxicokinetic characteristics. Plasma curves of glyphosate after single i.v. and oral administration and of 











Page 80 of 204 
 



AMPA after single oral administration of glyphosate were fitted to equations. Absorption half-life, 
distribution rate constants for transfer of the test material from the central to the peripheral compartment 
and from peripheral to the central compartment, and the elimination rate constant were calculated by 
using the standard equations described by Wagner (1975, 1976). Area under the curve (AUC), total 
plasma clearance (CL), mean residence time (MRT), volume of distribution in the central and secondary 
compartments (V1 and V1, respectively), volume of distribution at steady state (Vss), maximum plasma 
concentration (Cmax), and time at which Cmax was achieved (Tmax) was determined by the study author. 
 
4. Statistics – Mean plasma concentrations were calculated by the study author for use for 1-, 2- and 
multiple-compartment modeling, however, this data and the standard deviations were not presented.  No 
other statistical analyses were performed. 
 
 



II. RESULTS 
 
A. Pharmacokinetic Studies 
 
1. Absorption – After i.v. administration, a rapid distribution phase (T1/2α = 0.35 hr) and a slower 
elimination phase (T1/2β = 9.99 hr) were observed. The volume of distribution at steady state (Vss) was 
2.99 L/kg and the plasma clearance (CL) value was 0.995 L/kg h.  
 
After oral administration of glyphosate, the absorption was slow (T1/2 α= 2.29 hr). Bioavailability of 
glyphosate after oral administration of 400 mg/kg bw was 23.21%. The maximum concentration of 
glyphosate (Cmax = 4.62 μg/mL) was estimated 5.16 hour after oral administration. Glyphosate was 
distributed more slowly after oral than i.v. dosing (distribution half-lives, T1/2α = 4.17 and 0.345 hr, 
respectively).  
 
Table 2: Plasma kinetic parameters after administration of glyphosate 



Group Tmax (h) Cmax 



(μg/mL) 
AUC(μg 



h/mL) 
T1/2α (h) Clearance 



(L/kg h) 
Vss  



(L/kg-1) 
Absolute  



bioavailability  



Glyphosate 



100 mg/kg IV  - 166.22 100.24 9.99 0.995 2.99  



400 mg/kg oral  5.16 4.62 93.26 14.38 0.995 - 23.21% 



AMPA 



400 mg/kg oral  2.42 0.416 6.05 15.08 - -  
a Data obtained from page 93 of the study report. 



Tmax  Time to maximum plasma concentration. 



Cmax Maximum plasma concentration. 



AUC Area under plasma concentration-time curve. 



T1/2 Half-life plasma elimination 



Vss Volume of distribution at steady-state 



 
3. Tissue distribution – Tissue distribution studies were not conducted.  
 
4. Excretion – Excretion was determined based on clearance of glyphosate or AMPA from the plasma. 
The excretion of glyphosate was slower after oral administration compared to i.v. dosing (T1/2α = 14.38 hr 
vs. T1/2β= 9.99 hr).  
 
B. Metabolite characterization studies – AMPA was identified as the principal metabolite after oral 
administration of glyphosate to rats.  The AUC for AMPA and AUC for glyphosate were used to 
calculate the fraction of glyphosate metabolized to AMPA. This fraction was calculated to be 6.49% of 
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the parent compound concentration in the plasma. Plasma concentration of AMPA (0.416 ug/ml) peaked 
at 2.42 hr after oral administration of glyphosate. The elimination half-life of AMPA was 15.08 hours.  



 
III. DISCUSSION 



 
A. Investigators’ conclusions – “The present paper is the first to report in rats the plasma disposition of 
glyphosate using a selective HPLC analytical method to determine the levels of glyphosate and its 
metabolite AMPA in biological fluids in order to evaluate its pharmacokinetics. The validation 
parameters used show that the method is reliable and sensitive and allow an adequate characterization of 
the disposition of glyphosate in rats. In the study reported here, the kinetics of glyphosate after a single 
i.v. (100 mg/kg) and oral (400 mg/kg bw) administration were determined in rats as well as disposition of 
AMPA after oral administration of glyphosate were best described by use of two-compartment open 
model. Disappearance of glyphosate from plasma was characterized by an initial rapid distribution phase 
followed by a slower elimination phase.  
 
After i.v. administration of 100 mg/kg, the distribution phase of glyphosate was fast (T1/2 = 0.345 hr) and 
with a high value of volume of distribution at steady state (Vss = 2.99 L/kg) which indicate that 
glyphosate is extensively distributed in extravascular tissues. The values of apparent volume of 
distribution in the second compartment (2.39 and 2.32 L/kg after i.v. and oral administration) also 
indicate that glyphosate easily penetrated all tissues, in agreement with data reported for Brewster et al. 
(1991). The elimination half-life calculated after i.v. administration was 9.99 h. The elimination half-life 
of glyphosate increased by 44% (to 14.38) after oral administration. This suggests that in rats the plasma 
disposition of glyphosate after oral administration is conditioned by the absorption process.  
 
Glyphosate was slowly and poorly absorbed through the gastrointestinal tract in rats as reflected by an 
absorption half-life of 2.29 h, a maximal plasma concentration of 4.62 μg/ml and Tmax of 5.16 hr after oral 
dose of 400 mg/kg. This Tmax is comparable to previous studies using [14C]-glyphosate, where glyphosate-
derived radioactivity appeared to reach maximal tissue concentrations at 6.3 h after oral administration 
(Brewster et al. 1991). The oral bioavailability of glyphosate was 23.21% in rats, which was lower to 
those of other studies in which [14C]-glyphosate administered at the oral dose of 10 mg/kg and 
approximately 30-36% of the dose was absorbed (Ridley and Mirley, 1988; Howe et al., 1988; Brewster 
et al. 1991). However, this result was close to the NTP study (NTP, 1992) which showed that 
approximately 19-23% of the administered 1000 mg/kg dose was absorbed as determined by urinary 
excretion data. Colvin and Millar (1973) also previously reported a poor oral absorption of 14C-labelled 
glyphosate. When a single oral dose of glyphosate (6-9 mg/kg) was administered to New Zealand white 
rabbits, an 80% of the material appeared in the feces (Colvin and Millar, 1973). The low bioavailability of 
glyphosate may be caused by biliary excretion or glyphosate degradation at the site of absorption.  
 
Glyphosate is poorly metabolized in rats. AMPA is the main metabolite in rats. The rate of elimination of 
AMPA (T1/2 = 15.08h) after oral glyphosate administration was similar to that of glyphosate (T1/2 = 14.38). 
The metabolite represented 6.49% of the parent drug plasma concentrations. A similar metabolic 
characterization was previously indicated by Brewster et al. (1991).” 
 
B: Reviewer comments – This was a time-course toxicokinetics study in which the objective was to 
obtain the basic kinetic parameters of glyphosate and its metabolite AMPA in Wistar rats following oral 
and i.v. dosing. The kinetics of glyphosate after either oral or i.v. dosing was best described by a two-
compartment model. The value and significance of these parameters are summarized below:  
 
Absorption: The absorption half-life was calculated to be 2.29 hours while the maximal plasma 
concentration was determined to be 4.64 μg/ml and time to maximal plasma concentration was 
determined to be 5.16 hour after the oral administration of glyphosate. These parameters indicated a slow 
and poor absorption of glyphosate after oral administration  
 
Distribution: The oral bioavailability fraction of glyphosate was 23.21% in rats. This result was close to 
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the NTP study (NTP, 1992) which showed that approximately 19-23% of the administered 1000 mg/kg 
dose was absorbed as determined by urinary excretion data. After i.v. administration of 100 mg/kg, the 
distribution phase of glyphosate was fast (T1/2α = 0.345 hr) and with a high value of volume of distribution 
at steady state (Vss = 2.99 L/kg) which indicated that glyphosate was extensively distributed in 
extravascular tissues. The values of apparent volume of distribution in the second compartment were 2.39 
and 2.32 L/kg after i.v. and oral administration, respectively. 
 
Metabolism: Glyphosate was poorly metabolized in rats. AMPA is the main metabolite which represented 
6.49% of the parent plasma concentrations. The rate of elimination of AMPA (T1/2 = 15.08 hr) after oral 
glyphosate administration was similar to that of glyphosate (T1/2 = 14.38 hr).  
 
Elimination:  The elimination half-life of glyphosate after i.v. and oral administration was 9.99 h and 
14.38 h, respectively. Oral administration of glyphosate resulted in 44% increase in the elimination half 
life compared to that of intravenous. After oral administration, the extended absorption of glyphosate 
delayed clearance from plasma relative to an IV dose.  
 
This study is considered acceptable and classified as appropriate for qualitative use for hazard 
characterization of glyphosate. It is recognized that raw data was not provided in the study report; 
however, this report provided a relatively comprehensive understanding of the conditions under which the 
study was conducted and of the data generated. In addition, the effects noted in this study (e.g. 
bioavailability fraction, characteristics of ADME of glyphosate) are aligned throughout the glyphosate 
toxicology database (e.g. other metabolism studies show similar metabolism of glyphosate in rats). 
 
C. Study deficiencies: 
 
The following is a list of deficiencies according to OPPTS 870.7480; OECD 417 test guidelines.  
 
1. Age of animals at the start of the study was not provided 
2. Radiolabelled test substance using 14C were not used for all components of this study including the 
metabolite identification. Although adequate toxicokinetic data are available on testing this compound 
using radiolabel 14C, the analytical specificity and sensitivity of the method used (fluorescence detection) 
should be discussed in this paper compared to radiolabelled detection. In addition, the reason for choosing 
this method of detecting the compound in the plasma was not provided in the study report.  
3. Two doses should have been used from ONE route of exposure since this information would aid in the 
dose response assessment of ADME characterization of the test substance. Although this was a time-
course study in which the purpose was to obtain estimates of basic toxicokinetic parameters (e.g. Cmax, 
Tmax, half-life, AUC) for the test substance. The use of the second dose would have allowed 
characterization of substance bioavailability at different dose level or the effect of dose on clearance (e.g. 
to clarify whether clearance is saturated in a dose-dependent fashion).  
4. When one dose level is used (per route of exposure), a rationale is required, as per the EPA and OECD 
test guidelines to explain why a second dose level was not included in the study design. Such rationale 
was not provided in the study report.  
5. The study report did not specify whether a randomization process was used to select the animals for the 
two different exposure groups and during the time-course component of the study.  
 
These deficiencies are not expected to impact the regulatory outcome of this study. 
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 Reviewer # 1912 Date November 1, 2012 



_______________ 
 
Study Type: Metabolism – Rat; OPPTS 870.7485 (Tier I & Tier II); OECD 417 (5.1.1/2). 
 
Test Material (purity): Glyphosate (98.6% a.i.) 
 
Synonyms: Glyphosate, technical grade (MON0573); Glycine, N-(phosphonomethyl); N-
(phosphonomethyl)-glycine Round up® (MON 2139). 
 
Citation: NTP Technical Report on Toxicity Studies of Glyphosate Administered in Dosed Feed to 
F344/N Rats and B6C3F1 Mice.  Laboratory name: College of Pharmacy, University of Arizona, 
Tucson, AZ. Laboratory report number: Glyphosate, NTP Toxicity Report Number 16.  NIH Publication 
92-3135.  Study report date: July 1992. 
 
Sponsor: N/A 
 
MRID: N/A 
 
Executive Summary: In a metabolism study, 14C-glyphosate (98.6% a.i.) was administered to 3-10 
F344/N rats/group in single oral gavage doses of 5.6 or 56 mg/kg bw in distilled water,, in single 
intravenous or intraperitoneal doses of 5.6 mg/kg bw, or in a single oral dose of 5.6 mg/kg bw in animals 
pretreated with a 0.5 or 10 ppm dilution of Round Up® (MON 2139) in their drinking water.  
 
A large percent of the administered dose (AD) was excreted in the feces following single low or high oral 
doses. Urinary excretion of the radioactivity was lower compared to the fecal excretion and accounted for 
a maximum of 35% of total administered radioactivity.  
 
Peak blood radioactivity levels were reached within 1st and 2nd hours of oral administration for the low 
and high dose groups, respectively. The peak blood radioactivity level was about 0.20% of the AD for the 
low oral dose and about 0.70% of the AD for the high oral dose. The 10-fold increase in the oral dose 
resulted in a 35 fold increase in the peak blood concentrations. The blood radioactivity versus time plot fit 
a two-compartment model with a rapid distribution phase of 30 minutes and slower elimination phase of 
13 hours. Blood radioactivity levels declined rapidly following an intravenous dose of 5.6 mg/kg such 
that within 6 hours of dosing, over 90% of radioactivity was recovered in the urine.  
 
Most of the radioactivity levels in the tissues were recovered in the gastrointestinal (GI) tract (mostly in 
the small intestine) up to the 12 hour time point following single oral administration of the low and high 
doses. Radioactivity was also detected were liver, kidney, skin and blood, but in comparably small 
amounts compared to the small and large intestines (0.1-0.7% of AD in these tissues and at different time-
points). Overall, the tissue radioactive residues decreased from 12% of total radioactivity to less than 1% 
within 24 hours. Comparison of the pattern of elimination following i.v. and oral administration of 14C-
glyphosate also supported the conclusion that the compound is incompletely absorbed.  
 
Although this study was not conducted according the guideline requirement for a metabolism study 
(OPPTS 870.7485; OECD 417), it is considered acceptable and classified as appropriate for qualitative 
use for hazard characterization of glyphosate.  
 
 
Compliance: Signed and dated GLP, Quality Assurance, and Data Confidentiality statements were not 
provided. However, this study was peer-reviewed by NTP internally. The NTP peer-review panel 
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determined that the design and conditions of this study was appropriate and ensured that the toxicity study 
report presented the experimental results and conclusions thoroughly and clearly.  
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I. MATERIALS AND METHODS 
 
A. Materials 
 



Radiolabelled Test material: 14C-glyphosate [N-(phosphono-14C-methyl)-glycine] 



Radiolabelled Purity: 99% 



Test material Glyphosate 



Purity 98.6% 
Structure: 



 
CAS #:  107-83-6 



Stability: 3 weeks (stored in the dark, at room temperature) 



Vehicle: Deionized, distilled water 



Positive control: None 



Test species: Rat 



Strain: F344/N 



Age at start: Not provided  



Weight at start: 170-280 g 



Source: Harlan-Sprague-Dawley (Indianapolis, IN) 



Housing: Individually in metabolic cages   



Diet: Wayne Lab Blox rat chow was provided ad libitum 



Water: Deionized water was provide ad libitum 



Environmental conditions: Temperature: 



Humidity: 



Air changes: 



Photoperiod: 



Not provided 
Not provided 
Not provided 
Not provided 



Acclimation: Not provided  
 
B. Study Methods: 
 
1. Study experimentation dates - Start: November 1987 End: November 1987 



 
2. Group Arrangements - Animals were assigned to the test groups noted in Table 1. The study did not 
mention that the animals were randomly assigned to the test groups.  
 
Table 1: Dosing groups for pharmacokinetic studies for glyphosate  



Test Group Dose (mg/kg bw) Number Time of Sacrifice Post-dose  



Oral (Gavage)  5.6 mg/kg 3-10 ♂ 3, 6,12, 24, 48, 72, 96hr 



Oral (Gavage) 56 mg/kg 3-10 ♂ 24, 48, 72hr 



Intravenously 5.6 mg/kg 3-10 ♂ 1,2, 3, 6, 12, 24 and 48 hr  



Intraperitoneally 5.6 mg/kg 3-10 ♂ Not specified  



Oral (gavage) - E 5.6 mg/kg 3-10 ♂ 3, 6,12, 24, 48, 72, 96hr 



Oral (gavage) - R 5.6 mg/kg 3-10 ♂ Day 16 after RoundupTM  exposure 



Oral (gavage) - R 5.6 mg/kg 3-10 ♂ Day 1 before Roundup exposure 



E = elimination studies  
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R = studies with Roundup  



 
3. Dosing and sample collection – Male F344/N rats were fasted overnight prior to receiving a single 
gavage dose of 14C-glyphosate in deionized, distilled water at levels of either 5.6 or 56 mg/kg bw. Urine 
and feces were collected at 24, 48, and 72 hours post treatment. One hundred μl of urine was mixed with 
20 ml of Betaphase scintillation cocktail and analyzed for 14C using a scintillation counter. Feces were 
weighed and mixed in 15 ml of 0.5 M NaOH for 24 hrs before homogenization. Aliquots of fecal 
homogenate were oxidized and then analyzed for 14C.  
 
At termination, aliquots of brain, heart, lung, liver, kidney, spleen, testes, muscle, skin, fat, small and 
large intestine, stomach, and blood were collected. The samples were weighed, oxidized, and analyzed for 
14C as described above; the contents of the small and large intestines and the stomach were analyzed 
separately for radioactivity. The resulting values were combined and added to the last fecal time point.  
 
Additional groups of rats were given a single dose of glyphosate at a level of 5.6 mg/kg intravenously via 
the tail vein (dose volume 1.0 ml/kg), intraperitoneally, or orally to study the elimination of glyphosate. 
Urine and feces were collected analyzed for radioactivity over a 24 hour period.  
 
Additional groups of rats were pretreated with Roundup® at 0.5 or 10 ppm in drinking water. For 16 days 
to determine the effect of the surfactants and inert ingredients on glyphosate absorption. The rats received 
a single oral dose of 14C-glyphosate at 5.6 mg/kg, either on day one (prior to treatment with Roundup®) 
or on day 16 (when treatment with Roundup® was ceased).  
 
Blood samples were obtained by cardiac puncture from rats given oral doses of glyphosate at 5.6 mg/kg 
or 56 mg/kg to determine the effect of dose on the absorption of glyphosate from the gastrointestinal (GI) 
tract. The samples were analyzed for radioactivity according to above described procedures. 
 
4. Statistics – Statistical analyses were not conducted other than means and standard deviations.  
 



II. RESULTS 
 



1. Absorption and Excretion – A summary of percent radioactivity recovered in urine or feces is given 
in Table 2.  
 
The peak blood radioactivity levels were reached at 1 and 2 hours for the 5.6 and 56 mg/kg oral dose 
groups, respectively. The peak radioactivity level reached up to 0.70% of the administered dose in the 
high dose group while this value was 0.20% of the administered dose in the low dose group (Figure 1 in 
the study report). Radioactivity levels in the blood rapidly declined following the intravenous dose of 5.6 
mg/kg.   
 
For both oral dose groups, about 35% of the radioactivity was recovered in the urine while 50-70% of 
radioactivity was recovered in the feces. At 72 hours, the 5.6mg/kg group had excreted 19% of AD 
in urine and 74% of AD in feces while the 56 mg/kg group had excreted 34% of the AD in urine 
and 58% of the AD in feces. These data (large percent of radioactivity recovered in the feces compared 
to urine) suggested a poor absorption in both low and high dose groups. 
 
For the group exposed to the intravenous dose of 5.6 mg/kg, 90% of the radioactivity was eliminated 
through the urine in the first 6 hours indicating that excretion was fast and systemic exposure was 
minimal.  
 
The study author stated that the apparent decrease in cumulative percentage eliminated in urine after the 
5.6 mg/kg oral dose was probably due to inter-individual variation, and variances (from 10 to 3) in the 
number of animals per time point.  
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Data was not provided for the rats that were exposed to Roundup® (the isopropylamine salt of glyphosate 
and surfactants) in drinking water at concentrations of 0.5 to 10 ppm for 9 to 16 days. However, the study 
stated that no difference in elimination of an oral dose of 5.6 mg/kg of 14C-glyphosate was noted 
following any of these exposures compared with the elimination of a similar dose a day prior to beginning 
administration with Roundup®.  
 
Table 2: Cumulative Percentage of Oral or I.V. Dose of Glyphosate in Urine or Fecesa 



Time (hours) Oral (5.6 mg/kg) Oral (56 mg/kg) I.V. (5.6 mg/kg) 



 Urine Feces Urine Feces Urine Feces 



6 10 ± 5 7  ± 11   90 ± 7 0.3  ± 0.2 
12 31 ± 10 28 ± 10   95 ± 9 0.5 ± 0.5 
24 26  ± 14 55  ± 13 28 ± 10 47 ± 12 98 ± 11 3 ± 2 
48 18 ± 2 71 ± 8 33 ± 12 57  ± 15   
72 19 ± 2 74 ± 5 34 ± 12 58  ± 15   



a Data obtained from page 18 of the study report. 



N = 3-10  



 
3. Tissue distribution – The tissue distribution of radioactivity of the 5.6 mg/kg dose is summarized in 
Table 3.  
 
Most of the radioactivity in the tissues was detected in the gastrointestinal tract (mostly the small 
intestine) up to the 12 hour time point. Radioactivity was also detected in liver, kidneys, skin, and blood 
to a much lesser extent when compared to the GI tract.  
 
The blood radioactivity levels versus time plot fit into a 2-compartment model with an alpha (distribution) 
phase of about 0.5 hour and a beta (elimination) phase of 13 hours.  
 
Table 3: Percent of Dose in Tissues Following Oral administration of glyphosate at 5.6 mg/kga 



Tissues Time (hr) 



 3b 6b 12b 24c 96c 



Small intestine 7.72 ± 1.74 10.20 ± 5.49 4.12 ± 2.25 0.48 ± 0.51 0.03 ± 0.01 
Large Intestine 1.21 ± 1.07 0.51 ± 0.01 0.46 ± 0.28 0.17 ± 0.17 0.01 ± 0.00 



Liver 0.10 ± 0.00 0.07 ± 0.04 0.11 ± 0.01 0.14 ± 0.08 0.05 ± 0.05 
Kidney 0.36 ± 0.19 0.48 ± 0.42 0.31 ± 0.06 0.10 ± 0.07 ND 



Skin 0.70 ± 0.45 0.18 ± 0.25 0.21 ± 0.12 NDd ND 
Blood  0.28 ± 0.01 0.18 ± 0.06 0.31 ± 0.10 0.03 ± 0.06 ND 



Tissue Total 12.00 ± 0.33 11.67 ± 6.29 5.54 ± 2.35 0.89 ± 0.84 0.10 ± 0.06 
a Data obtained from page 18 of the study report. 



b N = 2 rats  



c N = 3 rats  



d ND notes that values were not determined as the amount of radioactivity in the samples below the level of accurate analytical measurement 



(<100dpm)   



 
 
 
 



 
III. DISCUSSION 



 
A. Investigators’ conclusions – “Disposition studies showed that after a dose of glyphosate at either 5.6 
or 56 mg/kg, over 70% of the administered dose was eliminated within 24 hours. Tissue distribution data 
indicate most of the radioactivity was in the gastrointestinal tract following oral administration, indicating 
the compound may not be completely absorbed. Comparison of the pattern of elimination following i.v. 
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and oral administration of [14C]-glyphosate also supports the conclusion that the compound is 
incompletely absorbed. Radioactivity is eliminated primarily in feces after oral administration and 
primarily in urine following i.v. administration. If the usual assumption is made that i.v. administration 
represents the fate of a completely absorbed dose, the about 30% of the 5.6 mg/kg oral dose of glyphosate 
was absorbed; there is some evidence that a relatively higher percentage of the 56 mg/kg dose was 
absorbed. The 10-fold increase in dose resulted in a 30-fold increase in peak blood concentration. There 
also was a trend toward a higher percentage of the 56 mg/kg dose being eliminated in urine, but the 
differences were not statistically significant. Perhaps there is some interaction between glyphosate and the 
stomach/intestinal contents that binds a relatively larger percentage of the low dose, making it less 
available for absorption.” 
 
B: Reviewer comments – The objectives of this study were to obtain basic data on metabolism of 
glyphosate in F344/N rats following oral and i.v. dosing.  
 
Absorption: The high percent (58-74% of AD) of radioactivity levels in the feces suggested a poor 
absorption of glyphosate following single low (5.6 mg/kg) or high (56 mg/kg) oral doses in rats. The peak 
blood radioactivity levels were reached within the first 2 hours of oral administration of the low or high 
dose. The peak radioactivity level reached up to 0.70% of the AD in the high dose group while this value 
was 0.20% of the AD in the low dose group, 2 and 1 hours post-dosing respectively. The internal 
concentration of the high dose would be 0.70% x 56 mg/kg =  0.392 mg/kg and the internal concentration 
of the low dose would be 0.20% x 5.6 mg/kg =  0.0112 mg/kg. So a 10-fold increase in dose resulted in a 
35-fold (0.392 mg/kg / 0.0112 mg/kg) increase in peak blood concentration (not 30-fold as the study 
author stated in the report).  A ratio of 3.5:1 increase in blood concentrations of a compound compared to 
oral doses would indicate saturation of excretory pathways as the organisms could not eliminate the test 
compound as fast as the low dose.    
 
Distribution: The highest radioactive tissue residues were detected in the GI tract. This finding was 
consistent with a large fecal excretion of the administered radioactivity and the study report did not 
discern whether the radioactive residues were in this tissue or associated with the fecal matter that was 
still retained in the intestines. Other organs where radioactivity was detected were liver, kidney, skin, and 
blood. The study reported (although the data was not shown) that the blood radioactivity versus the time 
plot fit a two-compartment model with a rapid distribution phase of 30 minutes and slower elimination 
phase of 13 hours.  
 
Elimination: Following oral administration of 14C-glyphosate, elimination was similar in the low and high 
dose groups although a higher percentage (58-74%) of radioactivity excreted through the feces and a 
lower portion (~ 35%) excreted through the urine. The fecal excretion peaked towards the end of the 
measurement (72 hour time point) for both dose groups. The urinary excretion of the radioactivity 
plateaued at 12 hours in the low dose group and at 72 hours in the high dose groups. Following the 
intravenous administration of a low dose (5.6 mg/kg) of 14C-glyphosate, the elimination was rapid (90% 
excreted within 6 hours) and occurred primarily through the urine.  
 
This study is considered acceptable and classified as appropriate for qualitative use for hazard 
characterization of glyphosate. It is recognized that raw data was not provided in the study report; 
however, this report provided a sufficient understanding of the conditions under which the study was 
conducted and of the data generated. In addition, the effects noted in this study (e.g. characteristics of 
ADME of glyphosate) are aligned with other lines of evidence throughout the glyphosate toxicology 
database (e.g. other metabolism studies show similar metabolic profile for glyphosate in rats). 
 
C. Study deficiencies: 
 
The following is a list of deficiencies according to OPPTS 870.7480; OECD 417 test guidelines.  
 











Page 89 of 204 
 



1. The exact number of rats per group or per time point used was not specified. 
2. Environmental conditions (such as temperature, humidity levels, etc) were not provided for this study.  
3. Age of animals at the start of the study was not provided  
4. Acclimation period for the animals was not provided.  
5. The study report did not state whether animals were randomly assigned to the test groups.  
6. The data/results of group of animals that were exposed to glyphosate intraperitoneally were not 
discussed in the study report although discussed as part of design/materials and methods.  
7. The data/results for tissue distribution in the high dose oral gavage group were not presented. 
 
These deficiencies are not expected to impact the regulatory interpretation of this study. 
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Note To/Note au: Toxicology File  



From/De: Haris Gisavi 
Evaluation Officer, TRS-2, HED 



Subject/Objet: Sub. No(s): 2004-0175 
Product Name: Glyphosate products 
Active Ingredient: Glyphosate acid and salt forms (GPS) 



Action Requested : Screen/Review of Open Literature Studies  
 
 
Study Title: Glyphosate impairs male offspring reproductive development by disrupting 



gonadotropin expression.  



Summary: In this study, glyphosate formulation (commercially available, called Roundup Transorb) was 
administered to 12 pregnant female Wistar rats at a dose level of 50 mg/kg bw from GD 18 to PND5. On 
PND60, the male offspring from these females were assessed for various reproduction parameters. Theses 
parameters included sexual partner preference, sexual behaviour, hormone measurements, mRNA 
expression of hormones, protein expression of the hormones, sperm evaluation, histology and 
morphometry of seminiferous epithelium, organ weights, and body weight (also tested on PND21, PND 
30, PND40). The males from treated dams spent more time in contact with females than control animals.  
An increase in the latency to first, latency to first intromission and latency to mount after first ejaculation 
was noted in treated males compared to controls. Statistically significant increased testosterone and 
estradiol serum concentrations were noted in the treated animals compared to controls. Increased sperm 
production was noted in the treated animals compared to controls. An increase in epithelial height and a 
reduction in luminal diameter without changes in the tubular diameter were noted in the treated animals 
compared to controls.  



Limitations:  



- The test substance was a glyphosate based commercial formulation. The percent active ingredient 
was not indicated.  Other components of the formulation were not identified besides the 
glyphosate and isopropylamine salt of glyphosate. The remaining components were identified as 
‘inert’ ingredients.  



- One dose group was used compared to at least three dose groups that are generally used in the 
guideline studies.  



Conclusion: This study does not meet the minimum criteria to be eligible for risk assessment of the active 
ingredient, as outlined in the draft “Guidance for considering and using open literature studies to support 
human health risk assessment” (US EPA, 2011) and the PMRA document (PMRA# 2158384). The major 
limitations as discussed above were not using the active ingredient as the test substance and inadequate 
number of dose levels. This study is categorized as ‘invalid’ (inappropriate for quantitative or qualitative 
use in risk assessment because it is of insufficient quality and lacks scientific defensibility).   



Reference: Romano, M.A. (2012). Glyphosate impairs male offspring reproductive development by disrupting 
gonadotropin expression. Arch. Toxicol. 86:663-673 
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Study Title: Vitamin C and E reverse effect of herbicide-induced toxicity on human epidermal cells 



HaCaT: a biochemometric approach 
 
Summary: In this in vitro study, human keratinocytes cell line HaCaT was used to study cytotoxicity of 
glyphosate alone or included in Roundup 3 plus® formulation and the effects of Vitamin C and Vitamin 
E in the protection against cytotoxicity (if any). The cell cultures were incubated overnight in increasing 
concentrations of glyphosate or Roundup (0-25mM) and/or Vitamin E or C. Various combinations of 
glyphosate or roundup with various concentrations of Vitamin E and/or C were tested in different 
incubation periods. Cytotoxicity was measured thereafter and the inhibition concentration 50% (IC50) was 
determined. The preliminary IC50 values of glyphosate alone and roundup on the cell cultures tested were 
22mM and 19.5 mM. According to this result, the authors stated that the formulation is more toxic 
compared to the active ingredient. Optimal values for vitamin C and vitamin E were calculated from the 
results of this study that were needed to modulate the toxic effect of the glyphosate formulation. The 
study authors concluded that glyphosate based formulations can be responsible for oxidative damage to 
human epidermal cells and antioxidant compounds can decrease this effect.  
 
Limitations:  
 



- The percent active ingredient (glyphosate) was not indicated.  The components comprising the 
glyphosate formulation used as the test substance were not provided.  



- Inadequate description of the data in the results section as the IC50 values could not be obtained 
for glyphosate alone (the active ingredient) before the addition of Vitamin C or E.  



- The challenge of extrapolating from the results of this (in vitro) study to the complex biology of 
whole animals.  
 



Conclusion: This study does not meet the minimum criteria to be eligible for risk assessment of the active 
ingredient, as outlined in the draft “Guidance for considering and using open literature studies to support 
human health risk assessment” (US EPA, 2011) and the PMRA document (PMRA# 2158384). The major 
limitation as discussed above was not providing the purity level of the active ingredient. This study is 
categorized as ‘invalid’. 
 
Reference: Nicod, Laurence, et al. (2005). Vitamins C and E reverse effect of herbicide-induced toxicity on human 
epidermal cells HaCaT: a biochemometric approach. International Journal of Pharmaceutics 288: 219-226 
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Study Title: Glyphosate-based pesticides affect cell cycle regulation  
 
Summary: In this in vitro study, fertilized sea urchin eggs and the embryos were incubated with fresh 
seawater (control) or five different glyphosate formulations. The results showed that the formulations 
impeded the cell division process in a dose dependent manner, ranging from a delay in the time of the cell 
division up to an inhibition of the process. The effects of formulations on cell cycle regulation were 
compared with their glyphosate content. The study authors calculated a threshold adverse dose of 
glyphosate sufficient to provoke dysfunction of at least one cell was equal to 10 μM when present in the 
formulations tested. However, the purity of glyphosate in these formulations was not given. The study 
authors stated that these formulations contain glyphosate at a concentration of 40mM which is 500 to 
4000 times higher concentration that the threshold adverse concentration towards the cell cycle estimated 
by the data of this study. 
 
Limitations:  
 



- The test substances were glyphosate based commercial formulation. The percent active ingredient 
was not indicated.  Other components of the formulation were not identified besides glyphosate. 



- The challenge of extrapolating from the results of this (in vitro) study to the complex biology of 
whole animals.  



Conclusion: This study does not meet the minimum criteria to be eligible for risk assessment of the active 
ingredient, as outlined in the draft “Guidance for considering and using open literature studies to support 
human health risk assessment” (US EPA, 2011) and the PMRA document (PMRA# 2158384). The major 
limitation as discussed above was not using the active ingredient as the test material. This study is 
categorized as ‘invalid’. 
 
Reference: Marc, Julie, et al (2004). Glyphosate-based pesticides affect cell cycle regulation. Biology of the Cell 96: 
245-249.  
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Study Title: A glyphosate-based herbicide induces necrosis and apoptosis in mature rat testicular 



cells in vitro, and testosterone decrease at lower levels. 
 
Summary: In this in vitro study, glyphosate and Roundup were tested on male rat testicular cells from 1 to 
10000 ppm. Roundup and glyphosate caused a reduction in testosterone by 35% in the Leydig cells at 
1ppm, but at concentrations higher, the difference between control and treated cells were comparable.  At 
concentrations 75 and 100 ppm, the testosterone levels were increased compared to controls. Roundup 
resulted in necrosis and apoptosis in Leydig cells, germ cells and Sertoli /germ cells co-cultures starting 
from 0.1% dilution (1000 ppm). Glyphosate resulted in necrosis of Sertoli and germ cells mixtures and in 
isolated germ cells starting at 5000 ppm.  
 
Limitations:  
 



- Purity of active ingredient was not provided in the paper  
- The components of the formulation were not characterized in this study  
- The challenge of extrapolating from the results of this (in vitro) study to the complex biology of 



whole animals.  
- The study report did not discuss whether the tested concentrations of glyphosate would produce 



cytotoxicity and impact the results of this study 
 
Conclusion: This study showed that the glyphosate formulation (roundup) or glyphosate (at unknown 
purity level) increased adenylate kinase activity (a biomarker of cell damage or necrosis) in the culture 
media. This study is considered ‘invalid’ or of little utility for hazard assessment of glyphosate because of 
limitations noted above.  
 
Flags: Glyphosate resulting in necrosis of Sertoli cells and germ cells starting at 5000 ppm (at unknown 
purity level).  
 
Reference: Chair, E. et al. (2012). Glyphosate-based herbicide induces necrosis and apoptosis in mature rat testicular 
cells in vitro, and testosterone decrease at lower levels. Toxicology in Vitro 26: 269-279.  
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Study Title:  Placental Passage of Benzoic Acid, Caffeine, and Glyphosate in an ex vivo Human 



Perfusion System.  
 
Summary: In this ex vivo study, placentas from uncomplicated pregnancies were used as perfusion models 
in which labelled and unlabelled glyphosate were added and samples were collected before and after 
perfusion. The transfer of glyphosate was restricted throughout perfusion, with a lower permeation rate 
which was speculated to be due to its hydrophilicity.  Overall about 15% glyphosate in maternal 
circulation crossed to the fetal circulation during the study period and in the seven perfusion models 
tested.  
 
Limitations:  
 



- Purity of glyphosate was not given  
- The challenge of extrapolating from the results of this (ex vivo) study to the complex biology of 



whole animals.  
 
Conclusions: This study showed that in the ex vivo environment, glyphosate could cross a placental 
membrane and reach fetal circulation at a lower fraction of the concentration available at maternal 
circulation. However, this study is considered ‘invalid’ or of little utility for hazard assessment of 
glyphosate because of limitations noted above. 
 
Flag: Around 15% of the glyphosate in maternal circulation crossed to the fetal circulation in perfusion 
models tested in this study 
 
Reference: Mose, Tina et al. (2008). Placental passage of Benzoic acid, Caffeine, and Glyphosate in an ex vivo 
human perfusion system. Journal of Toxicology and Environmental Health, Part A, 71: 984:991.  
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Study Title: Alteration of estrogen-regulated gene expression in human cells induced by agricultural 



and horticultural herbicide glyphosate.  
 
Summary: In this in vitro study, DNA microarray analysis was used to study the effects of glyphosate to 
alter the expression of a variety of genes in human cells. Real time PCR was used to corroborate the 
altered states of expression of these genes. Three genes HIF1, CXCL12 and EGR1 as determined by DNA 
microarray analysis and quantitative real time PCR were dysregulated by glyphosate exposure. The 
potential gene regulation effects included initiation of apoptosis in cells of cerebral and myocardial 
tissues, increase angiogenesis and other possible effects listed in the study report. Overall, the exposure of 
glyphosate combined with estrogen resulted in increased dysregulation of the three genes (HIF1, CXCL12 
and EGR1) compared to glyphosate or estrogen alone.  
 
Limitations:  
 



- The cell lines used were not adequately characterized.  
- The challenge of extrapolating from the results of this (in vitro) study to the complex biology of 



whole animals.  
- The purity of glyphosate was not provided.  
- The concentration of glyphosate used was ambiguous and difficult to interpret and convert to part 



per million or mg/kg bw.  
 
Conclusions: This study showed that the glyphosate alone or with estrogen increased dysregulation of the 
selected genes. However, this study is considered ‘invalid’ or of little utility for hazard assessment of 
glyphosate because of limitations noted above. 
 
Flags: Glyphosate resulted in dysregulation of genes mainly responsible for initiation of apoptosis in 
various tissue types.  
 
Reference: Hokanson, R, et al. (2007). Alteration of estrogen-regulated gene expression in human cells induced by 
the agricultural and horticultural herbicide glyphosate. Human & Experimental Toxicology. 26: 747-752.  
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Oct 15, 2012 



Note To/Note au: Toxicology File  



From/De: 2032 
Evaluation Officer, TRS-2, HED 



Subject/Objet: Sub. No(s): 2004-0175 
Product Name: Glyphosate products 
Active Ingredient: Glyphosate acid and salt forms (GPS) 



Action Requested : Screen of Open Literature Studies  
 
 
Study Title: The oral and intra-tracheal toxicities of Roundup and its components to rats.    



Summary: Toxicity of Roundup and its components, glyphosate and polyoxyethyleneamnine (POEA) 
was examined in Wistar rats after intra-tracheal and oral administration.  Immediate respiratory effects 
were more severe and longer lasting in animals exposed to treatments containing POEA.  Two animals 
treated orally with POEA died within 24 hours.  Mortality was noted across all treatment groups after 
intrat-racheal treatment, with lowest mortality rate noted in the glyphosate treated group.  Glyphosate 
treatment produced transient diarrhea, mild lung hemorrhages, and lung epithelial cell damage, primarily 
post-intratracheal exposure.  The results indicated that POEA containing preparations and POEA 
treatment were more toxic than glyphosate treatment in Wistar rats. 
  
Methods 
Five groups of fasted Wistar rats (250-350g), 8/group, were anesthetized with sodium pentobarbitone (50 
mg/kg ip) and atropine sulphate (50 mg/kg im) and administered intratracheally glyphosate (200 mg/kg), 
POEA (100 mg/kg), mixture of glyphosate (200 mg/kg) and POEA (100mg/kg), Roundup (equivalent to 
200 mg/kg of glyphosate and 100 mg/kg of POEA as 41% w/v glyphosate isopropylamine salt and 18% 
w/v POEA) or saline (control animals) at 1mL/kg bw.  Another five groups of 8 rats/group were treated 
orally, via gavage, with 2000 mg glyphosate/kg , 1000 mg POEA/kg, a mixture of 2000 mg glyphosate/kg 
and 1000 mg POEA/kg, Roundup (2000 mg glyphosate/kg and 1000 mg POEA/kg), or saline at 10mL/kg.  
Animals were observed at 0, 1, 3, 6 and 24 hours after dosing, and then sacrificed via halothane overdose 
for necropsy.  Lung tissues were weighed, graded (normal, mild, moderate or severe) for hemorrhage and 
fixed in formalin for histologic examination.  Tissues were stained with hematoxylin and eosin and were 
analysed for presence of hemorrhage and epithelial cell damage and/or loss with a severity grading. 
Statistical analysis was performed, using Fisher exact test for comparison between the groups (clinical 
signs and lung hemorrhage), and Anova with an LSD test for ratios and means. 
 
Results 
Within the first hour of intratracheal administration of Roundup or its components, death was observed, 
with 50% animals dying in Glyphosate+POEA  group, and 37.5% animals dying in Roundup and POEA 
groups, as noted in Table 1.  Nose bleeds, loud breathing, wheezing and gasping were observed in rats 
exposed Roundup or its constituents, but the observations were transient, with the number of animals 
affected decreasing with time, and no symptoms of toxicity visible by 24 hours post-dosing.  Glyphosate 
intratracheal administration, as compared to POEA administration, caused less toxic symptoms. 
 
Examination of lung hemorrhaging from intratracheally dosed animals, showed 75% of lungs affected in 
the glyphosate+POEA group, however the hemorrhaging was mild (Table 2).  Roundup and POEA 
groups had both 12.5% of moderate hemorrhaging visible.   
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Animals that received Roundup or glyphosate+POEA orally had comparable reactions to intratracheal 
administration.  However, animals given POEA orally were the only ones that showed mortality and had 
highest incidence of nose bleeds and diarrhea, as compared to other treatment groups.   Mortality was 
noted after 24 hours in the rats given POEA orally.  Prior to death, the animals in that group were noted as 
having the highest incidence of diarrhea and nose bleeds that increased with time post-dosing. 
 
Animals treated with POEA orally showed the greatest range of hemorrhaging, with 50% of lung 
affected, including 12.5% of moderate grade and 12.5% of severe grade.  Lung wet weight/body weight in 
the POEA group had large standard deviation; however, there was no raw data available for further 
examination. 
 
Table 1. Signs of toxicity (incidence after 0, 1, 3, 6 and 24 hours per 8-dead animals) after intratracheal 
and oral administration of Roundup and its constituents 
Intratracheal Administration Results 



Symptoms Saline 
(n=8) 



Roundup 
(n=8, 5) 



Glyphosate+POEA 
(n=8, 4) 



Glyphosate 
(n=8, 6) 



POEA 
(n=8, 5) 



Cumulative 
death 



0 0, 3, 3, 3, 3 0, 4, 4, 4, 4 0, 2, 2, 2, 2 0, 3, 3, 3, 3 



Nose bleed 0 8, 2, 2, 0, 0 7, 2, 2, 0, 0 0, 2, 0, 0, 0 4, 3, 1, 0, 0 
Loud 
breathing 



0 5, 2, 2, 0, 0 5, 2, 2, 0, 0 1, 1, 0, 0, 0 4, 1, 1,0, 0 



Wheezing 0 4, 2, 2, 0, 0 4, 2, 1, 0, 0 1, 1, 0, 0, 0 3, 1, 1, 0, 0 
Gasping 0 7, 2, 2, 0, 0 6, 2, 2, 0, 0 3, 2, 0, 0, 0 5, 2, 1, 0, 0 
Oral Administration Results 



Symptoms Saline 
(n=8) 



Roundup 
(n=8) 



Glyphosate+POEA 
(n=8) 



Glyphosate 
(n=8) 



POEA 
(n=8, 6) 



Cumulative 
death 



0 0 0 0 0, 0, 0, 0, 2 



Nose bleed 0 0, 0, 0, 1, 1 0, 0, 0, 0, 1 0 0, 0, 0, 0, 3 
diarrhea 0 0, 0, 0, 5, 7 0, 0, 2, 5, 8 0,0, 0, 2, 0 0, 1, 4, 7, 6 



 



 



 
Table 2.   Gross Lung Hemorrhage (%) results after administration of Roundup and its components 
Lung Hemorrhage after intratracheal administration 



Symptoms Saline (n=8) Roundup 
(n=8) 



Glyphosate+POEA 
(n=8) 



Glyphosate 
(n=8) 



POEA (n=8) 



Normal 87.5 37.5 25 75 50 
Mild 12.5 50 75 25 37.5 
Moderate 0 12.5 0 0 12.5 
Severe 0 0 0 0 0 
Total 12.5 62.5 75 25 50 
Lung wet 
wt/body (10-



3) 



6.37±0.76 7.10±1.22 8.48±2.18 6.40±0.99 7.39±2.05 



Lung Hemorrhage after oral administration results 
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Symptoms Saline (n=8) Roundup 
(n=8) 



Glyphosate+POEA 
(n=8) 



Glyphosate 
(n=8) 



POEA (n=8) 



Normal 100 62.5 50 87.5 50 
Mild 0 37.5 50 12.5 25 
Moderate 0 0 0 0 12.5 
Severe 0 0 0 0 12.5 
Total 0 37.5 50 12.5 50 
Lung wet 
wt/body wt 
(10-3) 



5.99±1.19 5.79±0.78 6.39±0.94 6.28±0.69 7.65±3.19 



 
Gross observation of lung hemorrhage was supported by histological data.  Histopathological analysis 
indicated that rats exposed to POEA had overall more animals with severe hemorrhage and epithelial 
loss/damage, as compared to other groups, by both routes of administration. 
 
Table 3.  Histological changes in lungs from rats exposed to Roundup and its components 
Intratracheal administration 



Symptoms Saline 
(n=6) 



Roundup 
(n=5) 



Glyphosate+POEA 
(n=6) 



Glyphosate 
(n=5) 



POEA 
(n=4) 



Normal 
hemorrhage 



6 3 6 5 1 



Severe 
hemorrhage 



0 2 0 0 3 



Normal 
epithelial 
cell 
loss/damage 



6 3 5 3 3 



Severe 
epithelial 
cell 
loss/damage 



0 2 1 2 1 



Oral administration results 



Symptoms Saline 
(n=6) 



Roundup 
(n=6) 



Glyphosate+POEA 
(n=5) 



Glyphosate 
(n=6) 



POEA 
(n=6) 



Normal 
hemorrhage 



6 6 5 5 4 



Severe 
hemorrhage 



0 0 1 1 2 



Normal 
epithelial 
cell 
loss/damage 



6 5 5 6 4 



Severe 
epithelial 
cell 
loss/damage 



0 1 1 0 2 
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Discussion:  The toxicity was almost immediate after intratracheal administration of test substances, as 
compared to oral, even with 10% of the doses used.  Combination of glyphosate+POEA was chosen as 
one of treatment groups, with ratio of 2:1 to simulate the concentrations found in Roundup, which was 
also chosen as one of the treatment groups.  The results between these groups were similar.  Examination 
of results showed POEA treatment to cause the most toxicity, with the greatest mortality rate. Nose bleeds 
were seen only with POEA-containing oral preparations. 
Data indicated that glyphosate and POEA can cause lung damage.  Comparison of toxicities of 
glyphosate, POEA and Roundup given by oral and intratracheal route to Wistar rats showed that the 
surfactant POEA was more toxic than the glyphosate alone, and glyphosate+POEA and Roundup toxicity 
was greater than toxicity of glyphosate alone.  There was no synergistic increase in the toxicity of the 
active ingredient of the herbicide and the surfactant.   
 



Limitations:  



- The purity of the chemicals was not specified The study included not only EP but also the 
components, the a.i. and surfactant but without multiple dose levels (no dose response, and 
therefore not possible to choose a NOAEL/LOAEL).   



- The n value was 8/group, reducing the strength of statistical analysis   



- The range of body weights  was larger than expected (difference of 100g). at the point of 
assignment to treatment groups. 



- Study did not include body weight, body weight gain and food consumption data 



Conclusion: This study does not meet the minimum criteria to be eligible for risk assessment of the active 
ingredient, as outlined in the draft “Guidance for considering and using open literature studies to support 
human health risk assessment” (US EPA, 2011). The major limitations as discussed above were 
insufficient number of both dose levels and animals. This study is categorized as ‘invalid’ (inappropriate 
for quantitative or qualitative use in risk assessment because it is of insufficient quality and lacks 
scientific defensibility).  However this study provides useful information about effects of the surfactant.  



Reference: Adam, A., Marzuki, A/, Abdul Rahman .H. and Abdul Aziz M.  (1997).  The oral and 
intratracheal toxicities of Roundup and its components to rats.  Vet human Toxicol. 39: 147-51. 
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Oct 15, 2012 



Note To/Note au: Toxicology File  



From/De: 2032 
Evaluation Officer, TRS-2, HED 



Subject/Objet: Sub. No(s): 2004-0175 
Product Name: Glyphosate products 
Active Ingredient: Glyphosate acid and salt forms (GPS) 



Action Requested : Screen of Open Literature Studies  
 
 
Study Title: Glyphosate Formulations Induce Apoptosis and Necrosis in Human Umbilical, Embryonic, 
and Placental Cells.   



Summary: The toxicity of four glyphosate based herbicides in Roundup formulations was tested using 
three different human cell types, and compared to results obtained with glyphosate, its main metabolite 
AMPA or with surfactant POEA. The dilutions used were far below agricultural recommendations and 
corresponded to low levels that might be found as residues in food or feed. The cell lines included 
HUVEC primary neonate umbilical cord vein cells, 293 embryonic kidney and JEG3 placental cell lines. 
 
Four Roundup herbicide formulations (Roundup Express 7.2 g/L of glyphosate, Bioforce or Extra 360 
with 360 g/L of glyphosate, Grands Travaux with 400 g/L of glyphosate, and Grands Travaux plus with 
450 g/L of glyphosate) were evaluated for cytotoxic effects in the three cell lines.  Mitochondrial 
succinate dehydrogenase (SD) activity (cell aspyxia as shown by enzyme inhibition) and release of 
cytoplasmic adenylate kinase (AK activity indicative of membrane damage/rupture during necrosis and/or 
a secondary necrosis at the end of apoptosis) were measured after 24 hours of exposure to evaluate 
cytotoxicity.  AK measurements were 1.5-2 more sensitive than SD measurements. All formulations 
caused total cell death within 24 h, but unexpectedly, Grands Traveaus 400 formulation was the most 
toxic, and reached LD50 in all the cell lines at the lowest dilution of ~ 0.01 corresponding to 47µM of 
glyphosate (8ppm with adjuvants).  The next most toxic treatment was with Grands Traveaus 450 which 
has higher glyphosate content (~0.1 dilution), the Bioforce, Roundup Express (lower glyphosate content, 
undiluted) and glyphosate itself.  Without the adjuvants, 4-10 ppm of glyphosate did not show similar 
toxicity.   
 
Formulations including AMPA and POEA provoked SD and AK effects in human cell lines at different 
concentrations, with POEA being the most potent (altering SD in HUVEC at 1ppm and AK in 293 and 
JEG3 cell lines), followed by Roundup formulations, and then glyphosate and AMPA.  AMPA was more 
toxic than glyphosate on human cells, since the metabolite can destroy cell membrane and provoke AK 
release (more sensitive damage); however glyphosate was 3-8 times more inhibitory to SD than AMPA. 
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When compounds were tested in pairs (glyphosate+POEA, glyphosate+AMPA or AMPA+POEA) to 
determine combined effects on cell membrane integrity via AK release, the mixtures were more 
disrupting in combination when used on embryonic and umbilical cells.   
 
Roundup 360 and glyphosate were shown to also induce apoptosis via activation of enzymatic caspases 
3/7 activity from 6 hours with a maximum at 12 hours, with activation being 60-160 more times sensitive 
in HUVEC cells than the other cell lines. Glyphosate activated the caspases at a lower concentration than 
that which inhibited SD activity.  After 24 hours of treatment, the caspases 3/7 activity returned to basal 
levels, showing expected gradual loss of caspases 3/7 activity usually noted in apoptotic cells that 
undergo secondary necrosis in vitro.  Low concentration of glyphosate formulations caused a change in 
cell morphology with the cell death, as indicated by lack of adhesion, shrinkage and fragmentation in 
apoptotic bodies, confirmed with the DNA fluorescent labeling with DAPI (DNA condensation). 
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In conclusion, the glyphosate formulations’ adjuvants like POEA are not “inert”, but change human cell 
permeability and amplify toxicity induced already by glyphosate (apoptosis), disrupting cell and 
mitochondrial membranes and promoting apoptosis and necrosis. 
 
Limitations:  



- The study included glyphosate formulations, in addition to glyphosate itself, surfactant and 
primary metabolite AMPA; however the purities of chemicals were not specified. 



- Data was shown only in a graph format, without access to raw data tables  



- The in vitro effects in a closed system are difficult to translate into in vivo effects where 
metabolism and clearance would play a large role in potential toxicity  



Conclusion: This study does not meet the minimum criteria to be eligible for risk assessment of the active 
ingredient, as outlined in the draft “Guidance for considering and using open literature studies to support 
human health risk assessment” (US EPA, 2011). The major limitation as discussed above was incomplete 
characterization of the test substances, and unknown relevance of in vitro effects to in vivo effects. This 
study is categorized as ‘invalid’ (inappropriate for quantitative or qualitative use in risk assessment 
because it is of insufficient quality and lacks scientific defensibility).   



Flag: Glyphosate caused apoptosis in umbilical (most sensitive), embryonic and placental cell lines in 



vitro, activating caspases 3/7 at concentrations that did not provoke cell and mitochondrial membrane 
damage. 



Reference: Nora Benachour and Gilles-Eric Séralini (2009).  Glyphosate Formulations Induce Apoptosis 
and Necrosis in Human Umbilical, Embryonic, and Placental Cells. Chem. Res. 22 (1), pp 97–105. 
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Oct 16, 2012 



Note To/Note au: Toxicology File  



From/De: 2032 
Evaluation Officer, TRS-2, HED 



Subject/Objet: Sub. No(s): 2004-0175 
Product Name: Glyphosate products 
Active Ingredient: Glyphosate acid and salt forms (GPS) 



Action Requested : Screen of Open Literature Studies  
 
 
Study Title: Roundup revelation: weed killer adjuvants may boost toxicity.  



Summary: This was a commentary on a journal article investigating Roundup toxicity and glyphosate 
alone on cultured placental cells.  The formulation was found to kill the cells at concentrations far below 
those used in agricultural practice, and was found to be twice as toxic as glyphosate alone.  Further 
research found that Roundup disrupted aromatase activity at concentrations 100 times lower than those 
used in agriculture.  However it is unknown how the results from the in vitro experiments translate to 
effects in the whole body. 
 
Limitations:  



- Commentary on a study only, incomplete data 



Conclusion: This study does not meet the minimum criteria to be eligible for risk assessment of the active 
ingredient, as outlined in the draft “Guidance for considering and using open literature studies to support 
human health risk assessment” (US EPA, 2011). The major limitation as discussed above was based on 
deficiency in reporting. This study is categorized as ‘invalid’ (inappropriate for quantitative or qualitative 
use in risk assessment because it is of insufficient quality and lacks scientific defensibility).   



Reference: Bonn, D. (2005).  Roundup revelation: weed killer adjuvants may boost toxicity. International 
health Perspectives 13(6): A403-404. 
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Oct 16, 2012 



Note To/Note au: Toxicology File  



From/De: 2032 
Evaluation Officer, TRS-2, HED 



Subject/Objet: Sub. No(s): 2004-0175 
Product Name: Glyphosate products 
Active Ingredient: Glyphosate acid and salt forms (GPS) 



Action Requested : Screen of Open Literature Studies  
 
 
Study Title: Pre- and postnatal toxicity of the commercial glyphosate formulation in Wistar rats.  



Summary: Sexually mature Wistar rats, 15 animals/sex/group, were treated by gavage (10 ml/kg) with 
Roundup® formulation (Monsato of Brazil; containing 360g/l of glyphosate and 18% 
polyoxyethyleneamine surfactant), at 0, 50, 150 or 450 mg/kg bw during pregnancy (21-23 days) and 
lactation (21 days).   
 
Maternal toxicity was not observed.  Treatment did not affect body weight nor body weight gain in the 
animals.  The offspring variables, including litter size, number of live and dead pups, and viable pups, 
were unaffected.  The authors noted that sex ratio of male to female pups was unaffected, however there 
seems to be a statistically non-significant decrease in the number of females at the high dose (85/160, 
81/161, 82/165 and 69/162).  Preputial separation was shortened by about a day at the high dose, and 
vaginal canal opening was delayed by two days across the dose groups, showing statistical significance 
but no dose response.  The authors used historical control data from within their department to validate 
the sexual maturation results; however the historical control data was not available in the article.   
 
Reproductive effects were noted in male offspring, in absence of maternal toxicity.  The percentage of 
abnormal sperm was increased at puberty, but no clear dose-response was noted.  Testosterone 
concentration decreased with increasing dose, and showed statistical significance at puberty (-23%, -38% 
and -71%, as compared to control even though preputial separation was attained earlier), but not in 
adulthood.  Treated adult males also showed decreased sperm production and sperm number/epidydimis 
tail (statistically significant at low and high dose) but without a dose response.  In addition, high dose 
adult males showed decreased (~-29%) tubules with spermatogenesis, as compared to control.  In 
addition, growth disorder and degeneration was observed at puberty in the two highest dose groups (4/5 
and 4/5 testis), characterized by a decrease in elongated spermatid and the presence of vacuolization.  
Degeneration, as characterized by the absence of tubular lumen for all doses (3/5, 4/5 and 5/5 testis) was 
also noted in all treated adult males.  
 
The noted toxicity in the animals cannot be attributed to the active ingredient alone, since a glyphosate 
formulation was used.  
 



Limitations: 



- The test substance was a glyphosate commercial formulation  



- The percentages of active ingredient were indicated but purity of glyphosate was not specified.  
Other components of the formulation were not identified.  
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- Only 5 animals per dose were observed at microscopic level.   



Conclusion: This study does not meet the minimum criteria to be eligible for risk assessment of the active 
ingredient, as outlined in the draft “Guidance for considering and using open literature studies to support 
human health risk assessment” (US EPA, 2011). The major limitations as discussed above were not 
characterizing the test substance properly, and experiments focusing on formulation not the active 
ingredient itself. This study is categorized as ‘invalid’ (inappropriate for quantitative or qualitative use in 
risk assessment because it is of insufficient quality and lacks scientific defensibility).   



Reference: Eliane Dallegrave, Fabiana D. Mantese, Rosemari T. Oliveira, Anderson J. M. Andrade, 
Paulo R. Dalsenter and Augusto Langeloh  (2007).  Pre- and postnatal toxicity of the commercial 
glyphosate formulation in Wistar rats. Archives of Toxicology Volume 81, Number 9 (2007), 665-673, 
DOI: 10.1007/s00204-006-0170-5 
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Sept 17, 2012 



Note To/Note au: Toxicology File  



From/De: 2032 
Evaluation Officer, TRS-2, HED 



Subject/Objet: Sub. No(s): 2004-0175 
Product Name: Glyphosate products 
Active Ingredient: Glyphosate acid and salt forms (GPS) 



Action Requested : Screen of Open Literature Studies  
 
 
Study Title: Morphological damages of a glyphosate-treated keratinocyte cell line revealed by a micro- to 
nanoscale microscopic investigation.  



Summary: Immortalized human HaCaT cell line was incubated in FCS-free medium containing 
increasing concentrations of glyphosate (0 to 70 mM) for four incubation times (0.5, 4, 18 or 24 hours).  
IC 50 was 28mM after 4 hour incubation and 53mM after 0.5 hour of treatment.  With glyphosate 
treatment, overproduction of H202 was observed, indicative of oxidative stress.  Control cells developed 
numerous thin adhesion expansions allowing them to spread on substrate and formed uniform layer of 
similar globular cell shapes.  Green-labeled cytoskeleton was more disorganized in glyphosate treated 
cells as compared to the control cells, it appeared less confined and the cells themselves showed 
elongated morphology at IC50.  At higher cytotoxicity, IC65, serious integrity alteration was noted due to 
diffuse content of tubulin.  Treated cells also presented flattened cell membrane (less protrusions), and 
cell size was reduced two-fold, while control cells’ surface showed multiple regularly densely packed 
crest-like protrusions.  The shrinking of cells and lack of adhesion and loss of cell integrity is 
characteristic of apoptotic phenomena. 



Limitations:  



- Induction and visualisation process has not been evaluated for reproducibility and validity, and 
did not indicate a graded scale of effects.  It is difficult to directly correlate in vitro effects with in 



vivo toxicity and to determine a novel NOAEL value 



- Purity was not specified 



FLAG: Glyphosate can induce oxidative stress in vitro 



Conclusion: This study does not meet the minimum criteria to be eligible for risk assessment of the active 
ingredient, as outlined in the draft “Guidance for considering and using open literature studies to support 
human health risk assessment” (US EPA, 2011). The major limitation is non-validated method of cell 
analysis. This study is categorized as ‘invalid’ (inappropriate for quantitative or qualitative use in risk 
assessment because it is of insufficient quality and lacks scientific defensibility).   



Reference: Elie-Caille, C., Heu, C., Guyon, C. and Nicod, L. (2010).  Morphological damages of a 
glyphosate-treated keratinocyte cell line revealed by a micro- to nanoscale microscopic investigation.  
Cell Biol Toxicol.  26: 331-339. 
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Sept 14, 2012 



Note To/Note au: Toxicology File  



From/De: 2032 
Evaluation Officer, TRS-2, HED 



Subject/Objet: Sub. No(s): 2004-0175 
Product Name: Glyphosate products 
Active Ingredient: Glyphosate acid and salt forms (GPS) 



Action Requested : Screen of Open Literature Studies  
 
 
Study Title: Glyphosate-based herbicides are toxic and endocrine disruptors in human cell lines.  



Summary: Four different glyphosate-formulations at sub-agricultural doses, with glyphosate (G) as 
negative control, were tested in human liver HepG2 cells for cytotoxicity (three assays: Alarm Blue®, 
MTT, Toxilight®), genotoxicity (comet assay), anti-estrogenic effects (on estrogen receptors: ERα, ERβ) 
and anti-androgenic effects (on androgen receptors, AR) using gene reporter tests.  In addition, androgen 
to estrogen conversion was examined by aromatase activity and mRNA.  The Roudup (R) formulations 
included: Roundup Express ® 7.2g/L of G (R7.2), Bioforce ® or Extra 360 at 360 g/L of G (R360), 
Grands Travaux ® 400 g/L of G (R400) and Grands Travaux plus ® 450 g/L of G (R450). 



Authors concluded that all G-formulations, in contrast to glyphosate alone, induced a rapid decrease in 
cell viability within 24 hours of exposure, in a dose-dependent fashion to the concentration of 
formulation, not to G concentration in all cases.  The most cytotoxic formulation was R400, which had 
less glyphosate content than the next most cytotoxic formulation of R450, followed by R360 and R7.2, as 
determined by measured values of LC50.  Initial, statistically significant toxicity was noted at around 
LC10 (~10%).  Data also indicated that DNA of human hepatoma cell line is damaged by G-based 
herbicide formulation.  Around 50% DNA damage was noted in HepG2 cells exposed to 5ppm R400 for 
24 hours, showing even more damage (75%) at 10 ppm of R400 (corresponding to 24µM of G), as 
compared to 35% in negative control and 95% in positive control of Benzo(a)pyrene (50µM, twice the 
concentration of treatment). 



Examining endocrine activity, G alone was always inactive, while all the formulations inhibited androgen 
to estrogen conversion at concentration below LC50 within 24 hours.  This would indicate that the 
adjuvants in the formulations are responsible for the toxicity, not the active ingredient itself. Non-toxic 
doses of R450 (60 ppm) significantly activated caspases 3/7 up to 156% in 24 hours, and 765% within 48 
hours, indicating induction of apoptosis.  Biphasic effects were noted in aromatase mRNA levels, with 
observed increases of 130-250% and then return to almost normal levels.  R400 initiated an inhibition, 
and then the increase.  These effects were neither linear nor proportional to G concentration.   



G had no anti-estrogenic activity but was anti-androgenic at sub-agricultural and non-cytotoxic level in 
MDA-MB453-kb2 cells.  Observed disruptions of estrogen and androgen dependent transcriptional 
activities were quite linear and R-dose dependent (not G-dependent), and within 24 hours of exposure to 
all formulations.  R400 was approximately twice more active on ERβ, and R450 on ERα.  All 
formulations, except R450, appeared to be more anti-androgenic than anti-estrogenic, with inhibitions 
efficiencies of R400>R450>R360>R7.2 (300-800 times difference in strength). 



In conclusion, G-based herbicides present DNA damage and carcinogen, mutagen and repro-toxic and 
endocrine disrupting effects on human cells, with direct action of G likely amplified by vesicles formed 
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by adjuvants or detergent-like substances that allow cell penetration, stability and probably change 
bioavailability and thus metabolism. 



Limitations:  



- The test substances were glyphosate commercial formulations and glyphosate as negative control.  



- The percentages of active ingredient were indicated but purity of glyphosate was not specified.  
Other components of the formulation were not identified.  



Conclusion: This study does not meet the minimum criteria to be eligible for risk assessment of the active 
ingredient, as outlined in the draft “Guidance for considering and using open literature studies to support 
human health risk assessment” (US EPA, 2011). The major limitations as discussed above were not 
characterizing the test substance properly, and experiments focusing on formulations not the active 
ingredient itself. This study is categorized as ‘invalid’ (inappropriate for quantitative or qualitative use in 
risk assessment because it is of insufficient quality and lacks scientific defensibility).   



Reference: Gasnier, C., Dumont, C., Benachour, N., Clair, E. and Chagnon, M.-C. (2009).  Glyphosate-
based herbicides are toxic and endocrine disruptors in human cell lines.  Journal of Occupational 
Medicine and Toxicology, 5:29. 
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Sept 12, 2012 



Note To/Note au: Toxicology File  



From/De: 2032 
Evaluation Officer, TRS-2, HED 



Subject/Objet: Sub. No(s): 2004-0175 
Product Name: Glyphosate products 
Active Ingredient: Glyphosate acid and salt forms (GPS) 



Action Requested : Screen of Open Literature Studies  
 
 
Study Title: Dig 1 protects against cell death provoked by glyphosate-based herbicides in human liver 
cell lines.  



Summary: The mechanism of action and possible protection of a new drug, Dig 1, was studied in human 
hepatic cell lines HepG2 and Hep3B treated with four formulations of glyphosate-based herbicides.  Dig 1 
(D) contains diluted plant extracts chosen in particular for their digestive detoxification and hepato-
protective effects.  The four glyphosate formulations were: Express 7.2g/L of glyphosate (G), Bioforce 
360 g/L of G (R360), GT 400 g/L of G (R400) and GT+ 450 g/L of G (R450), and all were used at sub-
agricultural levels.  Mitochondrial succinate dehydrogenase (SD) activity, caspases 3/7 and cytochromes 
P450 1A1, 1A4 and 2C9 and glutathione-S-transferase (GST) were monitored, as precise biomarkers that 
could be modified in human hepatocytes.  Cells were grown at 37ºC in medium EMEM (M) with 10% 
serum during 48 hours to 80% confluence in 24-well plates, before being exposed to G-formulations.  
HepG2 cells have three-fold higher levels of CYP1A1 and GST than Hep3B. 



Both liver cell lines showed similar growth rate that was easily disrupted by treatment with glyphosate 
formulations, however Hep3B cells were 3-5 times more sensitive to R7.2 and R360 over 48 hours.  Cell 
death was estimated by inhibition of SD (mitochondrial metabolism).  Mortality of both cell lines 
increased with concentration and time exposure to all 4 G-formulations.  Even though they contain 
different concentration of G, R360 and R7.2 showed similar toxicities, indicating toxic effects of other 
ingredients of the formulations.  Hep3B cells were much more sensitive to R400 than HepG2 cells, when 
LC50 was identified.  Hepg2 cell viability with the four formulations indicated LC50s at lowest 
concentration % for R400, R450, R360, R 7.2 and lastly glyphosate, indicating that cytotoxic effect did 
not vary linearly with dose of glyphosate.  It was found that D alone was not toxic (at 2% for up to 72 
hours), and that D was able to prevent toxicity when used as pre-treatment.  After 24 hour exposure of D 
and 24 hours exposure of R, D was 43% protective in Hep3B and 55% in HepG2 cell lines,.  Protective 
action was 62% and 89% after 48 hours of D pre-incubation in those cell lines, respectively.  However D 
had no curative effect (no effect when used as post-treatment of R).  The efficiency of D protection was 
observed as early as 6 hours after adding the drug to the cells. 



Caspaces 3/7 were activated up to 156% by 24 hours exposure to R and up to 765% by 48h exposure, 
indicative of early apoptosis.  Caspases recover to basal activity in 24 hours with removal of R and 
incubation in the medium.  D did not induce caspaces, but appeared to prevent induction of caspaces by 
R.  Additionally, R did not activate all cytochromes, but was able to enhance CYP3A4 to 240-360% and 
CYP1A2 to 130-170%.  D did not enhance these cytochromes itself, but weakly increased CYP2C9 up to 
140%, when added after R treatment, as compared to M control.  When D was added before R treatment, 
no cytochrome activity was stimulated, and CYP2C9 was weakly inhibited (40%).  However, D did not 
modify the effect of R inhibiting GST (~50%). 
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It was concluded that D penetrates the cells and not just forms a shield that prevents R from penetrating 
since D had intracellular action, as noted by its role in preventing caspases 3/7 activation and CYP3A4 
enhancement by R. 



Limitations:  



- The test substances were glyphosate commercial formulations and a new drug Dig 1.  



- The percentages of active ingredient were indicated but purity of glyphosate was not specified.  
Other components of the formulation were not identified.  



- The study focused more on the protective effect of Dig 1, than toxicity of glyphosate 



Conclusion: This study does not meet the minimum criteria to be eligible for risk assessment of the active 
ingredient, as outlined in the draft “Guidance for considering and using open literature studies to support 
human health risk assessment” (US EPA, 2011). The major limitations as discussed above were not 
characterizing the test substance properly. This study is categorized as ‘invalid’ (inappropriate for 
quantitative or qualitative use in risk assessment because it is of insufficient quality and lacks scientific 
defensibility).   



Reference: Gasnier, C., Benachour, N., Clair, E., Travert, C., Langlois, F., Laurent, C., Decroix-Laporte, 
C., and Seralini, G-E. (2005).  Dig 1 protects against cell death provoked by glyphosate-based herbicides 
in human liver cell lines.  Journal of Occupational Medicine and Toxicology, 5:29. 
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August 27, 2012 



Note To/Note au: Toxicology File  



From/De: 2032 
Evaluation Officer, TRS-2, HED 



Subject/Objet: Sub. No(s): 2004-0175 
Product Name: Glyphosate products 
Active Ingredient: Glyphosate acid and salt forms (GPS) 



Action Requested : Screen of Open Literature Studies  
 
 
Study Title: Mechanism of Toxicity of Commercial Glyphosate Formulations: How Important is the 
Surfactant?  



Summary: Typically, ethoxylated tallowamine surfactant is used at 10-20% in formulation with 
41% glyphosate and various minor ingredients (dye, silicone antifoam).  It has been suggested 
that surfactant or glyphosate may impede mitochondrial function.  Published results (2001) 
indicated that glyphosate was an “endocrine disruptor” showing inhibition of steroidogenesis in 
cultured Sertoli cells.  In contrast, this finding was attributed by the authors to direct cytotoxicity 
of the surfactant.  Decreased stereoidogenesis was coincident with mitochondrial membrane 
damage and subsequent loss of mitochondrial membrane potential. The surfactant mediated 
uncoupling of mitochondrial oxidative phosphorylation was linked with much of a clinical 
toxicity observed following ingestion of herbicide formulation containing low-toxicity active 
ingredient, such as glyphosate. 
 



Limitations:  



- Only an abstract is available 



- The test substance is poorly characterized 



Conclusion: The abstract does not meet the minimum criteria to be eligible for risk assessment of the 
active ingredient, as outlined in the draft “Guidance for considering and using open literature studies to 
support human health risk assessment” (US EPA, 2011). The major limitation was lack of reported data 
and poor characterization of test substance. This study is categorized as ‘invalid’ (inappropriate for 
quantitative or qualitative use in risk assessment because it is of insufficient quality and lacks scientific 
defensibility).   



Reference: Abstracts of the European Association of Poisons Centres and Clinical Toxicologists XXV 
International Congress (2005). Clinical Toxicology, 43:387–538 
DOI: 10.1080/07313820500207624 
Goldstein DA, Farmer DL, Levine SL, Garnett RP. 45. Mechanism of Toxicity of Commercial 
Glyphosate Formulatons: How Important is the Surfactant? 
The Monsanto Company, St. Louis, Missouri, USA and Monsanto Europe SA, Brussels, Belgium. 
http://www.eapcct.org/publicfile.php?folder=congress&file=Abstracts_Berlin.pdf 
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Note To/Note au: Toxicology File  



From/De: John Taylor 
Senior Re- evaluation Officer, TRS-2, HED 



Subject/Objet: Sub. No(s): 2004-0175 
Product Name: Glyphosate products 
Active Ingredient: Glyphosate acid and salt forms (GPS) 



Action Requested : Screen/Review of Open Literature Studies  
 
 
Study Title: (6) Prepubertal exposure to commercial formulation of the herbicide glyphosate alters 
testosterone levels and testicular morphology  



Summary: The glyphosate formulation, Roundup Transorb, was administered orally as an aqueous 
suspension to newly weaned male Wistar rats.  Four groups of 16-18 animals were treated at doses of 0, 5, 
50 or 250 mg/kg bw/day from PND23 to PND53.  Age and weight at preputial separation was recorded.  
At 53 days the animals were sacrificed: serum was collected via cardiac puncture for hormone analysis; 
testes and adrenal glands were weighed and prepared for histological examination. 



No significant differences in body weight were noted among groups, however a significant delay in 
pubertal age, indicated by the timing of preputial separation, occurred at the two highest doses.  Adrenal 
and testicular weights in the highest dose group were significantly increased compared to the control 
group.  Differences between treated and control animals were noted in testicular seminiferous tubule 
morphology: treated animals had an increase in the luminal diameter and a corresponding decrease in 
tubular epithelium height, indicating a reduction in germ cells.  The concentration of serum testosterone 
was significantly reduced in treated groups. 



These results suggest that the commercial formulation of glyphosate can affect the metabolism of 
hormones causing disturbances in the reproductive development of rats when exposure occurs in the 
period leading up to puberty. 



Limitations: 



- The test substance was a glyphosate-based commercial formulation composed of 480 g/l 
of glyphosate, 648 g/l of isopropylamine salt (of glyphosate) and 594 g/l of inert 
ingredients.  No description of the inert ingredients was given. 



- Histology was restricted to an examination of the testes and adrenal glands.  



Conclusions: This study does not meet the minimum criteria to be eligible for risk assessment of the 
active ingredient, as outlined in the draft “Guidance for considering and using open literature studies to 
support human health risk assessment” (US EPA, 2011).  The major limitation as discussed above was 
not using the active ingredient as the test substance.  This study is categorized as ‘invalid’ (inappropriate 
for quantitative or qualitative use in risk assessment). 



Reference: Romano, R.M., Romano, M.A., Bernardi, M.M., Furtado, P.V. & Oliveira, C.A. (2010) Prepubertal 
exposure to commercial formulation of the herbicide glyphosate alters testosterone levels and testicular 
morphology. Arch. Toxicol. 84(4):309-317. 
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Study Title: (7) Effect of the herbicide glyphosate on liver lipoperoxidation in pregnant rats and their 
foetuses  



Summary:  Glyphosate solutions were prepared from the commercial product, Herbicygon (Argentina). 
Pregnant Wistar rats were divided into two groups, 8 rats/group.  Group I was given tap water, and group 
II was given tap water containing 1% glyphosate from the commercial product, from GD1 to GD23.  At 
GD 23 days the animals were sacrificed: each fetus was examined and weighed; serum was collected via 
cardiac puncture; maternal and fetal livers were collected.  The levels of lipid peroxidation products, 
mainly malonaldehyde (MDA), were determined in maternal blood serum, and in homogenates of 
maternal and fetal liver.  Activities of the antioxidant enzymes, glutathione peroxidase (GPx), catalase, 
and superoxide dismutase (SOD) were also determined in homogenates of maternal and fetal liver. 



Food and water consumption, maternal body weight gain and liver weight were lower in glyphosate-
treated dams compared to the controls.  Lipoperoxidation was higher in both the maternal and fetal livers 
in the glyphosate-treated group and this increase was higher in the liver of foetuses than in the dams.  
Glyphosate exposure led to increased activity of GPx in fetal livers, in contrast to no change in SOD or 
catalase activity. 



On the basis of the lipoperoxidation biomarkers tested, glyphosate-containing formulation ingestion 
during pregnancy has the potential to create oxidative stress in the fetus and dam. 



Limitations: 



- The test substance was a glyphosate-based commercial formulation, Herbicygon 
marketed in Argentina by M.F.L., S.R.L.  The % active ingredient and purity were not 
stated.  



- Histopathology was not performed on the maternal and fetal livers that were collected.  
No other organs were examined. 



- A single treated group, rather than a range of dosage groups, was compared to the 
control.  No explanation is given for the dosage chosen.  



 Conclusions: This study does not meet the minimum criteria to be eligible for risk assessment of the 
active ingredient, as outlined in the draft “Guidance for considering and using open literature studies to 
support human health risk assessment” (US EPA, 2011).  The major limitations, as discussed above 
include the lack of information on the purity and % active ingredient of the test substance and the use of a 
single dose level for the test substance. This study is categorized as ‘invalid’ (inappropriate for 
quantitative or qualitative use in risk assessment). 



Reference: Beuret, C.J., Zirulnik, F, & Giménez, M.S. (2005) Effect of the herbicide glyphosate on liver 
lipoperoxidation in pregnant rats and their foetuses.  Reproductive Toxicology 19:501-504.  
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Study Title: (8) A generational study of glyphosate-tolerant soybeans on mouse fetal, postnatal, pubertal 
and adult testicular development 



Summary: C57BL/6J female mice, mated with C3H/HeJ male mice, were feed a glyphosate-tolerant 
soybean-based diet—from a crop which had been treated with commercial levels of glyphosate—or  a 
conventional soybean-based diet, through gestation and lactation.  After weaning, the young male mice 
were maintained on the respective diets.  At 8, 16, 26, 32, 63 and 87 days after birth, three male mice and 
an adult reference mouse were killed, the testes surgically removed, and the cell population measured by 
flow cytometry.  A multi-generational study was also conducted in which mice were fed the transgenic 
soybean diet or the conventional diet over four generations; testicular cell population measurements were 
taken on the 4th generation mice at the time periods used in the short-term study. 



There were no differences in the percentages of testicular cell populations (haploid, diploid, and 
tetraploid) between the transgenic soybean-fed mice and those on the conventional diet.  Additionally, 
there were no differences in litter sizes and body weights of the two groups. 



It was concluded that the glyphosate-tolerant soybeans did not have a negative effect on fetal, postnatal, 
pubertal or adult testicular development or body growth. 



Limitations: 



- This study is concerned with the effect of a glyphosate-tolerant soybean-based diet 
compared to a conventional soybean-based diet during development and maturation in 
mice.  It does not deal with the effect of glyphosate itself as an active ingredient.  While 
the transgenic soybean crop was treated with glyphosate there is no indication that 
residues of glyphosate remain, nor are there any details of the actual crop treatment.  



 Conclusions: This study does not meet the minimum criteria to be eligible for risk assessment of the 
active ingredient, as outlined in the draft “Guidance for considering and using open literature studies to 
support human health risk assessment” (US EPA, 2011).  The purpose of the study is to determine if 
adverse effects result from exposure to transgenic (glyphosate-tolerant) plant material; it is not to 
determine if adverse effects result from exposure to the active ingredient, glyphosate.  This study is 
categorized as ‘invalid’ (inappropriate for quantitative or qualitative use in risk assessment). 



Reference: Brake, D.G. and Evenson, D.P. (2004) A generational study of glyphosate-tolerant soybeans on 
mouse fetal, postnatal, pubertal and adult testicular development.  Food Chem. Toxicol. 42(1):29-36.   
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Study Title: (9) Reproductive toxicity studies with octamethyl cyclotetrasiloxane in female rats using 
various exposure regimens  



Summary: Previous studies have shown that pregnant Sprague-Dawley rats exposed to the vapour of 
octamethyl cyclotetrasiloxane (D4) had decreases in litter size and number of uterine implants.  The 
present study attempted to identify the time of greatest sensitivity for these adverse reproductive effects.  
Female Sprague-Dawley rats were exposed to 700 ppm D4 by whole body inhalation as follows: (1) 28 
continuous days prior to mating, during mating and gestation to GD19; (2) 28 continuous days followed 
by 3 days without exposure prior to mating; (3) 3 days prior to mating through GD3; and (4) from GD 2 
through GD 5.  Laparohysterectomies were performed on GD20 and corpora lutea, early and late 
resorptions, and viable foetuses were counted. 



Reduced fetal numbers were noted in situations (1) and (3) with modest numerical decreases seen in 
corpora lutea, and an increase in pre- and post-implantation losses.  No effects were noted in (2) and (4). 



The results suggest that reproductive processes around the time of ovulation are being affected.  The lack 
of effect when treatment is stopped 3 days prior to mating indicates the treatment does not cause 
permanent reproductive impairment. 



Limitations: 



- This study does not deal with the active substance glyphosate. 



- The report is an abstract of a conference poster.  



Conclusions: This study does not meet the minimum criteria to be eligible for risk assessment of the 
active ingredient, as outlined in the draft “Guidance for considering and using open literature studies to 
support human health risk assessment” (US EPA, 2011).  The study does not deal with the active 
ingredient and no experimental details are provided.  This study is categorized as ‘invalid’ (inappropriate 
for quantitative or qualitative use in risk assessment). 



Reference: Reynolds, V.L., DeSesso, J.M., Mast, R.W., Stump, D.G. & Holson, J.F. (1998) Reproductive toxicity 
studies with octamethyl cyclotetrasiloxane in female rats using various exposure regimens.  Toxicology 
Letters 95, Supplement 1: 216  
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Study Title: (11) Effect of the herbicide glyphosate on enzymatic activity in pregnant rats and their 
foetuses  



Summary: Glyphosate solutions were prepared from the commercial product, Herbicygon (Argentina). 
Pregnant Wistar rats were divided into three groups, 8 rats/group.  Group I was given tap water, group II 
was given tap water containing 0.5% glyphosate, and group III was given tap water containing 1% 
glyphosate, from GD1 to GD21.   A fourth group, designated low food and low water, was given reduced 
quantities of food and water in the second week to mimic the reduction in food and water consumption 
noted in group III, in order to establish if effects in group III were due to glyphosate or were due to the 
food/water reduction.  At GD 21 the animals were sacrificed: each fetus was examined and weighed; 
maternal and fetal livers, hearts and brains were collected for analysis.  Cytosolic fractions were isolated 
from homogenates of these organs and the activities of isocitrate dehydrogenase (ICD), gluscose-6-
phosphate dehydrogenase (G6PD), and malic dehydrogenase (MD) were determined. 



Food and water consumption decreased with both doses of glyphosate.  Maternal body weight gain and 
liver weight were lower in 1% glyphosate-treated dams compared to the controls.  A number of 
alterations in enzyme activity were noted with glyphosate treatment. 



In the pregnant females, ICD increased with the 1% glyphosate treatment in the liver, heart and brain, but 
with the 0.5% glyphosate treatment there was a decrease in the liver, an increase in the heart and no 
change in the brain. In the foetuses, ICD with the 1 % glyphosate treatment decreased in the liver, 
remained the same in the heart and increased in the brain, while with 0.5% glyphosate there was no 
difference in the liver and heart, and an increase in the brain. 



In the pregnant females, with the 1% glyphosate treatment, G6PD remained the same in the liver and 
brain, and increased in the heart, while with the 0.5% glyphosate treatment there was a decrease in the 
liver, and no change in the heart and brain. In the foetuses, with the 1% glyphosate treatment, G6PD 
remained the same in the liver and heart and increased in the brain, while with the 0.5% glyphosate 
treatment there was no difference in the liver and brain, and an increase in the heart. 



In the pregnant females, with glyphosate treatment at either dose, MD activity in the liver, brain, and 
heart remained the same. In the foetuses, with the 1% glyphosate treatment, MD remained the same in the 
liver, decreased in the heart, and increased in the brain, while with the 0.5% glyphosate treatment there 
was no difference in the liver and brain, and a decrease in the heart. 



The enzymatic activity in the low food and low water group did not show any significant differences from 
the control for any of the enzymes or organs. 



The study demonstrated that the enzymatic activity of the dehydrogenases of both pregnant rats and their 
foetuses could be altered by glyphosate formulation treatment.  The effect of glyphosate formulation 
depended on its concentration and was specific for each enzyme in each of the different organs. 



Limitations: 



- The test substance was a glyphosate-based commercial product, Herbicygon marketed in 
Argentina by M.F.L., S.R.L.  The % active ingredient and purity were not stated.  



- Two dosage groups were used rather than a range.  A few additional dosages would help 
to clarify the considerable variation in response at different concentrations.   
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Conclusions: This study does not meet the minimum criteria to be eligible for risk assessment of the 
active ingredient, as outlined in the draft “Guidance for considering and using open literature studies to 
support human health risk assessment” (US EPA, 2011).  The major limitation is the lack of information 
on the purity and % active ingredient of the test substance.  This study is categorized as ‘invalid’ 
(inappropriate for quantitative or qualitative use in risk assessment). 



Reference: Daruich, J., Zirulnick, F., & Giménez, M.S. (2001) Effect of the herbicide glyphosate on enzymatic 
activity in pregnant rats and their foetuses. Environmental Research Section A 85:226-231. 











Page 118 of 204 
 



Study Title: (12) The teratogenic potential of the herbicide glyphosate-Roundup in Wistar rats  



Summary: Roundup solutions were prepared from the commercial product, Roundup (Brazil; 36% 
glyphosate and 18% polyoxyethyleneamine). Pregnant Wistar rats were divided into four groups, 15 
rats/group.  The control group received distilled water and the experimental groups received 500, 750 or 
1000 mg/kg Roundup.  Treatments were administered by gavage in a volume of 10 ml/kg from GD 6 to 
GD 15.  At GD 21 days the animals were submitted to caesarean section and sacrificed.  The number of 
corpora lutea, implantation sites, living and dead foetuses and resorptions were recorded.  The weight and 
gender of the foetuses were determined, and foetuses were examined for external malformations and 
skeletal alterations.  The organs of the dams were removed and weighed. 



At the high dose there was a 50% mortality rate among the dams.  There were no significant differences 
in weight gain, food intake, water intake, or relative weight of the maternal organs between the groups.  
The number of foetuses, corpora lutea, implantation sites and embryo resorptions were similar for all 
groups. 



In the foetuses, there were no significant differences in weight, male:female sex ratio or external 
malformations.  Foetuses in the groups exposed to Roundup had a significantly greater incidence of 
skeletal alterations compared to the control.  The percentage of altered foetuses was 15.4, 33.1, 42.0 and 
57.3 for 0, 500, 750, and 1000 mg/kg Roundup respectively.  The most frequent skeletal alterations 
observed were incomplete skull ossification and enlarged fontanel which occurred more frequently in the 
experimental groups and in a dose-related fashion.  While multiple alterations were significantly higher in 
the treated groups, the pattern for specific alterations was not consistently dose-related.  The general 
occurrence of incomplete ossification and bipartite sternebra was highest in the 500 mg/kg Roundup 
group.  Bipartite interparietal and unossified hind phalanges were significantly more frequent in the 500 
and 750 mg/kg Roundup groups.  Incomplete ossification of squama and absence of caudal vertebrae 
appeared more frequently in the 750 and 1000 mg/kg groups.  A number of alterations, such as 
incomplete ossification of tibia, fibula and femur, and unossified metatarsal bones, were significant only 
at 750 mg/kg. 



The study shows that Roundup is toxic to pregnant rats and induces developmental retardation of the fetal 
skeleton. 



Limitations: 



- The test substance was the glyphosate-based commercial product, Roundup, as marketed 
in Brazil, rather than the active ingredient alone.  Inert ingredients, in addition to the 
listed 36% glyphosate and 18% polyoxyethyleneamine, were not stated.  



Conclusions: This study does not meet the minimum criteria to be eligible for risk assessment of the 
active ingredient, as outlined in the draft “Guidance for considering and using open literature studies to 
support human health risk assessment” (US EPA, 2011).  The major limitation is the use of a formulated 
product rather than reagent grade glyphosate of a known purity.  This study is categorized as ‘invalid’ 
(inappropriate for quantitative or qualitative use in risk assessment).  



Reference: Dallegrave, E., Mantese, F.D., Coelho, R.S., Pereira, J.D., Dalsenter, P.R. & Langeloh, A. (2003) The 
teratogenic potential of the herbicide glyphosate-Roundup in Wistar rats.  Toxicol. Lett. 142(1-2):45-52 
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Study Title: (14) The impact of simultaneous intoxication with agrochemicals on the antioxidant defense 
system in rat  



Summary: Nine groups of 4 male Wistar rats were given intraperitoneal (i.p.) injections of dimethoate, 
glyphosate and zineb, either alone or in combination, three times a week for a total of 5 weeks.  Doses 
used for each pesticide were in the range 1/50 to 1/250 LD50.  At the end of the study the animals were 
sacrificed and blood, livers and testes were collected.  Various biomarkers for oxidative status and cell 
damage were measured.  Nitrates and nitrites ([NOx]) were measured as the main end-metabolic products 
of nitric oxide and peroxinitrite anion.  Total glutathione and the activities of antioxidant defense enzymes 
such as catalase (CAT), superoxide dismutase (SOD) and the glutathione-dependent enzymes [glutathione 
peroxidase (GPx), glutathione reductase (GR) and glutathione-S-transferase (GST)] were measured to 
determine the antioxidant defense status.  Protein carbonyls were analysed as a biomarker of oxidative 
damage to proteins.  The thiobarbituric acid-reactive substances (TBARS) were determined as biomarkers 
of oxidative damage to lipids.  Hormone levels in plasma samples and testicular homogenates were 
measured by radioimmunoassay to assess androgenic function. 



Pesticide exposure did not produce clinical signs of toxicity, nor did it affect animal behaviour or body 
weight.  Plasma [NOx] concentrations were significantly higher (30 to 80-fold) in treated groups than in 
the control group; results in liver and testes were similar, but less pronounced.  The concentration of 
glutathione in the plasma increased by 54% to 72% in all treated groups except in the zineb alone; a 
similar pattern was observed in the testes except the concentration of glutathione increased in all treated 
groups except in the glyphosate alone.  SOD activity was lower in treated groups compared to the control 
group; however, only in the liver were those differences statistically significant.  CAT activity was not 
modified in liver homogenates, but was significantly decreased, by 30 to 70%, in the testes of treated 
animals.  The activities of GPx or GST were unchanged, while GR was less active, in the liver 
homogenates of treated animals; GPx, GR and GST activity increased in in testes of treated animals. 



Oxidative damage to proteins, measured by the presence of carbonyl groups in the side chains of oxidized 
amino acid residues, occurred in almost all treated groups.  Significantly higher levels of protein 
carbonyls (PCOs) were found in the plasma of treated groups, except for the glyphosate alone, or the 
zineb plus glyphosate, and in testes homogenates of all treated groups.  A significant increase in lipid 
peroxidation levels in treated groups, indicated by an increase in TBARS, was noted in liver, testes and 
plasma.   Measurements of hormones in plasma and testicular homogenates demonstrated that rats treated 
with dimethoate, either alone or in combination with the other pesticides, had altered hormone levels.  
Plasma from dimethoate-treated rats contained less free and bound testosterone by approximately 20%.  A 
decrease of approximately 50% in testosterone production was noted in testicular homogenates.  Plasma 
estradiol concentration decreased in dimethoate-treated rats by approximately 30%, while LH and FSH 
increased by 58% and 76% respectively.   Neither glyphosate alone nor zineb alone had an effect on 
hormone levels.  



Treatment with the pesticides increased oxidative stress and damage biomarker levels, altered the 
antioxidant defense system and altered hormone levels.  The results demonstrate that testicular tissue is 
susceptible to oxidative stress induced by low doses of pesticides and the effects are more pronounced 
when pesticides are administered in combination. 



Limitations:  



- The % active ingredient and purity were not stated for the individual pesticides.  



- The method of dosing was via i.p. injection, which is not a mode of dosing relevant to 
human health. 
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- A single dose level for each particular pesticide was compared to the control.  All other 
treatments involved combinations of more than one pesticide. 



 Conclusions: This study does not meet the minimum criteria to be eligible for risk assessment of the 
active ingredient, as outlined in the draft “Guidance for considering and using open literature studies to 
support human health risk assessment” (US EPA, 2011).  The major limitations, as discussed above 
include the lack of information on the purity and % active ingredient of the test substance, use of i.p. 
injection and the use of a single dose level for the test substance.  This study is categorized as ‘invalid’ 
(inappropriate for quantitative or qualitative use in risk assessment). 



Reference: Astiz, M., de Alaniz, M.J.T., & Marra, C.A. (2009) The impact of simultaneous intoxication with 
agrochemicals on the antioxidant defense system in rat.  Pestic. Biochem. Physiol. 94:93-99. 
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Study Title: (16) Oxidative stress responses of rats exposed to Roundup and its active ingredient 
glyphosate  



Summary: Three groups of 16 adult male albino rats were given intraperitoneal (i.p.) injections of 1 ml 
saline/kg, 269.9 mg/kg of Roundup, or 134.95 mg/kg of glyphosate in a volume of 1 ml/kg every second 
day for 14 days.  Doses used for each pesticide were within the limits of the NOAEL and equivalent to 
1/4 LD50.  Blood samples were collected after 1 and 2 weeks; individual animal body weight and organ 
weights were recorded weekly.  Hepatic toxicity was monitored by the analysis of serum AST, ALT and 
ALP activities as well as total protein, albumin, triglycerides and cholesterol.  Creatinine and urea levels 
were measured as biochemical markers of kidney damage.  The effect of glyphosate/Roundup on hepatic 
reduced glutathione (GSH) and lipid peroxidation levels was examined as an index of antioxidant status 
and oxidative stress.  Serum nitric oxide (NO) and alpha tumour necrosis factor (TNF-α) were also 
measured. 



No significant changes in body weight were noted at 2 weeks;  the liver weight increased at 1 week with 
Round–up treatment, but this was no longer in evidence at 2 weeks.  At 2 weeks AST, ALT and ALP 
activities in liver homogenates were significantly greater in treated animals than in controls.  ALP levels 
were approximately 2-fold greater than controls at 2 weeks in Roundup–treated animals, while in 
glyphosate-treated animals the increase was less (app. 1.2-fold).   Roundup/glyphosate treatments did not 
significantly affect total protein and albumin.  At 2 weeks, serum creatinine, urea and uric acid levels in 
treated animals were significantly higher than in control animals. Roundup/glyphosate treatments 
significantly increased cholesterol and triglyceride levels compared to the control. 



The level of GSH in the liver of treated rats was significantly decreased after 1 week of treatment 
compared to the control, with a greater effect noted at 2 weeks.  The level of LPO was increased in the 
liver of treated rats after 2 weeks; the increase in the glyphosate-treated group was significantly greater 
than the increase in the Roundup-treated group.  Serum NO levels were significantly increased after 2 
weeks of treatment.  Serum TNF-α levels increased at both 1 week and 2 weeks in the treated animals. 



These results characterize Roundup as a probable antioxidant disruptor with a greater effect than the 
active ingredient itself (glyphosate).  Exposure to sub-lethal concentrations of Roundup promoted an 
increase in hepatic LPO and TNF-α, indicating a typical response to stress and inflammation.  The 
depletion of hepatic GSH indicates the activation of antioxidant defenses, probably due to increased 
hydrogen peroxide generation.  Roundup also induces a variety of liver and kidney biochemical 
alterations that might impair normal organ functioning. 



Limitations:  



- The % active ingredient and purity were not stated for the individual pesticides.  



- The method of dosing was via i.p. injection, which is not a mode of dosing relevant to 
human health. 



- A single dose level for each particular pesticide was compared to the control.  All other 
treatments involved combinations of more than one pesticide. 



 Conclusions: This study does not meet the minimum criteria to be eligible for risk assessment of the 
active ingredient, as outlined in the draft “Guidance for considering and using open literature studies to 
support human health risk assessment” (US EPA, 2011).  The major limitations, as discussed above 
include the lack of information on the purity and % active ingredient of the test substance, use of i.p. 
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injection and the use of a single dose level for the test substance.  This study is categorized as ‘invalid’ 
(inappropriate for quantitative or qualitative use in risk assessment). 



Reference: El-Shenawy, N.S. (2009) Oxidative stress responses of rats exposed to Roundup and its active 
ingredient glyphosate. Environ. Toxicol. Pharmacol. 28(3):379-385. 
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Study Title: (18) Studies on glyphosate-induced carcinogenicity in mouse skin: a proteomic approach  



Summary:  A commercial formulation of glyphosate, Roundup Original (glyphosate 41%, POEA ≈ 
15%), was used rather than the active ingredient. The study was divided into two parts: a carcinogenicity 
study, and a proteomic study. 



In the carcinogenicity study, a 2-stage mouse skin tumour initiation-promotion protocol was used.  The 
tumor initiator, 7,12-dimethylbenz[a]anthracene (DMBA), the tumour promoter, 12-o-
tetradeccanoylphorbol-13-acetate (TPA),  and Roundup, were applied to the skin of male, Swiss albino 
mice separately or in combination for a total of 8 groups of 20 animals each.  Animals from each group 
were examined each week for gross morphological changes including body weight changes, and 
development and volume of squamous cell papillomas (tumours) on the treated skin.  Animals were 
sacrificed after 32 weeks. Roundup demonstrated potential as a tumour promoter in the presence of the 
tumour initiator, DMBA, but did not produce neoplastic development in the absence of a tumour initiator. 



In the proteomic study, four groups of mice were used: an untreated control group, and groups with single 
topical applications of DMBA, TPA, or Roundup.  Twenty-four hours after treatment, the animals were 
sacrificed and skin tissue from the treated area was excised.  Proteins in the excised skin were analysed by 
2-dimesional gel electrophoresis.  Twenty-two spots were differentially expressed, exhibiting a greater 
than a 2-fold change between values of treated and control animals, and were examined further by mass 
spectrometry.  Nine proteins, known to be involved in apoptosis and growth inhibition, anti-oxidation, 
energy metabolism, angiogenesis, calcium binding and protein biosynthesis processes, were common to 
both Roundup and TPA-treated mouse-skin.  These proteins were translation elongation factor eEF-1 
alpha chain (eEF1A1), carbonic anhydrase 3 (CA III), annexin II, calcyclin, fab fragment of anti-VEGF 
antibody, peroxiredoxin-2 (PRX II), superoxide dismutase [Cu-Zn] (SOD 1), stefin A3, and calgranulin-
B.  Up-regulation of calcyclin and calgranulin-B, and down-regulation of SOD 1 in the Roundup and 
TPA-treated groups compared to controls were shown by immunoblotting.   



These results suggest that Roundup has tumour promoting potential in skin carcinogenesis and its 
mechanism seems to be similar to TPA.  The proteins, calcyclin, calgranulin-B and SOD 1, were closely 
associated with the tumour-promoting activity of Roundup treatment and may be useful as early 
biomarkers for skin carcinogenesis. 



Limitations:  



- A commercial formulation of glyphosate, Roundup Original (glyphosate as the 
isopropylamine salt 41%, POEA ≈ 15%), was used rather than the active ingredient.  
Inert ingredients were not indicated. 



- The study does not follow a standard test guideline. 



Conclusions: This study does not meet the minimum criteria to be eligible for risk assessment of the 
active ingredient, as outlined in the draft “Guidance for considering and using open literature studies to 
support human health risk assessment” (US EPA, 2011).  The major limitation, as discussed above, is the 
use of a formulated product instead of the active ingredient. This study is categorized as ‘invalid’ 
(inappropriate for quantitative or qualitative use in risk assessment). 



Reference: George, J., Prasad, S., Mahmood, Z. & Shukla, Y. (2010)  Studies on glyphosate-induced 
carcinogenicity in mouse skin: a proteomic approach. J. Proteomics 73(5):951-964.
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Study Title: (19) Genotoxic potential of glyphosate formulations: mode-of-action investigations  



Summary: This study repeated and evaluated a number of previous studies which had shown that 
glyphosate-containing herbicide formulations (GCHF) administered intraperitoneally could induce 
genotoxic effects.  Male Crl:CD-1(ICR)BR mice, 8-10 per group, given a single dose of GCHF in a 
volume of 10 ml/kg bw, were compared to an appropriate control group, in 4 assays: (1) GCHF (600 
mg/kg) in isotonic saline by i.p. injection; animals sacrificed at 4 or 24 hours. (2) GCHF (600 mg/kg) in a 
dimethylsulfoxide/olive oil mixture by i.p. injection; animals sacrificed at 24 hours. (3) GCHF (600 
mg/kg) without glyphosate in a dimethylsulfoxide/olive oil mixture by i.p. injection; animals sacrificed at 
24 hours. (4) GCHF (900 mg/kg) in isotonic saline by i.p. injection; animals sacrificed at 24 hours, and 
GCHF (600 mg/kg) in a dimethylsulfoxide/olive oil mixture by oral gavage; animals sacrificed at 24 
hours.  Following sacrifice, blood was collected for clinical chemistry; kidneys and livers were removed 
and portions were fixed for sectioning or frozen and used for subsequent assays of 8-
hydroxydeoxyguanosine (8-OHdG) and NADPH menadione oxidoreductase (NMO) mRNA. 



Intraperitoneal injection of GCHF at 600 mg/kg produced a substantial increase in ALT, AST and LDH at 
4 hours which had returned to near control values by 24 hours; in mice given 900 mg/kg GCHF values 
were still high at 24 hours.  Several microscopic changes occurred in kidneys and livers given the GCHF 
at the 900 mg/kg dose level.  Changes in the kidneys included vacuolization of cortical tubules, 
degeneration and necrosis in the medulla, and acute inflammation of the renal capsule.  Hepatic changes 
included a generalized increase in hepatocellular vacuolization, subcapsular necrosis and subcapsular 
hepatocellular vacuolization. A statistically significant increase in NMO, evidence of oxidative stress, 
was seen in kidneys of animals given 900 mg/kg, but not 600 mg/kg GCHF. 



Intraperitoneal injection of DMSO/olive oil mixture alone did not produce any significant evidence of 
toxicity; however, the GCHF/DMSO/olive oil mixture at 600 mg/kg produced a significant effect.  
Absolute and relative kidney and liver weights were reduced.  Serum ALT, AST, LDH, BUN and SDH 
levels in treated animals increased 151-1065%.  Pathological examination revealed several changes in the 
capsule or subcapsular tissue in both livers and kidneys.  Oxidative stress was observed in the kidneys as 
indicated by a statistically significant increase in NMO. 



A comparison of the effects, following i.p. injection, of the GCHF/DMSO/olive oil mixture and the 
formulation blank, containing all of the same components as the GCHF/DMSO/olive oil mixture except 
glyphosate, showed that the observed reductions in organ weights, and altered clinical chemistry values 
were similar for both.  Administration of the GCHF/DMSO/olive oil mixture by the oral route of 
exposure did not produce toxicity. 



The results show that high-dose i.p. administration of a GCHF produced significant liver and kidney 
toxicity.  The effect appears to be due to the formulation components rather than the glyphosate since a 
formulation blank was equally toxic.  The methodology involved in injecting the GCHF may be inducing 
secondary effects mediated by local toxicity rather than genotoxicity.  There was no evidence of adverse 
effects following oral administration of GCHF.  It is concluded that glyphosate and GCHF are not 
genotoxic under exposure conditions that are relevant to human health. 



Limitations:  



- A commercial formulation of glyphosate, Roundup (glyphosate as the isopropylamine 
salt ≈ 30%, an alkyl sulphate surfactant), was used rather than the active ingredient.  
Other inert ingredients were not named. 
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- The study does not follow a standard test guideline and was largely concerned with 
intraperitoneal injection of test material which is not relevant to human health concerns. 



Conclusions: This study does not meet the minimum criteria to be eligible for risk assessment of the 
active ingredient, as outlined in the draft “Guidance for considering and using open literature studies to 
support human health risk assessment” (US EPA, 2011).  The major limitation, as discussed above, is the 
use of a formulated product instead of the active ingredient. This study is categorized as ‘invalid’ 
(inappropriate for quantitative or qualitative use in risk). 



Reference: Heydens, W.F., Healy, C.E., Hotz, K.J., Kier, L.D., Martens, M.A., Wilson, A.G.E., & Farmer, D.R. 
(2008)  Genotoxic potential of glyphosate formulations: mode-of-action investigations. J. Agric. Food 
Chem. 56(4):1517-1523. 
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Study Title: (21) The effect of sub-acute and sub-chronic exposure of rats to the glyphosate-based 
herbicide Roundup  



Summary: The glyphosate formulation, Roundup, was administered orally to 90-day old Wistar rats.  
Groups of male or female animals (size of groups not stated) were treated at doses of 0, 56 or 560 mg/kg 
bw/day for either 5 weeks or 13 weeks.  Water and food consumption was recorded daily and body 
weight weekly.  At the end of the treatment period the animals were sacrificed and blood samples and 
livers were taken for biochemical and histopathological analysis. 



Clinical symptoms in treated animals included reduced appetite and activity, increasing weakness, 
diarrhea and collapse (details not given).  There were no statistical differences in liver weights, body 
weight gains, or food and water consumption between control and treated groups.  Slight differences in 
levels of ALT, AST, LDH, lipoprotein (LDL, HDL), cholesterol and creatinine were noted between the 
sera of treated and control groups, however these differences were not statistically significant.  
Histopathological effects were found in all treated groups, and included mononuclear cell infiltration, 
apoptosis of some hepatocytes, focal necrosis, and congestion and swelling of hepatocytes. 



Based on the histopathological effects in treated rats, oral doses of the glyphosate formulation Roundup 
are toxic to the rat liver.  



 



Limitations:  



- A commercial formulation of glyphosate, Roundup (360 g/L glyphosate, 18% 
polyoxyethylene alkylamine), was used rather than the active ingredient.  Inert 
ingredients were not indicated. 



- The study does not follow a standard test guideline. 



- This paper is poorly written.  A number of experimental details are left out, i.e., number 
of animals/group, method of administering dose, etc.  Discussion of results is vague with 
reference to a variety of other experiments rather than the results of the present study. 
Very few statistically significant effects occur: in the analysis of the sera for enzymes and 
other factors it is indicted that “mild effects” or mild differences” occur, however none of 
these effects or differences, appear to be statistically significant. 



Conclusions: This study does not meet the minimum criteria to be eligible for risk assessment of the 
active ingredient, as outlined in the draft “Guidance for considering and using open literature studies to 
support human health risk assessment” (US EPA, 2011).  The major limitation, as discussed above, is the 
use of a formulated product instead of the active ingredient. This study is categorized as ‘invalid’ 
(inappropriate for quantitative or qualitative use in risk). 



Reference: Çağlar, S. & Kolankaya, D. (2008) The effect of sub-acute and sub-chronic exposure of rats to the 
glyphosate-based herbicide Roundup.  Environ. Toxicol. Pharmacol. 25(1):57-62. 
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Study Title: (22) The effects of sub-chronic exposure of Wistar rats to the herbicide Glyphosate-Biocarb®   



Summary: The glyphosate formulation, Glyphosate-Biocarb, was administered orally to 90-day old male 
Wistar rats.  Groups of 16 (control) or 14 (treated) animals were dosed with 0, 4.87, 48.7, or 487 mg/kg 
bw by oral gavage in a volume of 0.5 ml/kg every 2 days for 75 days.   At the end of the treatment period 
the animals were sacrificed and blood samples and livers were taken for biochemical and 
histopathological analysis. 



Hepatic toxicity was monitored by quantitative analysis of ALT and AST activities.  Statistically 
significant increases were noted in ALT at all doses (to about 2-fold) and in AST at the two highest doses 
(to about 1.5-fold).  Histological observation of the liver showed an increase in the number of Kupffer 
cells in hepatic sinusoids and an increase in the deposition of reticulin fibers at the highest dose only. 



The results indicate that Glyphosate-Biocarb may induce hepatic histological changes as well as AST and 
ALT leakage from liver to serum.  



Limitations:  



- A commercial formulation of glyphosate, Roundup (360 g/L glyphosate, 18% 
polyoxyethylene alkylamine), was used rather than the active ingredient.  Inert 
ingredients were not indicated. 



- The study does not follow a standard test guideline. 



Conclusions: This study does not meet the minimum criteria to be eligible for risk assessment of the 
active ingredient, as outlined in the draft “Guidance for considering and using open literature studies to 
support human health risk assessment” (US EPA, 2011).  The major limitation, as discussed above, is the 
use of a formulated product instead of the active ingredient. This study is categorized as ‘invalid’ 
(inappropriate for quantitative or qualitative use in risk assessment). 



Reference: Benedetti, A.L., Vituri, C.de L., Trentin, A.G., Domingues, M.A.C.D., and Alvarez-Silva, M.. (2004) 
The effects of sub-chronic exposure of Wistar rats to the herbicide Glyphosate-Biocarb®.  Toxicol. Lett. 
153(2):227-232.  
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Study Title: (32) Clastogenic effects of glyphosate in bone marrow cells of Swiss albino mice  



Summary: Single doses of the glyphosate formulation, Roundup (>41% IPA salt), or controls, were 
administered intraperitoneally to two sets of four groups of 15, 10-12 week old, male Swiss albino mice.  
Group I, control animals, were given DMSO alone, Group II, positive control animals, were given B(a)P, 
and Group III and IV were given Roundup diluted in DMSO to 25 and 50 mg/kg bw of glyphosate 
respectively.  Five animals from each group of each set were sacrificed at 24, 48 and 72 hours following 
treatment, and bone marrow was harvested from the animal’s femurs. 



In the first set, a total of 75 well spread metaphase plates per animal in each group was analyzed for 
chromosomal aberrations (breaks, fragments and exchanges) at a magnification of 100x and the mitotic 
index was calculated from a scan of 2000 cells per animal.  The frequency of aberrant cells was 
significantly increased in Roundup-treated groups in a dose and time dependent manner with a reduction 
in mitotic index.  At 72 hours, control, positive control, 25 mg/kg bw and 50 mg/kg bw Roundup-treated 
groups had the following percent incidences of aberrant cells: 1.74, 15.22, 7.76, and 9.24 and the 
following mitotic indices: 4.84, 1.94, 3.75, and 3.06 respectively.  



In the second set, the frequency of micronucleated polychromatic erythrocytes (MNPCE) was evaluated.  
A minimum of 2000 erythrocytes was scored for each group.  A significant increase in the frequency of 
MNPCE’s was noted.  At 72 hours, control, positive control, 25 mg/kg bw and 50 mg/kg bw Roundup-
treated groups had the following frequency of MNPCE’s/1000 PCE’s: 1.18, 18.25, 6.12, and 8.48, 
respectively. 



The results indicate that the glyphosate formulation, Roundup is clastogenic and cytotoxic to mouse bone 
marrow.  



Limitations:  



- A commercial formulation of glyphosate, Roundup (glyphosate as the isopropylamine 
salt >41%), was used rather than the active ingredient.  Inert ingredients were not 
indicated. 



- The method of dosing, via i.p. injection, is not a mode of dosing relevant to human 
health. 



Conclusions: This study does not meet the minimum criteria to be eligible for risk assessment of the 
active ingredient, as outlined in the draft “Guidance for considering and using open literature studies to 
support human health risk assessment” (US EPA, 2011).  The major limitations, as discussed above 
include the use of a commercial formulation rather the active ingredient, and the use of i.p. injection for 
dosing.  This study is categorized as ‘invalid’ (inappropriate for quantitative or qualitative use in risk 
assessment). 



Reference: Prasad, S., Srivasta, S., Singh, M. & Shukla, Y. (2009)  Clastogenic effects of glyphosate in bone 
marrow cells of Swiss albino mice.  J. Toxicol. 2009: Article ID 308985, 6 pages. 
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Study Title: (33) Evaluation of genome damage and its relation to oxidative stress induced by glyphosate 
in human lymphocytes in vitro  



Summary:  Technical grade glyphosate (98%) at concentrations of 0.5, 2.91, 3.5, 92.8 and 580 µg/ml 
was incubated with human blood for 4 hours at 37ºC, with and without metabolic activation (S9 from 
human liver).  The first three concentrations correspond to levels of glyphosate likely to be encountered in 
residential and occupational exposure.  The genotoxic and oxidative potential of glyphosate on human 
lymphocytes was then analysed in a series of assays.  Ferric-reducing ability of plasma (FRAP), 
thiobarbituric acid reactive substances (TBARS) and the hOGG1 modified comet assay were used to 
measure glyphosate’s oxidative potential and its impact on DNA.  Genotoxicity was evaluated with the 
alkaline comet assay and by analysis of micronuclei and other nuclear instabilities. 



The percentage of viable and nonviable lymphocytes in samples treated with glyphosate followed a linear 
response.  Without the addition of S9, a significant increase in the number of early apoptotic and necrotic 
cells was detected only at 580 µg/ml; however, in the presence of S9 an increase in the number of 
apoptotic cells was noted at 2.91 µg/ml and above, although a significant increase in necrotic cells 
occurred only at 580 µg/ml. 



Both the alkaline and hOGG1 comet assay indicated that glyphosate caused limited DNA damage in 
treated lymphocytes.  In the alkaline comet assay, without S9, there was a significant increase in tail 
length (20.39 µm) at 580 µg/ml, and an increase in tail intensity (1.80%) at 3.5 µg/ml and above, 
compared to control values of 18.15 µm for tail length and 1.14% for tail intensity.  With S9, tail length 
was significantly increased at 3.5 µg/ml and above and tail intensity was significant at the highest dose.  
With the hOGG1 comet assay, induction of oxidative damage did not occur in a clear dose-response 
relationship, but rather a significant increase in tail length was noted at 580 µg/ml without S9, and a 
single significant effect of increased tail intensity was noted only at 3.50 µg/ml with S9. 



Without S9, the number of micronuclei (MN), nuclear buds (NB) and nucleoplasmic bridges (NPB) 
increased slightly at 3.5 µg/ml and above, however, only the increased numbers of NB’s at 580 µg/ml was 
statistically significant.  With the addition of S9 an increase was observed for all concentrations but it was 
significant for MN, NB and NPB only at 580 µg/ml. 



 Significantly increased FRAP values at 580 µg/ml with or without metabolic activation indicated an 
increased plasma antioxidant capacity. TBARS also increased significantly at 580 µg/ml with or without 
metabolic activation indicating an increase in lipid peroxidation. 



The results suggest that glyphosate may cause oxidative damage to DNA, but statistical significance with 
various methods generally occurred only at the highest dose tested (580 µg/ml).  Concentrations relevant 
to human exposure may not pose a significant health risk. 



Limitations: 



- The study does not follow a standard test guideline.  The study involves a series of assays 
of glyphosate effects on blood cells obtained from human volunteers. 



- The authors concede that the lack of statistical significance at lower concentrations may 
be due to the low number of samples included in the study. 



Conclusions: This study does not meet the minimum criteria to be eligible for risk assessment of the 
active ingredient, as outlined in the draft “Guidance for considering and using open literature studies to 
support human health risk assessment” (US EPA, 2011).  The major limitations, as discussed above 
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include the lack of a test guideline and the low number of samples in the study.  This study is categorized 
as ‘invalid’ (inappropriate for quantitative or qualitative use in risk assessment). 



Reference: Mladinic, M., Berend, S., Vrdoljak, A.L., Kopjar, N. Radic, B. & Zeljezic, D. (2009) Evaluation of 
genome damage and its relation to oxidative stress induced by glyphosate in human lymphocytes in vitro. 
Environ. Mol. Mutagen. 50(9): 800-807.  
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Study Title: (34) Time- and dose-dependent effects of Roundup on human embryonic and placental cells  



Summary: The toxicity and endocrine disruption potential of glyphosate and Roundup were tested on 
human embryonic 293 cells, placental-derived JEG3 cells and other tissue. 



The median lethal dose (LD50) of Roundup in the 293 cell line was 0.3% (6.35 mM glyphosate) after 1 
hour in serum-free medium and 0.06% (1.27 mM glyphosate) after 72 hours in the presence of serum.  
Comparable results were obtained with the slightly less sensitive JEG3 cell line.  In all instances, 
Roundup (generally used in agriculture at 1-2%, i.e., with 21-42 mM glyphosate) was more efficient than 
glyphosate alone, suggesting an additional effect due to the adjuvants.  The addition of serum (10% fetal 
calf serum) to the media buffered and delayed the toxic effect. Serum-free cultures revealed effects in the 
short-term (1 hour) that were visible 1-2 days later when serum was included in the media. 



Non-toxic concentrations Roundup or glyphosate alone were able to act as aromatase activity inhibitors. 
This was shown after 24 hours in 293 cells transfected with the aromatase cDNA and also after 15 
minutes in fresh placental cellular extracts (microsomal fraction).  The IC50 was lowered from 2.4% 
glyphosate after 15 minutes in microsomes to 0.8% after 24 hours in 293 cells.  Roundup was found to be 
an active inhibitor of aromatase activity in a variety of tissue and species (cell lines from placenta or 
embryonic kidney, equine testicular, or human fresh placental extracts). The inhibiting effect was dose 
and temperature dependent.  Roundup showed greater inhibition than glyphosate alone.   



The cytotoxic and potentially endocrine-disrupting effects of Roundup and glyphosate indicate a potential 
for adverse effects on human health. The study suggests that the tendency for regulatory agencies to 
examine pure substances rather than formulated mixtures may lead to an underestimation of the toxic or 
hormonal impact of a formulated mixture.  



Limitations:  



- The study does not follow a standard test guideline.  The study involves testing the 
toxicity and endocrine disruption potential of glyphosate/Roundup on human embryonic 
and placental cells as well as other tissues.  It is difficult to apply in vitro studies to in 



vivo human health risk. 



- Percentage purity of the reagent grade glyphosate is not given. 



Conclusions: This study does not meet the minimum criteria to be eligible for risk assessment of the 
active ingredient, as outlined in the draft “Guidance for considering and using open literature studies to 
support human health risk assessment” (US EPA, 2011).  The major limitations is the lack of a standard 
test guideline.  This study is categorized as ‘invalid’ (inappropriate for quantitative or qualitative use in 
risk assessment because it is of insufficient quality and lacks scientific defensibility). 



Reference: Benachour, N., Sipahutar, H., Moslemi, S., Gasnier, C., Travert, C., & Séralini, G.E. (2007) Time- and 
dose-dependent effects of Roundup on human embryonic and placental cells.  53(1): 126-133.  
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Study Title: (35) Exposure to pesticides increases levels of uPA and uPAR in pre-malignant human 
prostate cells  



Summary: Commercial herbicides (Glyphosate, Liberty), insecticides (Asana XL, Lorsban, Warrior), and 
selected active ingredients (glyphosate, chlorpyrifos,  λ-cyhalothrin) were tested for their effect on the 
expression of urokinase (uPA) and urokinase receptor (uPAR) in a transformed but non-tumorigenic 
human prostate epithelial line, PZ-7.  Cultures were treated with each chemical for one day, then lysed, 
immunoblotted and probed with a monoclonal uPAR antibody recognizing the native uPAR protein or a 
monoclonal anti-uPA. 



Roundup and the insecticides Lorsban and Warrior induced significant uPA protein expression; Lorsban 
and Warrior also significantly increased expression of uPAR.  Combinations of Roundup and either 
Lorsban or Warrior led to even greater induction of both uPA and uPAR protein levels than single agents 
alone.  None of the active agents alone significantly affected uPA expression in the absence of the 
formulations chemicals.  Cyhalothrin and chlorpyrifos treatments did increase levels of uPAR protein but 
this increase did not match levels seen with the whole pesticides and were not considered significant. 



The results suggest that the active ingredients in pesticides are not solely responsible for their effects on 
uPA and uPAR, and the complete pesticide formulations can increase uPA and uPAR expression. 



Limitations: 



- The study does not follow a standard test guideline.  The study involves testing a number 
of pesticides, including Roundup and glyphosate, for their ability to promote the 
expression of a protease system (uPA/uPAR) associated with prostate cancer in a in a 
transformed but non-tumorigenic human prostate epithelial culture. It is difficult to apply 
in vitro studies to in vivo human health risk.  Glyphosate is neither mutagenic or 
oncogenic. 



- Percentage purity of the reagent grade glyphosate is not stated; purity of the glyphosate in 
Roundup and the identity of the additional formulation ingredients in Roundup is not 
stated. 



Conclusions: This study does not meet the minimum criteria to be eligible for risk assessment of the 
active ingredient, as outlined in the draft “Guidance for considering and using open literature studies to 
support human health risk assessment” (US EPA, 2011).  The major limitations, as discussed above 
include the lack of a test guideline and no statement as to glyphosate purity in the study.  This study is 
categorized as ‘invalid’ (inappropriate for quantitative or qualitative use in risk assessment). 



Reference: Potti, A. & Seghal, I. (2005) Exposure to pesticides increases levels of uPA and uPAR in pre-
malignant human prostate cells. Environ. Toxicol. Pharmacol. 19(2): 215-219. 
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Study Title: (36) Oral bioavailability of glyphosate: studies using two intestinal cell lines  



Summary: The effect of glyphosate exposure on the barrier function of intestinal epithelium was 
examined using two polarized cell lines, a human colonic cell line with enterocytic differentiation (Caco-
2), and a rat small intestinal crypt cell line (IEC-18) formed into monolayers on Transwell inserts. The 
apical side of the membranes was exposed to glyphosate and the permeability of electrolytes 
[transepithelial electrical resistance (TEER)], transport of [3H]-mannitol, lactose dehydrogenase (LDH) 
release, and F-actin arrangements were determined. 



TEER determinations across the monolayer measure electricophysiological properties and indicate 
paracellular permeability of the monolayer.  In Caco-2 cells, glyphosate at either 10 or 20 mg/ml caused a 
significant dose-dependent decrease in TEER after 1 hours.  After 4 hours, the 20 mg/ml dose had caused 
a drop of 96%.  A smaller overall decline was noted with IEC-18 cells. 



Transport of mannitol is also an indiction of paracellular permeability.  The IEC-18 line was found to be 
5-fold more permeable to mannitol than the Caco-2 line initially, and was not as affected by glyphosate. 
In the Caco-2 line, however, mannitol permeability was increased significantly above the control (3.5-
fold) at a glyphosate concentration of 20 mg/ml. 



Radiolabeled glyphosate was added to the apical side of the membrane and the amount detected in the 
basolateral side was measured over time.  When the Caco-2 monolayer was exposed to 5 mg/ml 
glyphosate on the apical side more than 90% of glyphosate activity remained on the apical side and less 
than 2% was found in the basal chamber.  When the highest concentration (20 mg/ml) of glyphosate was 
applied for 5 hours, approximately 8% had moved into the basal chamber.  The rate of glyphosate 
transport was much higher in the IEC-18 line and was also concentration dependent; however, higher 
concentrations of glyphosate produced significant damage to the membrane.  With the Caco-2 cells, the 
amount of labelled glyphosate retained on the membrane was less than 1% at all concentrations, with 
saturation of binding sites at 5 mg/ml and above.  The IEC-18 cells were able to bind approximately 10-
fold less glyphosate than the Caco-2 cells. 



The effect of glyphosate on cell integrity was determined by LDH release.  The amount of LDH which 
had leaked into the apical chamber was determined after incubation with glyphosate for 4 hours.  A 
statistically significant increase in LDH leakage occurred at the two highest doses of glyphosate in the 
Caco-2 cells. 



 Tight junctions in gut epithelial cells regulate the movement of solutes and are connected to the actin 
cytoskeleton. Glyphosate was found to alter the staining pattern of F-actin fibers. Changes included loss 
of microvilli bundles, disruption of cell shape, diffuse junctions and disorganization and clumping of 
fibers. 



The study shows that at low doses, glyphosate is able to penetrate the epithelial barrier only slightly.  At 
higher doses, however, there are signs of damage to the epithelial cells leading to loss of paracellular 
barrier function at the tight junctions.  At doses greater than 10 mg/ml, glyphosate significantly disrupts 
the barrier properties of cultured intestinal cells and is able to cross the epithelial membrane. 



 Limitations:  



- The study does not follow a standard test guideline.  The study involves testing the effect 
of glyphosate on the intestinal epithelial barrier using two cell lines.  The applicability to 
in vivo human risk is unclear. 











Page 134 of 204 
 



- Percentage purity of the reagent grade glyphosate is given as approximately 95% pure. 



Conclusions: This study does not meet the minimum criteria to be eligible for risk assessment of the 
active ingredient, as outlined in the draft “Guidance for considering and using open literature studies to 
support human health risk assessment” (US EPA, 2011).  The major limitations is the lack of a standard 
test guideline.  This study is categorized as ‘invalid’ (inappropriate for quantitative or qualitative use in 
risk assessment). 



Reference: Vasiluk, L., Pinto, L.J. & Moore, M.M. (2005) Oral bioavailability of glyphosate: studies using 
two intestinal cell lines.  Environ. Toxicol. Chem. 24(1):153-160. 
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Study Title: (37) Cysteine turnover in human cell lines is influenced by glyphosate  



Summary: HeLa and hepatoma human cell cultures were exposed to low doses of three chemically 
unrelated pesticides, bentazon at 150 and 1500 µg/L, metalaxyl at 100 µg/L and glyphosate at 100 and 
1000 µg/L, for 24 hours.  Total cysteine and glutathione concentrations were then assayed in the cells and 
in the media.   



Extracellular cysteine levels were elevated in the presence of glyphosate in both cell cultures.  Cysteine 
levels were similar at both glyphosate concentrations.  Cysteine was also found to decrease in intracellular 
concentration in the hepatoma cell culture in the presence of glyphosate. There was no change in 
intracellular concentration of glutathione in either cell culture in the presence of glyphosate.  No 
significant effect on intracellular or extracellular concentrations of cysteine or glutathione was found with 
bentazon or metalaxyl. 



The results suggest that exposure to glyphosate can have a significant effect on the concentrations of 
intra- and extracellular cysteine.  Cysteine is considered to be the limiting substrate for the synthesis of 
glutathione which is an important antioxidant. The effects noted are in the presence of micromolar 
concentrations of glyphosate which compare to concentrations observed in monitoring programs. 



Limitations: 



- The study does not follow a standard test guideline.  The study involves testing a number 
of pesticides, including glyphosate, for their ability to effect cysteine and glutathione 
turnover in human cell lines. 



- Percentage purity of the reagent grade glyphosate is not stated; number of glyphosate 
concentrations (2) was limited. 



Conclusions: This study does not meet the minimum criteria to be eligible for risk assessment of the 
active ingredient, as outlined in the draft “Guidance for considering and using open literature studies to 
support human health risk assessment” (US EPA, 2011).  The major limitations, as discussed above 
include the lack of a test guideline and no statement as to glyphosate purity in the study.  This study is 
categorized as ‘invalid’ (inappropriate for quantitative or qualitative use in risk assessment). 



Reference: Hultberg, M. (2007)  Cysteine turnover in human cell lines is influenced by glyphosate. Environ. 
Toxicol. Pharmacol. 24(1):19-22. 
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August 29, 2012 



Note To/Note au: Toxicology File  



From/De: 2032 
Evaluation Officer, TRS-2, HED 



Subject/Objet: Sub. No(s): 2004-0175 
Product Name: Glyphosate products 
Active Ingredient: Glyphosate acid and salt forms (GPS) 



Action Requested : Screen of Open Literature Studies  
 
 
Study Title: The Hemodynamic Effects of the Formulation of Glyphosate-Surfactant Herbicides  



Summary: In human incidences of poisoning with glyphosate-surfactant herbicides (GlySH), systemic 
toxicity is associated with gastrointestinal injury, laryngeal injury, pulmonary toxicity, impaired renal and 
liver function, leukocytosis, impaired neurological function, dermatitis, metabolic acidosis, arrhythmias, 
myocardial depression, shock and even death.  Aspiration pneumonitis and upper respiratory tract 
irritation are also commonly reported findings. 



Glyphosate has been proposed to play a role in uncoupling of mitochondrial oxidative phosphorylation in 
rat liver mitochondria.  Evidence form studies suggested that glyphosate (isopropylamine salt form) is an 
uncoupler of electron transfer chain and may be able to act both as a chelator and mild protonophore 
(glyphosate increased permeability of mitochondrial membrane to protons and Ca2+).  Furthermore 
glyphosate had inhibitatory effect on energy-dependent transhydrogenase reaction in vitro and decreased 
the hepatic level of cytochrome P450 and monoxygenase activity (liver) and aryl hydrocarbon 
hydroxylase (intestines) in vivo.  Mitochondria might be a critical target of toxic mechanism of GlySH, 
however the clinical significance between the mitochondrial effects and systemic toxicity is unclear. 



In a retrospective study, data collected from 69 men and 62 women was analysed.  Fatality of glyphosate 
poisoning was 8.4% (11 fatalities).  The estimated amount of GlySH ingested and age averages were 
122±12 mL/47±2 years among survivors and 330±42 mL/60±4 years among fatalities.  Nausea with or 
without vomiting, sore throat and fever were the most common manifestations of GlySH poisoning.  The 
most common laboratory abnormalities included leukocytosis, low bicarbonate, hepatic dysfunction, 
hypercapnea, acidosis, and renal insufficiency.  Abnormal findings, most frequently sinus tachycardia and 
nonspecific ST-T changes, were observed in 15/81 electrocardiograms.  Major prognostic predictors for 
fatality included shock, respiratory distress necessitating intubation, pulmonary edema, dysrhythmia, 
renal dysfunction necessitating hemodialysis, altered consciousness, and pulmonary edema.  



Cardiovascular Toxicity: 



Cardiovascular symptoms, noted in literature, of GlySH poisoning in humans include ECG abnormalities 
such as sinus tachycardia, sinus bradycardia, first degree AV block, as well as shock (possibly due to 
intravascular hypovolemia). In a beagle dog study, cardiac depression was observed with Roundup 
treatment and surfactant injection, suggesting suppression of the cardiac conduction system and 
contractility rather than intravascular hypovolemia plays a role in the shock induced by GlySH acute 
poisoning.  In a mongrel dog study, an isopropylmaine glyphosate salt (IPA) injection showed positive, 
dose- dependent inotropic and chronotropic responses with increasing myocardial contraction, arterial 
pressure, and pulse pressure, as well as reduced vascular resistance in the hind leg. 



Study: 
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A study was designed to characterize the major components leading to cardiovascular failure in GlySH 
poisoning. Male Landrance piglets (6-8 weeks old, 8-15 kg) were sedated (im) with ketamine and 
atropine and dosed with propofol and pancuronium bromide via percutaneous venous cannula in the 
marginal vein of the pinna.  Piglets were intubated with endotracheal tubes, ventilated (12 breaths/min), 
provided saline with 5% glucose (dripping 5mL/kg/hr via marginal vein iv) and regularly paralyzed with 
iv pencuronim (maintained with 2-3% isoflurane) while physiological variables were monitored (for e.g. 
blood pressure -BP, mean arterial blood pressure -MABP, heart beats and electrocardiography- ECG and 
blood sampling).  Five experimental groups (6 animals/group) were: 1) control with saline; 2) glyphosate 
360 mg/mL in NaOH; 3) IPA 126 mg/mL in water; 4) glycine monoisipropylamine salt solution, IPAG, 
40% wt; POEA, 15% in water.   



In a preliminary study, most piglets died soon after IPAG infusion at rate higher than 10mL/h.  Sudden 
death might have been caused by a reduction in BP with ventricular arrhythmia, or the high infusion rate 
could cause a reversible depression of left-ventricular function after discontinuing infusion right after 
MABP decreased to 50% of initial value.  For other chemicals, no obvious reductions in MABP were 
noted within one hour infusion at the same rate.  Piglets were therefore infused with IPAG at 10 mL/hr 
rate but 50% reduction in MABP from initial value was chosen as endpoint, with survivors observed for 
up to 2 hours from the initialization of dosing.  Piglets in other treatment groups were infused at the same 
rate for 1 hour and observed for one hour after cessation of doing.   Daily activities and urine amounts 
were recorded for two days, while blood sampling was performed at 24 and 48 hours after the dosing. 



The average infused dose of IPAG, glyphosate, IPA and POEA was 159.8±15.79 mg/kg bw, 
238.47±17.49mg/kg bw, 75.24±4.51mg/kg bw, 0.0944±0.00546 mg/kg bw, respectively.  Both POEA 
and IPAG had a fatality rate of 4/6 (66.7%).  Results are summarized below: 



IPA: elevated MABP and pulmonary vascular resistance index (PVRI) and reversible right-ventricular 
stroke work index (RSWI). 



IPAG: high death rate (66.7%); lowered cardiac contractility and MABP with increases in mean 
pulmonary artery pressure (MPAP) and vascular resistance (leading to heart failure); blood lactate 
formation with lowered (base excess BE) (with 50% of the dose, in the concentration similar to other 
chemicals); decreased urine volume 24 and 48 hours after.  Since acidosis or alkalosis, pulmonary rales, 
and hypoxemia were not observed, the noted changes were attributed to direct depressive cardiovascular 
and vasoactive effects exerted by IPAG instead of to uncoupling mitochondrial oxidative phosphorylation 
and reduced respiratory control ratios of mitochondria (which would explain lactate formation and 
acidosis). 



POEA: progressively decreased left-side ventricular function (decreased cardiac index- CI, left 
ventricular stroke work index- LVSWI and increased pulmonary capillary wedge pressure- PCWP and 
central venous pressure- CVP), decreased BE, increased pulmonary vasoconstriction effects (increased 
PCWP and CVP), increased pulmonary vasoconstriction effects (increased MPAP and PVRI) leading to 
metabolic acidosis (decreased pH) and increased lactate (likely due to circulatory collapse); 66.7% 
mortality (between 1-3 hours post dosing, possibly from uncorrected metabolic acidosis); decreased urine 
volume 24 and 48 hours after. 



Glyphosate: reduction in pH and BE without significant hemodynamic changes.  



Study demonstrated that negative cardiovascular effects seen with GlySH poisoning could be attributed to 
POEA, IPAG or both; and showed that adjuvants can be toxic. 



Limitations:  
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- The test substance was a glyphosate based commercial formulation. The percent active ingredient 
was not indicated.  Other components of the formulation were not identified besides the 
glyphosate and isopropylamine salt of glyphosate. The remaining components were identified as 
inert ingredients. Volume of ingestion was approximated and often self-reported. 



- several patients had co-ingestants, including sedative drugs (2), hypnotics (3), wine (3) and 
paraquat (1)  



- pigs are atypical animals used in toxicology studies reviewed by regulatory agencies 



- purities of test substances were not specified, and only a single dose of each test substance was 
utilized. 



Conclusion: This study does not meet the minimum criteria to be eligible for risk assessment of the active 
ingredient, as outlined in the draft “Guidance for considering and using open literature studies to support 
human health risk assessment” (US EPA, 2011). The major limitations included not identifying the purity 
of the test substances and inadequate number of dose levels. This study is categorized as ‘invalid’ 
(inappropriate for quantitative or qualitative use in risk assessment because it is of insufficient quality and 
lacks scientific defensibility).   



Reference: Hsin-Ling Lee and How-Ran Guo (2011). The Hemodynamic Effects of the Formulation of 
Glyphosate-Surfactant Herbicides, Herbicides, Theory and Applications, Prof. Marcelo Larramendy 
(Ed.), ISBN: 978-953-307-975-2, InTech, Available from: http://www.intechopen.com/books/herbicides-
theory-and-applications/thehemodynamic- 
effects-of-the-formulation-of-glyphosate-surfactant-herbicide.pdf 
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Oct 16, 2012 



Note To/Note au: Toxicology File  



From/De: 2032 
Evaluation Officer, TRS-2, HED 



Subject/Objet: Sub. No(s): 2004-0175 
Product Name: Glyphosate products 
Active Ingredient: Glyphosate acid and salt forms (GPS) 



Action Requested : Screen of Open Literature Studies  
 
 
Study Title: Genotoxicity of AMPA, the environmental metabolite of glyphosate, assessed by the Comet 
assay and cytogenetic tests.   



Summary: AMPA (99%), the major metabolite of glyphosate was evaluated for genotoxic potential, in 



vitro, using the Comet assay in Hep-2 cells and chromosome aberration (CA) test in human lymphocytes, 
and in vivo through micronucleus test in mice for assessing chromosomal damage.   
 
In the Comet assay, Hep-2 cells were incubated for 4 hours with 2.5, 4.5, 5.5, 6.5, 7.5, 9 or 10.0mM 
AMPA.  Mitomycin C (0.01 mM) and medium were used as positive and negative controls, respectively.  
Tail moment (TM), DNA percentage in tail (% of DNA) and tail length (TL) were used to estimate DNA 
damage. Concentration above 7.5 mM AMPA were not used for nontoxicity analysis, due to <80% 
viability.  AMPA exhibited dose-dependent genotoxic effect in all three parameters, increasing extent of 
DNA migration. 
 
In a CA test, 0.9 or 1.8mM AMPA was tested on lymphocytes from 6 different human blood samples 
with 48 hr treatment.  A significant increase (p<0.05) in the number of CA, including gaps, was observed 
after 1.8mM AMPA (9.5±1.1 CA/100 metaphases, a two fold increase over control), with most 
aberrations being of chromatid type. 
 
In a micronucleus test (MNT), male and female Balb-C mice received i.p. injections of 100 or 200 mg/kg 
AMPA, repeated once after 24 hours.  Saline and a single injection of cyclophosphamide injection of 20 
mg/kg were used as controls.  Animals were sacrificed 24 hours post second treatment and 10±1.9 and 
10.4±3.3 micronucleated erythrocytes (MNE)/1000 analyzed cells were observed with 100 or 200 mg/kg 
AMPA, respectively, versus a basal level of 3.8±1.8 (negative control). 
 
AMPA was found to be genotoxic in Comet assay and chromosomal aberration in vitro and in 
micronucleus test in mice in vivo, however mixed results and scarce data is available for AMPA potential 
genotoxicity in literature. 
 
Limitations: 



- Test substance was the primary metabolite of glyphosate, not glyphosate itself.   



Conclusion: This study does not meet the minimum criteria to be eligible for risk assessment of the active 
ingredient, as outlined in the draft “Guidance for considering and using open literature studies to support 
human health risk assessment” (US EPA, 2011). The major limitation as discussed above was the use of 
AMPA not glyphosate. This study is categorized as ‘invalid’ (inappropriate for quantitative or qualitative 
use in risk assessment because it is of insufficient quality and lacks scientific defensibility).   
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Reference: F.Manas, L.Peralta, J.Raviolo, H.Garcıa Ovando, A.Weyers, L.Ugnia, M. GonzalezCid, 
I.Larripa, N.Gorla (2009).  Genotoxicity of AMPA, the environmental metabolite of glyphosate, assessed 
by the Comet assay and cytogenetic tests.  Ecotoxicology and Environmental Safety.  72: 834-837. 
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Oct. 3, 2012 



Note To/Note au: Toxicology File  



From/De: 2032 
Evaluation Officer, TRS-2, HED 



Subject/Objet: Sub. No(s): 2004-0175 
Product Name: Glyphosate products 
Active Ingredient: Glyphosate acid and salt forms (GPS) 



Action Requested : Screen of Open Literature Studies  
 
 
Study Title: Ethoxylated adjuvants of glyphosate-based herbicides are active principles of human cell 
toxicity.  



Summary: Three cell lines, human embryonic kidney (HEK) 293 cell line, hepatoma cell line HepG2 and 
JEG3 cell line were used to test cytotoxicity of 9 glyphosate-based formulations in vitro for 24 hours, 
using polyethoxylated tallowamine POE-15 and Genamin, and glyphosate (G) alone as controls. The 
formulations included: Bayer GC (12.5% G, 1-5% of POE-15), Clinic EV (42% G, 11% of POE-15), 
Genami T200 (60-80% POE-15), Glyphogan (39-43% G, 13-18% of POE-15), Roundup Grand Travaux 
(400 g/L G), Roundup Grand Travaux plus (450 g/L G, 90 g/L ethoxylated etheralkylamine), Roundup 
Ultra (41.5% G, 16% surfactant), Roundup Bioforce (360g/L G, 1-5% of POE-15), Roundup 3plus 
(170g/L G, 8% surfactant homologation), Topglypho 360 (360/L G), POE-15. 



Effects on the mitochondrial succinate dehydrogenase (SD) activity, reflecting cell respiration inhibition, 
were measured in serum free medium with glyphosate formulation and adjuvants and glyphosate alone 
after 24 hour exposure.  All chemicals induced cell toxicity, with similar dose-dependent pattern on all 
three cell lines, although JEG3 cells were up to 2-fold more sensitive to treatments.  The adjuvants POE 
15 and Genamin alone were the most toxic (LC50 2-7 ppm), while glyphosate was the least toxic (1192-
19323 ppm).  The middle toxicity group (~100 times less toxic) included Roundup GT, Roundup GT+, 
Clinic EV, Top Glypho 360, Glyphogran and Bayer GC.  The least toxic group (~100 times less toxic 
again) included Roundup Ultra, Bioforce and 3plus.  Toxicity was determined to be dependent on 
concentration of ethoxylated adjuvants not glyphosate itself in the formulations, in a linear manner to 
some extent.  Glyphosate did not buffer or amplify direct POE-15 toxicity. 



Adjuvants were analyzed for composition using spectrum characteristic and showed four main spectra 
patterns; one centered around 900m/z, 600m/z, 500 m/z and 300 m/z (identified as POE-2).  Ethoxylated 
adjuvants were considered as the active principle of the toxicity of glyphosate based herbicides in human 
cells.  Furthermore, the mechanism of action of adjuvants was determined to be due to disruption of the 
cellular membranes by micellization with the critical micelle concentration beginning at 3ppm for POE-
15.  POE-15 and glyphosate formulations with ethoxylated adjuvants induced more necrosis by 
membrane alterations than apoptosis that was noted at higher levels with glyphosate.   



Ethoxylated adjuvants were not considered inert, but cell membrane disruptors that induce severe 
mitochondrial alterations. 



Limitations:  



- Glyphosate purity was unspecified, and only a single concentration was used as a control; 
glyphosate formulations were used with incomplete content identification 
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- Actual data is mainly presented in graph format, making evaluation of the data difficult.  Data for 
LC50 for glyphosate in HepG2 cell line was not determined. 



- Since the study was in vitro and only for 24 hours, and it is not clear how the in vitro results 
would translate to in vivo toxicity 



Conclusion: This study does not meet the minimum criteria to be eligible for risk assessment of the active 
ingredient glyphosate, as outlined in the draft “Guidance for considering and using open literature studies 
to support human health risk assessment” (US EPA, 2011). The major limitation was focus on adjuvants 
not the active ingredient, as well as deficiencies in reporting of study data. This study is categorized as 
‘invalid’ (inappropriate for quantitative or qualitative use in risk assessment because it is of insufficient 
quality and lacks scientific defensibility).   



Reference: Mesnage, R., Bernay, B., and Seralini, G.-E. (2012).  Ethoxylated adjuvants of glyphosate-
based herbicides are active principles of human cell toxicity.  Toxicology XX (In press) 
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Sept 10, 2012 



Note To/Note au: Toxicology File  



From/De: 2032 
Evaluation Officer, TRS-2, HED 



Subject/Objet: Sub. No(s): 2004-0175 
Product Name: Glyphosate products 
Active Ingredient: Glyphosate acid and salt forms (GPS) 



Action Requested : Screen of Open Literature Studies  
 
 
Study Title: Comparative effects of the Roundup and glyphosate on mitochondrial oxidative 
phosphorylation. (#: ) 



Summary: Roundup and glyphosate effects on mitochondrial bioenergetics were studied in isolated rat 
mitochondria from starved (overnight) Wistar rats.   



To measure respiratory rates, mitochondria (0.8mg) were incubated in 1mL of respiratory standard 
medium (25ºC) in the presence of glyphosate or Roundup equivalent to 0, 0.5, 1, 2, 5, 10 or 15 mM 
glyphosate.  State 4 respiration was initiated by addition of succinate (10mM), and State 3 respiration was 
energized by succinate (10mM) and initiated by addition of ADP (1.5mM) 2 minutes after.  Glyphosate 
did not affect the respiratory control ratio (RCR) and ADP to oxygen ration (ADP/O) up to 5mM, while 
Roundup significantly reduced both ratios.  Roundup (up to 15mM) depressed Stage 3 and uncoupled 
respiration rates, and stimulated respiration for Stage 4 two-fold.  Control with antimycin A indicated that 
oxygen consumption occurred exclusively due to respiratory activity. 



Transmembrane potential was measured with succinate support in similar incubation and concentrations 
of glyphosate and Roundup.  For further measurements, mitochondria were supplemented with TPP+ 
(3µM) and rotenone (2µM) for 5 min in presence of Roundup (0, 0.5, 1 or 3mM), energized with 
succinate (10mM) and with ADP (150µM) added to initiate phosphorylation.  Valinomycin was added at 
the end of each assay to elicit completer collapse of membrane potential.  Glyphosate did not affect the 
transmembrane potential (up to 15 mM), while Roundup almost collapsed the transmembrane potential 
(up to 10mM) that was promoted by succinate.  In addition, Roundup not only decreased the 
depolarization and repolarization amplitude induced by ADP, but also lengthened the lag phase preceding 
repolarization (indicating inhibitory effect on phosphorylation efficiency). 



Enzymatic activities of the respiration complexes II and IV of the mitochondrial respiratory chain 
(succinate dehydrogenase, succinate cytochrome c reductase and cytochrome c oxidase respectively) and 
ATPase and ATPase synthase were not affected by glyphosate (up to 15mM).  Roundup, on the other 
hand, partially inhibited complex II and III, indicating that Roundup interacts with electron transfer at that 
level, but not the terminal segment of chain.  Roundup also significantly depressed ATPase activity (60%) 
at up to 15mM and almost completely inhibited ATPase synthase activity (91%) at 5mM. 



Induction of mitochondrial swelling in valiomycin (1µM)-treated mitochondria (0.3 mg), incubated in 
hyposmotic K+-acetate (54 mM) medium was studied with glyphosate and Roundup.  Neither Roundup 
nor glyphosate induced significant swelling.  Mitochondrial permeability underwent a transition in Ca2+-
loaded (50µM) mitochondria treated with ruthenium red (1µM) and Roundup but not with glyphosate.   
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In conclusion, glyphosate alone did not show any relevant effect on the mitochondrial bioenergetics, 
unlike Roundup.  The so called “inert” unspecified ingredients in glyphosate formulation are likely 
responsible for the observed toxicity at the bioenergetics level. 



Limitations:  



- The test substance was a glyphosate and Roundup, glyphosate commercial formulation. 



- The percent active ingredient was not indicated and purity of glyphosate was not specified.  Other 
components of the formulation were not identified.  



Conclusion: This study does not meet the minimum criteria to be eligible for risk assessment of the active 
ingredient, as outlined in the draft “Guidance for considering and using open literature studies to support 
human health risk assessment” (US EPA, 2011). The major limitations as discussed above were not 
characterizing the test substance properly. This study is categorized as ‘invalid’ (inappropriate for 
quantitative or qualitative use in risk assessment because it is of insufficient quality and lacks scientific 
defensibility).   



Reference: Francisco Peixoto (2005).  Comparative effects of the Roundup and glyphosate on 
mitochondrial oxidative phosphorylation.  Chemosphere 61:1115-1122. 
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Sept 11, 2012 



Note To/Note au: Toxicology File  



From/De: 2032 
Evaluation Officer, TRS-2, HED 



Subject/Objet: Sub. No(s): 2004-0175 
Product Name: Glyphosate products 
Active Ingredient: Glyphosate acid and salt forms (GPS) 



Action Requested : Screen of Open Literature Studies  
 
 
Study Title: Comparison of the effect of Roundup Ultra 360 SL pesticide and its active compound 
glyphosate on human erythrocytes.  



Summary: Roundup Ultra 360 L (360 g of isopropylamino salt/L) and glyphosate (95%) effects were 
studied on human erythrocytes and hemoglobin separated from whole blood of healthy Polish donors.  
Incubation of erythrocytes with glyphosate (doses of 100-1500 ppm) did not change the percentage of 
hemolysis after 1-5 h of incubation; however hemolysis was statistically significantly increased at highest 
dose after 24 hours of incubation (double the base value).  Previously published data showed slight 
hemolysis of human erythrocytes at lower doses of Roundup Ultra 360 SL (1500 ppm after 1hour of 
incubation, and 500 ppm after 24 hours of incubation).  Both glyphosate and Roundup Ultra 360 SL 
caused an increase in lipid peroxidation in erythrocytes after one hour of incubation at 1000 and 1500 
ppm. Increased activity of catalase and increased oxidation of hemoglobin to methemoglobin were also 
noted after incubation with glyphosate and Roundup 360 SL for 1 hour (showing statistical significance at 
1000 ppm and 1500 ppm doses).  It is possible that the observed change in catalase activity was directly 
associated with methemoglobin production.  Since a consequence of oxidative stress in cells maybe a 
decrease in the concentration of reduced glutathione and increase of its oxidized form (GSH/GSSG), the 
level of reduced glutathione was measured.  There was no significant change in the levels of reduced 
glutathione after glyphosate and Roundup Ultra SL incubation, as compared to control, indicating low 
toxicity.  Overall, Roundup Ultra 360 SL produced slightly higher changes in the function of erythrocytes 
than glyphosate alone, likely due to other formulation ingredients. 



The lack of accumulation of glyphosate in the organism, and relatively low toxicity in human erythrocytes 
at doses which might potentially occur in the human body lessens the concern for glyphosate safety in 
human erythrocytes. 



 



Limitations:  



- Atypical protocol for toxicology study with pesticide due to human tissue in vitro, with poor 
description of blood donors 



- In vitro effects are difficult to translate to in vivo effects 



- Positive control was not included 



- pH measurement was not included 



- Other components of the formulation were not identified.  
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Conclusion: This study does not meet the minimum criteria to be eligible for risk assessment of the active 
ingredient, as outlined in the draft “Guidance for considering and using open literature studies to support 
human health risk assessment” (US EPA, 2011). The major limitation as discussed above was inadequate 
protocol data. This study is categorized as ‘invalid’ (inappropriate for quantitative or qualitative use in 
risk assessment because it is of insufficient quality and lacks scientific defensibility).   



Reference: Pieniazek, Danuta, Burkowska, Bozena and Duda, Wirgiliusz (2004).  Comparison of the 
effect of Roundup Ultra 360 SL pesticide and its active compound glyphosate on human erythrocytes.  
Pesticide Biochemistry and Physiology 79:58-63. 
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Sept 4, 2012 



Note To/Note au: Toxicology File  



From/De: 2032 
Evaluation Officer, TRS-2, HED 



Subject/Objet: Sub. No(s): 2004-0175 
Product Name: Glyphosate products 
Active Ingredient: Glyphosate acid and salt forms (GPS) 



Action Requested : Screen of Open Literature Studies  
 
 
Study Title: Genotoxicity testing of the herbicide Roundup and its active ingredient glyphosate 
isopropylamine using the mouse bone marrow micronucleous test, Salmonella mutagenicity test, and 
Allium anaphase-telophase test.  



Summary:  



Mouse bone marrow micronucleus test: NMRI-born mice (11 weeks old) were intraperitonealy injected 
(3-5 mice/sex/group) with glyphosate isopropylamine salt (100, 150 or 200 mg/kg bw), or Roundup (133 
or 200 mg/kg bw calculated as glyphosate isopropylamine). Methyl methanesulfoante (MMS) was used 
as a positive control and 0.9% NaCl as a negative control.  Cells from bone marrow of mice were 
harvested 24 and 48 hours later for glyphosate and 24 hours for Roundup.  Frequency of micronucleated 
polychromatic erythrocytes (MNPCE) was determined by examining 1000 PCE/animal.  No significant 
difference was noted among sexes.  The number of PCE was statistically significantly decreased at the 
highest concentration of Roundup (equivalent to 200 mg/kg bw of glyphosate isopropylamine) only, 
indicating that Roundup is more toxic than glyphosate isopropylamine salt. 



Salmonella mutagenicity test: Salmonella typhimurium strains TA98 and TA199 were used to test 
mutagenicity of Roundup with S9 mix with three plates per dose in two experiments.  Positive controls 
used included 10µg 4- nitro-o-phenylenediamine (NPD), 0.5µg MMS, 1.0 µg benzo(a)pyrene (B(a)P), 
0.1µg 2-nitrofluorene and 0.4 µg sodium azide/plate. A slight but significant number of revertants was 
observed at 360µg/plate for TA98 (-S9) and 720 µg/plate for TA100 (+S9), indicating that Roundup, at 
concentrations close to the level of cytotoxicity, can induce point mutations.  No percent survival of cells 
was measured at different Roundup concentrations in this test, only assuming cytotoxicity at the 
1081µg/plate and 1440µg/plate. 



Allium anaphase-telophase test: Allium cepa onion bulbs were allowed to produce roots in test solutions 
(6/solution) with: negative control (water), glyphosate isopropylamine (720 µg/L, 1440 µg/L, 2880 µg/L), 
positive control MMS (10 µg/L), Roundup (equivalent to 720 µg/L, 1440 µg/L, 2880 µg/L of glyphosate 
isopropylamine) with treatment replenished daily for 5 days.  On the second day, the onions with poorest 
growth/test solution were removed.  The length of the root bundles were measured and averaged as a 
percent of a control.  The growth inhibition value, EC50, was interpolated form a graph of root length (%) 
vs log of concentration of test solution.  Approximately 100 anaphase/early telophase cells were analyzed 
per onion.  A statistically significant increase in chromosome aberrations which included “other 
aberrations” (weak spindle disturbances) was noted at two highest concentrations of Roundup, however 
without dose response (highest dose had less aberrations than the mid-high dose).  The aberrations caused 
by positive controls included bridges and fragments.  Cytotoxicity test was not performed; however there 
was a decrease in the mitotic index at the highest concentration of Roundup indicating a toxic effect of the 
formulation.  Comparison of EC50 (5.5 mg/L vs 1.2 mg/L) indicates that Roundup is approximately 5 
times more toxic to onion root cells than glyphosate isorpopylamine salt. 
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The guidelines for the studies included procedures by Schmid (1975), Fiksesjo (1985), and Ames 1975). 



Limitations:  



- The purity of active ingredient was not indicated.  Other components of the formulation were not 
identified.  



- Cytotoxicity/cell survival was not measured.  



- Not enough different bacterial strains were used 



Conclusion: This study does not meet the minimum criteria to be eligible for risk assessment of the active 
ingredient, as outlined in the draft “Guidance for considering and using open literature studies to support 
human health risk assessment” (US EPA, 2011). The major limitations as discussed above were 
inadequate data collection, poor characterization of test substance and incomplete protocol planning. This 
study is categorized as ‘invalid’ (inappropriate for quantitative or qualitative use in risk assessment 
because it is of insufficient quality and lacks scientific defensibility).  It is unclear which components of 
Roundup formulation lead to the reported toxicity.  



Reference: Rank, J., Jensen, A.-G., Skov, B., Pendersen, L.H. and Jensen, K. (1993). Genotoxicity testing of the 
herbicide Roundup and its active ingredient glyphosate isopropylamine using the mouse bone marrow 
micronucleous test, Salmonella mutagenicity test, and Allium anaphase-telophase test. Mutation 
Research. 300:29-36. 
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Sept 17, 2012 



Note To/Note au: Toxicology File  



From/De: 2032 
Evaluation Officer, TRS-2, HED 



Subject/Objet: Sub. No(s): 2004-0175 
Product Name: Glyphosate products 
Active Ingredient: Glyphosate acid and salt forms (GPS) 



Action Requested : Screen of Open Literature Studies  
 
 
Study Title: Differential effects of glyphosate and Roundup on human placental cells and aromatase. (#: ) 



Summary: Glyphosate and Roundup (360 g/L) were tested on human placental JEG3 cells and evaluated 
as possible endocrine disruptors, including their effect on aromatase (a mammalian cytochrome P450 
enzyme crucial for sex steroid hormone synthesis) present in microsomes from human placenta and 
equine testis.   



Cell viability was tested at Roundup concentrations up to 2% (in water), after 18, 24 or 48-hour exposures 
in a serum containing medium, by the MTT assay, compared to glyphosate, both with adjusted pH.  
Toxicity increased with time; LC50 was approximately 1.8 times lower for Roundup than for glyphosate, 
and the difference was noticeable within an hour of treatment in serum-free medium.  Acidity (if pH was 
not adjusted) of 2% solution of Roundup or glyphosate, reduced cell viability by 23% after 18 hours in 
another experiment, and thus only partially contributed to the 90% reduction of cell viability observed at 
this concentration.  When 0.1% of Roundup was added to glyphosate, increasing the concentration 
adjuvants mainly, the cell viability was significantly diminished (indicating toxic effects of the 
adjuvants). 



After one hour incubation of cells with Roundup, estrogen synthesis was enhanced by 40%.  A clear 
inhibition of aromatase was noted after 18 hours, as shown by decreased aromatase mRNA, with an IC50 
of 0.04% for Roundup.  Glyphosate alone did not inhibit estrogen synthesis, but when minute amounts of 
Roundup were added to cultures, aromatase activity was inhibited.  Aromatase was also inhibited by 
Roundup and glyphosate separately in human and equine microsomes, with IC 50 of 0.6%, and 
approximately 2.0%, respectively.  Kinetic parameters were examined for Roundup, showing competitive 
inhibition.  An experiment with purified enzyme moieties from aromatase-rich equine testis showed a 
direct interaction of glyphosate with the equine aromatase active site.  Spectral interaction showed a type 
II spectrum, characteristic of an interaction between nitrogen atom of the herbicide and the heme iron of 
the cytochrome.  In addition, electron donor reductase (NADPH-dependent) was also directly inhibited by 
Roundup (IC50 5%) but to a lesser extent than cytochrome 450 aromatase responsible for the steroid 
binding and catalysis. 



In conclusion, Roundup was found to be overall more toxic than glyphosate and affected endocrine 
metabolism in mammals in vitro. 



Limitations:  



- The test substances were a glyphosate commercial formulation (Roundup) and pure technical 
glyphosate. The percentage of active ingredient in the formulation was not indicated and the 
purity of glyphosate was not specified.  Other components of the formulation were not identified.  
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Conclusion: This study does not meet the minimum criteria to be eligible for risk assessment of the active 
ingredient, as outlined in the draft “Guidance for considering and using open literature studies to support 
human health risk assessment” (US EPA, 2011). The major limitations as discussed above were not 
characterizing the test substance properly, and experiments focusing more on the formulation not the 
active ingredient itself. This study is categorized as ‘invalid’ (inappropriate for quantitative or qualitative 
use in risk assessment because it is of insufficient quality and lacks scientific defensibility).   



Reference: Richard, S., Moslemi, S., Sipahutar, H., Benachour, N. and Seralinin, G-E. (2005).  
Differential effects of glyphosate and Roundup on human placental cells and aromatase.  Environmental 
Health Perspectives.  113(6): 716-720. 
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August 22, 2012 



Note To/Note au: Toxicology File  



From/De: 2032 
Evaluation Officer, TRS-2, HED 



Subject/Objet: Sub. No(s): 2004-0175 
Product Name: Glyphosate products 
Active Ingredient: Glyphosate acid and salt forms (GPS) 



Action Requested : Screen of Open Literature Studies  
 
 
Study Title: Glyphosate and AMPA in drinking water  



Summary:  Glyphosate (CAS No. 1071-83-6) is a broad-spectrum herbicide with a major metabolite 
being aminomethylphosphonic acid (AMPA) (CAS No. 1066-51-9). Glyphosate is chemically stable in 
water and is not subject to photochemical degradation.  
 
Absorption of a single dose of radiolabelled glyphosate from gastrointestinal tract was incomplete 
(~<30% dose) in rats and rabbits.  By day 7, glyphosate was widely distributed throughout the rat body, 
with the highest concentration noted in bones.  Biotransformation inside the body was minimal, with 
excretion mostly as a parent compound via urine and feces (rat), and only 0.2-0.3% as AMPA.  AMPA 
was moderately absorbed (20%) in rats, and excreted almost exclusively via urine, and >0.1% as expired 
carbon dioxide. 
 
Glyphosate and AMPA have similar chemical structure and toxicological profiles, and both are 
considered to exhibit low toxicity.   
 
Glyphosate: 
Glyphosate has very low acute toxicity by the oral and dermal routes (1950 to>5000 mg/kg bw) in rats, 
mice and goats. 
 
Short term exposure with glyphosate technical had no effect on appearance or survival, but growth 
retardation and increased weights of brain, heart and kidneys were noted in one rat study (NOAEL of 
1890 mg/kg bw/day).  Limited histopathology showed no adverse effects.  When lower doses were used 
in another study (NOAEL of 507 mg/kg bw/day), haematology, blood chemistry, urinalysis, and organ 
weights were unaffected.  In yet another rat study, clinical chemistry was affected, showing increased 
alkaline phosphate and alanine aminotransferase (410 /852.5 mg/kg bw/day ♂/♀).  In addition, decrease 
in sperm count (>1640 mg/kg bw/day) and cytoplasmic alterations in the parotid and submandibular 
salivary glands (basophilic changes and hypertrophy of acinar cells at 205/213 mg/kg bw/day ♂/♀, no 
NOAEL) were observed.  In mice, reduced weight gains (50 000 mg/kg) and dose-dependent lesions in 
the parotid gland were observed at higher doses only (6250 mg/kg bw/day; NOAEL of 3125 mg/kg 
bw/day).  No adverse effects were noted in a dog study (capsule) (NOAEL of 500 mg/kg bw/day). 
 
In a combined chronic toxicology/carcinogenicity study in mice, no effect on survival or appearance and 
no increased incidence of neoplastic lesions were noted (NOAEL of 814 mg.kg bw/day).  High dose 
males had decreased body weights and increased incidence of central lobular hepatocyte hypertrophy and 
hepatocyte necrosis.  Mid-and high dose males also had hyperplasia of the urinary bladder.  In a rat 
chronic study, no effect was noted on survival, appearance, haematology, blood biochemistry, urinalysis 
and organ weights.  A statistically significant increase was noted in incidence of interstitial cell tumours 
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in rat testes (NOAEL 32 mg/kg bw/day), however similar findings were not found in another chronic rat 
study with higher doses.  In the second rat study, liver weights were increased in high dose males, and 
increased incidence of inflammation of the gastric squamous mucosa was observed in the mid- and high 
dose animals (NAOEL of 410 mg/kg bw/day).  Increased incidence of pancreatic islet cell adenomas (low 
and high-dose) and degenerative lens changes (high dose males) were within historical control.  
Glyphosate was not genotoxic in a range of in vitro and in vivo assays. 
 
In a developmental rat study (gavage), increased incidence of soft stools, diarrhea, breathing rattles, red 
nasal discharge, reduced activity, increased mortality (6/25 dams), growth retardation, increased 
incidence of early resorptions, decreases in total number of implantations and the number of viable 
fetuses, and increased number of fetuses with reduced ossification of sternebra were observes at the high 
dose (NOAEL of 410 mg/kg bw/day).  Similar effects were noted in rabbits, with presence of diarrhea 
and soft stools, mortality (2, 10) starting at mid-dose, and incidence of nasal discharge at high dose 
(NOAEL of 175 mg/kg bw/day).  In a three-generation rat study (diet), only an increased incidence of 
unilateral renal tubular dilation was noted in F3b high dose male pups (NOAEL 30 mg/kg bw/day).  In a 
more recent two-generation rat study, soft stools and decreased parental body weights were observed.  In 
addition, slightly decreased litter size and pup weights were noted starting at the mid-dose. 
 
AMPA: 
 
AMPA is slightly hazardous to rats (LD50 of 8300 mg/kg bw).  No dermal or ocular irritation was noted 
in rabbits. 
 
In a short term toxicity study with rats, a decrease in body weight was noted at mid dose in males and 
high dose males and females.  A significant increase in lactate dehydrogenase activity was noted starting 
at mid- dose, and increased aspartate aminotransferase activity and cholesterol levels were noted at the 
high dose. Additionally, a significant decrease in urinary pH and increased amounts of calcium oxalate 
crystals were observed in urine of high dose animals, and dose-related irritation of the mucosal and 
submucosal layers of the urinary tract starting at the mid-dose (more pronounced in males), and epithelial 
hyperplasia in the renal pelvis at the highest dose (NOAEL of 400 mg/kg bw/day).  No treatment effects 
were observed in a short term study in dogs (NOAEL of 300 mg/kg bw/day), except at higher doses in a 
range finding study where (not reproduced) decreased hemoglobin, packed cell volume and erythrocyte 
counts were affected in couple of animals only. 
 
No genotoxic activity was noted in studies with AMPA in bacteria and mammalian cells in vitro, and 
micronucleus formation in vivo; however no assays for gene mutation were performed in mammalian 
cells in vitro.  Because of similarity of AMPA to glyphosate, positive results for gene mutation were not 
expected. 
 
In a developmental rat study, dose-related increases in incidences of soft stools, mucoid feces and hair 
loss were noted starting at the mid-dose.  Short periods of decreased body weight gain and food 
consumption were noted at high dose.  Fetal body weight was decreased at the high dose, but no 
teratogenic effects were observed (developmental NOAEL of 400 mg/kg bw/day).  No rabbit study was 
summarized. 
 
No chronic/oncogenicity study of AMPA was carried out.  One glyphosate study was contaminated with 
AMPA (0.61%), leading to NOAEL of 2.7 mg/kg bw/day of AMPA; however findings of decreased body 
weight gain in females and increased incidence of degenerative lenticular changes in males at the high 
dose, were likely mainly due to glyphosate, so the derived AMPA NOAEL is not likely reliable, 
according to this reviewer.  No evidence of carcinogenicity was noted in that study. Similarly, no 
reproductive study with AMPA was been carried out.  In a glyphosate + AMPA study, NOAEL for 
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AMPA was 4.5 mg/kg bw/day, but most of the effects were likely caused by glyphosate which was 
present in much larger percentage. 
 
AMPA was not considered to be of greater toxicological concern than glyphosate, its parent compound.  
JMPR established ADI for AMAPA (alone or with glyphosate) to be 0.3 mg/kg bw based on NOAEL of 
32 mg/kg bw/day (chronic rat study and UF of 100x). A health-based value of 0.9 mg/litre can be derived 
based on the group ADI (assuming 60kg adult drinking 2L/day, 10% of ADI to consumed water).  
Because of their low toxicity, the health-based value derived for AMPA alone or in combination with 
glyphosate is orders of magnitude higher than concentrations of glyphosate or AMPA normally found in 
drinking-water. Under usual conditions, therefore, the presence of glyphosate and AMPA in drinking-
water does not represent a hazard to human health. For this reason, the establishment of a guideline value 
for glyphosate and AMPA is not deemed necessary. 
 
Limitations:  



- Only summaries of studies were included.  Reproductive studies with glyphosate included only 
limited histopathological examination.  



- Long term studies and reproductive toxicity studies for AMPA are unavailable. 



Conclusion: This publication does not meet the minimum criteria to be eligible for risk assessment of the 
active ingredient, as outlined in the draft “Guidance for considering and using open literature studies to 
support human health risk assessment” (US EPA, 2011). The major limitation as discussed above was that 
it was a review with limited reporting of data. This study is categorized as ‘invalid’ (inappropriate for 
quantitative or qualitative use in risk assessment because it is of insufficient quality and lacks scientific 
defensibility).   



Reference: WHO (updated 2005).  Glyphosate and AMPA in drinking water.  Background document for 
development of WHO Guidelines for Drinking-water Quality. Geneva, World Health Organization 



http://www.who.int/water_sanitation_health/dwq/chemicals/glyphosate/en/ 
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August 23, 2012 



Note To/Note au: Toxicology File  



From/De: 2032 
Evaluation Officer, TRS-2, HED 



Subject/Objet: Sub. No(s): 2004-0175 
Product Name: Glyphosate products 
Active Ingredient: Glyphosate acid and salt forms (GPS) 



Action Requested : Screen of Open Literature Studies  
 
 
Study Title: Safety Evaluation and Risk Assessment of the Herbicide Roundup and Its Active Ingredient, 
Glyphosate, for Humans  



Summary: This is a review that analyses results from mostly regulatory studies and published research 
reports on Roundup formulation (referring to this entire family of formulations), and its ingredients: 
glyphosate, its major metabolite AMPA and predominant surfactant (POEA), focusing on risk assessment 
for humans.   



Roundup has very low absorption in dermal studies.  Direct ocular exposure to the concentrated 
formulation can result in transient irritation.    There was no convincing evidence for direct DNA damage 
in vitro or in vivo with Round up and its components and it was concluded that there is no risk for the 
production of heritable/somatic mutations in humans.  Roundup herbicide did not result in adverse effects 
on development, reproduction, or endocrine systems in humans or other mammals. 



Glyphosate and AMPA have low oral absorption and glyphosate is eliminated essentially unmetabolized 
and does not bioaccumulate in animal tissues.  Data from multiple lifetime feeding studies indicated that 
glyphosate is not carcinogenic.  Glyphosate, AMPA and POEA were considered not teratogenic or 
developmentally toxic.  Results from standard studies with glyphosate, AMPA and POEA also did not 
indicate endocrine modulation and there was no evidence of neurotoxicity. 



No reliable evidence has been published that indicates a possible synergism with glyphosate and POEA.  
Roundup was concluded to not pose a health risk to humans if used under present and expected conditions 
of use. 



AMPA details: Only 20% of AMPA was absorbed (biotransformed and 65% of it excreted in urine by 
24hrs), and 74% of the administered dose was excreted in feces (by day 5). Trace residues were detected 
in the liver, kidney and skeletal muscle.  Acute toxicity of AMPA was very low (LD50 if 8300 mg/kg 
bw), classified by the US EPA as category IV, the least toxic.  Subchronic toxicity of AMPA has been 
investigated in rats and dogs, with treatment-related effects noted only at high doses.  The NOAEL was 
400 mg/kg bw/day (LOAEL of 1200 mg/kg bw/day based on urinary tract infection), for rats and NOAEL 
≥263 mg/kg bw/day (no LOAEL) for dogs. 



No lifetime studies were conducted with AMPA, only with glyphosate that contained 0.68% of AMPA.  It 
was concluded that AMPA was not oncogenic at dosage levels up to 7.2 mg/kg bw/day, with a NOAEL 
for chronic effects of at least 2.8 mg/kg bw/day. 



Similarly only glyphosate and 0.68% AMPA study was available for reproduction and developmental 
toxicity.  The overall NOAEL for AMPA was considered to be ~ 4.3 mg/kg bw/day (based on systemic 
not reproductive toxicity) and 400 mg/kg bw/day for maternal and developmental toxicity. 
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POEA details: Acute toxicity of POEA was higher than that of Roundup formulation.  The oral acute 
toxicity (LD 50~1200 mg/kg bw) would be likely categorized in the US EPA’s second least-toxic 
category (III).  POEA was reported to be severely irritating to the skin and corrosive to the eyes in rabbits, 
consistent with surface-active properties of surfactants (interacting and solubilizing lipid components 
characteristic of skin and mucous membranes).   



In subchronic studies in rats, a NOAEL of ~36 mg/kg bw/day was established in rats.  Main findings 
included reduced body weight gain, prominent/enlarged lymphoid aggregates in the colon (females) 
associated with direct irritation/inflammatory effect of POEA in a shorter rat study.  In another study in 
rats, intestinal irritation, decreased food consumption and body weight gains, and some alterations in 
serum hematology/clinical chemistry parameters were observed.  Gastrointestinal intolerance (emesis and 
diarrhea) was observed in dogs (NOAEL was not established), showing inability of these animals to 
tolerate surfactant ingestion on daily basis.  Other findings included reduced body weights and slight 
reductions in serum calcium and protein. 



In a developmental study, significant maternal toxicity was noted at the high dose, but minimal effects of 
decreased food consumption and clinical signs at lower doses, while there were no effects on fetuses ant 
the does testes.  Developmental NOAEL was 300 mg/kg bw/day, and maternal was 15 mg/kg bw/day.  
POEA was not considered to be a teratogen or developmental toxin in rats. 



No reproductive or chronic/oncogenicity studies with POEA were discussed. 



Salivary Gland Changes: 



Salivary gland changes were noted in rats with subchronic treatment with glyphosate.  It was 
hypothesized that the alterations were caused by weak β-adrenergic activity of glyphosate.  In a follow-up 
study, rats were given glyphosate or isoproterenol (a β-adrenergic agonist) treatment.  Animals from both 
treatment groups were observed to have increased salivary gland weights.  When isoproterenol was given 
with propranolol (β-blocker), the increase in salivary gland weight was not noted.  If glyphosate were a β-
agonist, it would stimulate β-receptors in other effector organs, but plausible cardiovascular effects, 
myocardial necrosis or enlargement of heart ventricles were not noted.  Furthermore, glyphosate is not 
structurally related to known β-agonists.  It was concluded that glyphosate does not act as β-agonist and 
has no significant β-adrenergic activity.  However, it does not negate the observed effect that glyphosate 
has on salivary gland, just rejects the hypothesized mode of action.   



Nonchemical mechanism of action for glyphosate was proposed.  Glyphosate is a strong organic acid, and 
high levels may cause mild oral irritation leading to increased salivary gland size and flow.  Because 
noted changes were (1) most pronounced in the parotid gland, responsible for secretion of serous fluid 
(possibly in response to such stimuli as acidic material), (2) absent in sublingual gland that releases 
mucous in response to other stimuli, (3) observed to an intermediate degree in submandibular gland that 
contains a mixture of mucous and serous secreting cells, salivary gland changes were likely a biological 
response to the acidic nature of treatment.  



Salivary gland changes are arguably considered to be of doubtful toxicological significance, in the 
absence of other significant adverse effects at the doses used.  The changes were not associated with any 
adverse clinical or pathological effect in chronic studies, and are not known to represent any pathologic 
condition and have no known as of yet relevance to humans. 



Limitations:  



- This is a review paper 
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Conclusion: This study does not meet the minimum criteria to be eligible for risk assessment of the active 
ingredient, as outlined in the draft “Guidance for considering and using open literature studies to support 
human health risk assessment” (US EPA, 2011). This study is categorized as ‘invalid’ since it is a review 
paper not a single study (inappropriate for quantitative or qualitative use in risk assessment because it is 
of insufficient quality and lacks scientific defensibility).   



Flag:  Salivary gland changes were discussed 



Reference: Williams, Garry M., Kroes Robert, and Munro, Ian C. (1999). Safety Evaluation and Risk 
Assessment of the Herbicide Roundup and Its Active Ingredient, Glyphosate, for Humans. Regulatory 
toxicology and Pahrmacology. 31: 117-165. 
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Oct 15, 2012 



Note To/Note au: Toxicology File  



From/De: 2032 
Evaluation Officer, TRS-2, HED 



Subject/Objet: Sub. No(s): 2004-0175 
Product Name: Glyphosate products 
Active Ingredient: Glyphosate acid and salt forms (GPS) 



Action Requested : Screen of Open Literature Studies  
 
 
Study Title: Developmental and reproductive outcomes in humans and animals after glyphosate 
exposure: a critical analysis.    



Summary: An analysis of available literature was conducted, including animal, mechanistic and 
epidemiologic studies, to assess possible developmental and reproductive effects of glyphosate.  There 
was no consistent effect of exposure on reproductive health or the development of offspring.  Toxicity 
was observed in some studies; however these studies used glyphosate formulation not the active 
ingredient itself.  The exposure to the surfactant and/or other adjuvants, instead direct exposure to 
glyphosate was thought to contribute to the observed toxicity. 
 
Biomonitoring data was examined to estimate occupational human exposure.  The estimated 
concentration from normal application rates was found to be very low, approximately >500-fold less than 
the oral reference dose for glyphosate (2 mg/kg bw/day), as established by the US EPA (1993). 
 
Authors concluded that there is no solid evidence linking glyphosate exposure to adverse developmental 
and reproductive effects at environmentally realistic exposure concentrations in the available literature. 
 
 
Limitations:  



- Review, not a single study.   



- Most human studies involved formulations, and have poor characterization of the test substance. 



- Some studies suffered from numerous inadequacies in design and reporting 



Conclusion: This study does not meet the minimum criteria to be eligible for risk assessment of the active 
ingredient, as outlined in the draft “Guidance for considering and using open literature studies to support 
human health risk assessment” (US EPA, 2011). The major limitation as discussed above was the use of 
end products, not the active ingredients. This study is categorized as ‘invalid’ (inappropriate for 
quantitative or qualitative use in risk assessment because it is of insufficient quality and lacks scientific 
defensibility).   



Reference: Amy Lavin Williams, Rebecca E. Watson & John M. DeSesso (2012): Developmental and 
Reproductive Outcomes in Humans and Animals After Glyphosate Exposure: A Critical Analysis, Journal 
of Toxicology and Environmental Health, Part B: Critical Reviews, 15:1, 39-96. 
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Appendix D: Literature studies obtained from searching PubMed for recent systematic review 
 



Comments Authors 
PubDate 



(Year) 
Full Citation 



Not within 
scope/ecological and fate 



Tatum VL, Borton DL, 
Streblow WR, Louch J, 
Shepard JP 



2012 
Tatum VL, Borton DL, Streblow WR, Louch J, Shepard JP.Acute toxicity of commonly 
used forestry herbicide mixtures to Ceriodaphnia dubia and Pimephales promelas. Environ 
Toxicol. 2012 Dec; 27(12):671-84.  



Not within 
scope/ecological and fate 



Hued AC, Oberhofer S, de 
los Ãngeles Bistoni M 2012 



Hued AC, Oberhofer S, de los Ã ngeles Bistoni M.Exposure to a commercial glyphosate 
formulation (Roundup®) alters normal gill and liver histology and affects male sexual 
activity of Jenynsia multidentata (Anablepidae, Cyprinodontiformes). Arch Environ 
Contam Toxicol. 2012 Jan; 62(1):107-17.  



Not within 
scope/ecological and fate 



Coupe RH, Kalkhoff SJ, 
Capel PD, Gregoire C 



2012 
Coupe RH, Kalkhoff SJ, Capel PD, Gregoire C.Fate and transport of glyphosate and 
aminomethylphosphonic acid in surface waters of agricultural basins. Pest Manag Sci. 
2012 Jan; 68(1):16-30.  



Not within 
scope/ecological and fate 



Sviridov AV, Shushkova TV, 
Zelenkova NF, Vinokurova 
NG, Morgunov IG, 
Ermakova IT, Leontievsky 
AA 



2012 



Sviridov AV, Shushkova TV, Zelenkova NF, Vinokurova NG, Morgunov IG, Ermakova 
IT, Leontievsky AA.Distribution of glyphosate and methylphosphonate catabolism systems 
in soil bacteria Ochrobactrum anthropi and Achromobacter sp. Appl Microbiol Biotechnol. 
2012 Jan; 93(2):787-96.  



Not within 
scope/ecological and fate 



Hunsche M, Noga G 2012 
Hunsche M, Noga G.Effects of relative humidity and substrate on the spatial association 
between glyphosate and ethoxylated seed oil adjuvants in the dried deposits of sessile 
droplets. Pest Manag Sci. 2012 Feb; 68(2):231-9.  



Not within 
scope/ecological and fate 



Negga R, Stuart JA, Machen 
ML, Salva J, Lizek AJ, 
Richardson SJ, Osborne AS, 
Mirallas O, McVey KA, 
Fitsanakis VA 



2012 



Negga R, Stuart JA, Machen ML, Salva J, Lizek AJ, Richardson SJ, Osborne AS, Mirallas 
O, McVey KA, Fitsanakis VA.Exposure to glyphosate- and/or Mn/Zn-ethylene-bis-
dithiocarbamate-containing pesticides leads to degeneration of Î³-aminobutyric acid and 
dopamine neurons in Caenorhabditis elegans. Neurotox Res. 2012 Apr; 21(3):281-90.  



Not within 
scope/ecological and fate 



Glozier NE, Struger J, Cessna 
AJ, Gledhill M, Rondeau M, 
Ernst WR, Sekela MA, 
Cagampan SJ, Sverko E, 
Murphy C, Murray JL, 
Donald DB 



2012 



Glozier NE, Struger J, Cessna AJ, Gledhill M, Rondeau M, Ernst WR, Sekela MA, 
Cagampan SJ, Sverko E, Murphy C, Murray JL, Donald DB.Occurrence of glyphosate and 
acidic herbicides in select urban rivers and streams in Canada, 2007. Environ Sci Pollut 
Res Int. 2012 Mar; 19(3):821-34.  
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Comments Authors 
PubDate 



(Year) 
Full Citation 



Not within 
scope/ecological and fate 



MenÃ©ndez-Helman RJ, 
Ferreyroa GV, dos Santos 
Afonso M, SalibiÃ¡n A 



2012 
MenÃ©ndez-Helman RJ, Ferreyroa GV, dos Santos Afonso M, SalibiÃ¡n A.Glyphosate as 
an acetylcholinesterase inhibitor in Cnesterodon decemmaculatus. Bull Environ Contam 
Toxicol. 2012 Jan; 88(1):6-9.  



Not within 
scope/ecological and fate 



Geret F, Burgeot T, Haure J, 
Gagnaire B, Renault T, 
Communal PY, Samain JF 



2013 
Geret F, Burgeot T, Haure J, Gagnaire B, Renault T, Communal PY, Samain JF.Effects of 
low-dose exposure to pesticide mixture on physiological responses of the Pacific oyster, 
Crassostrea gigas. Environ Toxicol. 2013 Dec; 28(12):689-99.  



Not within 
scope/ecological and fate 



Magga Z, Tzovolou DN, 
Theodoropoulou MA, 
Tsakiroglou CD 



2012 
Magga Z, Tzovolou DN, Theodoropoulou MA, Tsakiroglou CD.Combining experimental 
techniques with non-linear numerical models to assess the sorption of pesticides on soils. J 
Contam Hydrol. 2012 Mar 15; 129-130:62-9.  



Not relevant Tsai TW, Mou Y, Chan JC 2012 
Tsai TW, Mou Y, Chan JC.Time displacement rotational echo double resonance: 
heteronuclear dipolar recoupling with suppression of homonuclear interaction under fast 
magic-angle spinning. J Magn Reson. 2012 Jan; 214(1):315-8.  



Not within 
scope/ecological and fate 



Botta F, Fauchon N, 
Blanchoud H, Chevreuil M, 
Guery B 



2012 
Botta F, Fauchon N, Blanchoud H, Chevreuil M, Guery B.Phyt'Eaux CitÃ©s: application 
and validation of a programme to reduce surface water contamination with urban 
pesticides. Chemosphere. 2012 Jan; 86(2):166-76.  



Not within 
scope/ecological and fate 



Demetrio PM, Bulus Rossini 
GD, Bonetto CA, Ronco AE 



2012 
Demetrio PM, Bulus Rossini GD, Bonetto CA, Ronco AE.Effects of pesticide formulations 
and active ingredients on the coelenterate Hydra attenuata (Pallas, 1766). Bull Environ 
Contam Toxicol. 2012 Jan; 88(1):15-9.  



Not within 
scope/ecological and fate 



SanchÃs J, Kantiani L, 
Llorca M, Rubio F, 
Ginebreda A, Fraile J, 
Garrido T, FarrÃ© M 



2012 



SanchÃs J, Kantiani L, Llorca M, Rubio F, Ginebreda A, Fraile J, Garrido T, FarrÃ© 
M.Determination of glyphosate in groundwater samples using an ultrasensitive 
immunoassay and confirmation by on-line solid-phase extraction followed by liquid 
chromatography coupled to tandem mass spectrometry. Anal Bioanal Chem. 2012 Mar; 
402(7):2335-45.  



Not within 
scope/ecological and fate 



Akcha F, Spagnol C, Rouxel 
J 2012 



Akcha F, Spagnol C, Rouxel J.Genotoxicity of diuron and glyphosate in oyster 
spermatozoa and embryos. Aquat Toxicol. 2012 Jan 15; 106-107:104-13.  



Evaluated in search with 
PMRA (Appendix B) 



Romano MA, Romano RM, 
Santos LD, Wisniewski P, 
Campos DA, de Souza PB, 
Viau P, Bernardi MM, Nunes 
MT, de Oliveira CA 



2012 



Romano MA, Romano RM, Santos LD, Wisniewski P, Campos DA, de Souza PB, Viau P, 
Bernardi MM, Nunes MT, de Oliveira CA.Glyphosate impairs male offspring reproductive 
development by disrupting gonadotropin expression. Arch Toxicol. 2012 Apr; 86(4):663-
73.  
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Comments Authors 
PubDate 



(Year) 
Full Citation 



Not within 
scope/ecological and fate 



Lashermes G, Barriuso E, 
Houot S 



2012 Lashermes G, Barriuso E, Houot S.Dissipation pathways of organic pollutants during the 
composting of organic wastes. Chemosphere. 2012 Apr; 87(2):137-43.  



Not within 
scope/ecological and fate 



Rousseau AN, Lafrance P, 
Lavigne MP, Savary S, 
Konan B, QuilbÃ© R, 
Jiapizian P, Amrani M 



2012 
Rousseau AN, Lafrance P, Lavigne MP, Savary S, Konan B, QuilbÃ© R, Jiapizian P, 
Amrani M.A hydrological modeling framework for defining achievable performance 
standards for pesticides. J Environ Qual. 2012 Jan-Feb; 41(1):52-63.  



Not within 
scope/ecological and fate 



Wrinn KM, Evans SC, 
Rypstra AL 



2012 
Wrinn KM, Evans SC, Rypstra AL.Predator cues and an herbicide affect activity and 
emigration in an agrobiont wolf spider. Chemosphere. 2012 Apr; 87(4):390-6.  



Not within 
scope/ecological and fate 



Hanlon SM, Parris MJ 2012 
Hanlon SM, Parris MJ.The impact of pesticides on the pathogen Batrachochytrium 
dendrobatidis independent of potential hosts. Arch Environ Contam Toxicol. 2012 Jul; 
63(1):137-43.  



Not within scope/ 
exposure and monitoring 



McQueen H, Callan AC, 
Hinwood AL 



2012 
McQueen H, Callan AC, Hinwood AL.Estimating maternal and prenatal exposure to 
glyphosate in the community setting. Int J Hyg Environ Health. 2012 Nov; 215(6):570-6.  



Not within 
scope/ecological and fate 



Guilherme S, GaivÃ£o I, 
Santos MA, Pacheco M 2012 



Guilherme S, GaivÃ£o I, Santos MA, Pacheco M.DNA damage in fish (Anguilla anguilla) 
exposed to a glyphosate-based herbicide -- elucidation of organ-specificity and the role of 
oxidative stress. Mutat Res. 2012 Mar 18; 743(1-2):1-9.  



Not within 
scope/ecological and fate 



HorÄ  iÄ iak M, MasÃ¡r 
M, Bodor R, DanÄ  L, Bel 
P 



2012 
HorÄ  iÄ iak M, MasÃ¡r M, Bodor R, DanÄ  L, Bel P.Trace analysis of glyphosate in 
water by capillary electrophoresis on a chip with high sample volume loadability. J Sep 
Sci. 2012 Mar; 35(5-6):674-80.  



Poisoning or incident 
Kamijo Y, Mekari M, 
Yoshimura K, Kan'o T, Soma 
K 



2012 
Kamijo Y, Mekari M, Yoshimura K, Kan'o T, Soma K.Glyphosate-surfactant herbicide 
products containing glyphosate potassium salt can cause fatal hyperkalemia if ingested in 
massive amounts. Clin Toxicol (Phila). 2012 Feb; 50(2):159.  



In vitro/cytotox/no 
glyphosate measurements 



Koller VJ, FÃ¼rhacker M, 
Nersesyan A, MiÅ¡Ãk M, 
Eisenbauer M, Knasmueller S 



2012 
Koller VJ, FÃ¼rhacker M, Nersesyan A, MiÅ¡Ãk M, Eisenbauer M, Knasmueller 
S.Cytotoxic and DNA-damaging properties of glyphosate and Roundup in human-derived 
buccal epithelial cells. Arch Toxicol. 2012 May; 86(5):805-13.  
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Comments Authors 
PubDate 



(Year) 
Full Citation 



Not within scope/ 
method generating 



Liu ZY, Xie M, Ni F, Xu YH 2012 Liu ZY, Xie M, Ni F, Xu YH.Nanofiltration process of glyphosate simulated wastewater. 
Water Sci Technol. 2012; 65(5):816-22.  



Not within scope/ 
methods generating 



Wagner R, Wetzel SJ, Kern J, 
Kingston HM 



2012 
Wagner R, Wetzel SJ, Kern J, Kingston HM.Improved sample preparation of glyphosate 
and methylphosphonic acid by EPA method 6800A and time-of-flight mass spectrometry 
using novel solid-phase extraction. J Mass Spectrom. 2012 Feb; 47(2):147-54.  



Microbiota/no glyphosate 
measurements 



Clair E, Linn L, Travert C, 
Amiel C, SÃ©ralini GE, 
Panoff JM 



2012 



Clair E, Linn L, Travert C, Amiel C, SÃ©ralini GE, Panoff JM.Effects of Roundup(Â®) 
and glyphosate on three food microorganisms: Geotrichum candidum, Lactococcus lactis 
subsp. cremoris and Lactobacillus delbrueckii subsp. bulgaricus. Curr Microbiol. 2012 
May; 64(5):486-91.  



Not within 
scope/ecological and fate 



Lessard CR, Frost PC 2012 
Lessard CR, Frost PC.Phosphorus nutrition alters herbicide toxicity on Daphnia magna. Sci 
Total Environ. 2012 Apr 1; 421-422:124-8.  



In vitro/not publicly 
available for free 



Heu C, Berquand A, Elie-
Caille C, Nicod L 



2012 
Heu C, Berquand A, Elie-Caille C, Nicod L.Glyphosate-induced stiffening of HaCaT 
keratinocytes, a Peak Force Tapping study on living cells. J Struct Biol. 2012 Apr; 
178(1):1-7.  



Not within 
scope/ecological and fate 



Choi CJ, Berges JA, Young 
EB 



2012 
Choi CJ, Berges JA, Young EB.Rapid effects of diverse toxic water pollutants on 
chlorophyll a fluorescence: variable responses among freshwater microalgae. Water Res. 
2012 May 15; 46(8):2615-26.  



Not within 
scope/ecological and fate 



Bonnineau C, Sague IG, 
Urrea G, Guasch H 



2012 
Bonnineau C, Sague IG, Urrea G, Guasch H.Light history modulates antioxidant and 
photosynthetic responses of biofilms to both natural (light) and chemical (herbicides) 
stressors. Ecotoxicology. 2012 May; 21(4):1208-24.  



Not within 
scope/ecological and fate 



Nourouzi MM, Chuah TG, 
Choong TS, Rabiei F 2012 



Nourouzi MM, Chuah TG, Choong TS, Rabiei F.Modeling biodegradation and kinetics of 
glyphosate by artificial neural network. J Environ Sci Health B. 2012; 47(5):455-65.  



Poisoning or incident You Y, Jung WJ, Lee MJ 2012 
You Y, Jung WJ, Lee MJ.Effect of intravenous fat emulsion therapy on glyphosate-
surfactant-induced cardiovascular collapse. Am J Emerg Med. 2012 Nov; 30(9):2097.e1-2.  
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Comments Authors 
PubDate 



(Year) 
Full Citation 



Not within 
scope/ecological and fate 



Wang G, Deng S, Li C, Liu 
Y, Chen L, Hu C 



2012 
Wang G, Deng S, Li C, Liu Y, Chen L, Hu C.Damage to DNA caused by UV-B radiation 
in the desert cyanobacterium Scytonema javanicum and the effects of exogenous chemicals 
on the process. Chemosphere. 2012 Jul; 88(4):413-7.  



Not within 
scope/ecological and fate 



Carrasco-Letelier L, 
Mendoza-Spina Y, 
Branchiccela MB 



2012 
Carrasco-Letelier L, Mendoza-Spina Y, Branchiccela MB.Acute contact toxicity test of 
insecticides (Cipermetrina 25, Lorsban 48E, Thionex 35) on honeybees in the southwestern 
zone of Uruguay. Chemosphere. 2012 Jul; 88(4):439-44.  



Not relevant 
Liu ZQ, Zhou M, Zhang XH, 
Xu JM, Xue YP, Zheng YG 



2012 
Liu ZQ, Zhou M, Zhang XH, Xu JM, Xue YP, Zheng YG.Biosynthesis of iminodiacetic 
acid from iminodiacetonitrile by immobilized recombinant Escherichia coli harboring 
nitrilase. J Mol Microbiol Biotechnol. 2012; 22(1):35-47.  



In vitro/no glyphosate 
measurements/glyphosate 
had no effect 



Forgacs AL, Ding Q, 
Jaremba RG, Huhtaniemi IT, 
Rahman NA, Zacharewski 
TR 



2012 
Forgacs AL, Ding Q, Jaremba RG, Huhtaniemi IT, Rahman NA, Zacharewski TR.BLTK1 
murine Leydig cells: a novel steroidogenic model for evaluating the effects of reproductive 
and developmental toxicants. Toxicol Sci. 2012 Jun; 127(2):391-402.  



Not within 
scope/ecological and fate 



Chen L, Xie M, Bi Y, Wang 
G, Deng S, Liu Y 



2012 
Chen L, Xie M, Bi Y, Wang G, Deng S, Liu Y.The combined effects of UV-B radiation 
and herbicides on photosynthesis, antioxidant enzymes and DNA damage in two bloom-
forming cyanobacteria. Ecotoxicol Environ Saf. 2012 Jun; 80:224-30.  



Not within 
scope/ecological and fate 



Uchida M, Takumi S, 
Tachikawa K, Yamauchi R, 
Goto Y, Matsusaki H, 
Nakamura H, Kagami Y, 
Kusano T, Arizono K 



2012 



Uchida M, Takumi S, Tachikawa K, Yamauchi R, Goto Y, Matsusaki H, Nakamura H, 
Kagami Y, Kusano T, Arizono K.Toxicity evaluation of glyphosate agrochemical 
components using Japanese medaka (Oryzias latipes) and DNA microarray gene expression 
analysis. J Toxicol Sci. 2012; 37(2):245-54.  



Not within 
scope/ecological and fate 



Chen JQ, Hu ZJ, Wang NX 2012 Chen JQ, Hu ZJ, Wang NX.Photocatalytic mineralization of glyphosate in a small-scale 
plug flow simulation reactor by UV/TiO2. J Environ Sci Health B. 2012; 47(6):579-88.  



In vitro/no glyphosate 
measurements  



Gui YX, Fan XN, Wang HM, 
Wang G, Chen SD 2012 



Gui YX, Fan XN, Wang HM, Wang G, Chen SD.Glyphosate induced cell death through 
apoptotic and autophagic mechanisms. Neurotoxicol Teratol. 2012 May-Jun; 34(3):344-9.  



Not within 
scope/ecological and fate 



Mensah PK, Palmer CG, 
Muller WJ 



2012 
Mensah PK, Palmer CG, Muller WJ.Lipid peroxidation in the freshwater shrimp Caridina 
nilotica as a biomarker of Roundup(Â®) herbicide pollution of freshwater systems in South 
Africa. Water Sci Technol. 2012; 65(9):1660-6.  











Page 163 of 204 
 



Comments Authors 
PubDate 



(Year) 
Full Citation 



In vitro/no glyphosate 
measurements 



Heu C, Elie-Caille C, 
Mougey V, Launay S, Nicod 
L 



2012 
Heu C, Elie-Caille C, Mougey V, Launay S, Nicod L.A step further toward glyphosate-
induced epidermal cell death: involvement of mitochondrial and oxidative mechanisms. 
Environ Toxicol Pharmacol. 2012 Sep; 34(2):144-53.  



Not within 
scope/ecological and fate 



Guilherme S, Santos MA, 
Barroso C, GaivÃ£o I, 
Pacheco M 



2012 



Guilherme S, Santos MA, Barroso C, GaivÃ£o I, Pacheco M.Differential genotoxicity of 
Roundup(Â®) formulation and its constituents in blood cells of fish (Anguilla anguilla): 
considerations on chemical interactions and DNA damaging mechanisms. Ecotoxicology. 
2012 Jul; 21(5):1381-90.  



Not within 
scope/ecological and fate 



Vera MS, Di Fiori E, 
Lagomarsino L, Sinistro R, 
Escaray R, Iummato MM, 
JuÃ¡rez A, RÃos de Molina 
Mdel C, Tell G, Pizarro H 



2012 



Vera MS, Di Fiori E, Lagomarsino L, Sinistro R, Escaray R, Iummato MM, JuÃ¡rez A, 
RÃos de Molina Mdel C, Tell G, Pizarro H.Direct and indirect effects of the glyphosate 
formulation Glifosato AtanorÂ® on freshwater microbial communities. Ecotoxicology. 
2012 Oct; 21(7):1805-16.  



In vitro/formulation/no 
glyphosate measurements 



Martini CN, Gabrielli M, 
Vila Mdel C 



2012 
Martini CN, Gabrielli M, Vila Mdel C.A commercial formulation of glyphosate inhibits 
proliferation and differentiation to adipocytes and induces apoptosis in 3T3-L1 fibroblasts. 
Toxicol In Vitro. 2012 Sep; 26(6):1007-13.  



Not within 
scope/ecological and fate 



Degenhardt D, Humphries D, 
Cessna AJ, Messing P, 
Badiou PH, Raina R, 
Farenhorst A, Pennock DJ 



2012 
Degenhardt D, Humphries D, Cessna AJ, Messing P, Badiou PH, Raina R, Farenhorst A, 
Pennock DJ.Dissipation of glyphosate and aminomethylphosphonic acid in water and 
sediment of two Canadian prairie wetlands. J Environ Sci Health B. 2012; 47(7):631-9.  



Not within 
scope/ecological and fate 



Sura S, Waiser M, Tumber V, 
Lawrence JR, Cessna AJ, 
Glozier N 



2012 
Sura S, Waiser M, Tumber V, Lawrence JR, Cessna AJ, Glozier N.Effects of glyphosate 
and two herbicide mixtures on microbial communities in prairie wetland ecosystems: a 
mesocosm approach. J Environ Qual. 2012 May-Jun; 41(3):732-43.  



Editorial 
BellÃ© R, Marc J, Morales J, 
Cormier P, Mulner-Lorillon 
O 



2012 
BellÃ© R, Marc J, Morales J, Cormier P, Mulner-Lorillon O.Letter to the editor: toxicity 
of Roundup and glyphosate. J Toxicol Environ Health B Crit Rev. 2012; 15(4):233-5; 
author reply 236-7.  



Editorial Reding MA 2012 



Reding MA.Letter to the editor regarding Determination of glyphosate in groundwater 
samples using an ultrasensitive immunoassay and confirmation by on-line solid phase 
extraction followed by liquid chromatography coupled to tandem mass spectrometry'. Anal 
Bioanal Chem. 2012 Aug; 404(2):613-4; author reply 615-6.  
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Not within scope/ 
methods generating 



Mazzei P, Piccolo A 2012 
Mazzei P, Piccolo A.Quantitative evaluation of noncovalent interactions between 
glyphosate and dissolved humic substances by NMR spectroscopy. Environ Sci Technol. 
2012 Jun 5; 46(11):5939-46.  



Not within 
scope/ecological and fate 



Di Fiori E, Pizarro H, dos 
Santos Afonso M, Cataldo D 2012 



Di Fiori E, Pizarro H, dos Santos Afonso M, Cataldo D.Impact of the invasive mussel 
Limnoperna fortunei on glyphosate concentration in water. Ecotoxicol Environ Saf. 2012 
Jul; 81:106-13.  



Not within 
scope/ecological and fate 



Shushkova TV, Ermakova 
IT, Sviridov AV, 
Leont'evskiÄ AA 



2012 
Shushkova TV, Ermakova IT, Sviridov AV, Leont'evskiÄ AA.[Biodegradation of 
glyphosate by soil bacteria: optimization of culture and method for active biomass 
preservation]. Mikrobiologiia. 2012 Jan-Feb; 81(1):48-55.  



Not within 
scope/ecological and fate 



Imfeld G, Lefrancq M, 
Maillard E, Payraudeau S 



2013 
Imfeld G, Lefrancq M, Maillard E, Payraudeau S.Transport and attenuation of dissolved 
glyphosate and AMPA in a stormwater wetland. Chemosphere. 2013 Jan; 90(4):1333-9.  



In vitro/no glyphosate 
measurements/glyphosate 
used as neg. control 



Culbreth ME, Harrill JA, 
Freudenrich TM, Mundy 
WR, Shafer TJ 



2012 
Culbreth ME, Harrill JA, Freudenrich TM, Mundy WR, Shafer TJ.Comparison of 
chemical-induced changes in proliferation and apoptosis in human and mouse 
neuroprogenitor cells. Neurotoxicology. 2012 Dec; 33(6):1499-510.  



Not within 
scope/ecological and fate 



Muangphra P, Kwankua W, 
Gooneratne R 



2014 
Muangphra P, Kwankua W, Gooneratne R.Genotoxic effects of glyphosate or paraquat on 
earthworm coelomocytes. Environ Toxicol. 2014 Jun; 29(6):612-20.  



Not within 
scope/ecological and fate 



Harris WR, Sammons RD, 
Grabiak RC, Mehrsheikh A, 
Bleeke MS 



2012 
Harris WR, Sammons RD, Grabiak RC, Mehrsheikh A, Bleeke MS.Computer simulation 
of the interactions of glyphosate with metal ions in phloem. J Agric Food Chem. 2012 Jun 
20; 60(24):6077-87.  



Not within scope/ 
methods generating 



McConnell ER, McClain 
MA, Ross J, Lefew WR, 
Shafer TJ 



2012 
McConnell ER, McClain MA, Ross J, Lefew WR, Shafer TJ.Evaluation of multi-well 
microelectrode arrays for neurotoxicity screening using a chemical training set. 
Neurotoxicology. 2012 Oct; 33(5):1048-57.  



Not within 
scope/ecological and fate 



SaitÃºa H, Giannini F, 
Padilla AP 



2012 
SaitÃºa H, Giannini F, Padilla AP.Drinking water obtaining by nanofiltration from waters 
contaminated with glyphosate formulations: process evaluation by means of toxicity tests 
and studies on operating parameters. J Hazard Mater. 2012 Aug 15; 227-228:204-10.  
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Not relevant Zhou J, Li J, An R, Yuan H, 
Yu F 



2012 Zhou J, Li J, An R, Yuan H, Yu F.Study on a new synthesis approach of glyphosate. J 
Agric Food Chem. 2012 Jun 27; 60(25):6279-85.  



Poisoning or incident 
Hour BT, Belen C, Zar T, 
Lien YH 2012 



Hour BT, Belen C, Zar T, Lien YH.Herbicide roundup intoxication: successful treatment 
with continuous renal replacement therapy. Am J Med. 2012 Aug; 125(8):e1-2.  



Epidemiology 
Mink PJ, Mandel JS, 
Sceurman BK, Lundin JI 



2012 
Mink PJ, Mandel JS, Sceurman BK, Lundin JI.Epidemiologic studies of glyphosate and 
cancer: a review. Regul Toxicol Pharmacol. 2012 Aug; 63(3):440-52.  



Not within 
scope/ecological and fate 



Santos MJ, Ferreira MF, 
Cachada A, Duarte AC, 
Sousa JP 



2012 
Santos MJ, Ferreira MF, Cachada A, Duarte AC, Sousa JP.Pesticide application to 
agricultural fields: effects on the reproduction and avoidance behaviour of Folsomia 
candida and Eisenia andrei. Ecotoxicology. 2012 Nov; 21(8):2113-22.  



Editorial/commentary DeSesso JM, Williams AL 2012 
DeSesso JM, Williams AL.Comment on Glyphosate impairs male offspring reproductive 
development by disrupting gonadotropin expression' by Romano et al. 2012. Arch Toxicol. 
2012 Nov; 86(11):1791-3; author reply 1795-7.  



Not within 
scope/ecological and fate 



Shiogiri NS, Paulino MG, 
Carraschi SP, Baraldi FG, da 
Cruz C, Fernandes MN 



2012 
Shiogiri NS, Paulino MG, Carraschi SP, Baraldi FG, da Cruz C, Fernandes MN.Acute 
exposure of a glyphosate-based herbicide affects the gills and liver of the Neotropical fish, 
Piaractus mesopotamicus. Environ Toxicol Pharmacol. 2012 Sep; 34(2):388-96.  



Not relevant 
Pouessel J, Le Bris N, 
Bencini A, Giorgi C, 
Valtancoli B, Tripier R 



2012 
Pouessel J, Le Bris N, Bencini A, Giorgi C, Valtancoli B, Tripier R.Glyphosate and ATP 
binding by mononuclear Zn(II) complexes with non-symmetric ditopic polyamine ligands. 
Dalton Trans. 2012 Sep 21; 41(35):10521-32.  



In vitro/cytotox/no 
glyphosate measurements 



Song HY, Kim YH, Seok SJ, 
Gil HW, Hong SY 2012 



Song HY, Kim YH, Seok SJ, Gil HW, Hong SY.In vitro cytotoxic effect of glyphosate 
mixture containing surfactants. J Korean Med Sci. 2012 Jul; 27(7):711-5.  



Not within scope/ 
exposure and monitoring 



Hu Z, Ye M, Pan G, Zhang 
T, Zhong N 



2012 
Hu Z, Ye M, Pan G, Zhang T, Zhong N.[Simultaneous determination of phosphorous by-
products and inorganic anions in glyphosate mother liquor by ion chromatography with 
suppressed-conductivity detection]. Se Pu. 2012 Apr; 30(4):391-4.  



Not within scope/ 
exposure and monitoring 



Wang Y, Wu B, Lian H, Shi 
C 



2012 
Wang Y, Wu B, Lian H, Shi C.[Determination of glyphosate in heart blood of corpse by 
ion chromatography]. Se Pu. 2012 Apr; 30(4):419-22.  
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Not within scope/ 
methods generating 



Rathod R, Kang Z, Hartson 
SD, Kumauchi M, Xie A, 
Hoff WD 



2012 
Rathod R, Kang Z, Hartson SD, Kumauchi M, Xie A, Hoff WD.Side-chain specific 
isotopic labeling of proteins for infrared structural biology: the case of ring-D4-tyrosine 
isotope labeling of photoactive yellow protein. Protein Expr Purif. 2012 Sep; 85(1):125-32.  



Not within 
scope/ecological and fate 



de Castilhos Ghisi N, Cestari 
MM 



2013 
de Castilhos Ghisi N, Cestari MM.Genotoxic effects of the herbicide Roundup(Â®) in the 
fish Corydoras paleatus (Jenyns 1842) after short-term, environmentally low concentration 
exposure. Environ Monit Assess. 2013 Apr; 185(4):3201-7.  



Poisoning or incident 



Sribanditmongkol P, 
Jutavijittum P, 
Pongraveevongsa P, 
Wunnapuk K, Durongkadech 
P 



2012 
Sribanditmongkol P, Jutavijittum P, Pongraveevongsa P, Wunnapuk K, Durongkadech 
P.Pathological and toxicological findings in glyphosate-surfactant herbicide fatality: a case 
report. Am J Forensic Med Pathol. 2012 Sep; 33(3):234-7.  



Not within 
scope/ecological and fate 



Hanana H, Simon G, 
Kervarec N, Mohammadou 
BA, CÃ©rantola S 



2012 
Hanana H, Simon G, Kervarec N, Mohammadou BA, CÃ©rantola S.HRMAS NMR as a 
tool to study metabolic responses in heart clam Ruditapes decussatus exposed to 
RoundupÂ®. Talanta. 2012 Aug 15; 97:425-31.  



Not within 
scope/ecological and fate 



Sura S, Waiser M, Tumber V, 
Farenhorst A 



2012 
Sura S, Waiser M, Tumber V, Farenhorst A.Effects of herbicide mixture on microbial 
communities in prairie wetland ecosystems: a whole wetland approach. Sci Total Environ. 
2012 Oct 1; 435-436:34-43.  



Not within scope/ 
methods generating 



Liu Z, Liu S, Yin P, He Y 2012 
Liu Z, Liu S, Yin P, He Y.Fluorescence enhancement of CdTe/CdS quantum dots by 
coupling of glyphosate and its application for sensitive detection of copper ion. Anal Chim 
Acta. 2012 Oct 1; 745:78-84.  



Not within 
scope/ecological and fate 



Zhou CF, Wang YJ, Yu YC, 
Sun RJ, Zhu XD, Zhang HL, 
Zhou DM 



2012 
Zhou CF, Wang YJ, Yu YC, Sun RJ, Zhu XD, Zhang HL, Zhou DM.Does glyphosate 
impact on Cu uptake by, and toxicity to, the earthworm Eisenia fetida? Ecotoxicology. 
2012 Nov; 21(8):2297-305.  



Not within 
scope/ecological and fate 



Fan J, Yang G, Zhao H, Shi 
G, Geng Y, Hou T, Tao K 2012 



Fan J, Yang G, Zhao H, Shi G, Geng Y, Hou T, Tao K.Isolation, identification and 
characterization of a glyphosate-degrading bacterium, Bacillus cereus CB4, from soil. J 
Gen Appl Microbiol. 2012; 58(4):263-71.  



In vitro/pesticide mixture 
Astiz M, de Alaniz MJ, 
Marra CA 



2012 
Astiz M, de Alaniz MJ, Marra CA.The oxidative damage and inflammation caused by 
pesticides are reverted by lipoic acid in rat brain. Neurochem Int. 2012 Dec; 61(7):1231-41.  
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In vitro/cytotox/no 
glyphosate measurements 



Mesnage R, Bernay B, 
SÃ©ralini GE 



2013 
Mesnage R, Bernay B, SÃ©ralini GE.Ethoxylated adjuvants of glyphosate-based 
herbicides are active principles of human cell toxicity. Toxicology. 2013 Nov 16; 313(2-
3):122-8.  



Enzyme activity/no 
gylphosate 
measurements/no 
histopath changes 
observed in liver, kidney, 
and small intestine 



Larsen K, Najle R, Lifschitz 
A, Virkel G 2012 



Larsen K, Najle R, Lifschitz A, Virkel G.Effects of sub-lethal exposure of rats to the 
herbicide glyphosate in drinking water: glutathione transferase enzyme activities, levels of 
reduced glutathione and lipid peroxidation in liver, kidneys and small intestine. Environ 
Toxicol Pharmacol. 2012 Nov; 34(3):811-8.  



Not within 
scope/ecological and fate 



Kylin H 2013 
Kylin H.Time-integrated sampling of glyphosate in natural waters. Chemosphere. 2013 
Feb; 90(6):1821-8.  



Not within scope/ 
methods generating 



Costa JC, Ando RA, 
Sant'Ana AC, Corio P 



2012 
Costa JC, Ando RA, Sant'Ana AC, Corio P.Surface-enhanced Raman spectroscopy studies 
of organophosphorous model molecules and pesticides. Phys Chem Chem Phys. 2012 Dec 
5; 14(45):15645-51.  



Not within 
scope/ecological and fate 



Anbalagan C, Lafayette I, 
Antoniou-Kourounioti M, 
Gutierrez C, Martin JR, 
Chowdhuri DK, De Pomerai 
DI 



2013 



Anbalagan C, Lafayette I, Antoniou-Kourounioti M, Gutierrez C, Martin JR, Chowdhuri 
DK, De Pomerai DI.Use of transgenic GFP reporter strains of the nematode Caenorhabditis 
elegans to investigate the patterns of stress responses induced by pesticides and by organic 
extracts from agricultural soils. Ecotoxicology. 2013 Jan; 22(1):72-85.  



Not within 
scope/ecological and fate 



Mbanaso FU, Coupe SJ, 
Charlesworth SM, Nnadi EO 



2013 
Mbanaso FU, Coupe SJ, Charlesworth SM, Nnadi EO.Laboratory-based experiments to 
investigate the impact of glyphosate-containing herbicide on pollution attenuation and 
biodegradation in a model pervious paving system. Chemosphere. 2013 Jan; 90(2):737-46.  



In vitro/no glyphosate 
measurements 



Kim YH, Hong JR, Gil HW, 
Song HY, Hong SY 



2013 
Kim YH, Hong JR, Gil HW, Song HY, Hong SY.Mixtures of glyphosate and surfactant 
TN20 accelerate cell death via mitochondrial damage-induced apoptosis and necrosis. 
Toxicol In Vitro. 2013 Feb; 27(1):191-7.  
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Not within scope/ 
methods generating 



Padilla-SÃ¡nchez JA, Plaza-
BolaÃ±os P, Romero-
GonzÃ¡lez R, Grande-
MartÃnez A, Thurman EM, 
Garrido-Frenich A 



2012 



Padilla-SÃ¡nchez JA, Plaza-BolaÃ±os P, Romero-GonzÃ¡lez R, Grande-MartÃnez A, 
Thurman EM, Garrido-Frenich A.Innovative determination of polar organophosphonate 
pesticides based on high-resolution Orbitrap mass spectrometry. J Mass Spectrom. 2012 
Nov; 47(11):1458-65.  



Not within 
scope/ecological and fate 



Petersen J, Grant R, Larsen 
SE, Blicher-Mathiesen G 



2012 
Petersen J, Grant R, Larsen SE, Blicher-Mathiesen G.Sampling of herbicides in streams 
during flood events. J Environ Monit. 2012 Dec; 14(12):3284-94.  



Editorial 
Defarge N, Mesnage R, Gress 
S, SÃ©ralini GE 



2012 
Defarge N, Mesnage R, Gress S, SÃ©ralini GE.Letter to the editor: developmental and 
reproductive outcomes of roundup and glyphosate in humans and animals. J Toxicol 
Environ Health B Crit Rev. 2012; 15(7):433-7; author reply 438-40.  



Microbiota/formulation/ 
no glyphosate 
measurements 



Shehata AA, SchrÃ¶dl W, 
Aldin AA, Hafez HM, 
KrÃ¼ger M 



2013 
Shehata AA, SchrÃ¶dl W, Aldin AA, Hafez HM, KrÃ¼ger M.The effect of glyphosate on 
potential pathogens and beneficial members of poultry microbiota in vitro. Curr Microbiol. 
2013 Apr; 66(4):350-8.  



Not within 
scope/ecological and fate 



Cuhra M, Traavik T, BÃ¸hn 
T 



2013 
Cuhra M, Traavik T, BÃ¸hn T.Clone- and age-dependent toxicity of a glyphosate 
commercial formulation and its active ingredient in Daphnia magna. Ecotoxicology. 2013 
Mar; 22(2):251-62.  



Not within 
scope/ecological and fate 



Cui H, Li Q, Qian Y, Zhang 
Q, Zhai J 



2012 
Cui H, Li Q, Qian Y, Zhang Q, Zhai J.Preparation and adsorption performance of 
MnO2/PAC composite towards aqueous glyphosate. Environ Technol. 2012 Sep; 33(16-
18):2049-56.  



Not within 
scope/ecological and fate 



Latorre MA, LÃ³pez 
GonzÃ¡lez EC, Larriera A, 
Poletta GL, Siroski PA 



2013 
Latorre MA, LÃ³pez GonzÃ¡lez EC, Larriera A, Poletta GL, Siroski PA.Effects of in vivo 
exposure to RoundupÂ® on immune system of Caiman latirostris. J Immunotoxicol. 2013 
Oct-Dec; 10(4):349-54.  



Not within 
scope/ecological and fate 



Bois P, Huguenot D, 
JÃ©zÃ©quel K, Lollier M, 
Cornu JY, Lebeau T 



2013 
Bois P, Huguenot D, JÃ©zÃ©quel K, Lollier M, Cornu JY, Lebeau T.Herbicide mitigation 
in microcosms simulating stormwater basins subject to polluted water inputs. Water Res. 
2013 Mar 1; 47(3):1123-35.  



Effect on E. coli/not 
publicly available for free 



Lu W, Li L, Chen M, Zhou 
Z, Zhang W, Ping S, Yan Y, 
Wang J, Lin M 



2013 



Lu W, Li L, Chen M, Zhou Z, Zhang W, Ping S, Yan Y, Wang J, Lin M.Genome-wide 
transcriptional responses of Escherichia coli to glyphosate, a potent inhibitor of the 
shikimate pathway enzyme 5-enolpyruvylshikimate-3-phosphate synthase. Mol Biosyst. 
2013 Mar; 9(3):522-30.  
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Not within scope/ 
methods generating 



Bataller R, Campos I, 
Laguarda-Miro N, AlcaÃ±iz 
M, Soto J, MartÃnez-
MÃ¡Ã±ez R, Gil L, GarcÃa-
Breijo E, IbÃ¡Ã±ez-Civera J 



2012 



Bataller R, Campos I, Laguarda-Miro N, AlcaÃ±iz M, Soto J, MartÃnez-MÃ¡Ã±ez R, Gil 
L, GarcÃa-Breijo E, IbÃ¡Ã±ez-Civera J.Glyphosate detection by means of a voltammetric 
electronic tongue and discrimination of potential interferents. Sensors (Basel). 2012 Dec 
18; 12(12):17553-68.  



Not within 
scope/ecological and fate 



Le Mer C, Roy RL, Pellerin 
J, Couillard CM, Maltais D 



2013 
Le Mer C, Roy RL, Pellerin J, Couillard CM, Maltais D.Effects of chronic exposures to the 
herbicides atrazine and glyphosate to larvae of the threespine stickleback (Gasterosteus 
aculeatus). Ecotoxicol Environ Saf. 2013 Mar; 89:174-81.  



Not within 
scope/ecological and fate 



Vera-Candioti J, Soloneski S, 
Larramendy ML 



2013 
Vera-Candioti J, Soloneski S, Larramendy ML.Evaluation of the genotoxic and cytotoxic 
effects of glyphosate-based herbicides in the ten spotted live-bearer fish Cnesterodon 
decemmaculatus (Jenyns, 1842). Ecotoxicol Environ Saf. 2013 Mar; 89:166-73.  



Poisoning or incident Deo SP, Shetty P 2012 
Deo SP, Shetty P.Accidental chemical burns of oral mucosa by herbicide. JNMA J Nepal 
Med Assoc. 2012 Jan-Mar; 52(185):40-2.  



Not within 
scope/ecological and fate 



Ghafoor A, Jarvis NJ, 
StenstrÃ¶m J 



2013 
Ghafoor A, Jarvis NJ, StenstrÃ¶m J.Modelling pesticide sorption in the surface and 
subsurface soils of an agricultural catchment. Pest Manag Sci. 2013 Aug; 69(8):919-29.  



Review 
Kimmel GL, Kimmel CA, 
Williams AL, DeSesso JM 



2013 
Kimmel GL, Kimmel CA, Williams AL, DeSesso JM.Evaluation of developmental toxicity 
studies of glyphosate with attention to cardiovascular development. Crit Rev Toxicol. 2013 
Feb; 43(2):79-95.  



Poisoning or incident 
KneÅ¾eviÄ‡ V, BoÅ¾iÄ‡ 
D, BudoÅ¡an I, ÄŒeliÄ‡ D, 
MiloÅ¡eviÄ‡ A, MitiÄ‡ I 



2012 
KneÅ¾eviÄ‡ V, BoÅ¾iÄ‡ D, BudoÅ¡an I, ÄŒeliÄ‡ D, MiloÅ¡eviÄ‡ A, MitiÄ‡ I.[Early 
continuous dialysis in acute glyphosate-surfactant poisoning]. Srp Arh Celok Lek. 2012 
Sep-Oct; 140(9-10):648-52.  



Not within scope/ 
exposure and monitoring 



Zouaoui K, Dulaurent S, 
Gaulier JM, Moesch C, 
LachÃ¢tre G 



2013 
Zouaoui K, Dulaurent S, Gaulier JM, Moesch C, LachÃ¢tre G.Determination of glyphosate 
and AMPA in blood and urine from humans: about 13 cases of acute intoxication. Forensic 
Sci Int. 2013 Mar 10; 226(1-3):e20-5.  



Not within scope/ 
methods generating 



Kujawinski DM, Wolbert JB, 
Zhang L, Jochmann MA, 
Widory D, Baran N, Schmidt 
TC 



2013 



Kujawinski DM, Wolbert JB, Zhang L, Jochmann MA, Widory D, Baran N, Schmidt 
TC.Carbon isotope ratio measurements of glyphosate and AMPA by liquid 
chromatography coupled to isotope ratio mass spectrometry. Anal Bioanal Chem. 2013 
Mar; 405(9):2869-78.  
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Not within scope/ 
methods generating 



Botero-Coy AM, IbÃ¡Ã±ez 
M, Sancho JV, HernÃ¡ndez F 



2013 



Botero-Coy AM, IbÃ¡Ã±ez M, Sancho JV, HernÃ¡ndez F.Improvements in the analytical 
methodology for the residue determination of the herbicide glyphosate in soils by liquid 
chromatography coupled to mass spectrometry. J Chromatogr A. 2013 May 31; 1292:132-
41.  



Not within 
scope/ecological and fate 



Piola L, Fuchs J, Oneto ML, 
Basack S, Kesten E, 
CasabÃ© N 



2013 
Piola L, Fuchs J, Oneto ML, Basack S, Kesten E, CasabÃ© N.Comparative toxicity of two 
glyphosate-based formulations to Eisenia andrei under laboratory conditions. 
Chemosphere. 2013 Apr; 91(4):545-51.  



Not within 
scope/ecological and fate 



Hadi F, Mousavi A, Noghabi 
KA, Tabar HG, Salmanian 
AH 



2013 
Hadi F, Mousavi A, Noghabi KA, Tabar HG, Salmanian AH.New bacterial strain of the 
genus Ochrobactrum with glyphosate-degrading activity. J Environ Sci Health B. 2013; 
48(3):208-13.  



Not within 
scope/ecological and fate 



Qiu H, Geng J, Ren H, Xia 
X, Wang X, Yu Y 



2013 
Qiu H, Geng J, Ren H, Xia X, Wang X, Yu Y.Physiological and biochemical responses of 
Microcystis aeruginosa to glyphosate and its RoundupÂ® formulation. J Hazard Mater. 
2013 Mar 15; 248-249:172-6.  



Poisoning or incident 
Mariager TP, Madsen PV, 
EbbehÃ¸j NE, Schmidt B, 
Juhl A 



2013 
Mariager TP, Madsen PV, EbbehÃ j̧ NE, Schmidt B, Juhl A.Severe adverse effects related 
to dermal exposure to a glyphosate-surfactant herbicide. Clin Toxicol (Phila). 2013 Feb; 
51(2):111-3.  



Not relevant 
Pouessel J, Abada S, Le Bris 
N, Elhabiri M, 
CharbonniÃ¨re LJ, Tripier R 



2013 
Pouessel J, Abada S, Le Bris N, Elhabiri M, CharbonniÃ¨re LJ, Tripier R.A new bis-
tetraamine ligand with a chromophoric 4-(9-anthracenyl)-2,6-dimethylpyridinyl linker for 
glyphosate and ATP sensing. Dalton Trans. 2013 Apr 14; 42(14):4859-72.  



Not within 
scope/ecological and fate 



Waiman CV, Avena MJ, 
Regazzoni AE, Zanini GP 



2013 
Waiman CV, Avena MJ, Regazzoni AE, Zanini GP.A real time in situ ATR-FTIR 
spectroscopic study of glyphosate desorption from goethite as induced by phosphate 
adsorption: effect of surface coverage. J Colloid Interface Sci. 2013 Mar 15; 394:485-9.  



In vitro/no glyphosate 
measurements 



KÄ±lÄ±nÃ§ N, Ä°ÅŸgÃ¶r 
MM, ÅžengÃ¼l B, Beydemir 
Åž 



2015 
KÄ±lÄ±nÃ§ N, Ä°ÅŸgÃ¶r MM, ÅžengÃ¼l B, Beydemir Åž.Influence of pesticide 
exposure on carbonic anhydrase II from sheep stomach. Toxicol Ind Health. 2015 Sep; 
31(9):823-30.  



Not within scope/ 
methods generating 



See HH, Stratz S, Hauser PC 2013 
See HH, Stratz S, Hauser PC.Electro-driven extraction across a polymer inclusion 
membrane in a flow-through cell. J Chromatogr A. 2013 Jul 26; 1300:79-84.  
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Microbiota/formulation/ 
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KrÃ¼ger M, Shehata AA, 
SchrÃ¶dl W, Rodloff A 



2013 KrÃ¼ger M, Shehata AA, SchrÃ¶dl W, Rodloff A.Glyphosate suppresses the antagonistic 
effect of Enterococcus spp. on Clostridium botulinum. Anaerobe. 2013 Apr; 20:74-8.  



Not within scope/ 
methods generating 



Song J, Li XM, Figoli A, 
Huang H, Pan C, He T, Jiang 
B 



2013 
Song J, Li XM, Figoli A, Huang H, Pan C, He T, Jiang B.Composite hollow fiber 
nanofiltration membranes for recovery of glyphosate from saline wastewater. Water Res. 
2013 Apr 15; 47(6):2065-74.  



Not within 
scope/ecological and fate 



Sandrini JZ, Rola RC, Lopes 
FM, Buffon HF, Freitas MM, 
Martins Cde M, da Rosa CE 



2013 



Sandrini JZ, Rola RC, Lopes FM, Buffon HF, Freitas MM, Martins Cde M, da Rosa 
CE.Effects of glyphosate on cholinesterase activity of the mussel Perna perna and the fish 
Danio rerio and Jenynsia multidentata: in vitro studies. Aquat Toxicol. 2013 Apr 15; 130-
131:171-3.  



Model application 



Ramachandran V, Singh R, 
Yang X, Tunduguru R, 
Mohapatra S, Khandelwal S, 
Patel S, Datta S 



2013 
Ramachandran V, Singh R, Yang X, Tunduguru R, Mohapatra S, Khandelwal S, Patel S, 
Datta S.Genetic and chemical knockdown: a complementary strategy for evaluating an 
anti-infective target. Adv Appl Bioinform Chem. 2013; 6:1-13.  



Pesticide mixture/no 
glyphosate measurements 



Astiz M, Hurtado de Catalfo 
GE, GarcÃa MN, Galletti 
SM, Errecalde AL, de Alaniz 
MJ, Marra CA 



2013 
Astiz M, Hurtado de Catalfo GE, GarcÃa MN, Galletti SM, Errecalde AL, de Alaniz MJ, 
Marra CA.Pesticide-induced decrease in rat testicular steroidogenesis is differentially 
prevented by lipoate and tocopherol. Ecotoxicol Environ Saf. 2013 May; 91:129-38.  



Not within 
scope/ecological and fate 



Lagator M, Vogwill T, 
Colegrave N, Neve P 2013 



Lagator M, Vogwill T, Colegrave N, Neve P.Herbicide cycling has diverse effects on 
evolution of resistance in Chlamydomonas reinhardtii. Evol Appl. 2013 Feb; 6(2):197-206.  



Not within 
scope/ecological and fate 



Janssens L, Stoks R 2013 
Janssens L, Stoks R.Synergistic effects between pesticide stress and predator cues: 
conflicting results from life history and physiology in the damselfly Enallagma 
cyathigerum. Aquat Toxicol. 2013 May 15; 132-133:92-9.  



Review Kier LD, Kirkland DJ 2013 
Kier LD, Kirkland DJ.Review of genotoxicity studies of glyphosate and glyphosate-based 
formulations. Crit Rev Toxicol. 2013 Apr; 43(4):283-315.  



Not within 
scope/ecological and fate 



Vialle C, Sablayrolles C, 
Silvestre J, Monier L, Jacob 
S, Huau MC, Montrejaud-
Vignoles M 



2013 
Vialle C, Sablayrolles C, Silvestre J, Monier L, Jacob S, Huau MC, Montrejaud-Vignoles 
M.Pesticides in roof runoff: study of a rural site and a suburban site. J Environ Manage. 
2013 May 15; 120:48-54.  
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In vitro/no glyphosate 
measurements 



Chorfa A, BÃ©temps D, 
Morignat E, Lazizzera C, 
Hogeveen K, Andrieu T, 
Baron T 



2013 
Chorfa A, BÃ©temps D, Morignat E, Lazizzera C, Hogeveen K, Andrieu T, Baron 
T.Specific pesticide-dependent increases in Î±-synuclein levels in human neuroblastoma 
(SH-SY5Y) and melanoma (SK-MEL-2) cell lines. Toxicol Sci. 2013 Jun; 133(2):289-97.  



Not within 
scope/ecological and fate 



Haudin CS, Zhang Y, 
DumÃ©ny V, Lashermes G, 
Bergheaud V, Barriuso E, 
Houot S 



2013 
Haudin CS, Zhang Y, DumÃ©ny V, Lashermes G, Bergheaud V, Barriuso E, Houot S.Fate 
of (14)C-organic pollutant residues in composted sludge after application to soil. 
Chemosphere. 2013 Aug; 92(10):1280-5.  



Not within 
scope/ecological and fate 



Qin J, Li H, Lin C, Chen G 2013 
Qin J, Li H, Lin C, Chen G.Can rainwater induce Fenton-driven degradation of herbicides 
in natural waters? Chemosphere. 2013 Aug; 92(8):1048-52.  



Not within 
scope/ecological and fate 



Li W, Wang YJ, Zhu M, Fan 
TT, Zhou DM, Phillips BL, 
Sparks DL 



2013 
Li W, Wang YJ, Zhu M, Fan TT, Zhou DM, Phillips BL, Sparks DL.Inhibition 
mechanisms of Zn precipitation on aluminum oxide by glyphosate: a 31P NMR and Zn 
EXAFS study. Environ Sci Technol. 2013 May 7; 47(9):4211-9.  



Formulation/no 
glyphosate measurements 



Jasper R, Locatelli GO, Pilati 
C, Locatelli C 



2012 
Jasper R, Locatelli GO, Pilati C, Locatelli C.Evaluation of biochemical, hematological and 
oxidative parameters in mice exposed to the herbicide glyphosate-Roundup(Â®). 
Interdiscip Toxicol. 2012 Sep; 5(3):133-40.  



Not within scope/ 
methods generating 



Cao L, Liang S, Tan X, Meng 
J 2012 



Cao L, Liang S, Tan X, Meng J.[Capillary electrophoresis analysis for glyphosate, 
glufosinate and aminomethylphosphonic acid with laser-induced fluorescence detection]. 
Se Pu. 2012 Dec; 30(12):1295-300.  



Not within scope/ 
methods generating 



da Silva ER, Segato TP, 
Coltro WK, Lima RS, 
Carrilho E, Mazo LH 



2013 
da Silva ER, Segato TP, Coltro WK, Lima RS, Carrilho E, Mazo LH.Determination of 
glyphosate and AMPA on polyester-toner electrophoresis microchip with contactless 
conductivity detection. Electrophoresis. 2013 Jul; 34(14):2107-11.  



Not within 
scope/ecological and fate 



Liu YB, Long MX, Yin YJ, 
Si MR, Zhang L, Lu ZQ, 
Wang Y, Shen XH 



2013 
Liu YB, Long MX, Yin YJ, Si MR, Zhang L, Lu ZQ, Wang Y, Shen XH.Physiological 
roles of mycothiol in detoxification and tolerance to multiple poisonous chemicals in 
Corynebacterium glutamicum. Arch Microbiol. 2013 Jun; 195(6):419-29.  



Not within 
scope/ecological and fate 



UlÃ©n BM, Larsbo M, 
Kreuger JK, SvanbÃ¤ck A 



2014 
UlÃ©n BM, Larsbo M, Kreuger JK, SvanbÃ¤ck A.Spatial variation in herbicide leaching 
from a marine clay soil via subsurface drains. Pest Manag Sci. 2014 Mar; 70(3):405-14.  
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Not within 
scope/ecological and fate 



Daouk S, Copin PJ, Rossi L, 
ChÃ¨vre N, Pfeifer HR 



2013 
Daouk S, Copin PJ, Rossi L, ChÃ¨vre N, Pfeifer HR.Dynamics and environmental risk 
assessment of the herbicide glyphosate and its metabolite AMPA in a small vineyard river 
of the Lake Geneva catchment. Environ Toxicol Chem. 2013 Sep; 32(9):2035-44.  



Epidemiology 
Henneberger PK, Liang X, 
London SJ, Umbach DM, 
Sandler DP, Hoppin JA 



2014 
Henneberger PK, Liang X, London SJ, Umbach DM, Sandler DP, Hoppin JA.Exacerbation 
of symptoms in agricultural pesticide applicators with asthma. Int Arch Occup Environ 
Health. 2014 May; 87(4):423-32.  



Not within 
scope/ecological and fate 



Lashermes G, Zhang Y, 
Houot S, Steyer JP, Patureau 
D, Barriuso E, Garnier P 



2013 
Lashermes G, Zhang Y, Houot S, Steyer JP, Patureau D, Barriuso E, Garnier P.Simulation 
of Organic Matter and Pollutant Evolution during Composting: The COP-Compost Model. 
J Environ Qual. 2013 Mar-Apr; 42(2):361-72.  



Not within scope/ 
methods generating 



Ding X, Yang KL 2013 
Ding X, Yang KL.Development of an oligopeptide functionalized surface plasmon 
resonance biosensor for online detection of glyphosate. Anal Chem. 2013 Jun 18; 
85(12):5727-33.  



Not within 
scope/ecological and fate 



Daouk S, Grandjean D, 
Chevre N, De Alencastro LF, 
Pfeifer HR 



2013 



Daouk S, Grandjean D, Chevre N, De Alencastro LF, Pfeifer HR.The herbicide glyphosate 
and its metabolite AMPA in the Lavaux vineyard area, Western Switzerland: proof of 
widespread export to surface waters. Part I: method validation in different water matrices. J 
Environ Sci Health B. 2013; 48(9):717-24.  



Not within 
scope/ecological and fate 



Daouk S, De Alencastro LF, 
Pfeifer HR 



2013 



Daouk S, De Alencastro LF, Pfeifer HR.The herbicide glyphosate and its metabolite 
AMPA in the Lavaux vineyard area, western Switzerland: proof of widespread export to 
surface waters. Part II: the role of infiltration and surface runoff. J Environ Sci Health B. 
2013; 48(9):725-36.  



Not within 
scope/ecological and fate 



Zhou Y, Guo Y, Xu S, Zhang 
L, Ahmad W, Shi Z 



2013 
Zhou Y, Guo Y, Xu S, Zhang L, Ahmad W, Shi Z.Photoluminescent 3D lanthanide-organic 
frameworks based on 2,5-dioxo-1,4-piperazinylbis(methylphosphonic) acid formed via in 
situ cyclodehydration of glyphosates. Inorg Chem. 2013 Jun 3; 52(11):6338-45.  



Not within 
scope/ecological and fate 



Zhou CF, Wang YJ, Li CC, 
Sun RJ, Yu YC, Zhou DM 



2013 
Zhou CF, Wang YJ, Li CC, Sun RJ, Yu YC, Zhou DM.Subacute toxicity of copper and 
glyphosate and their interaction toÂ earthworm (Eisenia fetida). Environ Pollut. 2013 Sep; 
180:71-7.  
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In vitro/no glyphosate 
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Thongprakaisang S, 
Thiantanawat A, 
Rangkadilok N, Suriyo T, 
Satayavivad J 



2013 
Thongprakaisang S, Thiantanawat A, Rangkadilok N, Suriyo T, Satayavivad J.Glyphosate 
induces human breast cancer cells growth via estrogen receptors. Food Chem Toxicol. 
2013 Sep; 59:129-36.  



Not within 
scope/ecological and fate 



Iummato MM, Di Fiori E, 
Sabatini SE, Cacciatore LC, 
CochÃ³n AC, de Molina 
Mdel C, JuÃ¡rez AB 



2013 



Iummato MM, Di Fiori E, Sabatini SE, Cacciatore LC, CochÃ³n AC, de Molina Mdel C, 
JuÃ¡rez AB.Evaluation of biochemical markers in the golden mussel Limnoperna fortunei 
exposed to glyphosate acid in outdoor microcosms. Ecotoxicol Environ Saf. 2013 Sep; 
95:123-9.  



Not within 
scope/ecological and fate 



Chennappa G, Adkar-
Purushothama CR, Suraj U, 
Tamilvendan K, Sreenivasa 
MY 



2014 
Chennappa G, Adkar-Purushothama CR, Suraj U, Tamilvendan K, Sreenivasa 
MY.Pesticide tolerant Azotobacter isolates from paddy growing areas of northern 
Karnataka, India. World J Microbiol Biotechnol. 2014 Jan; 30(1):1-7.  



Not within scope/ 
exposure and monitoring 



Espanhol-Soares M, Nociti 
LA, Machado-Neto JG 2013 



Espanhol-Soares M, Nociti LA, Machado-Neto JG.Procedures to evaluate the efficiency of 
protective clothing worn by operators applying pesticide. Ann Occup Hyg. 2013 Oct; 
57(8):1041-53.  



Not within 
scope/ecological and fate 



Nwani CD, Nagpure NS, 
Kumar R, Kushwaha B, 
Lakra WS 



2013 
Nwani CD, Nagpure NS, Kumar R, Kushwaha B, Lakra WS.DNA damage and oxidative 
stress modulatory effects of glyphosate-based herbicide in freshwater fish, Channa 
punctatus. Environ Toxicol Pharmacol. 2013 Sep; 36(2):539-47.  



Formulation/no 
glyphosate measurements 



de Liz Oliveira Cavalli VL, 
Cattani D, Heinz Rieg CE, 
Pierozan P, Zanatta L, 
Benedetti Parisotto E, 
Wilhelm Filho D, Mena 
Barreto Silva FR, Pessoa-
Pureur R, Zamoner A 



2013 



de Liz Oliveira Cavalli VL, Cattani D, Heinz Rieg CE, Pierozan P, Zanatta L, Benedetti 
Parisotto E, Wilhelm Filho D, Mena Barreto Silva FR, Pessoa-Pureur R, Zamoner 
A.Roundup disrupts male reproductive functions by triggering calcium-mediated cell death 
in rat testis and Sertoli cells. Free Radic Biol Med. 2013 Dec; 65:335-46.  



Not within scope/ 
methods generating 



Shen J, Huang J, Liu L, Ye 
W, Lin J, Van der Bruggen B 



2013 
Shen J, Huang J, Liu L, Ye W, Lin J, Van der Bruggen B.The use of BMED for glyphosate 
recovery from glyphosate neutralization liquor in view of zero discharge. J Hazard Mater. 
2013 Sep 15; 260:660-7.  



Not within 
scope/ecological and fate 



Aparicio VC, De GerÃ³nimo 
E, Marino D, Primost J, 
Carriquiriborde P, Costa JL 



2013 
Aparicio VC, De GerÃ³nimo E, Marino D, Primost J, Carriquiriborde P, Costa 
JL.Environmental fate of glyphosate and aminomethylphosphonic acid in surface waters 
and soil of agricultural basins. Chemosphere. 2013 Nov; 93(9):1866-73.  
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Epidemiology Dawson AH, Wilks MF 2013 
Dawson AH, Wilks MF.With the benefit of hindsight: trials using retrospective controls 
versus randomized controlled trials in clinical toxicology. Clin Toxicol (Phila). 2013 Aug; 
51(7):525-6.  



Not within 
scope/ecological and fate 



Magbanua FS, Townsend 
CR, Hageman KJ, Lange K, 
Lear G, Lewis GD, Matthaei 
CD 



2013 
Magbanua FS, Townsend CR, Hageman KJ, Lange K, Lear G, Lewis GD, Matthaei 
CD.Understanding the combined influence of fine sediment and glyphosate herbicide on 
stream periphyton communities. Water Res. 2013 Sep 15; 47(14):5110-20.  



Poisoning or incident 
Gil HW, Park JS, Park SH, 
Hong SY 



2013 
Gil HW, Park JS, Park SH, Hong SY.Effect of intravenous lipid emulsion in patients with 
acute glyphosate intoxication. Clin Toxicol (Phila). 2013 Sep-Oct; 51(8):767-71.  



Not within 
scope/ecological and fate 



Boonsoong B, Bullangpoti V 2012 
Boonsoong B, Bullangpoti V.Acute toxicity of Roundup and carbosulfan to the Thai fairy 
shrimp, Branchinella thailandensis. Commun Agric Appl Biol Sci. 2012; 77(4):431-7.  



Not within 
scope/ecological and fate 



Sandy EH, Blake RE, Chang 
SJ, Jun Y, Yu C 



2013 
Sandy EH, Blake RE, Chang SJ, Jun Y, Yu C.Oxygen isotope signature of UV degradation 
of glyphosate and phosphonoacetate: tracing sources and cycling of phosphonates. J 
Hazard Mater. 2013 Sep 15; 260:947-54.  



Not within 
scope/ecological and fate 



Zhidenko AA, Bibchuk EV, 
Barbukho EV 



2013 
Zhidenko AA, Bibchuk EV, Barbukho EV.[Effect of glyphosate on the energy exchange in 
carp organs]. Ukr Biokhim Zh (1999). 2013 May-Jun; 85(3):22-30.  



Not within 
scope/ecological and fate 



MalÃ©cot M, GuÃ©vel B, 
Pineau C, Holbech BF, 
Bormans M, Wiegand C 



2013 
MalÃ©cot M, GuÃ©vel B, Pineau C, Holbech BF, Bormans M, Wiegand C.Specific 
proteomic response of Unio pictorum mussel to a mixture of glyphosate and microcystin-
LR. J Proteome Res. 2013 Nov 1; 12(11):5281-92.  



Treatment/In vitro/no 
glyphosate 
measurements/glyphosate 
and AMPA inhibited 
cancer cell growth and no 
effect on normal cells 



Li Q, Lambrechts MJ, Zhang 
Q, Liu S, Ge D, Yin R, Xi M, 
You Z 



2013 
Li Q, Lambrechts MJ, Zhang Q, Liu S, Ge D, Yin R, Xi M, You Z.Glyphosate and AMPA 
inhibit cancer cell growth through inhibiting intracellular glycine synthesis. Drug Des 
Devel Ther. 2013; 7:635-43.  
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Poisoning or incident 



Chen HH, Lin JL, Huang 
WH, Weng CH, Lee SY, Hsu 
CW, Chen KH, Wang IK, 
Liang CC, Chang CT, Yen 
TH 



2013 
Chen HH, Lin JL, Huang WH, Weng CH, Lee SY, Hsu CW, Chen KH, Wang IK, Liang 
CC, Chang CT, Yen TH.Spectrum of corrosive esophageal injury after intentional paraquat 
or glyphosate-surfactant herbicide ingestion. Int J Gen Med. 2013; 6:677-83.  



Not within 
scope/ecological and fate 



Vera-Candioti J, Soloneski S, 
Larramendy ML 



2013 
Vera-Candioti J, Soloneski S, Larramendy ML.Single-cell gel electrophoresis assay in the 
ten spotted live-bearer fish, Cnesterodon decemmaculatus (Jenyns, 1842), as bioassay for 
agrochemical-induced genotoxicity. Ecotoxicol Environ Saf. 2013 Dec; 98:368-73.  



Not within scope/ 
exposure and monitoring 



Stewart M, Olsen G, Hickey 
CW, Ferreira B, JeliÄ‡ A, 
PetroviÄ‡ M, Barcelo D 



2014 
Stewart M, Olsen G, Hickey CW, Ferreira B, JeliÄ‡ A, PetroviÄ‡ M, Barcelo D.A survey 
of emerging contaminants in the estuarine receiving environment around Auckland, New 
Zealand. Sci Total Environ. 2014 Jan 15; 468-469:202-10.  



Not within 
scope/ecological and fate 



Harayashiki CA, Varela AS 
Jr, Machado AA, Cabrera 
Lda C, Primel EG, Bianchini 
A, Corcini CD 



2013 
Harayashiki CA, Varela AS Jr, Machado AA, Cabrera Lda C, Primel EG, Bianchini A, 
Corcini CD.Toxic effects of the herbicide Roundup in the guppy Poecilia vivipara 
acclimated to fresh water. Aquat Toxicol. 2013 Oct 15; 142-143:176-84.  



Not within 
scope/ecological and fate 



De Souza Filho J, Sousa CC, 
Da Silva CC, De SabÃ³ia-
Morais SM, Grisolia CK 



2013 
De Souza Filho J, Sousa CC, Da Silva CC, De SabÃ³ia-Morais SM, Grisolia 
CK.Mutagenicity and genotoxicity in gill erythrocyte cells of Poecilia reticulata exposed to 
a glyphosate formulation. Bull Environ Contam Toxicol. 2013 Nov; 91(5):583-7.  



Not within scope/ 
methods generating 



MartÃnez Gil P, Laguarda-
Miro N, Camino JS, Peris 
RM 



2013 
MartÃnez Gil P, Laguarda-Miro N, Camino JS, Peris RM.Glyphosate detection with 
ammonium nitrate and humic acids as potential interfering substances by pulsed 
voltammetry technique. Talanta. 2013 Oct 15; 115:702-5.  



In vitro/no glyphosate 
measurements 



George J, Shukla Y 2013 
George J, Shukla Y.Emptying of Intracellular Calcium Pool and Oxidative Stress 
Imbalance Are Associated with the Glyphosate-Induced Proliferation in Human Skin 
Keratinocytes HaCaT Cells. ISRN Dermatol. 2013; 2013:825180.  



Not within 
scope/ecological and fate 



Taddei M, Donnadio A, 
Costantino F, Vivani R, 
Casciola M 



2013 



Taddei M, Donnadio A, Costantino F, Vivani R, Casciola M.Synthesis, crystal structure, 
and proton conductivity of one-dimensional, two-dimensional, and three-dimensional 
zirconium phosphonates based on glyphosate and glyphosine. Inorg Chem. 2013 Oct 21; 
52(20):12131-9.  
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Not within 
scope/ecological and fate 



Gholami-Seyedkolaei SJ, 
Mirvaghefi A, Farahmand H, 
Kosari AA 



2013 



Gholami-Seyedkolaei SJ, Mirvaghefi A, Farahmand H, Kosari AA.Effect of a glyphosate-
based herbicide in Cyprinus carpio: assessment of acetylcholinesterase activity, 
hematological responses and serum biochemical parameters. Ecotoxicol Environ Saf. 2013 
Dec; 98:135-41.  



Not within 
scope/ecological and fate 



Gholami-Seyedkolaei SJ, 
Mirvaghefi A, Farahmand H, 
Kosari AA, Gholami-
Seyedkolaei SJ, Gholami-
Seyedkolaei SJ 



2013 



Gholami-Seyedkolaei SJ, Mirvaghefi A, Farahmand H, Kosari AA, Gholami-Seyedkolaei 
SJ, Gholami-Seyedkolaei SJ.Optimization of recovery patterns in common carp exposed to 
roundup using response surface methodology: evaluation of neurotoxicity and genotoxicity 
effects and biochemical parameters. Ecotoxicol Environ Saf. 2013 Dec; 98:152-61.  



Not within 
scope/ecological and fate 



Hedegaard MJ, Albrechtsen 
HJ 



2014 
Hedegaard MJ, Albrechtsen HJ.Microbial pesticide removal in rapid sand filters for 
drinking water treatment--potential and kinetics. Water Res. 2014 Jan 1; 48:71-81.  



Not within 
scope/ecological and fate 



Rittman S, Wrinn KM, Evans 
SC, Webb AW, Rypstra AL 



2013 
Rittman S, Wrinn KM, Evans SC, Webb AW, Rypstra AL.Glyphosate-based herbicide has 
contrasting effects on prey capture by two co-occurring wolf spider species. J Chem Ecol. 
2013 Oct; 39(10):1247-53.  



Editorial Bates N, Edwards N 2013 
Bates N, Edwards N.Glyphosate toxicity in animals. Clin Toxicol (Phila). 2013 Dec; 
51(10):1243.  



Not within scope/ 
exposure and monitoring 



Zhang RN, Liu HL, Huo ZL, 
Zhang F, Ma YJ, Zhu BL, 
Dou JR, Mao YY 



2013 
Zhang RN, Liu HL, Huo ZL, Zhang F, Ma YJ, Zhu BL, Dou JR, Mao YY.[Determination 
of glyphosate in air of workplaces by ion chromatography]. Zhonghua Lao Dong Wei 
Sheng Zhi Ye Bing Za Zhi. 2013 Oct; 31(10):779-82.  



Not within scope/ 
exposure and monitoring 



Tush D, Loftin KA, Meyer 
MT 



2013 



Tush D, Loftin KA, Meyer MT.Characterization of polyoxyethylene tallow amine 
surfactants in technical mixtures and glyphosate formulations using ultra-high performance 
liquid chromatography and triple quadrupole mass spectrometry. J Chromatogr A. 2013 
Dec 6; 1319:80-7.  



Not within scope/ 
exposure and monitoring 



Van Stempvoort DR, Roy 
JW, Brown SJ, Bickerton G 



2014 
Van Stempvoort DR, Roy JW, Brown SJ, Bickerton G.Residues of the herbicide 
glyphosate in riparian groundwater in urban catchments. Chemosphere. 2014 Jan; 95:455-
63.  



Not within 
scope/ecological and fate 



Omran NE, Salama WM 2013 
Omran NE, Salama WM.The endocrine disrupter effect of atrazine and glyphosate on 
Biomphalaria alexandrina snails. Toxicol Ind Health. 2013 Nov 8;   
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Not within 
scope/ecological and fate 



FernÃ¡ndez L, de Haro LA, 
Distefano AJ, Carolina 
MartÃnez M, LÃa V, Papa 
JC, Olea I, Tosto D, Esteban 
Hopp H 



2013 



FernÃ¡ndez L, de Haro LA, Distefano AJ, Carolina MartÃnez M, LÃa V, Papa JC, Olea I, 
Tosto D, Esteban Hopp H.Population genetics structure of glyphosate-resistant 
Johnsongrass (Sorghum halepense L. Pers) does not support a single origin of the 
resistance. Ecol Evol. 2013 Sep; 3(10):3388-400.  



Not within 
scope/ecological and fate 



Zhan T, Zhang K, Chen Y, 
Lin Y, Wu G, Zhang L, Yao 
P, Shao Z, Liu Z 



2013 
Zhan T, Zhang K, Chen Y, Lin Y, Wu G, Zhang L, Yao P, Shao Z, Liu Z.Improving 
glyphosate oxidation activity of glycine oxidase from Bacillus cereus by directed evolution. 
PLoS One. 2013; 8(11):e79175.  



In vitro/formulation/no 
glyphosate measurements 



Shehata AA, KÃ¼hnert M, 
Haufe S, KrÃ¼ger M 



2014 
Shehata AA, KÃ¼hnert M, Haufe S, KrÃ¼ger M.Neutralization of the antimicrobial effect 
of glyphosate by humic acid in vitro. Chemosphere. 2014 Jun; 104:258-61.  



Not available in English 
Zhao W, Yu H, Zhang J, Shu 
L 



2013 
Zhao W, Yu H, Zhang J, Shu L.[Effects of glyphosate on apoptosis and expressions of 
androgen-binding protein and vimentin mRNA in mouse Sertoli cells]. Nan Fang Yi Ke Da 
Xue Xue Bao. 2013 Nov; 33(11):1709-13.  



Not within scope/ 
methods generating 



Mack CM, Lin BJ, Turner 
JD, Johnstone AF, Burgoon 
LD, Shafer TJ 



2014 
Mack CM, Lin BJ, Turner JD, Johnstone AF, Burgoon LD, Shafer TJ.Burst and principal 
components analyses of MEA data for 16 chemicals describe at least three effects classes. 
Neurotoxicology. 2014 Jan; 40:75-85.  



Not within 
scope/ecological and fate 



Nwani CD, Nagpure NS, 
Kumar R, Kushwaha B, 
Kumar P, Lakra WS 



2014 
Nwani CD, Nagpure NS, Kumar R, Kushwaha B, Kumar P, Lakra WS.Induction of 
micronuclei and nuclear lesions in Channa punctatus following exposure to carbosulfan, 
glyphosate and atrazine. Drug Chem Toxicol. 2014 Oct; 37(4):370-7.  



Not within scope/ 
methods generating 



Zhu L, Zhang J, Guo Y 2014 
Zhu L, Zhang J, Guo Y.Enhanced detection and desalting free protocol for 
phosphopeptides eluted from immobilized Fe (III) affinity chromatography in direct 
MALDI TOF analysis. J Proteomics. 2014 Jan 16; 96:360-5.  



Not within 
scope/ecological and fate 



Cao G, Liu Y, Liu G, Wang 
J, Wang G 2013 



Cao G, Liu Y, Liu G, Wang J, Wang G.Draft genome sequence of pseudomonas strain 
p818, isolated from glyphosate-polluted soil. Genome Announc. 2013 Dec 19; 1(6)  



Poisoning or incident 
Kim YH, Lee JH, Hong CK, 
Cho KW, Park YH, Kim 
YW, Hwang SY 



2014 
Kim YH, Lee JH, Hong CK, Cho KW, Park YH, Kim YW, Hwang SY.Heart rate-corrected 
QT interval predicts mortality in glyphosate-surfactant herbicide-poisoned patients. Am J 
Emerg Med. 2014 Mar; 32(3):203-7.  
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Model application 
Wunnapuk K, Gobe G, Endre 
Z, Peake P, Grice JE, Roberts 
MS, Buckley NA, Liu X 



2014 
Wunnapuk K, Gobe G, Endre Z, Peake P, Grice JE, Roberts MS, Buckley NA, Liu X.Use 
of a glyphosate-based herbicide-induced nephrotoxicity model to investigate a panel of 
kidney injury biomarkers. Toxicol Lett. 2014 Feb 10; 225(1):192-200.  



Not within 
scope/ecological and fate 



Uren Webster TM, Laing LV, 
Florance H, Santos EM 



2014 
Uren Webster TM, Laing LV, Florance H, Santos EM.Effects of glyphosate and its 
formulation, roundup, on reproduction in zebrafish (Danio rerio). Environ Sci Technol. 
2014 Jan 21; 48(2):1271-9.  



Poisoning or incident 



Garlich FM, Goldman M, 
Pepe J, Nelson LS, Allan MJ, 
Goldstein DA, Goldfarb DS, 
Hoffman RS 



2014 
Garlich FM, Goldman M, Pepe J, Nelson LS, Allan MJ, Goldstein DA, Goldfarb DS, 
Hoffman RS.Hemodialysis clearance of glyphosate following a life-threatening ingestion 
of glyphosate-surfactant herbicide. Clin Toxicol (Phila). 2014 Jan; 52(1):66-71.  



Not relevant Dai X, Zhu M, Wang YP 2014 
Dai X, Zhu M, Wang YP.Circular permutation of E. coli EPSP synthase: increased 
inhibitor resistance, improved catalytic activity, and an indicator for protein fragment 
complementation. Chem Commun (Camb). 2014 Feb 21; 50(15):1830-2.  



Not within 
scope/ecological and fate 



Richard S, PrÃ©vot-D'Alvise 
N, Bunet R, Simide R, 
Couvray S, CoupÃ© S, 
Grillasca JP 



2014 



Richard S, PrÃ©vot-D'Alvise N, Bunet R, Simide R, Couvray S, CoupÃ© S, Grillasca 
JP.Effect of a glyphosate-based herbicide on gene expressions of the cytokines interleukin-
1Î² and interleukin-10 and of heme oxygenase-1 in European sea bass, Dicentrarchus labrax 
L. Bull Environ Contam Toxicol. 2014 Mar; 92(3):294-9.  



Not within scope/ 
exposure and monitoring 



Ramwell CT, Kah M, 
Johnson PD 



2014 
Ramwell CT, Kah M, Johnson PD.Contribution of household herbicide usage to glyphosate 
and its degradate aminomethylphosphonic acid in surface water drains. Pest Manag Sci. 
2014 Dec; 70(12):1823-30.  



Not within 
scope/ecological and fate 



Mysore Doddaiah K, 
Narayan A, Gokare 
Aswathanarayana R, Ravi S 



2013 
Mysore Doddaiah K, Narayan A, Gokare Aswathanarayana R, Ravi S.Effect of metabolic 
inhibitors on growth and carotenoid production in Dunaliella bardawil. J Food Sci Technol. 
2013 Dec; 50(6):1130-6.  



Not within 
scope/ecological and fate 



Carranza CS, Bergesio MV, 
Barberis CL, Chiacchiera 
SM, Magnoli CE 



2014 



Carranza CS, Bergesio MV, Barberis CL, Chiacchiera SM, Magnoli CE.Survey of 
Aspergillus section Flavi presence in agricultural soils and effect of glyphosate on 
nontoxigenic A. flavus growth on soil-based medium. J Appl Microbiol. 2014 May; 
116(5):1229-40.  
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Not within 
scope/ecological and fate 



dos Santos KC, Martinez CB 2014 
dos Santos KC, Martinez CB.Genotoxic and biochemical effects of atrazine and 
Roundup(Â®), alone and in combination, on the Asian clam Corbicula fluminea. 
Ecotoxicol Environ Saf. 2014 Feb; 100:7-14.  



In vitro/no glyphosate 
measurements 



Chaufan G, Coalova I, RÃos 
de Molina Mdel C 2014 



Chaufan G, Coalova I, RÃos de Molina Mdel C.Glyphosate commercial formulation 
causes cytotoxicity, oxidative effects, and apoptosis on human cells: differences with its 
active ingredient. Int J Toxicol. 2014 Jan-Feb; 33(1):29-38.  



Not within 
scope/ecological and fate 



Moreno NC, Sofia SH, 
Martinez CB 



2014 
Moreno NC, Sofia SH, Martinez CB.Genotoxic effects of the herbicide Roundup Transorb 
and its active ingredient glyphosate on the fish Prochilodus lineatus. Environ Toxicol 
Pharmacol. 2014 Jan; 37(1):448-54.  



Not within 
scope/ecological and fate 



Prevot-D'Alvise N, Richard 
S, CoupÃ© S, Bunet R, 
Grillasca JP 



2013 



Prevot-D'Alvise N, Richard S, CoupÃ© S, Bunet R, Grillasca JP.Acute toxicity of a 
commercial glyphosate formulation on European sea bass juveniles (Dicentrarchus labrax 
L.): gene expressions of heme oxygenase-1 (ho-1), acetylcholinesterase (AChE) and 
aromatases (cyp19a and cyp19b). Cell Mol Biol (Noisy-le-grand). 2013 Dec 31; 59 
Suppl:OL1906-17.  



Not within 
scope/ecological and fate 



Mbanaso FU, Coupe SJ, 
Charlesworth SM, Nnadi EO, 
Ifelebuegu AO 



2014 
Mbanaso FU, Coupe SJ, Charlesworth SM, Nnadi EO, Ifelebuegu AO.Potential microbial 
toxicity and non-target impact of different concentrations of glyphosate-containing 
herbicide (GCH) in a model Pervious Paving System. Chemosphere. 2014 Apr; 100:34-41.  



Not within 
scope/ecological and fate 



Mercurio P, Flores F, Mueller 
JF, Carter S, Negri AP 



2014 
Mercurio P, Flores F, Mueller JF, Carter S, Negri AP.Glyphosate persistence in seawater. 
Mar Pollut Bull. 2014 Aug 30; 85(2):385-90.  



Only abstract English Kwiatkowska M, PaweÅ‚ J, 
Bukowska B 



2013 Kwiatkowska M, PaweÅ‚ J, Bukowska B.[Glyphosate and its formulations--toxicity, 
occupational and environmental exposure]. Med Pr. 2013; 64(5):717-29.  



Not within 
scope/ecological and fate 



Okonkwo FO, Ejike CE, 
Anoka AN, Onwurah IN 2013 



Okonkwo FO, Ejike CE, Anoka AN, Onwurah IN.Toxicological studies on the short term 
exposure of Clarias albopunctatus (Lamonte and Nichole 1927) to sub-lethal concentrations 
of roundup. Pak J Biol Sci. 2013 Sep 15; 16(18):939-44.  



Not within 
scope/ecological and fate 



Bayir M, Sirkecioglu AN, 
Bayir A, Aras M 



2013 
Bayir M, Sirkecioglu AN, Bayir A, Aras M.Alterations in fatty acids of polar lipids in 
Salmo trutta on long-term exposure to a glyphosate-based herbicide (Roundup). Pak J Biol 
Sci. 2013 Oct 15; 16(20):1194-8.  
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Not within scope/ 
methods generating 



Mol HG, van Dam RC 2014 
Mol HG, van Dam RC.Rapid detection of pesticides not amenable to multi-residue 
methods by flow injection-tandem mass spectrometry. Anal Bioanal Chem. 2014 Nov; 
406(27):6817-25.  



Not within 
scope/ecological and fate 



Mujahid M, Sasikala Ch, 
Ramana ChV 2014 



Mujahid M, Sasikala Ch, Ramana ChV.Aniline is an inducer, and not a precursor, for 
indole derivatives in Rubrivivax benzoatilyticus JA2. PLoS One. 2014; 9(2):e87503.  



Not within 
scope/ecological and fate 



Hock SD, Poulin R 2012 
Hock SD, Poulin R.Exposure of the snail Potamopyrgus antipodarum to herbicide boosts 
output and survival of parasite infective stages. Int J Parasitol Parasites Wildl. 2012 Dec; 
1:13-8.  



Not within scope/ 
hypothesis generating 



Jayasumana C, Gunatilake S, 
Senanayake P 



2014 
Jayasumana C, Gunatilake S, Senanayake P.Glyphosate, hard water and nephrotoxic 
metals: are they the culprits behind the epidemic of chronic kidney disease of unknown 
etiology in Sri Lanka? Int J Environ Res Public Health. 2014 Feb 20; 11(2):2125-47.  



In vitro/no concentration 
measurements for 
glyphosate, metabolites, 
or impurities 



Kwiatkowska M, Huras B, 
Bukowska B 



2014 
Kwiatkowska M, Huras B, Bukowska B.The effect of metabolites and impurities of 
glyphosate on human erythrocytes (in vitro). Pestic Biochem Physiol. 2014 Feb; 109:34-43.  



Not within 
scope/ecological and fate 



Avigliano L, Fassiano AV, 
Medesani DA, RÃos de 
Molina MC, RodrÃguez EM 



2014 
Avigliano L, Fassiano AV, Medesani DA, RÃos de Molina MC, RodrÃguez EM.Effects of 
glyphosate on growth rate, metabolic rate and energy reserves of early juvenile crayfish, 
Cherax quadricarinatus M. Bull Environ Contam Toxicol. 2014 Jun; 92(6):631-5.  



Not within 
scope/ecological and fate 



Hove-Jensen B, Zechel DL, 
Jochimsen B 



2014 
Hove-Jensen B, Zechel DL, Jochimsen B.Utilization of glyphosate as phosphate source: 
biochemistry and genetics of bacterial carbon-phosphorus lyase. Microbiol Mol Biol Rev. 
2014 Mar; 78(1):176-97.  



Not within 
scope/ecological and fate 



Annett R, Habibi HR, 
Hontela A 2014 



Annett R, Habibi HR, Hontela A.Impact of glyphosate and glyphosate-based herbicides on 
the freshwater environment. J Appl Toxicol. 2014 May; 34(5):458-79.  
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Not within 
scope/ecological and fate 



Armiliato N, Ammar D, 
Nezzi L, Straliotto M, Muller 
YM, Nazari EM 



2014 
Armiliato N, Ammar D, Nezzi L, Straliotto M, Muller YM, Nazari EM.Changes in 
ultrastructure and expression of steroidogenic factor-1 in ovaries of zebrafish Danio rerio 
exposed to glyphosate. J Toxicol Environ Health A. 2014; 77(7):405-14.  



Not within 
scope/ecological and fate 



Yang C, Shen S, Wang M, Li 
J 



2013 
Yang C, Shen S, Wang M, Li J.Mild salinization stimulated glyphosate degradation and 
microbial activities in a riparian soil from Chongming Island, China. J Environ Biol. 2013 
Apr; 34(2 Spec No):367-73.  



Formulation/no 
glyphosate measurements 



Cattani D, de Liz Oliveira 
Cavalli VL, Heinz Rieg CE, 
Domingues JT, Dal-Cim T, 
Tasca CI, Mena Barreto Silva 
FR, Zamoner A 



2014 



Cattani D, de Liz Oliveira Cavalli VL, Heinz Rieg CE, Domingues JT, Dal-Cim T, Tasca 
CI, Mena Barreto Silva FR, Zamoner A.Mechanisms underlying the neurotoxicity induced 
by glyphosate-based herbicide in immature rat hippocampus: involvement of glutamate 
excitotoxicity. Toxicology. 2014 Jun 5; 320:34-45.  



Not relevant Oh JS, Choi KH 2014 
Oh JS, Choi KH.Methemoglobinemia associated with metaflumizone poisoning. Clin 
Toxicol (Phila). 2014 Apr; 52(4):288-90.  



Review Samsel A, Seneff S 2013 
Samsel A, Seneff S.Glyphosate, pathways to modern diseases II: Celiac sprue and gluten 
intolerance. Interdiscip Toxicol. 2013 Dec; 6(4):159-84.  



In vitro/no glyphosate 
measurements 



Alvarez-Moya C, Silva MR, 
RamÃrez CV, Gallardo DG, 
SÃ¡nchez RL, Aguirre AC, 
Velasco AF 



2014 
Alvarez-Moya C, Silva MR, RamÃrez CV, Gallardo DG, SÃ¡nchez RL, Aguirre AC, 
Velasco AF.Comparison of the in vivo and in vitro genotoxicity of glyphosate 
isopropylamine salt in three different organisms. Genet Mol Biol. 2014 Mar; 37(1):105-10.  



Not within 
scope/ecological and fate 



Guilherme S, Santos MA, 
GaivÃ£o I, Pacheco M 



2014 



Guilherme S, Santos MA, GaivÃ£o I, Pacheco M.DNA and chromosomal damage induced 
in fish (Anguilla anguilla L.) by aminomethylphosphonic acid (AMPA)--the major 
environmental breakdown product of glyphosate. Environ Sci Pollut Res Int. 2014; 
21(14):8730-9.  



Not within scope/ 
methods generating 



Prasad BB, Jauhari D, Tiwari 
MP 



2014 
Prasad BB, Jauhari D, Tiwari MP.Doubly imprinted polymer nanofilm-modified 
electrochemical sensor for ultra-trace simultaneous analysis of glyphosate and glufosinate. 
Biosens Bioelectron. 2014 Sep 15; 59:81-8.  



In vitro/no glyphosate 
measurements 



Mesnage R, Defarge N, 
Spiroux de VendÃ´mois J, 
SÃ©ralini GE 



2014 
Mesnage R, Defarge N, Spiroux de VendÃ´mois J, SÃ©ralini GE.Major pesticides are 
more toxic to human cells than their declared active principles. Biomed Res Int. 2014; 
2014:179691.  
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Not within 
scope/ecological and fate 



Helmer SH, Kerbaol A, Aras 
P, Jumarie C, Boily M 



2015 
Helmer SH, Kerbaol A, Aras P, Jumarie C, Boily M.Effects of realistic doses of atrazine, 
metolachlor, and glyphosate on lipid peroxidation and diet-derived antioxidants in caged 
honey bees (Apis mellifera). Environ Sci Pollut Res Int. 2015 Jun; 22(11):8010-21.  



Not within 
scope/ecological and fate 



Yusof S, Ismail A, Alias MS 2014 
Yusof S, Ismail A, Alias MS.Effect of glyphosate-based herbicide on early life stages of 
Java medaka (Oryzias javanicus): a potential tropical test fish. Mar Pollut Bull. 2014 Aug 
30; 85(2):494-8.  



Poisoning or incident 



Perry L, Adams RD, Bennett 
AR, Lupton DJ, Jackson G, 
Good AM, Thomas SH, Vale 
JA, Thompson JP, Bateman 
DN, Eddleston M 



2014 



Perry L, Adams RD, Bennett AR, Lupton DJ, Jackson G, Good AM, Thomas SH, Vale JA, 
Thompson JP, Bateman DN, Eddleston M.National toxicovigilance for pesticide exposures 
resulting in health care contact - An example from the UK's National Poisons Information 
Service. Clin Toxicol (Phila). 2014 Jun; 52(5):549-55.  



Not within 
scope/ecological and fate 



Aslam S, Iqbal A, 
Deschamps M, Recous S, 
Garnier P, Benoit P 



2015 
Aslam S, Iqbal A, Deschamps M, Recous S, Garnier P, Benoit P.Effect of rainfall regimes 
and mulch decomposition on the dissipation and leaching of S-metolachlor and glyphosate: 
a soil column experiment. Pest Manag Sci. 2015 Feb; 71(2):278-91.  



Editorial Campbell AW 2014 
Campbell AW.Glyphosate: its effects on humans. Altern Ther Health Med. 2014 May-Jun; 
20(3):9-11.  



Review Schinasi L, Leon ME 2014 
Schinasi L, Leon ME.Non-Hodgkin lymphoma and occupational exposure to agricultural 
pesticide chemical groups and active ingredients: a systematic review and meta-analysis. 
Int J Environ Res Public Health. 2014 Apr 23; 11(4):4449-527.  



In vitro/no measurements 
of glyphosate, 
metabolites, or impurities 



Kwiatkowska M, Nowacka-
Krukowska H, Bukowska B 



2014 
Kwiatkowska M, Nowacka-Krukowska H, Bukowska B.The effect of glyphosate, its 
metabolites and impurities on erythrocyte acetylcholinesterase activity. Environ Toxicol 
Pharmacol. 2014 May; 37(3):1101-8.  



Not within 
scope/ecological and fate 



Saunders LE, Koontz MB, 
Pezeshki R 



2013 
Saunders LE, Koontz MB, Pezeshki R.Root-zone glyphosate exposure adversely affects 
two ditch species. Biology (Basel). 2013 Dec 18; 2(4):1488-96.  
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Not within 
scope/ecological and fate 



Selvi AA, Manonmani HK 2015 
Selvi AA, Manonmani HK.Purification and characterization of carbon-phosphorus bond-
cleavage enzyme from glyphosate degrading Pseudomonas putida T5. Prep Biochem 
Biotechnol. 2015; 45(4):380-97.  



Not within 
scope/ecological and fate 



Sinhorin VD, Sinhorin AP, 
Teixeira JM, MilÃ©ski KM, 
Hansen PC, Moreira PS, 
Kawashita NH, Baviera AM, 
Loro VL 



2014 



Sinhorin VD, Sinhorin AP, Teixeira JM, MilÃ©ski KM, Hansen PC, Moreira PS, 
Kawashita NH, Baviera AM, Loro VL.Effects of the acute exposition to glyphosate-based 
herbicide on oxidative stress parameters and antioxidant responses in a hybrid Amazon fish 
surubim (Pseudoplatystoma sp). Ecotoxicol Environ Saf. 2014 Aug; 106:181-7.  



Not within 
scope/ecological and fate 



Givaudan N, Binet F, Le Bot 
B, Wiegand C 



2014 
Givaudan N, Binet F, Le Bot B, Wiegand C.Earthworm tolerance to residual agricultural 
pesticide contamination: field and experimental assessment of detoxification capabilities. 
Environ Pollut. 2014 Sep; 192:9-18.  



In vitro/no glyphosate 
measurements 



Roustan A, Aye M, De Meo 
M, Di Giorgio C 



2014 
Roustan A, Aye M, De Meo M, Di Giorgio C.Genotoxicity of mixtures of glyphosate and 
atrazine and their environmental transformation products before and after photoactivation. 
Chemosphere. 2014 Aug; 108:93-100.  



Not within 
scope/ecological and fate 



Huang Y, Reddy KN, 
Thomson SJ, Yao H 



2015 
Huang Y, Reddy KN, Thomson SJ, Yao H.Assessment of soybean injury from glyphosate 
using airborne multispectral remote sensing. Pest Manag Sci. 2015 Apr; 71(4):545-52.  



Not within 
scope/ecological and fate 



Baker LF, Mudge JF, 
Houlahan JE, Thompson DG, 
Kidd KA 



2014 
Baker LF, Mudge JF, Houlahan JE, Thompson DG, Kidd KA.The direct and indirect 
effects of a glyphosate-based herbicide and nutrients on Chironomidae (Diptera) emerging 
from small wetlands. Environ Toxicol Chem. 2014 Sep; 33(9):2076-85.  



Not within 
scope/ecological and fate 



GarcÃa-Torres T, GiuffrÃ© 
L, Romaniuk R, RÃos RP, 
Pagano EA 



2014 
GarcÃa-Torres T, GiuffrÃ© L, Romaniuk R, RÃos RP, Pagano EA.Exposure assessment 
to glyphosate of two species of annelids. Bull Environ Contam Toxicol. 2014 Aug; 
93(2):209-14.  



Poisoning or incident 
Mahendrakar K, 
Venkategowda PM, Rao SM, 
Mutkule DP 



2014 
Mahendrakar K, Venkategowda PM, Rao SM, Mutkule DP.Glyphosate surfactant herbicide 
poisoning and management. Indian J Crit Care Med. 2014 May; 18(5):328-30.  
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Not within 
scope/ecological and fate 



Samanta P, Pal S, Mukherjee 
AK, Ghosh AR 



2014 



Samanta P, Pal S, Mukherjee AK, Ghosh AR.Biochemical effects of glyphosate based 
herbicide, Excel Mera 71 on enzyme activities of acetylcholinesterase (AChE), lipid 
peroxidation (LPO), catalase (CAT), glutathione-S-transferase (GST) and protein content 
on teleostean fishes. Ecotoxicol Environ Saf. 2014 Sep; 107:120-5.  



In vitro/formulation/no 
glyphosate measurements 



Cassault-Meyer E, Gress S, 
SÃ©ralini GÃ‰, Galeraud-
Denis I 



2014 
Cassault-Meyer E, Gress S, SÃ©ralini GÃ‰, Galeraud-Denis I.An acute exposure to 
glyphosate-based herbicide alters aromatase levels in testis and sperm nuclear quality. 
Environ Toxicol Pharmacol. 2014 Jul; 38(1):131-40.  



Not within 
scope/ecological and fate 



Navarro CD, Martinez CB 2014 
Navarro CD, Martinez CB.Effects of the surfactant polyoxyethylene amine (POEA) on 
genotoxic, biochemical and physiological parameters of the freshwater teleost Prochilodus 
lineatus. Comp Biochem Physiol C Toxicol Pharmacol. 2014 Sep; 165:83-90.  



Poisoning or incident 
Nishiyori Y, Nishida M, 
Shioda K, Suda S, Kato S 



2014 
Nishiyori Y, Nishida M, Shioda K, Suda S, Kato S.Unilateral hippocampal infarction 
associated with an attempted suicide: a case report. J Med Case Rep. 2014 Jun 23; 8:219.  



Not within scope/ 
methods generating 



Ewald M, Tetard L, Elie-
Caille C, Nicod L, Passian A, 
Bourillot E, Lesniewska E 



2014 
Ewald M, Tetard L, Elie-Caille C, Nicod L, Passian A, Bourillot E, Lesniewska E.From 
surface to intracellular non-invasive nanoscale study of living cells impairments. 
Nanotechnology. 2014 Jul 25; 25(29):295101.  



Enzyme activity/no 
gylphosate 
measurements/no 
histopath changes 
observed in liver, kidney, 
and small intestine 



Larsen K, Najle R, Lifschitz 
A, MatÃ© ML, Lanusse C, 
Virkel GL 



2014 



Larsen K, Najle R, Lifschitz A, MatÃ© ML, Lanusse C, Virkel GL.Effects of Sublethal 
Exposure to a Glyphosate-Based Herbicide Formulation on Metabolic Activities of 
Different Xenobiotic-Metabolizing Enzymes in Rats. Int J Toxicol. 2014 Jul 1; 33(4):307-
318.  



In vitro/formulation/no 
glyphosate measurements 



Coalova I, RÃos de Molina 
Mdel C, Chaufan G 



2014 Coalova I, RÃos de Molina Mdel C, Chaufan G.Influence of the spray adjuvant on the 
toxicity effects of a glyphosate formulation. Toxicol In Vitro. 2014 Oct; 28(7):1306-11.  
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Not within 
scope/ecological and fate 



Maillard E, Imfeld G 2014 Maillard E, Imfeld G.Pesticide mass budget in a stormwater wetland. Environ Sci Technol. 
2014 Aug 5; 48(15):8603-11.  



Not within 
scope/ecological and fate 



Zaller JG, Heigl F, Ruess L, 
Grabmaier A 2014 



Zaller JG, Heigl F, Ruess L, Grabmaier A.Glyphosate herbicide affects belowground 
interactions between earthworms and symbiotic mycorrhizal fungi in a model ecosystem. 
Sci Rep. 2014 Jul 9; 4:5634.  



Not within scope/ 
exposure and monitoring 



Cao L, Deng T, Liang S, Tan 
X, Meng J 



2014 
Cao L, Deng T, Liang S, Tan X, Meng J.Determination of herbicides and its metabolite in 
soil and water samples by capillary electrophoresis-laser induced fluorescence detection 
using microwave-assisted derivatization. Anal Sci. 2014; 30(7):759-66.  



Not within 
scope/ecological and fate 



Kreutz LC, Pavan TR, Alves 
AG, Correia AG, Barriquel 
B, Santos ED, Barcellos LJ 



2014 
Kreutz LC, Pavan TR, Alves AG, Correia AG, Barriquel B, Santos ED, Barcellos 
LJ.Increased immunoglobulin production in silver catfish (Rhamdia quelen) exposed to 
agrichemicals. Braz J Med Biol Res. 2014 Jun; 47(6):499-504.  



Not within 
scope/ecological and fate 



Bai Y, Bao YB, Cai XL, 
Chen CH, Ye XC 



2014 
Bai Y, Bao YB, Cai XL, Chen CH, Ye XC.Feasibility of disposing waste glyphosate 
neutralization liquor with cement rotary kiln. J Hazard Mater. 2014 Aug 15; 278:500-5.  



Not within scope/ 
exposure and monitoring 



Ruiz-Toledo J, Castro R, 
Rivero-PÃ©rez N, Bello-
Mendoza R, SÃ¡nchez D 



2014 
Ruiz-Toledo J, Castro R, Rivero-PÃ©rez N, Bello-Mendoza R, SÃ¡nchez D.Occurrence of 
glyphosate in water bodies derived from intensive agriculture in a tropical region of 
southern Mexico. Bull Environ Contam Toxicol. 2014 Sep; 93(3):289-93.  



Not within 
scope/ecological and fate 



Samanta P, Pal S, Mukherjee 
AK, Ghosh AR 



2014 
Samanta P, Pal S, Mukherjee AK, Ghosh AR.Evaluation of metabolic enzymes in response 
to Excel Mera 71, a glyphosate-based herbicide, and recovery pattern in freshwater 
teleostean fishes. Biomed Res Int. 2014; 2014:425159.  



Not within scope/ 
hypothesis generating Morley WA, Seneff S 2014 



Morley WA, Seneff S.Diminished brain resilience syndrome: A modern day neurological 
pathology of increased susceptibility to mild brain trauma, concussion, and downstream 
neurodegeneration. Surg Neurol Int. 2014; 5:97.  



Not within 
scope/ecological and fate 



Zhou CF, Wang YJ, Sun RJ, 
Liu C, Fan GP, Qin WX, Li 
CC, Zhou DM 



2014 
Zhou CF, Wang YJ, Sun RJ, Liu C, Fan GP, Qin WX, Li CC, Zhou DM.Inhibition effect of 
glyphosate on the acute and subacute toxicity of cadmium to earthworm Eisenia fetida. 
Environ Toxicol Chem. 2014 Oct; 33(10):2351-7.  
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Not within 
scope/ecological and fate 



Koakoski G, Quevedo RM, 
Ferreira D, Oliveira TA, da 
Rosa JG, de Abreu MS, 
Gusso D, Marqueze A, 
Kreutz LC, Giacomini AC, 
Fagundes M, Barcellos LJ 



2014 



Koakoski G, Quevedo RM, Ferreira D, Oliveira TA, da Rosa JG, de Abreu MS, Gusso D, 
Marqueze A, Kreutz LC, Giacomini AC, Fagundes M, Barcellos LJ.Agrichemicals 
chronically inhibit the cortisol response to stress in fish. Chemosphere. 2014 Oct; 112:85-
91.  



Not within scope/ 
methods generating 



Minami T, Liu Y, Akdeniz A, 
Koutnik P, Esipenko NA, 
Nishiyabu R, Kubo Y, 
Anzenbacher P Jr 



2014 
Minami T, Liu Y, Akdeniz A, Koutnik P, Esipenko NA, Nishiyabu R, Kubo Y, 
Anzenbacher P Jr.Intramolecular indicator displacement assay for anions: supramolecular 
sensor for glyphosate. J Am Chem Soc. 2014 Aug 13; 136(32):11396-401.  



Review Duke SO 2015 
Duke SO.Perspectives on transgenic, herbicide-resistant crops in the United States almost 
20 years after introduction. Pest Manag Sci. 2015 May; 71(5):652-7.  



Not within 
scope/ecological and fate 



Demetrio PM, Bonetto C, 
Ronco AE 



2014 
Demetrio PM, Bonetto C, Ronco AE.The effect of cypermethrin, chlorpyrifos, and 
glyphosate active ingredients and formulations on Daphnia magna (Straus). Bull Environ 
Contam Toxicol. 2014 Sep; 93(3):268-73.  



Not within 
scope/ecological and fate 



Guilherme S, Santos MA, 
GaivÃ£o I, Pacheco M 



2014 
Guilherme S, Santos MA, GaivÃ£o I, Pacheco M.Are DNA-damaging effects induced by 
herbicide formulations (RoundupÂ® and GarlonÂ®) in fish transient and reversible upon 
cessation of exposure? Aquat Toxicol. 2014 Oct; 155:213-21.  



Not within 
scope/ecological and fate 



Herbert LT, VÃ¡zquez DE, 
Arenas A, Farina WM 



2014 
Herbert LT, VÃ¡zquez DE, Arenas A, Farina WM.Effects of field-realistic doses of 
glyphosate on honeybee appetitive behaviour. J Exp Biol. 2014 Oct 1; 217(Pt 19):3457-64.  



Not within scope/ 
methods generating 



Sung IH, Lee YW, Chung DS 2014 
Sung IH, Lee YW, Chung DS.Liquid extraction surface analysis in-line coupled with 
capillary electrophoresis for direct analysis of a solid surface sample. Anal Chim Acta. 
2014 Aug 1; 838:45-50.  



Not within 
scope/ecological and fate 



Carranza CS, Barberis CL, 
Chiacchiera SM, Magnoli CE 2014 



Carranza CS, Barberis CL, Chiacchiera SM, Magnoli CE.Influence of the pesticides 
glyphosate, chlorpyrifos and atrazine on growth parameters of nonochratoxigenic 
Aspergillus section Nigri strains isolated from agricultural soils. J Environ Sci Health B. 
2014; 49(10):747-55.  



Formulation/no 
glyphosate measurements 



Tizhe EV, Ibrahim ND, 
Fatihu MY, Igbokwe IO, 
George BD, Ambali SF, 
Shallangwa JM 



2014 
Tizhe EV, Ibrahim ND, Fatihu MY, Igbokwe IO, George BD, Ambali SF, Shallangwa 
JM.Serum biochemical assessment of hepatic and renal functions of rats during oral 
exposure to glyphosate with zinc. Comp Clin Path. 2014; 23:1043-1050.  
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Model/environmental fate 
Geng C, Haudin CS, Zhang 
Y, Lashermes G, Houot S, 
Garnier P 



2015 
Geng C, Haudin CS, Zhang Y, Lashermes G, Houot S, Garnier P.Modeling the release of 
organic contaminants during compost decomposition in soil. Chemosphere. 2015 Jan; 
119:423-31.  



Microbiota/exposure 
unknown/urine samples 
taken 



SchrÃ¶dl W, KrÃ¼ger S, 
Konstantinova-MÃ¼ller T, 
Shehata AA, Rulff R, 
KrÃ¼ger M 



2014 
SchrÃ¶dl W, KrÃ¼ger S, Konstantinova-MÃ¼ller T, Shehata AA, Rulff R, KrÃ¼ger 
M.Possible effects of glyphosate on Mucorales abundance in the rumen of dairy cows in 
Germany. Curr Microbiol. 2014 Dec; 69(6):817-23.  



Not within scope/ 
methods generating 



Ramirez CE, Bellmund S, 
Gardinali PR 



2014 



Ramirez CE, Bellmund S, Gardinali PR.A simple method for routine monitoring of 
glyphosate and its main metabolite in surface waters using lyophilization and LC-
FLD+MS/MS. Case study: canals with influence on Biscayne National Park. Sci Total 
Environ. 2014 Oct 15; 496:389-401.  



Not within 
scope/ecological and fate 



Lopes FM, Varela Junior AS, 
Corcini CD, da Silva AC, 
Guazzelli VG, Tavares G, da 
Rosa CE 



2014 
Lopes FM, Varela Junior AS, Corcini CD, da Silva AC, Guazzelli VG, Tavares G, da Rosa 
CE.Effect of glyphosate on the sperm quality of zebrafish Danio rerio. Aquat Toxicol. 2014 
Oct; 155:322-6.  



Not within 
scope/ecological and fate 



Marques A, Guilherme S, 
GaivÃ£o I, Santos MA, 
Pacheco M 



2014 



Marques A, Guilherme S, GaivÃ£o I, Santos MA, Pacheco M.Progression of DNA damage 
induced by a glyphosate-based herbicide in fish (Anguilla anguilla) upon exposure and 
post-exposure periods--insights into the mechanisms of genotoxicity and DNA repair. 
Comp Biochem Physiol C Toxicol Pharmacol. 2014 Nov; 166:126-33.  



Poisoning or incident 
Jyoti W, Thabah MM, 
Rajagopalan S, Hamide A 



2014 
Jyoti W, Thabah MM, Rajagopalan S, Hamide A.Esophageal perforation and death 
following glyphosate poisoning. J Postgrad Med. 2014 Jul-Sep; 60(3):346-7.  



Not within scope/ 
exposure and monitoring 



BÃ¡ez ME, Fuentes E, 
Espina MJ, Espinoza J 



2014 



BÃ¡ez ME, Fuentes E, Espina MJ, Espinoza J.Determination of glyphosate and 
aminomethylphosphonic acid in aqueous soil matrices: a critical analysis of the 9-
fluorenylmethyl chloroformate derivatization reaction and application to adsorption 
studies. J Sep Sci. 2014 Nov; 37(21):3125-32.  



Not within scope/ 
methods generating 



Raina-Fulton R 2014 
Raina-Fulton R.A review of methods for the analysis of orphan and difficult pesticides: 
glyphosate, glufosinate, quaternary ammonium and phenoxy acid herbicides, and 
dithiocarbamate and phthalimide fungicides. J AOAC Int. 2014 Jul-Aug; 97(4):965-77.  
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Not within 
scope/ecological and fate 



Sinhorin VD, Sinhorin AP, 
Teixeira JM, MilÃ©ski KM, 
Hansen PC, Moeller PR, 
Moreira PS, Baviera AM, 
Loro VL 



2014 
Sinhorin VD, Sinhorin AP, Teixeira JM, MilÃ©ski KM, Hansen PC, Moeller PR, Moreira 
PS, Baviera AM, Loro VL.Metabolic and behavior changes in surubim acutely exposed to 
a glyphosate-based herbicide. Arch Environ Contam Toxicol. 2014 Nov; 67(4):659-67.  



Not within 
scope/ecological and fate 



Xu H, Zhu X, Wang H, Li J, 
Dong L 



2013 
Xu H, Zhu X, Wang H, Li J, Dong L.Mechanism of resistance to fenoxaprop in Japanese 
foxtail (Alopecurus japonicus) from China. Pestic Biochem Physiol. 2013 Sep; 107(1):25-
31.  



Not within scope/ 
methods generating 



Watanabe D, Ohta H, 
Yamamuro T 



2014 
Watanabe D, Ohta H, Yamamuro T.Solid-phase extraction of phosphorous-containing 
amino acid herbicides from biological specimens with a zirconia-coated silica cartridge. J 
Chromatogr B Analyt Technol Biomed Life Sci. 2014 Oct 15; 969:69-76.  



Not within scope/ 
methods generating 



Puzio K, Claude B, Amalric 
L, Berho C, Grellet E, 
Bayoudh S, NehmÃ© R, 
Morin P 



2014 
Puzio K, Claude B, Amalric L, Berho C, Grellet E, Bayoudh S, NehmÃ© R, Morin 
P.Molecularly imprinted polymer dedicated to the extraction of glyphosate in natural 
waters. J Chromatogr A. 2014 Sep 26; 1361:1-8.  



Not within 
scope/comparing 
herbicide effectiveness 



Cusati RC, Barbosa LC, 
Maltha CR, Demuner AJ, 
Oliveros-Bastidas A, Silva 
AA 



2015 
Cusati RC, Barbosa LC, Maltha CR, Demuner AJ, Oliveros-Bastidas A, Silva 
AA.Tetraoxanes as a new class of efficient herbicides comparable with commercial 
products. Pest Manag Sci. 2015 Jul; 71(7):1037-48.  



Not within 
scope/ecological and fate 



Singh B, Singh K 2014 
Singh B, Singh K.Microbial degradation of herbicides. Crit Rev Microbiol. 2014 Aug 27; 
:1-17.  



Not within 
scope/ecological and fate 



Kongsong P, Sikong L, 
Niyomwas S, Rachpech V 



2014 
Kongsong P, Sikong L, Niyomwas S, Rachpech V.Photocatalytic degradation of 
glyphosate in water by N-doped SnO2/TiO2 thin-film-coated glass fibers. Photochem 
Photobiol. 2014 Nov-Dec; 90(6):1243-50.  
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Glyphosate measurements 
in air by ELISA/no 
glyphosate measurement 
for direct 
exposure/treatment 
directly to nose in 
suspension 



Kumar S, Khodoun M, 
Kettleson EM, McKnight C, 
Reponen T, Grinshpun SA, 
Adhikari A 



2014 
Kumar S, Khodoun M, Kettleson EM, McKnight C, Reponen T, Grinshpun SA, Adhikari 
A.Glyphosate-rich air samples induce IL-33, TSLP and generate IL-13 dependent airway 
inflammation. Toxicology. 2014 Nov 5; 325:42-51.  



Review/trend comparison Nevison CD 2014 
Nevison CD.A comparison of temporal trends in United States autism prevalence to trends 
in suspected environmental factors. Environ Health. 2014 Sep 5; 13:73.  



Not within 
scope/ecological and fate 



Nordborg M, Cederberg C, 
Berndes G 



2014 
Nordborg M, Cederberg C, Berndes G.Modeling potential freshwater ecotoxicity impacts 
due to pesticide use in biofuel feedstock production: the cases of maize, rapeseed, salix, 
soybean, sugar cane, and wheat. Environ Sci Technol. 2014 Oct 7; 48(19):11379-88.  



Not within 
scope/ecological and fate 



Forlani G, Bertazzini M, 
Barillaro D, Rippka R 



2015 
Forlani G, Bertazzini M, Barillaro D, Rippka R.Divergent properties and phylogeny of 
cyanobacterial 5-enol-pyruvyl-shikimate-3-phosphate synthases: evidence for horizontal 
gene transfer in the Nostocales. New Phytol. 2015 Jan; 205(1):160-71.  



Not within scope/ 
methods generating 



Liu Y, Bonizzoni M 2014 
Liu Y, Bonizzoni M.A supramolecular sensing array for qualitative and quantitative 
analysis of organophosphates in water. J Am Chem Soc. 2014 Oct 8; 136(40):14223-9.  



Poisoning or incident 



Cherukuri H, Pramoda K, 
Rohini D, Thunga G, 
Vijaynarayana K, Sreedharan 
N, Varma M, Pandit V 



2014 
Cherukuri H, Pramoda K, Rohini D, Thunga G, Vijaynarayana K, Sreedharan N, Varma M, 
Pandit V.Demographics, clinical characteristics and management of herbicide poisoning in 
tertiary care hospital. Toxicol Int. 2014 May; 21(2):209-13.  



Formulation/no 
glyphosate measurements 



Tizhe EV, Ibrahim ND, 
Fatihu MY, Onyebuchi II, 
George BD, Ambali SF, 
Shallangwa JM 



2014 



Tizhe EV, Ibrahim ND, Fatihu MY, Onyebuchi II, George BD, Ambali SF, Shallangwa 
JM.Influence of zinc supplementation on histopathological changes in the stomach, liver, 
kidney, brain, pancreas and spleen during subchronic exposure of Wistar rats to glyphosate. 
Comp Clin Path. 2014; 23(5):1535-1543.  
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Not within 
scope/ecological and fate 



Sabatier P, Poulenard J, 
Fanget B, Reyss JL, Develle 
AL, Wilhelm B, Ployon E, 
Pignol C, Naffrechoux E, 
Dorioz JM, Montuelle B, 
Arnaud F 



2014 



Sabatier P, Poulenard J, Fanget B, Reyss JL, Develle AL, Wilhelm B, Ployon E, Pignol C, 
Naffrechoux E, Dorioz JM, Montuelle B, Arnaud F.Long-term relationships among 
pesticide applications, mobility, and soil erosion in a vineyard watershed. Proc Natl Acad 
Sci U S A. 2014 Nov 4; 111(44):15647-52.  



Not within scope/pest 
management and weed 
resistance 



Owen MD, Beckie HJ, 
Leeson JY, Norsworthy JK, 
Steckel LE 



2015 
Owen MD, Beckie HJ, Leeson JY, Norsworthy JK, Steckel LE.Integrated pest management 
and weed management in the United States and Canada. Pest Manag Sci. 2015 Mar; 
71(3):357-76.  



Review 
Shaw CA, Seneff S, Kette 
SD, Tomljenovic L, Oller JW 
Jr, Davidson RM 



2014 
Shaw CA, Seneff S, Kette SD, Tomljenovic L, Oller JW Jr, Davidson RM.Aluminum-
induced entropy in biological systems: implications for neurological disease. J Toxicol. 
2014; 2014:491316.  



No glyphosate 
measurements 



Abarikwu SO, Akiri OF, 
Durojaiye MA, Adenike A 



2015 



Abarikwu SO, Akiri OF, Durojaiye MA, Adenike A.Combined effects of repeated 
administration of Bretmont Wipeout (glyphosate) and Ultrazin (atrazine) on testosterone, 
oxidative stress and sperm quality of Wistar rats. Toxicol Mech Methods. 2015 Jan; 
25(1):70-80.  



Not relevant 
Seiber JN, Coats J, Duke SO, 
Gross AD 



2014 
Seiber JN, Coats J, Duke SO, Gross AD.Biopesticides: state of the art and future 
opportunities. J Agric Food Chem. 2014 Dec 3; 62(48):11613-9.  



Microbiota/no glyphosate 
measurements 



Ackermann W, Coenen M, 
SchrÃ¶dl W, Shehata AA, 
KrÃ¼ger M 



2015 
Ackermann W, Coenen M, SchrÃ¶dl W, Shehata AA, KrÃ¼ger M.The influence of 
glyphosate on the microbiota and production of botulinum neurotoxin during ruminal 
fermentation. Curr Microbiol. 2015 Mar; 70(3):374-82.  



Not within 
scope/ecological and fate 



Vidal E, Negro A, Cassano 
A, Zalazar C 



2015 
Vidal E, Negro A, Cassano A, Zalazar C.Simplified reaction kinetics, models and 
experiments for glyphosate degradation in water by the UV/H2O2 process. Photochem 
Photobiol Sci. 2015 Feb; 14(2):366-77.  



Not within scope/ 
exposure and monitoring 



Lanaro R, Costa JL, 
Cazenave SO, Zanolli-Filho 
LA, Tavares MF, Chasin AA 



2015 



Lanaro R, Costa JL, Cazenave SO, Zanolli-Filho LA, Tavares MF, Chasin 
AA.Determination of herbicides paraquat, glyphosate, and aminomethylphosphonic acid in 
marijuana samples by capillary electrophoresis. J Forensic Sci. 2015 Jan; 60 Suppl 1:S241-
7.  



In vitro/formulation/no 
glyphosate measurements 



Gress S, Lemoine S, Puddu 
PE, SÃ©ralini GE, Rouet R 



2015 
Gress S, Lemoine S, Puddu PE, SÃ©ralini GE, Rouet R.Cardiotoxic Electrophysiological 
Effects of the Herbicide Roundup(Â®) in Rat and Rabbit Ventricular Myocardium In 
Vitro. Cardiovasc Toxicol. 2015 Oct; 15(4):324-35.  
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Not within 
scope/ecological and fate 



Topal A, Atamanalp M, 
UÃ§ar A, OruÃ§ E, 
Kocaman EM, Sulukan E, 
Akdemir F, Beydemir Åž, 
KÄ±lÄ±nÃ§ N, ErdoÄŸan 
O, Ceyhun SB 



2015 



Topal A, Atamanalp M, UÃ§ar A, OruÃ§ E, Kocaman EM, Sulukan E, Akdemir F, 
Beydemir Åž, KÄ±lÄ±nÃ§ N, ErdoÄŸan O, Ceyhun SB.Effects of glyphosate on juvenile 
rainbow trout (Oncorhynchus mykiss): transcriptional and enzymatic analyses of 
antioxidant defence system, histopathological liver damage and swimming performance. 
Ecotoxicol Environ Saf. 2015 Jan; 111:206-14.  



Not within 
scope/ecological and fate 



Mottier A, SÃ©guin A, 
Devos A, Pabic CL, Voiseux 
C, Lebel JM, Serpentini A, 
Fievet B, Costil K 



2015 
Mottier A, SÃ©guin A, Devos A, Pabic CL, Voiseux C, Lebel JM, Serpentini A, Fievet B, 
Costil K.Effects of subchronic exposure to glyphosate in juvenile oysters (Crassostrea 
gigas): From molecular to individual levels. Mar Pollut Bull. 2015 Jun 30; 95(2):665-77.  



Not within 
scope/ecological and fate 



Castro Ade J, Colares IG, 
Franco TC, Cutrim MV, 
Luvizotto-Santos R 



2015 
Castro Ade J, Colares IG, Franco TC, Cutrim MV, Luvizotto-Santos R.Using a toxicity test 
with Ruppia maritima (Linnaeus) to assess the effects of Roundup. Mar Pollut Bull. 2015 
Feb 28; 91(2):506-10.  



Model/environmental fate 
Mariani ML, Romero RL, 
Zalazar CS 



2015 
Mariani ML, Romero RL, Zalazar CS.Modeling of degradation kinetic and toxicity 
evaluation of herbicides mixtures in water using the UV/H2O2 process. Photochem 
Photobiol Sci. 2015 Mar; 14(3):608-17.  



Not within scope/pest 
management and weed 
resistance 



Sells SM, Held DW, Enloe 
SF, Loewenstein NJ, 
Eckhardt LG 



2015 
Sells SM, Held DW, Enloe SF, Loewenstein NJ, Eckhardt LG.Impact of cogongrass 
management strategies on generalist predators in cogongrass-infested longleaf pine 
plantations. Pest Manag Sci. 2015 Mar; 71(3):478-84.  



Not within 
scope/ecological and fate 



Lima IS, Baumeier NC, Rosa 
RT, Campelo PM, Rosa EA 



2014 
Lima IS, Baumeier NC, Rosa RT, Campelo PM, Rosa EA.Influence of glyphosate in 
planktonic and biofilm growth of Pseudomonas aeruginosa. Braz J Microbiol. 2014; 
45(3):971-5.  



Not relevant 



Pope MA, Spence E, Seralvo 
V, Gacesa R, Heidelberger S, 
Weston AJ, Dunlap WC, 
Shick JM, Long PF 



2015 



Pope MA, Spence E, Seralvo V, Gacesa R, Heidelberger S, Weston AJ, Dunlap WC, Shick 
JM, Long PF.O-Methyltransferase is shared between the pentose phosphate and shikimate 
pathways and is essential for mycosporine-like amino acid biosynthesis in Anabaena 
variabilis ATCC 29413. Chembiochem. 2015 Jan 19; 16(2):320-7.  



Not within 
scope/ecological and fate 



Severns PM, Estep LK, 
Sackett KE, Mundt CC 2014 



Severns PM, Estep LK, Sackett KE, Mundt CC.Degree of host susceptibility in the initial 
disease outbreak influences subsequent epidemic spread. J Appl Ecol. 2014 Dec 1; 
51(6):1622-1630.  
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Not within 
scope/ecological and fate 



Zhu X, Li B, Yang J, Li Y, 
Zhao W, Shi J, Gu J 



2015 
Zhu X, Li B, Yang J, Li Y, Zhao W, Shi J, Gu J.Effective adsorption and enhanced 
removal of organophosphorus pesticides from aqueous solution by Zr-based MOFs of UiO-
67. ACS Appl Mater Interfaces. 2015 Jan 14; 7(1):223-31.  



Not within 
scope/ecological and fate 



Marques A, Guilherme S, 
GaivÃ£o I, Santos MA, 
Pacheco M 



2014 



Marques A, Guilherme S, GaivÃ£o I, Santos MA, Pacheco M.Erratum to: Progression of 
DNA damage induced by a glyphosate-based herbicide in fish (Anguilla anguilla) upon 
exposure and post-exposure periods - Insights into the mechanisms of genotoxicity and 
DNA repair' [Comp. Biochem. Physiol. C 166 (2014) 126-133]. Comp Biochem Physiol C 
Toxicol Pharmacol. 2014 Nov 8; 168C:1.  



Dose injected/no 
glyphosate measurements/ 



HernÃ¡ndez-Plata I, 
Giordano M, DÃaz-MuÃ±oz 
M, RodrÃguez VM 



2015 
HernÃ¡ndez-Plata I, Giordano M, DÃaz-MuÃ±oz M, RodrÃguez VM.The herbicide 
glyphosate causes behavioral changes and alterations in dopaminergic markers in male 
Sprague-Dawley rat. Neurotoxicology. 2015 Jan; 46:79-91.  



Not within scope/pest 
management and weed 
resistance 



Saraiva Ade S, Sarmento RA, 
Erasmo EA, Pedro-Neto M, 
de Souza DJ, Teodoro AV, 
Silva DG 



2015 
Saraiva Ade S, Sarmento RA, Erasmo EA, Pedro-Neto M, de Souza DJ, Teodoro AV, Silva 
DG.Weed management practices affect the diversity and relative abundance of physic nut 
mites. Exp Appl Acarol. 2015 Mar; 65(3):359-75.  



Not within 
scope/ecological and fate 



BÃ¡ez ME, Espinoza J, Silva 
R, Fuentes E 



2015 



BÃ¡ez ME, Espinoza J, Silva R, Fuentes E.Sorption-desorption behavior of pesticides and 
their degradation products in volcanic and nonvolcanic soils: interpretation of interactions 
through two-way principal component analysis. Environ Sci Pollut Res Int. 2015 Jun; 
22(11):8576-85.  



Not within 
scope/ecological and fate 



Gaines TA, Ward SM, Bukun 
B, Preston C, Leach JE, 
Westra P 



2012 
Gaines TA, Ward SM, Bukun B, Preston C, Leach JE, Westra P.Interspecific hybridization 
transfers a previously unknown glyphosate resistance mechanism in Amaranthus species. 
Evol Appl. 2012 Jan; 5(1):29-38.  



Poisoning or incident You MJ, Shin GW, Lee CS 2015 
You MJ, Shin GW, Lee CS.Clostridium tertium bacteremia in a patient with glyphosate 
ingestion. Am J Case Rep. 2015 Jan 6; 16:4-7.  



Review He S, Tang G 2014 
He S, Tang G.[The review of study on glyphosate hebicide toxic effects]. Zhonghua Lao 
Dong Wei Sheng Zhi Ye Bing Za Zhi. 2014 Nov; 32(11):868-71.  



Not within scope/ 
methods generating 



Carneiro RT, Taketa TB, 
Gomes Neto RJ, Oliveira JL, 
Campos EV, de Moraes MA, 



2015 
Carneiro RT, Taketa TB, Gomes Neto RJ, Oliveira JL, Campos EV, de Moraes MA, da 
Silva CM, Beppu MM, Fraceto LF.Removal of glyphosate herbicide from water using 
biopolymer membranes. J Environ Manage. 2015 Mar 15; 151:353-60.  
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Comments Authors 
PubDate 



(Year) 
Full Citation 



da Silva CM, Beppu MM, 
Fraceto LF 



Epidemiology 



Jayasumana C, Paranagama 
P, Agampodi S, Wijewardane 
C, Gunatilake S, Siribaddana 
S 



2015 
Jayasumana C, Paranagama P, Agampodi S, Wijewardane C, Gunatilake S, Siribaddana 
S.Drinking well water and occupational exposure to Herbicides is associated with chronic 
kidney disease, in Padavi-Sripura, Sri Lanka. Environ Health. 2015 Jan 18; 14:6.  



Not within 
scope/ecological and fate 



Kanissery RG, Welsh A, 
Sims GK 



2015 
Kanissery RG, Welsh A, Sims GK.Effect of soil aeration and phosphate addition on the 
microbial bioavailability of carbon-14-glyphosate. J Environ Qual. 2015 Jan; 44(1):137-44.  



Not within 
scope/ecological and fate 



Rampoldi EA, Hang S, 
Barriuso E 



2014 
Rampoldi EA, Hang S, Barriuso E.Carbon-14-glyphosate behavior in relationship to 
pedoclimatic conditions and crop sequence. J Environ Qual. 2014 Mar; 43(2):558-67.  



Not within scope/ 
methods generating 



An K, Gao L 2014 
An K, Gao L.[Study on the method for determination of glyphosate in workplace air by 
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herbicides, and 12 anions in water by ion chromatography. J Sep Sci. 2015 Sep; 
38(17):3096-102.  
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Review Coupe RH, Capel PD 2015 
Coupe RH, Capel PD.Trends in pesticide use on soybean, corn andÂ cotton since the 
introduction of major genetically modified crops in the United States. Pest Manag Sci. 
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Oebalus pugnax (Hemiptera: Pentatomidae) on Graminaceous Hosts in the Delta Region of 
Mississippi. Environ Entomol. 2015 Aug; 44(4):931-8.  



Review/commentary Faria MA 2015 
Faria MA.Glyphosate, neurological diseases - and the scientific method. Surg Neurol Int. 
2015; 6:132.  



Not within scope/pest 
management and weed 
resistance 



Maroli AS, Nandula V, 
Dayan FE, Duke S, Gerard P, 
Tharayil N 



2015 
Maroli AS, Nandula V, Dayan FE, Duke S, Gerard P, Tharayil N.Metabolic profiling and 
enzyme analyses indicate a potential role of antioxidant systems in complementing 
glyphosate resistance in an Amaranthus palmeri biotype. J Agric Food Chem. 2015 Sep 2;   



Not within 
scope/ecological and fate 



Balbuena MS, Tison L, Hahn 
ML, Greggers U, Menzel R, 
Farina WM 



2015 
Balbuena MS, Tison L, Hahn ML, Greggers U, Menzel R, Farina WM.Effects of sublethal 
doses of glyphosate on honeybee navigation. J Exp Biol. 2015 Sep; 218(Pt 17):2799-805.  



Not within 
scope/ecological and fate 



Mayakaduwa SS, 
Kumarathilaka P, Herath I, 
Ahmad M, Al-Wabel M, Ok 
YS, Usman A, Abduljabbar 
A, Vithanage M 



2015 
Mayakaduwa SS, Kumarathilaka P, Herath I, Ahmad M, Al-Wabel M, Ok YS, Usman A, 
Abduljabbar A, Vithanage M.Equilibrium and kinetic mechanisms of woody biochar on 
aqueous glyphosate removal. Chemosphere. 2015 Sep 1;   



Not within 
scope/ecological and fate 



Hagner M, Hallman S, 
Jauhiainen L, Kemppainen R, 
RÃ¤mÃ¶ S, Tiilikkala K, 
SetÃ¤lÃ¤ H 



2015 
Hagner M, Hallman S, Jauhiainen L, Kemppainen R, RÃ¤mÃ¶ S, Tiilikkala K, SetÃ¤lÃ¤ 
H.Birch (Betula spp.) wood biochar is a potential soil amendment to reduce glyphosate 
leaching in agricultural soils. J Environ Manage. 2015 Sep 3; 164:46-52.  



Not within scope/ 
exposure and monitoring 



Skeff W, Neumann C, 
Schulz-Bull DE 



2015 
Skeff W, Neumann C, Schulz-Bull DE.Glyphosate and AMPA in the estuaries of the Baltic 
Sea method optimization and field study. Mar Pollut Bull. 2015 Sep 2;   
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Comments Authors 
PubDate 



(Year) 
Full Citation 



Not within scope/ 
methods generating 



Ross AR, Liao X 2015 



Ross AR, Liao X.A novel method for the rapid determination of polyethoxylated tallow 
amine surfactants in water and sediment using large volume injection with high 
performance liquid chromatography and tandem mass spectrometry. Anal Chim Acta. 2015 
Aug 19; 889:147-55.  



Not within 
scope/ecological and fate 



Fai PB, Mbida M, Demefack 
JM, Yamssi C 



2015 
Fai PB, Mbida M, Demefack JM, Yamssi C.Potential of the microbial assay for risk 
assessment (MARA) for assessing ecotoxicological effects of herbicides to non-target 
organisms. Ecotoxicology. 2015 Sep 11;   



Poisoning or incident 
Caloni F, Cortinovis C, 
Rivolta M, Davanzo F 



2016 
Caloni F, Cortinovis C, Rivolta M, Davanzo F.Suspected poisoning of domestic animals by 
pesticides. Sci Total Environ. 2016 Jan 1; 539:331-6.  



Not within 
scope/ecological and fate 



Song QY, Nan ZB, Gao K, 
Song H, Tian P, Zhang XX, 
Li CJ, Xu WB, Li XZ 



2015 
Song QY, Nan ZB, Gao K, Song H, Tian P, Zhang XX, Li CJ, Xu WB, Li XZ.Antifungal, 
Phytotoxic, and Cytotoxic Activities of Metabolites from EpichloÃ« bromicola, a Fungus 
Obtained from Elymus tangutorum Grass. J Agric Food Chem. 2015 Oct 1;   



Not within scope/ 
methods generating 



Gao X, Gu Y, Huang S, Zhen 
G, Deng G, Xie T, Zhao Y 



2015 
Gao X, Gu Y, Huang S, Zhen G, Deng G, Xie T, Zhao Y.Comparison of alternative 
remediation technologies for recycled gravel contaminated with heavy metals. Waste 
Manag Res. 2015 Sep 28;   



Poisoning or incident 
Lee JW, Hwang IW, Kim 
JW, Moon HJ, Kim KH, Park 
S, Gil HW, Hong SY 



2015 
Lee JW, Hwang IW, Kim JW, Moon HJ, Kim KH, Park S, Gil HW, Hong SY.Common 
Pesticides Used in Suicide Attempts Following the 2012 Paraquat Ban in Korea. J Korean 
Med Sci. 2015 Oct; 30(10):1517-21.  



Not within 
scope/ecological and fate 



Ahmad A, Negri I, Oliveira 
W, Brown C, Asiimwe P, 
Sammons B, Horak M, Jiang 
C, Carson D 



2015 



Ahmad A, Negri I, Oliveira W, Brown C, Asiimwe P, Sammons B, Horak M, Jiang C, 
Carson D.Transportable data from non-target arthropod field studies for the environmental 
risk assessment of genetically modified maize expressing an insecticidal double-stranded 
RNA. Transgenic Res. 2015 Oct 3;   



Not within 
scope/ecological and fate 



Napoli M, Cecchi S, Zanchi 
CA, Orlandini S 2015 



Napoli M, Cecchi S, Zanchi CA, Orlandini S.Leaching of Glyphosate and 
Aminomethylphosphonic Acid through Silty Clay Soil Columns under Outdoor 
Conditions. J Environ Qual. 2015 Sep; 44(5):1667-1673.  



Not within scope/ 
exposure and monitoring 



Aris A, Leblanc S. 2011 
Aris A, Leblanc S. 2011. Maternal and fetal exposure to pesticides associated to genetically 
modified foods in Eastern Townships in Quebec, Canada. Reproductive Toxicology. 31: 
528-533. 
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Comments Authors 
PubDate 



(Year) 
Full Citation 



Not within scope/crop 
composition 



Bohn T, Cuhra M, Traavik T, 
Sanden M, Fagan J, 
Primicerio R.  



2014 
Bohn T, Cuhra M, Traavik T, Sanden M, Fagan J, Primicerio R. 2014. Compositional 
differences in soybeans on the market: glyphosate accumulates in Roundup Ready GM 
soybeans. Food Chemistry. 153: 207-215. 



Not within 
scope/ecological and fate 



Cuhra M, Traavik T, Bohn T.  2014 
Cuhra M, Traavik T, Bohn T. 2014. Life cycle fitness differencs in Daphnia magna fed 
Roundup-Ready soybean or conventional soybean or organic soybean. Aquaculture 
Nutrition. doi: 10.1111/anu.12199. 



Review 



Antoniou M, Habib MEM, 
Howard CV, Jennings RC, 
Leifert C, Nodari RO, 
Robinson CJ, Fagan J. 



2012 



Antoniou M, Habib MEM, Howard CV, Jennings RC, Leifert C, Nodari RO, Robinson CJ, 
Fagan J. 2012. Teratogenic effects of glyphosate-based herbicides: divergence of 
regulatory decisions from scientific evidence. Journal of Environmental and Analytical 
Toxicology. S4:006. doi: 10.4172/2161-0525.S4-006. 



Microbiota/formulation/ 
no glyphosate 
measurements 



Samsel A, Seneff S.  2013 



Samsel A, Seneff S. 2013. Glyphosate’s suppression of Cytochrome P450 enzymes and 
amino acid biosynthesis by the gut microbiome: pathways to modern diseases. Entropy. 15: 
1416-1463. 



 



Embryo 
exposures/formulation/no 
glyphosate measurements 
reported 



Paganelli A, Gnazzo V, 
Acosta H, Lopez SL, 
Carrasco AE.  



2010 
Paganelli A, Gnazzo V, Acosta H, Lopez SL, Carrasco AE. 2010. Glyphosate-based 
herbicides produce teratogenic effects on vertebrates by impairing retinoic acid signaling. 
Chemical Research in Toxicology. 23: 1586-1595. 



Formulation/small sample 
size 



Seralini, GE, Clair E, 
Mesnage R, Gress S, Defarge 
N, Malatesta M, Hennequin 
D, Spiroux de Vendomois J.  



2014 
Seralini, GE, Clair E, Mesnage R, Gress S, Defarge N, Malatesta M, Hennequin D, Spiroux 
de Vendomois J. 2014. Republished study: long-term toxicity of a Roundup herbicide and a 
Roundup-tolerant genetically modified maize. Environmental Sciences Europe. 26: 14. 



 



















UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
WASHINGTON, D.C. 20460      



OFFICE OF CHEMICAL SAFETY 
AND POLLUTION PREVENTION 



MEMORANDUM 



Date: January 13, 2019 



SUBJECT: Glyphosate: Response to Comments on the Proposed Interim Decision Regarding 
the Human Health Risk Assessment 



PC Code: 417300; 103601; 103603; 103604; 103605; DP Barcode: D455459 
103607; 103608; 103613 
Decision No.: 558081 Registration No.: NA 
Petition No.: NA Regulatory Action: Registration Review 
Risk Assessment Type: NA Case No.: 178 
TXR No.: NA CAS No.: 1071-83-6; 38641-94-0; 70393-85-0; 



114370-14-8; 40465-76-7; 69254-40-6; 34494-04-7; 
70901-12-1 



MRID No.: NA 40 CFR: §180.364 



FROM: Monique M. Perron, Sc.D., Toxicologist 
Risk Assessment Branch 1 (RAB1) 
Health Effects Division (HED; 7509P) 



THROUGH: Christine L. Olinger, Branch Chief 
RAB1/HED (7509P) 



TO: Steven Peterson, Chemical Review Manager 
Dana Friedman, Branch Chief 
Pesticide Re-evaluation Division (PRD; 7508P) 



The Office of Pesticide Programs received hundreds of thousands of public comments on the 
proposed interim decision (PID) for glyphosate as part of registration review.  Comments 
regarding the human health risk assessment came from a wide array of stakeholders.  Topics 
relating to human health included concerns with the agency’s cancer assessment, toxicological 
studies, protection of children, and detections of glyphosate.  These comments regarding the 
human health risk assessment for glyphosate have been previously addressed in the Glyphosate: 
Response to Comments on the Human Health Draft Risk Assessment (D448021; M. Perron; 23-
APR-2018) and did not result in changes to the agency’s risk assessment. 



During the public comment period, 65 open literature studies were also identified for the 
agency’s consideration (Appendix A). Of these, 23 were previously identified and considered by 
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the agency as part of two open literature searches conducted to support the draft human health 
risk assessment for registration review.  The agency reviewed the open literature as part of the 
Glyphosate Systematic Review of Open Literature (D417703; TXR 0056885; M. Perron; 12-
DEC-2017) for hazard identification and characterization purposes in order to identify studies 
that could potentially impact the human health risk assessment.  A fit-for-purpose systematic 
review was also executed to obtain relevant and appropriate open literature studies with the 
potential to inform the human carcinogenic potential of glyphosate and detailed in the Revised 
Glyphosate Issue Paper: Evaluation of Carcinogenic Potential (D444689; TXR 0057688; G. 
Akerman; 12-DEC-2017). 



The remaining 42 studies identified during the public comment period were primarily journal 
articles published since these searches were conducted.  The majority of the studies did not 
warrant detailed evaluation for a variety of reasons, such as no effects seen from glyphosate 
exposure, administration via a non-relevant route, effects seen at doses higher than the current 
points of departure, only one dose was tested eliminating the potential for dose-response 
evaluation, lack of glyphosate measurements, and exposure or biomonitoring studies that would 
not impact risk estimates.  Furthermore, several studies were conducted in vitro or evaluated 
biochemical or molecular effects that are difficult to translate into in vivo effects.  These studies 
are typically considered as part of mode of action/adverse outcome pathway (MOA/AOP) 
analyses.  As a result, in vivo studies are given more weight at this time. 



For the in vivo studies identified, the most common limitations/deficiencies were related to the 
nature of the test substance(s) used for exposure. Many of the studies used commercial 
formulations or dilutions; however, direct measurements of the active ingredient were not 
conducted in order to determine actual dose concentrations and/or identification information was 
not provided for the formulation used.  There are numerous glyphosate formulations and 
providing a general product name, such as Roundup, does not provide the agency with 
information to ascertain the exact formulation used and determine all of its chemical 
components.  Additionally, several studies were conducted in other countries and utilized 
formulations that are not registered in the United States.  As a result, the active ingredients and 
other components of the formulation are unknown, and any potential effects cannot be attributed 
to glyphosate and/or defined glyphosate concentrations.  



Several in vitro genotoxicity studies were identified for consideration.  Although positive results 
were observed in some of these studies, there would be no impact on the agency’s weight of 
evidence evaluation of the genotoxic potential of glyphosate since there is sufficient evidence in 
the existing database (described in the Revised Glyphosate Issue Paper: Evaluation of 
Carcinogenic Potential; D444689; TXR 0057688; G. Akerman; 12-DEC-2017) to conclude that 
the in vitro effects claimed by the study authors do not lead to genotoxicity in vivo. 



Two additional journal articles on the association between glyphosate exposure and non-
Hodgkin lymphoma (NHL) were identified for detailed review (D455531; D. Miller; 6-JAN-
2020;).  The following are brief summaries of these journal articles and the agency’s reviews: 



• Zhang et al. (2019) is a review article summarizing epidemiological studies between 
2001 and 2018 on the association between glyphosate exposure and NHL.  All of the 
data/information included in the article was previously considered by the agency as part 
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of the Revised Glyphosate Issue Paper: Evaluation of Carcinogenic Potential (D444689; 
TXR 0057688; G. Akerman; 12-DEC-2017); however, the authors conducted their own 
meta-analysis to incorporate recently published risk estimates for the Agricultural Health 
Study (AHS) cohort (Andreotti et al., 2018) based on their a priori hypothesis that the 
highest exposures to glyphosate will lead to increased risk of NHL in humans1. In its 
detailed review of this study, the agency identified concerns with the meta-analysis as 
performed by the authors.  A supplemental analysis by the agency indicated that a lower 
non-statistically significant meta-risk ratio of 1.14 (95% CI: 0.87-1.50) would be 
obtained if the Andreotti et al. (2018) study is properly incorporated into the meta-
analysis2. Therefore, the meta-analyses performed by Zhang et al. (2019) would not 
impact the conclusions presented in the agency’s revised issue paper. 



• Leon et al. (2019) is a pooled analysis of NHL in agricultural cohorts from France, 
Norway, and the United States (the AHS cohort).  For overall NHL malignancies and 
NHL subtypes, except diffuse large B-cell lymphoma (DLBCL), glyphosate risk 
estimates were less than 1.  For DLBCL a somewhat elevated, but non-statistically 
significant risk estimate of 1.36 (95% CI: 1.00-1.85) was observed. While the analysis 
benefited from a combined cohort of more than 300,000 farmers and farmworkers from 
different countries, only the cohort from the United States used actual measurement 
instruments (self-administered questionnaire) for glyphosate exposure where a smaller 
risk estimate for the DLBCL subtype of 1.2 (95% CI: 0.72-1.98) was obtained.  
Furthermore, the nature and characteristics of the three cohorts differed in substantive 
ways and it is not clear that the statistical adjustments made were adequate to account for 
these differences. 



Therefore, none of the open literature studies identified for the agency’s consideration were 
found to have an impact on the glyphosate hazard characterization, cancer assessment, or human 
health risk assessment. The agency will continue to monitor the open literature for studies that 
use scientifically sound and appropriate methodology and relevant routes of exposure that have 
the potential to impact the risk evaluation of glyphosate. 



1 Here, higher exposures correspond to higher levels, longer durations, and/or greater lags/longer latencies. 
2 We note, however, that the meta-estimate in our Revised Glyphosate Issue paper was 1.27 (95% CI:1.01, 1.59) 
while our updated estimate after incorporating the Andreotti et al. (2018) paper is 1.14 (95% CI: 0.87, 1.50). See D. 
Miller; D455531; 6-JAN-2020 for details and information. 
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Appendix A. Studies identified for the agency’s consideration during the public comment period for the Proposed Interim 
Decision (PID). 



Author Year Title 



Part of previous 
agency open 
literature 
reviews? 



Comments 



Aiassa, D 2019 
Evaluation of genetic damage in pesticide 
applicators from the province of Cordoba, 
Argentina 



No 



ecological epidemiological study; no 
glyphosate-specific estimates; would be 
assigned low quality ranking according to 
process detailed in revised issue paper on 
evaluation of carcinogenic potential 



Alvarez-Moya, C 2013 
Comparison of the in vivo and in vitro genotoxicity 
of glyphosate isopropylamine salt in three different 
organisms 



Yes --



Astiz, M 2009 Antioxidant defense system in rats simultaneously 
intoxicated with agrochemicals Yes --



Baier, Carlos J 2017 
Behavioral impairments following repeated 
intranasal glyphosate-based herbicide 
administration in mice 



No 



Argentina formulation; micropipette 
administration into nostrils (not a relevant 
route); one dose tested; no glyphosate 
measurements 



Benbrook, CM 2019 
How did US EPA and IARC reach diametrically 
opposed conclusions on the genotoxicity of 
glyphosate-based herbicides? 



No 



review paper; examined list of studies 
published since agency’s evaluation; 
supplemental tables comparing EPA and 
IARC yielded one study to reexamine 
(Gasnier et al. 2009 included in table 
below) 



Bolognesi, C 2009 
Biomonitoring of genotoxic risk in agricultural 
workers from five Colombian regions: association 
to occupational exposure to glyphosate 



Yes --



Bolognesi, C 1997 Genotoxic Activity of Glyphosate and Its Technical 
Formulation Roundup Yes --
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Author Year Title 



Part of previous 
agency open 
literature 
reviews? 



Comments 



Bolognesi, C 2011 Micronuclei and pesticide exposure No 



Review article for biomonitoring studies 
for several pesticides; already considered 
the one study on glyphosate (Bolognesi et 
al. 2009) in previous systematic review 



Brendler-Schwaab, S 2005 The in vivo comet assay: use and status in 
genotoxicity testing No No glyphosate information 



Caballero, M 2018 
Estimated Residential exposure of agricultural 
chemicals and premature mortality by Parkinson's 
disease in Washington state 



No 



Glyphosate exposure assessed indirectly 
using geospatial information on 
residential address and crop data from 
WA State from 2011-2015; residential 
address was based only on address listed 
in the death registry for 2011-2015 so the 
analysis was cross-sectional in nature and 
was unable to assess potential lifetime 
exposure based on either changes in WA 
State agriculture or changes in residential 
address; statistical analysis only 
considered the demographic variables sex, 
race, marital status, and education 
indicating limited ability to assess 
confounding or control for co-exposure to 
pesticides and other environmental 
factors; given these limitations, the 
modest risk estimate of 1.3 (95% CI: 1.0-
1.62) may reflect residual confounding 
and is based on a low quality exposure 
assessment that did not directly assess 
individual exposure or allow the 
investigators to assess lifetime exposure 
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Author Year Title 



Part of previous 
agency open 
literature 
reviews? 



Comments 



Cavalli, VL 2013 
Roundup disrupts male reproductive functions by 
triggering calcium-mediated cell death in rat testis 
and Sertoli cells 



Yes --



Dimitroy, BD 2006 
Comparative genotoxicity of the herbicides 
Roundup, Stomp and Reglone in plant and 
mammalian test systems 



Yes --



Gasnier, C 2009 Glyphosate-based herbicides are toxic and 
endocrine disruptors in human cell lines. Yes 



In previous open literature review 
considered non-relevant; reexamination 
indicated it is relevant; in vitro study 
evaluating glyphosate alone and 
formulations for cytotoxicity, estrogenic 
activity, anti-androgenic activity and 
aromatase disruption; only effect reported 
for glyphosate alone was a statistically 
significant, non-concentration dependent 
increase in anti-androgenic activity 



Gehin, A 2005 
Vitamins C and E reverse effect of herbicide-
induced toxicity on human epidermal cells HaCat: 
a biochemometric approach 



Yes --



Ghisi, N 2016 
Does exposure to glyphosate lead to an increase in 
the micronuclei frequency? A systematic and meta-
analytic review 



Yes --



Gillezeau, C 2019 The evidence of human exposure to glyphosate: a 
review No Exposure study; review article; no impact 



on risk estimates 



Grisolia, C 2002 
A comparison between mouse and fish 
micronucleus test using cyclophosphamide, 
mitomycin C and various pesticides 



Yes --



Heu, C 2012 
Glyphosate-induced stiffening of HaCaT 
keratinocytes, a Peak Force Tapping study on 
living cells 



Yes --
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Author Year Title 



Part of previous 
agency open 
literature 
reviews? 



Comments 



Jiang, Xiao 2018 
A commercial Roundup formulation induced male 
germ cell apoptosis by promoting the expression of 
XAF1 in adult mice. 



No 



Formulation by gavage at 60, 180 or 540 
mg/kg/day and in vitro exposures; no 
glyphosate measurements; potential 
effects only seen at dose higher than 
current POD 



Kasuba, V 2017 
Effects of low doses of glyphosate on DNA 
damage, cell proliferation and oxidative stress in 
the HepG2 cell line 



No 



In vitro study evaluating DNA damage, 
cell proliferation and oxidative stress in 
HepG2 cells tested at 3 concentrations of 
glyphosate; non-statistically significant 
increase in proliferative response; primary 
DNA damage (comet assay) decreased 
relative to negative control; increase in 
MN and effects on lipid peroxidation 
were not concentration dependent; no 
convincing glyphosate-related effects 



Kojima, H 2010 Endocrine-disrupting Potential of Pesticides via 
Receptors and Aryl Hydrocarbon Receptor No 



Mini-review; only mention of glyphosate 
is in one table and it was negative for all 
receptors 



Kongtip, P 2017 Glyphosate, and paraquat in maternal and fetal 
serum in Thai Women No Exposure study; no impact on risk 



estimates 



Kubsad, D 2019 
Assessment of Glyphosate Induced Epigenetic 
Transgenerational Inheritance of Pathologies and 
Sperm Epimutations: Generational Toxicology 



No 
Intraperitoneal injection of glyphosate at 
25 mg/kg/day in pregnant females; not a 
relevant route 



Kwiatkowska, M 2016 
DNA damage and methylation induced by 
glyphosate in human peripheral blood mononuclear 
cells (in vitro study) 



No 



Report primary DNA damage at high 
concentrations of glyphosate (0.5 mM and 
higher) and increase in DNA methylation 
of p53 and p16 promoters; methylation 
was statistically significantly increased at 
both concentrations for the p53 promoter, 
but not p16; not enough concentrations 
tested to make a conclusion on impact of 
glyphosate on p53 methylation. 
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Author Year Title 



Part of previous 
agency open 
literature 
reviews? 



Comments 



Leon, M 2019 



Pesticide use and risk of non-Hodgkin lymphoid 
malignancies in agricultural cohorts from 
France, Norway and the USA: a pooled analysis 
from the AGRICOH consortium 



No 
Detailed review performed (D. Miller; 6-
JAN-2020; D455531); summarized in text 
above 



Lioi, M 1998 
Genotoxicity and oxidative stress induced by 
pesticide exposure in bovine lymphocyte cultures 
in vitro 



Yes --



Lueken, A 2004 
Synergistic DNA damage by oxidate stress 
(induced by H2O2) and nongenotoxic 
environmental chemicals in human fibroblasts 



Yes --



Manas, F 2009 
Genotoxicity of AMPA, the environmental 
metabolite of glyphosate, assessed by the Comet 
assay and cytogenetics test 



Yes --



Manas, F 2009 Genotoxicity of glyphosate by the comet assay and 
cytogenetic test Yes --



Manservisi, F 2019 



The Ramazzini Institute 13- week pilot study 
glyphosate-based herbicides administered at 
human-equivalent dose to Sprague Dawley rats: 
effects on development and endocrine system 



No 



Glyphosate and formulation; no blinding 
to dose; small sample size for 
developmental evaluation (n=8/dose); 
generally no adverse effects observed; 
only one dose tested; no glyphosate 
measurement 



Mao, Q 2018 



The Ramazzini Institute 13-week pilot study 
glyphosate-based herbicides administered at 
human-equivalent dose to Sprague Dawley rats: 
effects on the microbiome 



No 



Glyphosate and formulation; no 
glyphosate measurement; evaluated 
changes in microbiome; no link to adverse 
apical outcomes 



Martinez, A 2019 
Effects of glyphosate and aminomethylphosphonic 
acid on an isogeneic model of the human blood-
brain barrier 



No In vitro study; no glyphosate 
measurements 



Mensah, PK 2015 Ecotoxicology of glyphosate and glyphosate-based 
herbicide - toxicity to wildlife and humans No 



Book chapter; all references on human 
health effects from glyphosate already 
considered 
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Author Year Title 



Part of previous 
agency open 
literature 
reviews? 



Comments 



Mesnage, R 2016 
Multiomics reveal non-alcoholic fatty liver disease 
in rats following chronic exposure to an ultra-low 
dose of Roundup herbicide 



No 



Belgium formulation; proteome and 
metabolome data; changes may reflect 
adaptive liver effects; no link to adverse 
apical outcomes 



Milesi, MM 2018 
Perinatal exposure to a glyphosate-based herbicide 
impairs female reproductive outcomes and induces 
second-generation adverse effects in Wistar rats 



No 
Argentina formulation by diet at 2 or 200 
mg/kg/day; potential effects at dose 
higher than current POD 



Milic, M 2018 



Oxidative stress, cholinesterase activity, and DNA 
damage in the liver, whole blood, and plasma of 
Wistar rats following a 28-day exposure to 
glyphosate 



No 



Glyphosate administered via gavage at 
0.1, 0.5, 1.75, and 10 mg/kg/day; 
glyphosate was not measured in dose 
preparations and small sample size (n=5) 
used; no change in body and liver 
weights; plasma and liver ROS and 
plasma GSH levels similar to controls, no 
change in GSH activity in blood, 
inconsistent cholinesterase data and no 
neurotoxicity MOA/AOP for glyphosate 



Mills, PJ 2019 
Glyphosate excretion is associated with 
steatohepatitis and advanced liver fibrosis in 
patients with fatty liver disease 



No 



Study measured glyphosate/AMPA 
metabolite excretion levels in NAFLD 
patients who were either NASH (Non-
Alcoholic Steatohepatitis) or not NASH 
patients and compared glyphosate and 
AMPA measurement in urine; no subjects 
without NAFLD; problems with 
temporality; single urine measurement 
only; no information collected on dietary 
intake or occupation 



Mills, PJ 2017 Excretion of the herbicide Glyphosate in older 
adults between 1993-2016 No Exposure/biomonitoring study; no impact 



on risk estimates 



Niemann, L 2015 
A critical review of glyphosate findings in human 
urine sample and comparison with the exposure of 
operators and consumers 



No 
Review article for exposure; no impact on 
risk estimates; calculations show 
glyphosate exposure well below 
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Author Year Title 



Part of previous 
agency open 
literature 
reviews? 



Comments 



acceptable daily intake (ADI) and 
acceptable operator exposure levels 
(AOEL) 



Parvez, S 2018 
Glyphosate exposure in pregnancy and shortened 
gestational length: a prospective Indiana birth 
cohort study 



No 



Glyphosate levels in urine and drinking 
water; cross-sectional study evaluating 
correlation; no AMPA metabolite 
measured; small sample size; limited 
diversity; no evaluation of other chemical 
exposures (except smoking, caffeine, and 
alcohol) 



Panzacchi, S 2018 



The Ramazzini Institute 13-week pilot study 
glyphosate-based herbicides administered at 
human-equivalent dose to Sprague Dawley rats: 
study design and first in-life endpoints evaluation 



No 
Glyphosate and formulation; no 
glyphosate measurement; no adverse 
effects observed 



Perry, M 2019 Historical evidence of glyphosate exposure from a 
US agricultural cohort No Exposure/biomonitoring; no impact on 



risk estimates 



Pham, T 2019 Perinatal exposure to glyphosate and a glyphosate-
based herbicide affect spermatogenesis in mice No 



Glyphosate and Belgium formulation; no 
glyphosate measurement; small sample 
size for some parameters; no adverse 
effect in several parameters; small 
magnitude of change and/or lack of dose 
response in others; no incidence or 
severity scores reported for 
histopathological evaluations 



Portier, C 2016 Difference in the carcinogenic evaluation of 
glyphosate between the IARC and EFSA Yes --



Prasad, S 2009 Clastogenic Effects of Glyphosate in Bone Marrow 
Cells of Swiss Albino Mice Yes --



Richard, S 2005 Differential Effects of Glyphosate and Roundup on 
Human Placenta Cells and Aromatase Yes --
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Author Year Title 



Part of previous 
agency open 
literature 
reviews? 



Comments 



Roustan, A 2014 
Genotoxicity of mixtures of glyphosate and 
atrazine and their environmental transformation 
products before and after photoactivation 



Yes --



Saleh, SM 2018 
Hepato-morphology and biochemical studies on the 
liver of albino rats after exposure to glyphosate-
Roundup 



No 



Egypt formulation; no glyphosate 
measurements; histopathological findings 
cannot be interpreted without incidence or 
severity scoring 



Santovito, A 2018 In vitro evaluation of genomic damage induced by 
glyphosate on human lymphocytes No 



Authors report chromosomal aberrations 
and micronuclei formation in human 
lymphocytes treated in vitro with 0.025 
µg/mL glyphosate and above; effects 
reported are inconsistent with other 
findings in the literature; sample size too 
small to make reliable conclusions for low 
test concentration 



Schimpf, MG 2015 Neonatal exposure to a glyphosate based herbicide 
alters the development of the rat uterus No 



sc injection (not a relevant route); 
formulation not registered in US; no 
glyphosate measurements; only one dose 
tested 



Sena de Souza, J 2019 
Maternal glyphosate-based herbicide exposure 
alters antioxidant-related genes in the brain and 
serum metabolites of male rat offspring 



No 
Brazil formulation; gene expression 
profiles; no link to adverse apical 
outcomes 



Sena de Souza, J 2017 
Perinatal exposure to glyphosate-based herbicide 
alters the thyrotrophic axis and causes thyroid 
hormone homeostasis imbalance in male rats 



No 



Brazil formulation; no glyphosate 
measurements; no changes in T3 or T4; 
TSH decreased rather than increased and 
presented a flat dose response; hormone 
measurement calibration information not 
reported; gene and metabolomic data 



Seneff, S 2018 Is Glyphosate a key factor in mesoamerican 
nephropathy? No Review article; hypothesis generating 



paper 



Sivikova, K 2005 Cytogenetic effect of technical glyphosate on 
cultivated bovine peripheral lymphocytes Yes --
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Author Year Title 



Part of previous 
agency open 
literature 
reviews? 



Comments 



Stur, E 2019 
Glyphosate-based herbicides at low doses affect 
canonical pathways in estrogen positive and 
negative breast cancer cell lines 



No 
Brazil formulation testing with breast 
cancer cell lines; no glyphosate 
measurements 



Szepanowksi, F 2018 
Differential impact of pure glyphosate and 
glyphosate-based herbicide in a model of 
peripheral nervous system myelination 



No 
No differences in myelination in cultures 
treated with glyphosate compared to 
vehicle control 



Teleken, JL 2019 
Glyphosate-based herbicide exposure during 
pregnancy and lactation malprograms the male 
reproductive morphofunction in F1 offspring 



No 
Brazil formulation; no glyphosate 
measurements/only one dose tested that is 
above current POD 



Thongprakaisang, S 2013 Glyphosate induces human breast cancer cells 
growth via estrogen receptors Yes --



Townsend, M 2017 
Evaluation of various glyphosate concentrations on 
DNA damage in human Raji cells and its impact on 
cytotoxicity 



No 



DNA damage in vitro only at 
concentrations that the authors report as 
several orders of magnitude larger than 
those attainable in vivo 



Vigfusson, N 1980 
The effect of the pesticides, Dexon, Captan and 
Roundup, on sister-chromatid exchanges in human 
lymphocytes in vitro 



Yes --



Von Ehrenstein, O 2019 
Prenatal and infant exposure to ambient pesticides 
and autism spectrum disorder in children: 
population based case-control study 



No 



Assumed exposure from agricultural 
application records (no actual 
measurements) other exposure pathways 
not considered; addresses at time of 
enrollment may not reflect an individual’s 
exposure over pregnancy 



Walsh, L 2000 
Roundup Inhibits Steroidogenesis by Disrupting 
Steroidogenic Acute Regulatory (StAR) Protein 
Expression 



Yes --



Wang, L 2019 
Glyphosate induces benign monoclonal 
gammopathy and promotes multiple myeloma 
progression in mice 



No 
incorrect EPA chronic reference dose 
cited; only one dose tested that is above 
current POD 
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Author Year Title 



Part of previous 
agency open 
literature 
reviews? 



Comments 



Wozniak, E 2018 



The mechanism of DNA damage induced by 
Roundup 360 PLUS, glyphosate and AMPA in 
human peripheral blood mononuclear cells -
genotoxic risk assessment (Accepted Manuscript) 



No 
In vitro study using human lymphocytes; 
DNA damage at glyphosate 
concentrations of 250 µM and higher 



Zhang, L 2019 
Exposure to glyphosphate-based herbicides and 
risk for non-Hodgkin lymphoma: A meta-analysis 
and supporting evidence 



No 
Detailed review performed (D. Miller; 6-
JAN-2020; D455531); summarized in text 
above 
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Overview 
 
 
What Is the Proposed Re-evaluation Decision? 
 
After a re-evaluation of the herbicide glyphosate, Health Canada’s Pest Management Regulatory 
Agency (PMRA), under the authority of the Pest Control Products Act and Regulations, is 
proposing continued registration of products containing glyphosate for sale and use in Canada. 
 
An evaluation of available scientific information found that products containing glyphosate do 
not present unacceptable risks to human health or the environment when used according to 
the proposed label directions. As a condition of the continued registration of glyphosate uses, 
new risk reduction measures are proposed for the end-use products registered in Canada. No 
additional data are being requested at this time.  
 
This proposal affects the products containing glyphosate registered in Canada. Once the final 
re-evaluation decision is made, the registrant will be instructed on how to address any new 
requirements. 
 
This Proposed Re-evaluation Decision is a consultation document1 that summarizes the science 
evaluation for glyphosate and presents the reasons for the proposed re-evaluation decision. It 
also proposes new risk reduction measures to further protect human health and the environment. 
 
The information is presented in two parts. The Overview describes the regulatory process 
and key points of the evaluation, while the Science Evaluation provides detailed technical 
information on the assessment of glyphosate. 
 
The PMRA will accept written comments on this proposal up to 60 days from the date of 
publication of this document. Please forward all comments to Publications (please see contact 
information indicated on the cover page of this document). 
 
What Does Health Canada Consider When Making a Re-evaluation Decision? 
 
Health Canada’s pesticide re-evaluation program considers potential risks as well as the value 
of pesticide products to ensure they meet modern standards established to protect human health 
and the environment. Re-evaluation draws on data from registrants, published scientific reports, 
information from other regulatory agencies and any other relevant information.  
 
In 2010, Health Canada published a re-evaluation work plan for glyphosate (REV2010-02) 
outlining the focus of this re-evaluation and indicating that the PMRA is working cooperatively 
with the United States Environmental Protection Agency on the re-evaluation of glyphosate. 
As part of this re-evaluation, the effect of Polyethoxylated Tallow Amines (POEA) and the 
metabolite and transformation product Aminomethylphosphonic acid (AMPA) are also included.  
 



1  “Consultation statement” as required by subsection 28(2) of the Pest Control Products Act. 
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For more details on the information presented in this overview, please refer to the Science 
Evaluation section of this consultation document. 
 
What Is Glyphosate? 
 
Glyphosate is a non-selective herbicide registered for post-emergence control of a wide spectrum 
of weeds including annual and perennial broadleaf and grassy weeds, weedy trees and brush. It is 
registered under various forms including glyphosate acid, glyphosate isopropylamine or 
ethanolamine salt, glyphosate mono-ammonium or diammonium salt, glyphosate potassium salt 
and glyphosate dimethylamine salt. Another form, glyphosate trimethylsulfonium salt, was 
voluntarily discontinued by the registrant and therefore is not included in the current re-
evaluation. 
 
Glyphosate is registered for use on the following Use-Site Categories (USC): Forests and 
Woodlots, Industrial Oil Seed Crops and Fibre Crops, Terrestrial Feed Crops, Terrestrial Food 
Crops, Industrial and Domestic Vegetation Control Non-food Sites, Ornamentals Outdoors and 
Turf.  
 
Glyphosate products are formulated as solutions, pastes or tablets and can be applied using 
ground or aerial equipment. Some special application techniques are also used.  
 
Health Considerations 
 
Can Approved Uses of Glyphosate Affect Human Health? 
 
Products containing glyphosate acid are unlikely to affect your health when used according 
to label directions.  
 
Potential exposure to glyphosate may occur through the diet (food and water), when handling 
and applying the products containing glyphosate, or by entering treated sites. When assessing 
health risks, two key factors are considered: the levels at which no health effects occur in animal 
testing and the levels to which people may be exposed. The dose levels used to assess risks are 
established to protect the most sensitive human population (for example, children and nursing 
mothers). Only uses for which exposure is well below levels that cause no effects in animal 
testing are considered acceptable for registration.  
 
Toxicology studies in laboratory animals describe potential health effects from varying levels of 
exposure to a chemical and identify the dose at which no effects are observed. The health effects 
noted in animals occur at doses more than 100 times higher (and often much higher) than levels 
to which humans are normally exposed when glyphosate products are used according to label 
directions.  
 
In laboratory animals, glyphosate was of low acute oral, dermal and inhalation toxicity. 
Glyphosate did not cause skin irritation or an allergic skin reaction. It was severely irritating to 
the eyes.  
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Short and long term (lifetime) animal toxicity tests, as well as numerous peer-reviewed studies 
from the published scientific literature were assessed for the potential of glyphosate to cause 
neurotoxicity, immunotoxicity, chronic toxicity, cancer, reproductive and developmental 
toxicity, and various other effects. The most sensitive endpoints used for risk assessment 
included clinical signs of toxicity and developmental effects. There was no indication that the 
young were more sensitive than the adult animal. The risk assessment approach ensures that the 
level of exposure to humans is well below the lowest dose at which these effects occurred in 
animal tests. 
 
The World Health Organization’s (WHO) International Agency for Research on Cancer (IARC) 
recently assigned a hazard classification for glyphosate as “probably carcinogenic to humans”. It 
is important to note that a hazard classification is not a health risk assessment. The level of 
human exposure, which determines the actual risk, was not taken into account by WHO (IARC). 
Pesticides are registered for use in Canada only if the level of exposure to Canadians does not 
cause any harmful effects, including cancer. 
 
Residues in Food and Water 
 
Dietary risks from food and water are not of concern. 
 
Reference doses define levels to which an individual can be exposed over a single day (acute) or 
lifetime (chronic) and expect no adverse health effects. Generally, dietary exposure from food 
and water is acceptable if it is less than 100% of the acute reference dose or chronic reference 
dose (acceptable daily intake). An acceptable daily intake is an estimate of the level of daily 
exposure to a pesticide residue that, over a lifetime, is believed to have no significant harmful 
effects. 
 
Potential acute and chronic dietary exposures to glyphosate were estimated from residues of 
glyphosate and relevant metabolites in both treated crops and drinking water. Exposure to 
different subpopulations, including children and women of reproductive age, were considered. 
The acute dietary exposure estimate (in other words, from food and drinking water) at the 95th 
percentile represents 31% of the acute reference dose (ARfD) for females 13-49 years of age and 
ranges from 12% to 45% of the ARfD for all other population subgroups. The chronic dietary 
exposure estimate for the general population represents 30% of the acceptable daily intake 
(ADI). Exposure estimates for population subgroups range from 20% of the ADI (for adults aged 
50 years or older) to 70% of the ADI (for children 1-2 years old). Thus, acute and chronic dietary 
risks are not of concern. 
 
The Food and Drugs Act prohibits the sale of adulterated food; that is, food containing a 
pesticide residue that exceeds the established maximum residue limit (MRL). Pesticide MRLs 
are established for Food and Drugs Act purposes through the evaluation of scientific data under 
the Pest Control Products Act. Each MRL value defines the maximum concentration in parts per 
million (ppm) of a pesticide allowed in or on certain foods. Food containing a pesticide residue 
that does not exceed the established MRL does not pose a health risk concern. 
 



  
 



Proposed Re-evaluation Decision – PRVD2015-01 
Page 3 











Canadian MRLs for glyphosate are currently specified for a wide range of commodities (MRL 
database). Residues in all other agricultural commodities, including those approved for treatment 
in Canada but without a specific MRL, are regulated under Subsection B.15.002(1) of the Food 
and Drug Regulations, which requires that residues do not exceed 0.1 ppm. The current MRLs 
for glyphosate can be found in Appendix VII of this document. Separate MRLs have been 
established for the trimethylsulfonium (TMS) cation, the major metabolite of the glyphosate-
TMS salt, in/on a variety of commodities. Given that all glyphosate-TMS-containing products 
have been discontinued, it is proposed that all MRLs for the TMS cation be revoked.  
 
Risks in Residential and Other Non-Occupational Environments 
 
Non-occupational risks are not of concern when used according to label directions. 
 
Residential exposure may occur from the application of products containing glyphosate to 
residential lawns, and turf (including golf courses). Residential handler exposure would occur 
from mixing, loading and applying domestic-class glyphosate products. These products can 
be applied as a liquid by a manually pressurized handwand, backpack, sprinkler can and 
ready-to-use sprayer. 
 
Residential postapplication exposure may occur while performing activities on treated areas. 
Treated areas include areas treated by residential handlers as well as residential areas treated by 
commercial applicators. Exposure would be predominantly dermal. Incidental oral exposure may 
also occur for children (1 to < 2 years old) playing in treated areas.  
 
For all domestic class products, the target dermal and inhalation margins of exposure (MOE) 
were met for adults applying glyphosate and are not of concern. Residential postapplication 
activities also met the target dermal MOE for all populations (including golfers) and are not of 
concern. For incidental oral exposure, the target oral MOEs were met for children (1 to < 2 years 
old) and are not of concern. 
 
Non-occupational scenarios were aggregated with background (chronic) dietary exposure (food 
and drinking water). The resulting aggregate risk estimates reached the target MOE for all uses 
and are not of concern. 
 
Non-occupational risks from bystander dermal exposure are not of concern. 
 
Bystander exposure may occur when the general public enter non-cropland areas (for example, 
hiking through forests or parks) that have recently been treated with glyphosate. The resulting 
risk estimates associated with bystander dermal exposure exceeded the target MOE for all 
populations and are not of concern. 
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Occupational Risks from Handling Glyphosate 
 
Occupational risks to handlers are not of concern when used according to label directions. 
 
Risks to handlers are not of concern for all scenarios. Based on the precautions and directions for 
use on the original product labels reviewed for this re-evaluation, risk estimates associated with 
mixing, loading and applying activities exceeded target dermal and inhalation MOEs and are not 
of concern. 
 
Postapplication risks are not of concern for all uses. 
 
Postapplication occupational risk assessments consider exposures to workers entering treated 
sites in agriculture. Based on the current use pattern for agricultural scenarios reviewed for this 
re-evaluation, postapplication risks to workers performing activities, such as scouting, exceeded 
target dermal MOEs and are not of concern. A restricted entry interval of 12 hours is proposed 
for agricultural sites. 
 
Polyethoxylated Tallow Amines 
 
POEA is a family of several compounds that are used as surfactants in many glyphosate products 
registered in Canada. No human health risks of concern were identified, provided end-use 
products contain no more than 20% POEA by weight. All of the currently registered glyphosate 
end-use products in Canada meet this limit. 
 
Environmental Considerations 
 
What Happens When Glyphosate Is Introduced Into the Environment? 
 
When used according to proposed label directions, glyphosate products do not 
pose an unacceptable risk to the environment. Labelled risk-reduction measures 
mitigate potential risks posed by glyphosate formulations to non-target plants and 
freshwater/marine/estuarine organisms. 
 
When glyphosate is released into the environment, it can enter soil and surface water. Glyphosate 
breaks down in soil and water and is not expected to persist for long periods of time. Glyphosate 
produces one major transformation product in soil and water, aminomethyl phosphonic acid 
(AMPA), which can persist in the environment. Carryover of glyphosate and AMPA into the 
next growing season is not expected to be significant. Glyphosate and AMPA are not expected to 
move downward through the soil and are unlikely to enter groundwater. 
 
Glyphosate dissolves readily in water but is expected to move into sediments in aquatic 
environments. Glyphosate is not expected to enter the atmosphere. Glyphosate and AMPA are 
unlikely to accumulate in animal tissues. 
 
Certain glyphosate formulations include a surfactant composed of POEA compounds. At high 
enough concentrations, POEA is toxic to aquatic organisms but is not expected to persist in the 
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environment. While, in general, glyphosate formulations that contain POEA are more toxic to 
freshwater and marine/estuarine organisms than formulations that do not contain POEA, they do 
not pose an unacceptable risk to the environment when used as directed on the label.  
 
In the terrestrial environment the only area of risk concern identified from the available data was 
for terrestrial plants and therefore spray buffer zones are required to reduce exposure to sensitive 
terrestrial plants.  
 
Glyphosate formulations pose a negligible risk to freshwater fish and amphibians, but may pose 
a risk to freshwater algae, freshwater plants, marine/estuarine invertebrates and marine fish if 
exposed to high enough concentrations. Hazard statements and mitigation measures (spray buffer 
zones) are required on product labels to protect aquatic organisms.  
 
Glyphosate, AMPA and POEA do not meet all Toxic Substances Management Policy (TSMP) 
Track 1 criteria and are not considered Track 1 substances. Other than incident reports of damage 
to plants, there are currently no environmental incident reports involving glyphosate in Canada. 
 
Value Considerations 
 
What is the Value of Glyphosate? 
 
Glyphosate plays an important role in Canadian weed management in both agricultural 
production and non-agricultural land management and is the most widely used herbicide 
in Canada. 
 
Glyphosate is an important herbicide for Canadian agriculture, for the following reasons: 
 



• Due to its broad and flexible use pattern and its wide weed-control spectrum, it is the 
most widely used herbicide in several major crops grown in Canada such as canola, 
soybean, field corn and wheat. It is also one of only a few herbicides regularly used in 
fruit orchards such as apple. 



• It is the essential herbicide for use on the glyphosate tolerant crops (GTCs) including 
canola, soybean, corn, sweet corn and sugar beet. The combination of GTCs and 
glyphosate has been adopted as an important agricultural production practice in Canada. 



• It has a wide application window ranging from pre-seeding to after seeding (prior to crop 
emergence), in-crop, pre-harvest or post-harvest, providing a flexible and effective weed 
management program. 



• It is one of few herbicides that can also be used as harvest management and desiccation 
treatment.  



• Post-harvest stubble treatment with glyphosate allows reduced or zero tillage, which has 
facilitated the adoption of conservation agriculture that results in improved soil quality. 
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Glyphosate is also an important weed management tool and is widely used for weed control in 
non-agricultural land management, such as forestry, industrial areas, and along rights-of-way. It 
is an effective tool for control of many invasive weed species and is also used in the control of 
toxic plants such as poison ivy.  
 
Proposed Measures to Minimize Risk 
 
Labels of registered pesticide products include specific instructions for use. Directions include 
risk-reduction measures to protect human health and the environment. These directions must be 
followed by law. As a result of the re-evaluation of glyphosate, the PMRA is proposing further 
risk-reduction measures for product labels. 
 
Human Health 
 



• To protect workers entering treated sites a restricted-entry interval of 12 hours is 
proposed for agricultural uses.  



 
• To protect bystanders, a statement indicating to apply only when the potential for drift to 



areas of human habitation or areas of human activity such as houses, cottages, schools 
and recreational areas is minimal is required.  



 
Environment 
 



• Environmental hazard statements to inform users of its toxicity to non-target species. 
 



• Spray buffer zones to protect non-target terrestrial and aquatic habitats are required.  
 



• To reduce the potential for runoff of glyphosate to adjacent aquatic habitats, 
precautionary statements for sites with characteristics that may be conducive to runoff 
and when heavy rain is forecasted are required. In addition, a vegetative strip between the 
treatment area and the edge of a water body is recommended to reduce runoff of 
glyphosate to aquatic areas.  



 
What Additional Scientific Information is Being Requested?  
 
There are no additional data requirements proposed as a condition of continued registration of 
glyphosate products. 
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Next Steps 
 
Before making a final re-evaluation decision on glyphosate, the PMRA will consider any 
comments received from the public in response to this consultation document. A science-based 
approach will be applied in making a final decision on glyphosate. The PMRA will then publish 
a Re-evaluation Decision2 that will include the decision, the reasons for it, a summary of 
comments received on the proposed decision and the PMRA’s response to these comments. 
 



 
 



2  “Decision statement” as required by subsection 28(5) of the Pest Control Products Act. 
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Science Evaluation 
 
 
1.0 Introduction 
 
Glyphosate is a non-selective systemic herbicide. As an aminophosphonic analogue of the 
natural amino acid glycine, glyphosate is classified as a Weed Science Society of America  
Group 9 herbicide. It disrupts the shikimic acid pathway through inhibition of the enzyme  
5-enolpyruvylshikimate-3-phosphate (EPSP) synthase. The resulting deficiency in EPSP 
production leads to reductions in aromatic amino acids (phenylalanine, tyrosine and tryptophan) 
that are vital for protein synthesis and plant growth. 
 
Following the re-evaluation announcement for glyphosate, the registrants of the technical grade 
active ingredient indicated their support to continue registration of all uses included on the 
labels of end-use products (EPs) containing glyphosate in Canada. Registrants of all Canadian 
glyphosate products are listed in Appendix I.  
 
2.0 The Technical Grade Active Ingredient, Its Properties and Uses 
 
2.1 Identity of the Technical Grade Active Ingredient 
 
Common Name Glyphosate 



Function Herbicide 



Chemical Family Organophosphorus 



Chemical Name  



 1 International Union of Pure 
and Applied Chemistry 
(IUPAC) 



N-(phosphonomethyl)glycine 



 2 Chemical Abstracts Service 
(CAS) 



N-(phosphonomethyl)glycine 



CAS Registry Number 1071-83-6 



Molecular Formula 
 



C3H8NO5P 



Structural Formula 
 HOOC CH2 NH CH2 P



O



OH



OH  
Molecular Weight 
 



169.1 
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The purity (in other words, guarantee) of the currently registered technical grade active 
ingredient is provided in Appendix I. 
 
Identity of relevant impurities of human health or environmental concern include the following:  
 
Based on the manufacturing process used, impurities of human health or environmental concern 
as identified in the Canada Gazette, Part II, Vol. 142, No. 13, SI/2008-67 (2008-06-25), 
including TSMP Track 1 substances, are not expected to be present in the product.  
 
2.2 Physical and Chemical Properties of the Technical Grade Active Ingredient 
 



Property Result 



Vapour pressure at 25°C 1.31 × 10-2 mPa 



Ultraviolet (UV) / visible spectrum Not expected to absorb at λ > 300 nm 



Solubility in water at 20°C 10.5 g/L (pH 1.9) 



n-Octanol/water partition coefficient at 20 °C Log Kow < -3.2 (pH 2-5); Kow < 6.3 × 10-4 



Dissociation constant (pKa) 2.34 (20ºC), 5.73 (20ºC), 10.2 (25ºC) 



 
2.3 Polyethoxylated Tallow Amines 
 
Polyethoxylated tallow amines (POEA) are surfactants consisting of a family of many 
compounds. The general structure for POEA is as follows: 
 



H
O



N
O



H



R



nm  
 
In Canada, majority of the currently registered glyphosate end-use products contain the 
surfactant POEA.  
 
2.4 Description of Registered Glyphosate Uses 
 
Appendix I lists all glyphosate products that are registered under the authority of the Pest 
Control Products Act as of 3 May 2012. A total of 169 products contain glyphosate including 
19 technical grade active ingredients, 19 Manufacturing Concentration, 97 Commercial Class 
end-use products and 34 Domestic Class end-use products. Although glyphosate is registered  
in various forms, there are no differences in efficacy and toxicity end-points among glyphosate 
forms. Therefore, the assessments were based on the glyphosate acid form. 
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Appendix IIa and IIb list all the Commercial Class and Domestic Class uses, respectively, for 
which glyphosate is currently registered. All uses including uses registered through the PMRA 
User Requested Minor Use Label Expansion (URMULE) program were supported by the 
registrants at the time of initiation of re-evaluation and were therefore considered in the health 
and environmental risk assessments. Under the URMULE program, the data supporting the 
minor use registrations are generated by a user group or by the Pest Management Centre of 
Agriculture and Agri-Food Canada.  
 
Uses of glyphosate belong to the following use site categories: Forests and Woodlots (Use-Site 
Category (USC 4), Industrial Oil Seed Crops and Fibre Crops (USC 7), Terrestrial Feed Crops 
(USC 13), Terrestrial Food Crops (USC 14), Industrial and Domestic Vegetation Control  
Non-food Sites (USC 16), Ornamentals Outdoors (USC 27) and Turf (USC 30). 
 
3.0 Impact on Human and Animal Health 
 
3.1 Toxicology Summary 
 
The toxicology database for glyphosate acid (hereafter called glyphosate) was extensive, 
consisting of all guideline toxicity studies required to characterize toxicity of a pesticide.  
For each study type currently required, several studies were available to satisfy the data 
requirements. Considered individually, some of these studies do not meet the current standards 
for testing, although they were considered acceptable at the time of their initial evaluation. 
Overall, the database was considered adequate to define the majority of the toxic effects that may 
result from exposure to glyphosate. Relevant acceptable scientific studies published in the peer-
reviewed literature were also incorporated into the hazard assessment, including those studies 
that were considered by the World Health Organization’s (WHO) International Agency for 
Research on Cancer (IARC) in their recent hazard classification for glyphosate. Hazard 
identification, including carcinogenic potential, is an important component in the determination 
of the potential human health risk of a pesticide. The determination of such risk, however, is not 
solely driven by the hazard profile but is also a function of the potential exposure to the 
pesticide. For this reason, both the hazard and exposure potential must be considered together 
when performing a human health risk assessment for a pesticide, since an identified hazard may 
be offset by the fact that the potential for human exposure is considered to be sufficiently low so 
as not to pose a risk of concern to human health. 
 
Metabolism studies in rats indicated that glyphosate was incompletely but rapidly absorbed 
following administration of single low, single high and repeated oral doses. At low doses, the 
peak plasma concentration was reached within an hour of dosing. Following single high doses, 
the peak plasma concentration was reached five hours after dosing. The bioavailable fraction was 
about 20-23%. The parent compound was the primary form detected in tissues and excreta, 
indicating glyphosate was not metabolized extensively. Approximately 1-5% of the administered 
dose (AD) was distributed in the gastrointestinal (GI) tract, liver, kidneys, bone, lungs, spleen, 
salivary glands and brain. The distribution phase was rapid with a distribution half-life of 
20-30 minutes. About 1-9% of the AD was metabolized to aminomethylphosphonic acid 
(AMPA). Higher quantities (6-9% of AD) of AMPA were detected in feces than in urine 
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(≤1% of AD). In single low- or high-dose oral studies, the excretion of glyphosate was rapid and 
nearly complete after 72 hours. The primary route of excretion was the feces (80-90% of AD) 
followed by urine (10-20% of AD) following single low, single high, and repeated oral doses. 
The elimination half-life of glyphosate was around 14 hours while the elimination half-life of 
AMPA was approximately 15 hours following oral doses of glyphosate.  
 
Glyphosate was of low acute oral and inhalation toxicity in the rat, and of low dermal toxicity in 
the rabbit. Glyphosate was neither a dermal irritant nor a dermal sensitizer. It was severely 
irritating to rabbit eyes.  
 
In oral repeat-dose toxicity studies, effects on salivary glands in rodents, decreased body weight, 
body-weight gain, and clinical signs of toxicity were consistently observed in all test species. 
Additional target organs of toxicity were liver and kidney in rats and dogs, and stomach in mice 
in most of these studies at higher dose levels.  Changes in several clinical chemistry parameters 
were consistent with a mild dehydration. The high doses in most studies reached or exceeded the 
limit dose of testing (in other words, 1000 mg/kg bw/day) due to the low toxicity of glyphosate.  
 
In guideline and non-guideline (National Toxicology Program-NTP) 90-day oral studies in 
rodents, the primary effect in rats was an increased incidence and severity of cytoplasmic 
alterations of the parotid and submandibular glands. Although this effect was also noted in mice, 
it occurred at a dose that exceeded the limit dose. The effects in the parotid gland in Sprague 
Dawley rats was considered to be at the threshold of toxicological adversity at the lowest dose 
tested (30 mg/kg bw/day) due to the mild nature of this effect, and given that these effects in the 
rat salivary glands were commonly observed starting at 100 mg/kg bw/day in other toxicity 
studies. In a 28-day oral study, salivary gland effects were noted in three rat strains at the limit 
dose, but with varying degrees of severity and reversibility. A 14-day mechanistic oral study in 
rats designed to test the hypothesis that the salivary gland effects of glyphosate were mediated 
through an adrenergic pathway did not provide conclusive evidence to substantiate this 
mechanism.  
 
Other effects noted in the short-term studies included increased kidney and lungs weights in male 
mice, and decreased thymus weights, body weight, body-weight gain, and increased plasma bile 
acids in rats. In addition, decreased sperm counts were also noted in rats at dose groups where 
sperm analysis was conducted (three highest doses), with increased testis weights observed at 
higher dose levels. However, no effects were observed in the other examined sperm parameters 
(epididymal weights, epididymal sperm motility, total spermatid heads, and total spermatid 
heads/gram caudal tissue). The estrus cycle length was also slightly longer (5.4 days compared to 
4.9 days) in the high-dose females.  
 
In the 21-day dermal toxicity studies in rats and rabbits, no treatment-related systemic or dermal 
effects were noted in Wistar rats at doses up to 1000 mg/kg bw/day, while SD rats had increased 
incidences of erythema and desquamation of the skin and increased incidences of unilateral 
papillary necrosis, urothelial hyperplasia and pelvic dilation in the kidneys at this dose. Slight 
dermal irritation, but no systemic toxicity was observed in New Zealand White (NZW) rabbits. 
In a 90-day dog study, the only adverse effects noted were decreases in several clinical chemistry 
parameters at a very high dose, which were consistent with decreased food consumption. 
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Decreased ovary weights and increased serum ALP were also observed in females at the high 
dose. Three 12-month dog studies reported more systemic toxicity (body weight and epididymal 
effects) at lower dose levels in males compared to females. However, males were not more 
sensitive than females in other test species. One 12-month study had increased incidences of  
clinical signs of toxicity and increased liver and kidney weights in males. A second study 
reported a dose-related increased incidence of lymphoid nodules in the epididymis and decreased 
pituitary weight in males, with kidney tubular regeneration accompanied by epithelial cells and 
urinary protein in females at this same dose. Increased absolute and relative testis and ovary 
weights were found in the high-dose group.  
 
A third study reported decreased levels of plasma phosphorus, decreased epididymides weights 
and increased transitional epithelial hyperplasia in the kidneys in males, with decreased plasma 
phosphorus levels and thyroid weights in the high-dose females only.  
 
Glyphosate was not genotoxic in the standard battery of in vitro and in vivo tests assessing gene 
mutation, chromosome aberration, and mouse micronucleus anomalies. There was no evidence 
of carcinogenicity in four long-term rat studies. In mice, treatment with glyphosate was 
associated with a marginal increase in the incidence of unilateral tubulostromal adenomas in the 
ovaries, but only at the limit dose of testing. Although historical control data were unavailable, 
based on the marginal increase in the incidence of the ovarian tumours coupled with its 
occurrence at the limit dose and the negative findings in a battery of genotoxicity assays, these 
tumours were considered to be of low concern for human health risk assessment. 
 
Chronic effects were assessed in four long-term rat toxicity studies. One study did not elicit  
any overt toxicity as the dose range was insufficiently high, whereas the high-dose group in the 
other three studies either exceeded or was at the limit dose of testing. Effects included increased 
incidences and severity of cellular alteration in the submandibular and parotid glands, and 
inflammation and hyperplasia of the squamous mucosa in the stomach in both sexes; decreased 
and/or absence of epididymal sperm, degeneration of seminiferous tubules, increased testis 
weight and testicular effects, and myeloid hyperplasia of the bone marrow in males; and 
increased kidney papillary necrosis in females. At or above the limit dose, males had a 
marginally increased incidence of necrosis in the glandular stomach and an increase in kidney 
papillary necrosis and prostatitis, while females had increased incidences of mammary gland 
hyperplasia and cataracts/lens fiber degeneration.  
 
In three gavage rat developmental-toxicity studies, the high doses reached or exceeded the limit 
dose and no evidence for sensitivity of the young was observed. Maternal toxicity occurred at the 
limit dose in rats and included clinical signs of toxicity (salivation, and noisy respiration), 
hydronephrosis and one total litter resorption. In addition, mortality, and decreased body weight 
and body-weight gain were observed at doses above the limit dose. Developmental toxicity was 
also observed only at or above the limit dose. Effects comprised an increased incidence of 
skeletal variants, wavy ribs/rib distortions and hydroureter. Decreased fetal weight, reduced 
ossification, decreased numbers of viable fetuses/dam, and an increased incidence of absent 
kidneys and ureters were also observed at a dose that exceeded the limit dose by over three-fold. 
In three gavage developmental toxicity studies in rabbits, maternal toxicity comprised mainly of 
GI disturbances at similar dose levels, with excessive maternal mortality occurring at higher 
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doses in one study. Post-implantation loss and intra-uterine deaths were commonly noted at the 
highest dose tested. Developmental toxicity included decreased fetal body weight, reduced 
ossification, and increased incidences of 27th presacral vertebrae, and 13th rudimentary and full 
ribs. In one study an increased incidence of fetal cardiovascular variations accompanied with an 
increased incidence of fetal cardiovascular malformations (mainly interventricular septal defects) 
was noted at the highest dose tested. The observation of cardiovascular malformations was 
considered a serious effect in this study, although maternal toxicity was present at the same dose 
level. No evidence of sensitivity of the young was noted.  
 
The reproductive toxicity of glyphosate was investigated in three, two-generation toxicity studies 
in rats. In two of these studies, the high dose reached or exceeded the limit dose. Parental toxicity 
included an increased incidence of hypertrophy of acinar cells with granular cytoplasm in the 
parotid and submandibular glands in both parental generations. At doses at or above the limit 
dose, there was decreased body weight and an increased incidence of soft stools or diarrhea in 
both parental generations, decreased body weight during gestation in F1 females, increased liver 
and kidney weights in the P generation with increased incidences of transitional epithelial 
hyperplasia in the kidney, and glandular and luminal dilatation of the uterus in the F1 generation. 
Reproduction toxicity was noted only at a dose that exceeded the limit dose and included 
decreased litter size with no increase in the number of dead pups per litter. There were no effects 
on mating, pregnancy and fertility indices, sperm parameters, or reproductive performance. 
However, an increased mean number of estrual cycles (P generation) and decreased mean estrual 
cycle length (P and F1 generations) in females was noted at the limit dose. Offspring toxicity 
consisted primarily of decreased body weight in pups. At doses at or exceeding the limit dose, 
there were decreases in litter size, a marginal increase in tubular dilatation/cysts in the kidneys, 
decreased pup spleen and thymus weights and an increased incidence of unilateral and bilateral 
pelvic dilatation of the kidneys. Although decreased body weight in pups was observed at  
non-maternally toxic dose in two of the three studies, this reduction in body weight was 
considered marginal and evidence from other studies in rats indicated that effects on the salivary 
glands (not assessed in these two reproduction toxicity studies) would be expected to occur at 
this dose level in the adult animals. Thus, no evidence of sensitivity of the young was observed 
in these reproduction toxicity studies.  
 
The neurotoxic potential of glyphosate was investigated in acute and 90-day oral neurotoxicity 
studies in rats. In the acute oral (gavage) neurotoxicity study, decreased motor activity was 
observed in females on the first day of dosing. An increased incidence of reduced splay reflex 
and decreased motor activity in males was observed along with other findings (decreased 
activity, subdued behaviour, hunched posture, pinched in sides, tip-toe gait, hypothermia, 
abnormal respiratory noise, diarrhea, and a single mortality in females) at a dose level that was 
two-fold greater than the limit dose. In the 90-day dietary neurotoxicity study, decreased body-
weight gain and food efficiency were noted in males. In the high-dose group, decreased body 
weight and an increased incidence of decreased pupillary response to light were observed in 
males. Decreased body-weight gain and motor activity on week 5 were observed in females of 
the high-dose group. Overall, findings in both acute and short-term neurotoxicity studies were 
considered to reflect systemic/general toxicity rather than evidence of selective neurotoxicity.  
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In a 28-day immunotoxicity study, dose-related increased T-cell dependent antibody response 
and total spleen activity were observed in the test animals. In addition, a non-dose related 
increase in spleen cellularity was noted. Although this test was designed to examine 
immunosuppression, an altered function of the immune system could not be ruled out.  
 
Epidemiology  
 
A number of published epidemiology studies were reviewed for incorporation into the hazard 
assessment of glyphosate, which included the subset of epidemiological information considered 
by the WHO (IARC) in their summary report for glyphosate. However, the majority lacked 
adequate characterization of glyphosate exposure, rendering them of limited use for 
supplementing the hazard assessment. A prospective cohort study of licensed pesticide 
applicators in Iowa and North Carolina, known as the Agricultural Health Study, examined the 
relationship between glyphosate exposure and cancer incidence. The most relevant finding in this 
study was the suggested association between multiple myeloma and glyphosate exposure. 
However, a number of confounding factors (for example, the lack of consideration of exposure to 
UV radiation from sunlight) rendered these findings inconclusive and chance occurrence could 
not be ruled out. The study investigators also indicated that this association required additional 
follow-up. 
 
Cancer Assessment 
 
In consideration of the strength and limitations of the large body of information on glyphosate, 
which included multiple short and long term (lifetime) animal toxicity studies, numerous in vivo 
and in vitro genotoxicity assays, as well as the large body of epidemiological information, the 
overall weight of evidence indicates that glyphosate is unlikely to pose a human cancer risk. This 
is consistent with all other pesticide regulatory authorities world-wide, including the most recent, 
ongoing comprehensive re-evaluation by Germany (Rapporteur Member State for the European 
Union) that was published for public consultation in 2014 (http://dar.efsa.europa.eu/dar-
web/provision). 
 
Toxicity Studies on the Metabolite Aminomethylphosphonic Acid 
 
In a single dose metabolism study with radiolabelled metabolite aminomethylphosphonic acid 
(AMPA), absorption was incomplete. Small quantities of AMPA were recovered in most tissues, 
with the highest percent detected in the muscle and the GI tract. Over 90% of the AD was 
excreted as unchanged AMPA, indicating that AMPA was not further metabolized. Most of the 
excretion occurred via feces compared to urine. Overall, this study showed that AMPA 
possessed metabolic patterns that were similar to those of its parent compound, glyphosate.  
 
AMPA was of low acute oral and dermal toxicity in the rat. AMPA was neither a dermal irritant 
in rabbits nor a dermal sensitizer in guinea pigs. It was minimally irritating to rabbit eyes. 
 
In a 90-day oral study in rats, decreased liver weights were observed in males. An increased 
incidence and severity of mucosal hyperplasia of the bladder was also observed at a dose level 
greater the limit dose. Decreased body weight, and body-weight gain were observed in males.  
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An increased incidence of renal pelvic epithelial hyperplasia was observed at a dose that was 
about five-fold greater than the limit dose. In a supplemental oral 90-day study in rats, a slight 
reduction in body-weight gain in females and a slight increase in kidney weights in males were 
observed at the limit dose.  
 
In a 30-day oral study in dogs, decreased red blood cell counts, hemoglobin concentration, and 
hematocrit levels were noted in females in all dose groups and in the high-dose group in males. 
Increased reticulocyte counts also accompanied these effects. However, in a 90-day oral study in 
dogs, no toxicity was observed at similar dose levels.  
 
AMPA tested negative for gene mutation tests in bacteria and mammalian lymphoma cell lines 
and also tested negative in mouse micronucleus and unscheduled DNA synthesis assays. 
 
In a gavage developmental toxicity study in rats, increased incidences of hair loss and soft and 
mucoid feces were noted in dams. Decreased body weight, body-weight gain and food 
consumption was observed at the limit dose of testing. Developmental toxicity included 
decreased body weight at the limit dose. No evidence of the sensitivity of the young was 
observed in this study. In a supplemental developmental toxicity study, no maternal toxicity was 
noted. Developmental toxicity included increased incidences of reduced ossification and skeletal 
variations.  
 
Overall, based on the available toxicity studies, AMPA was considered of no greater 
toxicological concern than glyphosate. Although no repeated dose toxicity studies were available 
for glyphosate metabolites resulting from genetically modified organism (GMO) crops (in other 
words, N-acetylglyphosate and N-acetyl AMPA), these metabolites were not considered to be of 
a greater toxicological concern than the parent compound, glyphosate, based on a European Food 
Safety Authority assessment. In summary, glyphosate toxicology endpoints were considered 
adequate for the risk assessment of AMPA and the acetylated metabolites of glyphosate.  
 
Results of the toxicology studies conducted on laboratory animals with glyphosate and AMPA 
are summarized in Table 1A and Table 1B of Appendix III, respectively. The toxicology 
endpoints for use in the human health risk assessment are summarized in Table 2 of  
Appendix III. 
 
Pest Control Products Act Hazard Characterization 
 
For assessing risks from potential residues in food or from products used in or around homes or 
schools, the Pest Control Products Act requires the application of an additional 10-fold factor to 
threshold effects to take into account the completeness of the data with respect to the exposure  
of and toxicity to infants and children, and potential prenatal and postnatal toxicity. A different 
factor may be determined to be appropriate on the basis of reliable scientific data.  
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With respect to completeness of the toxicity database as it pertains to the toxicity to infants and 
children, the database contains several studies for each type of required guideline study including 
developmental toxicity studies in rats and rabbits, and two-generation reproduction toxicity 
studies in rats. In addition, applicable studies from the published scientific literature were 
considered, including reviews of studies that were submitted to the European Union Glyphosate 
Task Force.  
 
With respect to identified concerns relevant to the assessment of risk to infants and children,  
the two-generation reproduction toxicity studies in rats provided no indication of increased 
sensitivity of the young. In these studies, offspring toxicity commonly consisted of decreased 
body weight observed at dose levels that produced toxicity to the adult animals. In addition, the 
prenatal developmental toxicity studies in rats did not demonstrate increased sensitivity of the 
fetuses to in utero exposure of glyphosate. In these studies, decreased fetal weights and number 
of viable fetus/dam, in addition to developmental abnormalities (absent kidneys and ureters, 
skeletal variants, wavy ribs, a single incidence of hydroureter) were observed at dose levels that 
reached or exceeded the limit dose and produced moderate to severe toxicity in maternal 
animals.  
 
In developmental toxicity studies in the rabbits, there was no observed increase in susceptibility 
of the fetuses to in utero exposure of glyphosate. In these studies, an increased incidence of 
reduced ossification at various sites was commonly noted at dose levels that produced maternal 
toxicity. In one of these studies, an increased incidence of fetal cardiovascular malformations, 
comprised mainly of interventricular septal defects, was noted in the presence of maternal 
toxicity at the highest dose tested.  
 
Overall, the endpoints in the young were well characterized. The increased incidence of fetal 
cardiovascular malformations noted in a rabbit developmental toxicity study was considered a 
serious endpoint. However, the concern regarding the serious nature of this effect was tempered 
by the presence of maternal toxicity at the same and lower dose levels in this study. Therefore, 
the Pest Control Products Act factor was reduced to three-fold when this endpoint was used to 
establish the point of departure. For all other scenarios, the Pest Control Products Act factor was 
reduced to one-fold since there were no residual uncertainties with respect to the completeness of 
the data, or with respect to potential toxicity to infants and children. 
 
3.2 Dietary Exposure and Risk Assessment 
 
In a dietary exposure assessment, the PMRA determines how much of a pesticide residue, 
including residues in milk and meat, may be ingested with the daily diet. Exposure to glyphosate 
from potentially treated imported foods is also included in the assessment. These dietary 
assessments are age specific and incorporate the different eating habits of the population at 
various stages of life (infants, children, adolescents, adults and seniors). For example, the 
assessments take into account differences in children’s eating patterns, such as food preferences 
and the greater consumption of food relative to their body weight when compared to adults. 
Dietary risk is then determined by the combination of the exposure and the toxicity assessments. 
High toxicity may not indicate high risk if the exposure is low. Similarly, there may be risk from 
a pesticide with low toxicity if the exposure is high. 
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The PMRA considers limiting use of a pesticide when risk exceeds 100% of the reference dose. 
The PMRA Science Policy Note SPN2003-03, Assessing Exposure from Pesticides, A User’s 
Guide, presents detailed acute, chronic and cancer-risk assessment procedures. 
 
Residue estimates used in the dietary risk assessment may be based conservatively (in other 
words, use upperbound estimates) on the maximum residue limits (MRLs) or the field trial data 
representing the residues that may remain on food after treatment at the maximum label rate. 
Surveillance data representative of the national food supply may also be used to derive a more 
accurate estimate of residues that may remain on food when it is purchased. These include the 
Canadian Food Inspection Agency (CFIA) National Chemical Residue Monitoring Program and 
the United States Department of Agriculture Pesticide Data Program (USDA PDP). Specific and 
empirical processing factors as well as specific information regarding percent of crops treated 
may also be incorporated to the greatest extent possible. 
 
In situations where the need to mitigate dietary exposure has been identified, the following 
options are considered. Dietary exposure from Canadian agricultural uses can be mitigated 
through changes in the use pattern. Revisions of the use pattern may include such actions as 
reducing the application rate or the number of seasonal applications, establishing longer  
pre-harvest intervals (PHIs), and/or removing uses from the label. In order to quantify the impact 
of such measures, new residue chemistry studies that reflect the revised use pattern would be 
required. These data would also be required in order to amend MRLs to the appropriate level. 
Imported commodities that have been treated also contribute to the dietary exposure and are 
routinely considered in the risk assessment. The mitigation of dietary exposure that may arise 
from treated imports is generally achieved through the amendment or specification of MRLs. 
 
Acute and chronic exposure and risk assessments were conducted using the Dietary Exposure 
Evaluation Model – Food Commodity Intake DatabaseTM (DEEM-FCIDTM, Version 2.14), which 
incorporates consumption data from the United States Department of Agriculture (USDA) 
Continuing Surveys of Food Intakes by Individuals (CSFII) from 1994 to 1996 and 1998. For 
more information on dietary risk estimates or residue chemistry information used in the dietary 
assessment, see Appendices IV, V and VI. 
 
3.2.1 Determination of Acute Reference Dose 
 
General Population (Excluding Females 13-49 Years of Age) 
 
To estimate acute dietary risk (one day), a rabbit developmental toxicity study with a no 
observed adverse effect level (NOAEL) of 100 mg/kg bw/day was selected for risk assessment. 
An increased incidence of soft stools and diarrhea was observed immediately following the start  
of dosing at 175 mg/kg bw/day. Standard uncertainty factors of 10-fold for interspecies 
extrapolation and 10-fold for intraspecies variability were applied. The Pest Control Products 
Act factor was reduced to one-fold for the reasons outlined in the Pest Control Products Act 
Hazard Characterization section. Therefore, the composite assessment factor (CAF) is 100.  
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The ARfD is calculated according to the following formula:  
 
ARfD = NOAEL = 100 mg/kg bw/day = 1.0 mg/kg bw of glyphosate  
 CAF  100 
 
Females 13-49 years of age  
 
To estimate acute dietary risk (one day) for females 13-49 years of age, a rabbit developmental 
toxicity study with a NOAEL of 150 mg/kg bw/day was selected for risk assessment. An 
increased incidence of cardiovascular malformations was observed at 450 mg/kg bw/day. 
Standard uncertainty factors of 10-fold for interspecies extrapolation and 10-fold for intraspecies 
variability were applied. The Pest Control Products Act factor was reduced to three-fold for the 
reasons outlined in the Pest Control Products Act Hazard Characterization section. Therefore, 
the composite assessment factor (CAF) is 300.  
 
The ARfD is calculated according to the following formula:  
 
ARfD = NOAEL = 150 mg/kg bw/day = 0.5 mg/kg bw of glyphosate  
 CAF 300 
 
3.2.2 Acute Dietary Exposure and Risk Assessment 
 
The acute dietary risk was calculated considering the highest ingestion of glyphosate that would 
be likely on any one day, and using food consumption and food residue values. The expected 
intake of residues is compared to the ARfD, which is the dose at which an individual could be 
exposed on any given day and expect no adverse health effects. When the expected intake of 
residues is less than the ARfD, then acute dietary exposure is not of concern. 
 
The acute dietary exposure assessments were conducted for the acid form of glyphosate 
(including all the metabolites comprised in the residue definition), which is considered to be  
the common moiety for all currently registered forms of glyphosate.  
 
Following the PMRA’s tiered approach, basic (in other words, upperbound) exposure 
assessments were performed for females 13-49 years old and all other population subgroups by 
using MRL/tolerance-level residues for all commodities, default processing factors and assuming 
that all crops were 100% treated. Canadian MRLs, United States tolerances or Codex MRLs, 
whichever was greater, were used for all crops, including imports. Drinking water contribution  
to the exposure was accounted for by direct incorporation of the appropriately estimated 
environmental concentration (EEC), obtained from water modelling (see Section 3.3.1), into the 
dietary exposure evaluation model. 
 
The acute exposure estimate at the 95th percentile for females 13-49 years old is 31% of the 
ARfD and therefore is not of concern. Acute exposure estimates at the 95th percentile for 
population subgroups other than females 13-49 years old range from 12% to 45% of the ARfD 
and therefore are also not of concern. 
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3.2.3 Determination of Acceptable Daily Intake  
 
To estimate dietary risk of long-term exposure, the 26-month chronic toxicity and 
carcinogenicity study in rats with a NOAEL of 32/34 mg/kg bw/day was selected for risk 
assessment. No treatment-related effects were noted in this study. This was the highest 
(combined) NOAEL for the long-term toxicity studies in rats. The lowest (combined) LOAEL 
was 100 mg/kg bw/day, based on reduction in body weight in male rats in the interim 
sacrifice and increased incidences and severity of cellular alterations in the parotid and 
submandibular glands in a 24-month chronic toxicity and carcinogenicity study in rats. These 
NOAELs/LOAELs were further supported by the NOAEL of 30 and the lowest observed adverse 
effect level (LOAEL) of 100 mg/kg bw/day in one-year studies in dogs. Standard uncertainty 
factors of 10-fold for interspecies extrapolation and 10-fold for intra-species variability were 
applied. The Pest Control Products Act was reduced to one-fold for the reasons outlined in the 
Pest Control Products Act Hazard Characterization section. Therefore, the CAF is 100. 
 
The ADI is calculated according to following formula:  
 
ADI = NOAEL = 32 mg/kg bw/day = 0.3 mg/kg bw/day of glyphosate 



CAF 100 
 
This ADI provides a margin of 500 to the NOAEL of 150 mg/kg bw/day for the fetal 
cardiovascular malformations in the rabbit developmental toxicity study.  
 
3.2.4 Chronic Dietary Exposure and Risk Assessment 
 
The chronic dietary risk was calculated by using the average consumption of different foods and 
the average residue values on those foods. This expected intake of residues was then compared  
to the ADI. When the expected intake of residues is less than the ADI, then chronic dietary 
exposure is not of concern. 
 
The chronic dietary exposure assessments were conducted for the acid form of glyphosate 
(including all the metabolites comprised in the residue definition), which is considered to be the 
common moiety for all currently registered forms of glyphosate.  
 
Following the PMRA’s tiered approach, basic (in other words, upperbound) exposure 
assessments were performed for the general population and all population subgroups by using 
MRL/tolerance-level residues for all commodities, default processing factors and assuming that 
all crops were 100% treated. Canadian MRLs, US tolerances or Codex MRLs, whichever was 
greater, were used for all crops, including imports. Drinking water contribution to the exposure 
was accounted for by direct incorporation of the appropriate EEC, obtained from water 
modelling (see Section 3.3.1), into the dietary exposure evaluation model. 
 
The chronic exposure estimate for the general population is 30% of the ADI and, therefore, is not 
of concern. Exposure estimates for population subgroups range from 20% to 70% of the ADI 
and, therefore, are not of concern. 
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3.3 Exposure from Drinking Water 
 
Residues of glyphosate and its metabolite aminomethylphosphonic acid (AMPA) in potential 
drinking water sources were estimated from modelling. 
 
3.3.1 Concentrations in Drinking Water 
 
Drinking water EECs of combined residues of glyphosate and its transformation product AMPA 
in potential sources of drinking water were calculated using PRZM/EXAMS models for a small 
reservoir. EECs in groundwater were not calculated as leaching to groundwater was not detected. 
Most scenarios were run using 50-year weather data. Level 2 (refined) surface water modelling 
was carried out with nine scenarios across Canada to reflect typical crop uses, application rates 
and timing and application methods. The highest surface water reservoir daily peak EEC value of 
0.267 ppm and yearly average EEC value of 0.197 ppm for combined residues of glyphosate and 
AMPA (please refer to Appendix XI, Table XI.7) were used in the acute and the chronic dietary 
exposure assessments, respectively. 
 
3.3.2 Drinking Water Exposure and Risk Assessment 
 
Drinking water exposure estimates were combined with food exposure estimates, with EEC point 
estimates incorporated directly in the dietary (food + drinking water) assessments. Please refer to 
Sections 3.2.2 and 3.2.4 for details. 
 
3.4 Occupational and Non-Occupational Exposure and Risk Assessment 
 
For the purpose of this assessment, information was summarized for glyphosate and each of the 
five salt forms. This integration of information was based on the fact that the majority of use 
patterns among the salt forms are similar and that although variations exist in terms of the range 
of use sites and rates of applications, these differences are limited.  
 
Occupational and non-occupational risk is estimated by comparing potential exposures with the 
most relevant endpoint from toxicology studies to calculate a margin of exposure (MOE). This  
is compared to a target MOE incorporating uncertainty factors protective of the most sensitive 
subpopulation. If the calculated MOE is less than the target MOE, it does not necessarily mean 
that exposure will result in adverse effects, but mitigation measures to reduce risk would be 
required. 
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3.4.1 Toxicology Endpoint Selection for Occupational and Non-Occupational Risk 



Assessment 
 
Incidental Oral, Short-term Dermal and Inhalation Routes 
For incidental oral and occupational/bystander risk assessments for short-term dermal and 
inhalation routes, a 90-day oral study in rats was selected. A NOAEL was not established in 
this study. The LOAEL was 30 mg/kg bw/day based on an increased incidence and severity of 
cellular alteration in the parotid gland. This LOAEL was considered to be at the threshold of 
toxicological adversity due to the mild nature of the cellular alteration in the parotid glands at 
this dose level. As a result, an uncertainty factor (UFL) for extrapolating from a LOAEL to a 
NOAEL was not deemed necessary. Standard uncertainty factors of 10-fold for interspecies 
extrapolation and 10-fold for intraspecies variability were applied. Therefore, the target Margin 
of Exposure (MOE) is 100. 
 
Intermediate- and Long-term Dermal and Inhalation Routes 
 
For occupational/bystander risk assessments for intermediate- and long-term and dermal 
and inhalation routes, the 26-month chronic toxicity and carcinogenicity study in rats with a 
NOAEL of 32/34 mg/kg bw/day was selected for risk assessment. No treatment-related effects 
were noted in this study. This was the highest (combined) NOAEL for the long-term toxicity 
studies in rats. The lowest (combined) LOAEL was 100 mg/kg bw/day based on reduction  
in body weight in male rats in the interim sacrifice and increased incidences and severity of  
cellular alterations in the parotid and submandibular glands in a 24-month chronic toxicity and 
carcinogenicity study in rats. These NOAELS/LOAELS were further supported by the NOAEL 
of 30 and LOAEL of 100 mg/kg bw/day in one-year studies in dogs. Standard uncertainty factors 
of 10-fold for interspecies extrapolation and 10-fold for intraspecies variability were applied. 
Therefore, the target Margin of Exposure (MOE) is 100.  
 
Dermal Absorption 
 
Based on a chemical-specific in vivo dermal absorption study, a dermal absorption factor of 4% 
was determined for the exposure assessment of glyphosate. 
 
3.4.2 Occupational Exposure and Risk Assessment 
Workers can be exposed to glyphosate through mixing, loading, or applying the pesticide, and 
when entering a treated site to conduct activities such as scouting.  
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Mixer, Loader, and Applicator Exposure and Risk Assessment 
 
There are potential exposures to mixers, loaders and applicators. The following scenarios were 
assessed: 
 
•  Mixing/loading liquids. 
•  Liquid groundboom, aerial, airblast, mechanically pressurized handgun, backpack, roller, 



wick and other wiper implements, cut stump, right-of-way (ROW) sprayer, and injection 
application to trees.  



•  Injection application of pastes (pre-loaded cartridges) to trees. 
 
Based on the number of applications and the timing of application, workers applying glyphosate 
would generally have a short (< 30 days) duration of exposure. Custom applicators may also 
have intermediate-term (in other words, up to several months) exposure for those crops with 
multiple applications. Injection applications to trees can occur year-round (except when the barks 
of trees are frozen), so exposure in these scenarios can be long-term.  
 
Handler exposure was estimated based on the following personal protection:  
 
Baseline PPE:   Long sleeved shirt, long pants and chemical-resistant gloves (unless 



otherwise specified). For groundboom application, this scenario does not 
include gloves as the data quality was better for non-gloved scenarios 
than gloved scenarios.  



 
Dermal and inhalation exposures were estimated using data from the Pesticide Handlers 
Exposure Database (PHED), Version 1.1. The PHED is a compilation of generic mixer/loader 
applicator passive dosimetry data with associated software that facilitates the generation of 
scenario-specific exposure estimates based on formulation type, application equipment, mix/load 
systems and level of personal protective equipment (PPE). 
 
Glyphosate is registered for cut stump applications for which no PHED scenario exists. It was 
assumed that exposure from mixing/loading and applying glyphosate by a manually pressurized 
handwand would be comparable to the squirt bottle method used for cut stump applications.  
 
Glyphosate is registered for tree injection applications for which no PHED scenario exists. For 
this scenario, the mixing and loading (liquid) scenario was used to estimate exposure of 
preparing the solution and loading the cartridges. Applicator exposure is expected to be minimal 
as activities are conducted in a closed system. It was assumed that this scenario would be 
protective of the preloaded paste cartridges scenario, as exposure during mixing and loading the 
liquid solution would be higher.  
 
Glyphosate is not applied by hose-end spray or low-pressure nozzle gun sprayer connected to  
a truck. Therefore, these application equipment types were not assessed in the applicator risk 
assessment. 
 



  
 



Proposed Re-evaluation Decision – PRVD2015-01 
Page 23 











 
Mixer/loader/applicator exposure estimates are based on the best available data at this time. 
Route-specific MOEs for mixer/loader and applicators for agricultural crops, commercial and 
recreational areas are outlined in Appendix VII, Tables 1 and 2. Calculated dermal, inhalation, 
and combined (total exposure from dermal and inhalation routes) MOEs for mixer/loaders and 
applicators of glyphosate exceeded target MOEs for all uses and are not of concern.  
 
Postapplication Worker Exposure and Risk Assessment 
 
The postapplication occupational risk assessment considered exposures to workers who enter 
treated sites to conduct agronomic activities involving foliar contact (for example, scouting). 
Based on the glyphosate use pattern, there is potential for short-term (< 30 days) postapplication 
exposure to glyphosate residues for workers.  
 
Activity-specific transfer coefficients (TCs) from the Agricultural Re-entry Task Force (ARTF) 
were used to estimate postapplication exposure resulting from contact with treated turf and 
foliage at various times after application. A TC is a factor that relates worker exposure to 
dislodgeable residues. TCs are specific to a given crop and activity combination (for example, 
hand harvesting apples, scouting late season corn) and reflect standard clothing worn by adult 
workers. Postapplication exposure activities include (but are not limited to): scouting, weeding, 
and transplanting. 
 
As glyphosate is a non-selective herbicide, applications are usually made in the dormant season 
or prior to planting. If application is required when the crop is developing, sprays are directed 
between rows, and shields, wipers and rollers are used to prevent crop damage. In this case, it is 
unlikely that there will be significant residues on the foliage of these crops to which workers 
could come into contact when performing various postapplication activities. However, some 
activities, such as scouting and irrigation, may result in contact with treated foliage. Therefore, 
these postapplication activities were assessed. 
 
Dislodgeable foliar residue (DFR) and turf transferrable residues (TTR) refer to the amount of 
residue that can be dislodged or transferred from a surface, such as the leaves of a plant or 
turf. There were no chemical-specific DFR or TTR studies submitted to the PMRA for the re-
evaluation of glyphosate; therefore the following defaults were used: 
 



• A default peak value of 25% of the application rate with a dissipation rate of 10% per day 
was used for DFR. 



• A default peak value of 1% of the application rate with a dissipation rate of 10% per day 
was used for TTR. 



For workers entering a treated site, restricted entry intervals (REIs) are calculated to determine 
the minimum length of time required before people can safely enter after application. An REI is 
the duration of time that must elapse before residues decline to a level where performance of a 
specific activity results in exposures above the target MOE. 
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The PMRA is primarily concerned with the potential for dermal exposure for workers 
performing postapplication activities in crops treated with a foliar spray. Based on the vapour 
pressure of glyphosate, inhalation exposure is not likely to be of concern provided that the 
minimum 12-hour REI is followed. 
 
Calculated dermal MOEs for worker postapplication exposure to glyphosate in commercial crops 
exceeded target MOEs and are not of concern. REIs were set at the standard minimum value of 
12 hours for all postapplication activities. The postapplication exposure assessment is outlined in 
Appendix VII, Table 3. 
 
3.4.3 Non-Occupational Exposure and Risk Assessment 
 
Non-occupational risk assessment involves estimating risks to the general population, including 
youth and children, during or after pesticide application. 
 
The United States Environmental Protection Agency (USEPA) has generated standard  
default assumptions for developing residential exposure assessments for both applicator and 
postapplication exposures when chemical- and/or site-specific field data are limited. These 
assumptions may be used in the absence of, or as a supplement to, chemical- and/or site-specific 
data and generally result in high-end estimates of exposure. These assumptions are outlined in 
the Standard Operating Procedures (SOPs) for Residential Pesticide Exposure Assessments 
(2012). The following sections from the Residential SOPs were used to assess residential 
exposure to glyphosate: 
 



• Section 3: Lawns and Turf 
• Section 4: Gardens and Trees 



Residential Handler Exposure and Risk Assessment 
 
A residential applicator would be an adult who purchased a domestic-class glyphosate product 
for outdoor residential use.  
 
Residential applicators are assumed to be wearing shorts, short-sleeved shirts, shoes and socks. 
Based on label directions, domestic-class glyphosate products are assumed to be applied two 
times per year (with a seven-day interval); therefore they would have potential for short-term  
(1-30 days) exposure during application to lawns or turf.  
 
Domestic-class glyphosate products are available in both liquid and tablet (water soluble) 
formulations. For tablet formulations, the label instructs the handler to open the tablet packages 
and, without touching the tablets, drop them directly into water to dissolve. This would result  
in minimal handler exposure to the tablet itself. Thus, the tablet formulation was not assessed 
separately, as it was assumed that the risk assessment for the liquid formulation, which has a 
higher level of exposure, would be protective of exposure from the tablet formulation.  
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Based on the typical use pattern, the major scenarios identified were: 



• mixing and loading liquids 
• mixing and loading of water soluble tablets 
• manually pressurized handwand, backpack and sprinkler (liquid) application to lawns and 



turf and gardens and trees 
• ready-to-use sprayer application to lawns and turf, and gardens and trees 



Calculated dermal, inhalation, and combined (total exposure from dermal and inhalation routes) 
MOEs for residential handler exposure to glyphosate exceeded target MOEs and are not of 
concern. The residential handler risk assessment is outlined in Appendix VIII, Table 1. 
 
Residential Postapplication Exposure and Risk Assessment 
 
Residential postapplication exposure refers to an exposure scenario in which an individual is 
exposed through dermal, inhalation, and/or incidental oral (non-dietary ingestion) routes as a 
result of being in a residential environment that has been previously treated with a pesticide.  
The area could have been treated by a residential applicator using a domestic-class product or a 
commercial applicator hired to treat the residential area. 
 
There is potential for short-term exposure to adults, youth (11 to < 16 years old), and children  
(6 to < 11 years old and 1 to < 2 years old) through contact with transferable residues following 
commercial applications of glyphosate to turf, as well as following domestic applications of 
glyphosate to lawns and turf. Adults, youth and children have the potential for postapplication 
dermal exposure; children (1 to < 2 years old) also have the potential for incidental oral 
exposure. As the use rate of domestic class products is greater than the commercial use rate  
for residential settings, the postapplication assessment for products applied by a residential 
applicator is protective of the postapplication exposure to homeowners, youth and children after 
a commercial application of glyphosate to turf. 
 
The following scenarios were assessed for the postapplication exposure to glyphosate: 



• Lawns and Turf 
o Adults, youth, and children (1 to < 2 years old) dermal exposure resulting from 



activities on turf 
o Adult and youth dermal exposure resulting from mowing 
o Adult, youth and children (6 to < 11 years old) dermal exposure resulting from 



golfing 
o Children (1 to < 2 years old) incidental oral exposure 



As per label directions, glyphosate can be applied twice per year (with a seven-day interval). 
This assumption was taken into consideration when determining postapplication risk.  
 
The PMRA is primarily concerned with the potential for dermal exposure for homeowners 
performing postapplication activities in treated residential areas. Non-dietary ingestion of soil 
was not assessed as glyphosate becomes inactive once in the soil. 
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Postapplication dermal exposure using activity-specific TCs was calculated using estimates  
for foliar residue, leaf-to-skin residue transfer for individuals contacting treated foliage during 
certain activities, and exposure time. A TC is a factor that relates exposure to dislodgeable 
residues. It is the amount of treated surface that a person contacts while performing activities  
in a given period (usually expressed in units of cm2 per hour) and is specific to a particular 
population.  
 
For the residential postapplication assessment of glyphosate, transfer coefficients were derived in 
the Residential SOPs for activities conducted on turf, such as mowing and golfing.  
 
Calculated dermal MOEs for residential postapplication exposure, golf and incidental  
oral exposure to glyphosate exceeded target MOEs and are not of concern. The residential  
postapplication risk assessment is outlined in Appendix VIII, Tables 2-5.  
 
Exposure to homeowners who apply glyphosate and conduct postapplication activities in treated 
areas, along with potential dietary exposure, are considered in Section 3.5 – Aggregate Exposure 
and Risk Assessment. 
 
Dermal Bystander Exposure and Risk Assessment 
 
There is potential for short-term exposure to glyphosate for adults, youth (11 to < 16 years old) 
and children (6 to < 11 years old) by entry into treated non-cropland areas (in other words, hiking 
through forests or parks that have recently been treated with glyphosate).  
 
Calculated dermal MOEs for bystander exposure to glyphosate exceeded target MOEs and are 
not of concern. Bystander exposure is outlined in Appendix VIII, Table 6. 
 
3.5 Aggregate Exposure and Risk Assessment 
 
Aggregate exposure is the total exposure to a single pesticide that may occur from food, drinking 
water, residential and other non-occupational sources, and from all known or plausible exposure 
routes (oral, dermal and inhalation). 
 
3.5.1 Toxicology Endpoint Selection for Aggregate Risk Assessment 
 
For aggregate risk assessment (all durations), the selected toxicological endpoint was the 
effect on salivary glands. Salivary glands were not examined in the dermal toxicity studies and a 
short-term inhalation study was not available. Effects on salivary glands could potentially result 
from exposure to glyphosate via inhalation or dermal routes, similar to the effects observed 
following oral exposure to glyphosate. Therefore, the most relevant study was the 26-month 
chronic toxicity and carcinogenicity study in rats with a NOAEL of 32/34 mg/kg bw/day. This 
was the highest (combined) NOAEL for the long-term toxicity studies in rats.  
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The lowest (combined) LOAEL was 100 mg/kg bw/day based on reduction in body weight in 
male rats in the interim sacrifice and increased incidences and severity of cellular alterations in 
the parotid and submandibular glands in a 24-month chronic toxicity and carcinogenicity study 
in rats. Standard uncertainty factors of 10-fold for interspecies extrapolation and 10-fold for 
intraspecies variability were applied. Therefore, the target Margin of Exposure (MOE) is 100.  
 
3.5.2 Residential and Non-Occupational Aggregate Exposure and Risk Assessment 
 
In an aggregate risk assessment, the combined potential risk associated with food, drinking water 
and various residential exposure pathways is assessed. A major consideration is the likelihood of 
co-occurences of exposure.  
 
For glyphosate, the following scenarios that were expected to co-occur are: 



• Inhalation and dermal exposure to homeowners (adults) applying glyphosate to lawns/turf 
+ postapplication dermal exposure (adults) performing activities in treated areas + 
chronic dietary (food and drinking water). 



• Postapplication dermal exposure (youth and children [6 to < 11 years old]) from 
performing postapplication activities in treated lawns/turf + chronic dietary (food and 
drinking water). 



• Postapplication dermal exposure (children 1 to < 2 years old) + incidental oral exposure 
(hand-to-mouth) from performing postapplication activities in treated lawns/turf + 
chronic dietary (food and drinking water). 



When conducting the aggregate exposure assessment, two applications (with a seven-day 
interval) at the highest rate were assumed. All calculated MOEs reached the target MOE except 
for the children (1 to < 2 years old) for the postapplication + incidental oral exposure + chronic 
dietary scenario. Therefore, dietary and non-dietary exposure refinements were required. 
 
The dietary exposure assessment used United States Tolerances or Codex MRLs whenever they 
happened to be greater than Canadian MRLs. However, domestic production and import 
statistics indicated that barley, oats and wheat consumed in Canada are almost totally produced 
in Canada (> 99%), with < 1% imported. Thus it was considered reasonable to use Canadian 
MRLs for these crops as a refinement in the calculation of the chronic dietary exposure estimates 
for the purpose of aggregation with residential exposure only, rather than the United States and 
Codex group tolerance of 30 ppm. The current Canadian MRLs in these cereal crops are as 
follows: barley (and barley flour) – 10 ppm, barley milling fractions (except flour) – 15 ppm, oat 
(and oat flour) – 15 ppm, oat milling fractions (except flour) – 35 ppm, wheat (and wheat flour) – 
5 ppm, and wheat milling fraction (except flour) – 15 ppm. 
 
In addition, assuming two applications (with a seven-day interval) at the maximum application 
rate is a highly conservative exposure assumption, as it is unlikely that children would be 
exposed to turf residues of the highest rate, at the lowest interval of application immediately after 
application. Therefore, a refinement using one application of glyphosate along with a seven-day 
time-weighted TTR average was used (the average resides of glyphosate were calculated over a 
seven-day span) for the entire aggregate assessment for all populations.  
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Using these refinements, all calculated MOEs exceeded the target MOE and are not of concern. 
The aggregate exposure estimates from residential scenarios are presented in Appendix IX, 
Table 1.  
 
3.6 Polyethoxylated Tallow Amines  
 
Polyethoxylated tallow amines (POEA) is a family of several compounds that are used as 
surfactants in many glyphosate products registered in Canada. In 2010, the USEPA completed  
a human health risk assessment for phosphate ester, tallowamine, ethoxylated (ATAE), which  
is a subfamily of POEA (PMRA #2439855). The USEPA currently uses this assessment as the 
basis for the approval of POEA. The USEPA assessment is considered to be applicable to  
the Canadian exposure profile and can be relied upon by PMRA to evaluate POEA risks. This 
assessment was considered acceptable by the PMRA. 
 
The USEPA ATAE assessment was based on very conservative assumptions (for example,  
all crops treated at 100%, highest application rates and default values). Since exposures  
from all pesticidal sources of POEA need to be considered, the potential occupational,  
non-occupational and aggregate exposures from 57 highly used herbicides, fungicides and 
insecticides were evaluated. Given this approach, the POEA risk assessment and conclusions 
apply broadly to all pesticide products. 
 
No risks of concern were identified, provided end-use products contained no more than  
20% POEA by weight. All of the currently registered glyphosate end-use products in Canada 
meet this limit. 
 
In addition, no new toxicity data relevant to the hazard assessment of POEA were found 
following a search of the published scientific literature beyond that identified in the USEPA 
ATAE health risk assessment. As such, an updated risk assessment was not required. 
 
3.7 Incident Reports Related to Human Health  
 
Since 26 April 2007, registrants have been legally required to report incidents to the PMRA that 
include adverse effects to the health of Canadians and to the environment. Information about the 
reporting of pesticide incidents can be found on the PMRA website. Incident reports were 
searched and reviewed for the active ingredient glyphosate. As of January 2014, the PMRA had 
received 71 human and 167 domestic animal incident reports involving glyphosate.  
 
A total of 75 individuals were affected in the human incidents. In almost half of these incidents, 
the described effects were considered to be associated with the reported pesticide exposure. 
Major incident reports involving glyphosate occurred mainly in the United States as a result of 
accidental ingestion. Other highly acutely toxic active ingredients (such as diquat and paraquat) 
were also noted in these incidents. Therefore, any adverse effects could not be attributed 
specifically to glyphosate. Non-serious incidents, which included a prevalence of eye and skin 
irritation effects, occurred as a result of activities associated with application. Commercial class 
products were frequently identified in these incidents.  
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The domestic animal incidents involving glyphosate were mostly animal deaths that occurred 
in the United States. Overall, the reported symptoms in animals were clinical signs of 
toxicity such as vomiting. Contact with a treated area and ingestion of vegetation treated with a 
product containing glyphosate were commonly noted as activities leading to exposure in animal 
incidents. 
 
No label changes resulting from these incident reports are considered necessary at this time. 
 
4.0 Impact on the Environment 
 
The environmental assessment was conducted based on data and information from registrants as 
well as from other regulatory agencies. Additional relevant data from published and unpublished 
scientific literature and monitoring data from federal and provincial governments were also 
considered. 
 
4.1 Fate and Behaviour in the Environment 
 
The fate and behaviour data for glyphosate and its transformation products in terrestrial and 
aquatic environments are presented in Appendix X, Tables X.1 and X.2. 
 
Glyphosate enters the terrestrial environment when it is used as a herbicide in agriculture, 
forestry (site preparation) and non-cropland (right of ways and industrial sites). In the terrestrial 
environment, glyphosate is expected to be non-persistent to moderately persistent in aerobic soil 
(DT50 1.9-151 d), producing the major soil biotransformation product AMPA. Under anaerobic 
conditions (flooded soil), glyphosate is more readily bound to soil and less readily transformed. 
Phototransformation is not expected to be an important route of dissipation.  
 
Glyphosate has a low vapour pressure (1.3 × 10-7 Pa at 25ºC) and a low Henry’s law constant 
(2.1 × 10-9 Pa m3) and is not expected to volatilize under field conditions from water or moist 
soil. Glyphosate is very soluble in water (12 000 mg a.e./L). Under Canadian field conditions 
(agriculture and forestry), glyphosate generally remains in the upper soil horizons and is 
considered to be non-persistent to moderately persistent (DT50 ranging from 6 to 82 days). 
Adsorption/desorption studies, soil column leaching studies, soil thin layer chromatography 
(TLC) studies, ground water modelling, as well the criteria of Cohen et al. (1984) and the 
groundwater ubiquity score (GUS) all indicate that glyphosate has low mobility in soil, remains 
in the upper soil horizon and has a low potential to leach to groundwater. Detection of 
glyphosate in lower structured soil horizons (loams and clay loams) by several researchers is 
believed to be the result of preferential flow through macropores. Glyphosate is rarely detected 
in known drinking water sources and groundwater in Canada, further supporting the conclusion 
that glyphosate is unlikely to contaminate groundwater. In terrestrial environments, AMPA is 
produced mainly through soil biotransformation and is non-persistent to moderately persistent 
(DT50 2.1 to 107 days). 
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Glyphosate can enter aquatic environments through spray drift and runoff from the application 
site. Aerobic aquatic studies indicate that glyphosate dissipates rapidly from the water phase and 
partitions to sediment where transformation occurs more slowly (whole system DT50 7.1 to  
135 days). AMPA is the major transformation product produced. Hydrolysis (DT50 at 25ºC and 
pH 7 was estimated to be >162 days) and aquatic phototransformation (DT50 69 to 413 days at 
pH 7) of glyphosate are not important routes of dissipation. Under anaerobic conditions, 
glyphosate was non-persistent to persistent (DT50 7 to 208 days). 
 
In aerobic aquatic environments, AMPA is found in both water and sediment and is non-
persistent to moderately persistent (total system DT50 10 to 83.4 days). In the water column, 
AMPA partitions to the sediment where it is further transformed to CO2.  
 
The surfactant POEA is expected to be non-volatile, non-persistent in soil and water and 
immobile in soil and sediment. It is not likely to leach to groundwater due to rapid microbial 
transformation and strong adsorption to soil particles.  
 
Glyphosate and AMPA are not expected to bioaccumulate in aquatic and terrestrial organisms 
due to their low octanol-water partition coefficients. Certain surfactants found in glyphosate 
formulations, that are derived from POEA compounds (mixture of 100 discrete tertiary amine 
molecules) may have the potential for bioaccumulation. However, given that the components of 
these compounds are easily broken down and that they are not persistent in soil and water, 
significant bioaccumulation under field conditions is unlikely. 
 
4.2 Environmental Risk Characterization 
 
The environmental risk assessment integrates the environmental exposure and ecotoxicology 
information to estimate the potential for adverse effects on non-target species. This integration is 
achieved by comparing exposure concentrations with concentrations at which adverse effects 
occur. EECs are concentrations of pesticide in various environmental media, such as food, water, 
soil and air. The EECs are estimated using standard models which take into consideration the 
application rate(s), chemical properties and environmental fate properties, including the 
dissipation of the pesticide between applications. EECs are presented in Appendix X, Tables X.3 
to X.7. Ecotoxicology information includes acute and chronic toxicity data for various organisms 
or groups of organisms from both terrestrial and aquatic habitats including invertebrates, 
vertebrates and plants. Toxicity endpoints used in risk assessments may be adjusted to account 
for potential differences in species sensitivity as well as varying protection goals (in other words, 
protection at the community, population, or individual level). Summaries of toxicity data for both 
terrestrial and aquatic non-target organisms to glyphosate are presented in Appendix X, 
Tables X.8 to X.16.  
 
Initially, a screening level risk assessment is performed to identify pesticides and/or specific uses 
that do not pose a risk to non-target organisms, and to identify those groups of organisms for 
which there may be a potential risk. The screening level risk assessment uses simple methods, 
conservative exposure scenarios (for example, direct application at a maximum cumulative 
application rate) and sensitive toxicity endpoints. A risk quotient (RQ) is calculated by dividing 
the exposure estimate by an appropriate toxicity value (RQ = exposure/toxicity), and the risk 
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quotient is then compared to the level of concern (LOC). If the screening level risk quotient is 
below the level of concern, the risk is considered negligible and no further risk characterization 
is necessary. If the screening level risk quotient is equal to or greater than the level of concern, 
then a refined risk assessment is performed to further characterize the risk. A refined assessment 
takes into consideration more realistic exposure scenarios (such as drift to non-target habitats) 
and might consider different toxicity endpoints. Refinements may include further 
characterization of risk based on exposure modelling, monitoring data (Appendix XI), results 
from field or mesocosm studies, and probabilistic risk assessment methods. Refinements to the 
risk assessment may continue until the risk is adequately characterized or no further refinements 
are possible. Data derived from monitoring studies may also be used in refining a risk 
assessment. 
 
Where possible the analysis of toxicity data also includes the determination of the hazardous 
concentration to five percent of species (HC5) from species sensitivity distributions (SSDs) or 
determination of the most sensitive endpoint in each taxonomic group and category. The HC5  
is calculated for acute and chronic data sets using the LC50/EC50 values and no observed effect 
concentration (NOEC) values as appropriate (EC25 was also used for terrestrial plants when no 
other data was available). The HC5 is the concentration that is assumed to be protective for 
ninety-five percent of species of the assessed taxonomic group or assemblage as related  
to the assessment endpoint and ecological protection goal. At an EEC equal to the HC5,  
ninety-five percent of all species (within each taxonomic group) are not expected to be exposed 
to concentrations exceeding their threshold toxicity value (for example, LC50, NOEC).  
 
The software program ETX 2.0 was used with a log-logistic model to generate SSDs where 
sufficient toxicity endpoints were available for different taxa, using all available relevant 
information on toxicity. This reduces the uncertainty in risk estimates and provides endpoints 
that are scientifically robust as compared to single species toxicity test endpoints, as well as 
returning endpoints that are more ecologically relevant as compared to relying on the most 
sensitive species available. Median HC5 values are reported for SSDs and where possible are 
used to determine risk and mitigation measures. The variability in the data sets is indicated by 
the upper and lower bound HC5 estimates and the confidence limit of the fraction of species 
affected, which indicates the minimum and maximum percent of species that could be affected 
when exposed to the HC5 concentration. 
 
Where an HC5 value could not be determined due to insufficient species numbers or lack of 
model fit, etc., the most sensitive species endpoint was reported with the use of appropriate 
uncertainty factors. Where multiple data points are available for one species, a geometric  
mean was used to represent the sensitivity of the species. SSDs were determined for different 
glyphosate formulations, the transformation product AMPA and the formulant POEA for the 
following taxonomic groups (results are reported in Appendix X, Table X.17).  
 



• Terrestrial plants  
• Freshwater invertebrates, fish, algae, amphibians and aquatic plants  
• Marine fish, invertebrates and algae 
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4.2.1 Risks to Terrestrial Organisms 
 
Certain glyphosate formulations include the surfactant POEA, which has been shown to be toxic 
to aquatic organisms under laboratory conditions. For the environmental risk assessment, the 
technical grade active ingredient, transformation product AMPA, POEA and formulated end-use 
products were evaluated. Results for formulated end-use products were categorized into those 
products that contain POEA, those that do not and those for which information was not available 
to determine if they included POEA or not.  
 
Summaries of the toxicity data considered in this review are presented in Appendix X,  
Tables X.8 to X.16. For the assessment of risk, toxicity endpoints chosen from the most sensitive 
species or obtained from the SSD were used as surrogates for the wide range of species that can 
be potentially exposed following treatment with glyphosate. The terrestrial assessment took into 
account the range of agricultural application rates that are registered for glyphosate, taking into 
consideration that there may be multiple applications of glyphosate in a single-use season.  
 
All data sets were grouped by test material type including technical grade active ingredient 
(technical grade active ingredient, includes all forms of glyphosate actives), end-use products 
containing the surfactant POEA (EUP + POEA), end-use products that do not contain POEA 
(EUP NO POEA), POEA alone and the glyphosate transformation product AMPA. All toxicity 
values were normalized to acid equivalent (a.e.). 
 
Terrestrial Invertebrates 
 
Earthworms, Soil Beneficial Insects, Bees, Predators and Parasitic Arthropods 
 
Acute and chronic studies indicate that glyphosate is not toxic to earthworms and the resulting 
risk quotients based on the maximum application rate indicate that glyphosate is not expected to 
pose a risk to earthworms (Appendix X, Table X.18). A risk to the soil beneficial arthropod 
Folsomia candida was observed at the screening level (from in-field treatment), but refinement 
of the risk assessment based on drift including a soil deposition factor and also on field studies 
from scientific publications (not reported in tables) indicated arthropod populations would 
recover from exposure to glyphosate applied at the maximum rate in apple orchards and canola 
fields (Appendix X, Table X.18). 
 
Glyphosate is not acutely toxic (contact and oral) to adult bees and risk quotients indicate that 
glyphosate is not expected to pose a risk to adult bees (Appendix X, Table X.19). Chronic bee 
toxicity studies were not available for review; however, chronic effects are not expected based 
on the mode of action and the lack of effects in acute toxicity studies with adult bees (no 
sublethal effects or mortality at the highest test concentrations). Data on larval and brood toxicity 
were not available for review, however risks are not expected based on limited exposure (due to 
the mode of action of glyphosate), a lack of effects observed on adult bees and the lack of 
significant effects on other immature insects (chironomids and beneficial arthropods). This 
evidence, in combination with the absence of bee incident reports associated with the long 
history of use in Canada and foreign countries, indicates that glyphosate is unlikely to pose 
significant risks to honeybees for the proposed use pattern. 
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Under laboratory conditions, acute and chronic risks to predatory and parasitic arthropods  
were observed at the screening level (considering results from glass plate studies with both 
Typhlodromus pyri and Aphidius rhopalosiphi). Risk quotients also slightly exceeded the level  
of concern for T. pyri when considering results of extended laboratory conditions (leaf substrate) 
for apple, canola and potato uses (T. pyri, RQs = 1.9, 1.8 and 1.1 for apple, canola and potato 
uses, respectively). Refinement of the risk assessment and comparison with results obtained for 
other beneficial arthropods in recent scientific publications indicated that predator and parasitic 
arthropod populations would recover from exposure to glyphosate at the maximum rate of 
application in apple orchard and canola fields, respectively (7285 g a.e./ha and 6990 g a.e./ha) 
(Appendix X, Table X.19). 
 
Risk to Birds 
 
A tiered assessment of the risks to birds progressing from a conservative screening assessment to 
a more refined assessment was conducted. In the vast majority of studies, no toxic effects were 
reported. Consequently, a very conservative assessment was conducted using risk quotients 
generated using the highest concentration tested even though in all but one case, no toxic effects 
were observed. This assessment found only very small exceedences of the LOC and concluded 
that the risk to birds from acute oral, dietary and reproduction exposure to glyphosate and its 
formulations is expected to be low. 
 
The screening level risk quotients based on acute oral exposure of birds to glyphosate technical 
may slightly exceed the level of concern for small- and medium-sized birds (RQ < 1.9 and  
< 1.5 for small- and medium-sized birds, respectively). However, this is based on the maximum 
concentration tested and no adverse effects were observed. The screening level risk quotients for 
reproduction also slightly exceed the level of concern for all sizes of birds (RQs range from  
1.0 to 2.0) (Appendix X, Table X.20). Risks were further characterized by expanding the scope 
of the assessment to include other guilds, dietary exposure, mean residue levels and off-field 
exposure. Note that the acute oral LD50 and dietary LD50 values are greater than the highest 
doses tested, and the reproduction NOELs are the highest doses tested. Thus, the risk quotients 
are very conservative and may not reflect a true concern.  
 
Based on the crop and the type of equipment used, spray drift factors were applied to the in-field 
exposure values to obtain off-field exposure values. The product label specifies that the spray 
droplets must be at least coarse, based on the American Society of Agricultural Engineers 
(ASAE) classification. Consistent with the use pattern for apples considered in this assessment, 
for a coarse droplet size, the maximum spray drift deposition at one metre downwind from the 
point of application is 3% of the rate for field sprayer application to agricultural crops. In the 
refined assessment, risk quotients slightly exceed the level of concern for on-field exposure of 
small and medium insectivorous birds on an acute, dietary and reproduction basis (maximum and 
mean residues), and large herbivores on a dietary and reproduction basis (maximum residues 
only) (Appendix X, Table X.21).  
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For these groups, the risk quotients exceed the level of concern by only a small margin and most 
are “less than” values, which means that the level of concern may not actually be exceeded. The 
risk quotients for off-field exposure do not exceed the level of concern. It should be noted that 
none of the toxicity studies conducted with technical glyphosate resulted in measured toxic 
effects in birds.  
 
Screening-level estimated dietary exposure (EDE) values and RQ calculations for birds exposed 
to single applications of glyphosate formulations are presented in Appendix X, Table X.22. 
Based on acute oral exposure to glyphosate formulations, the screening level risk quotients 
exceed the level of concern for all sizes of birds (RQ = 1.6 to 3.1). The risk to birds from 
exposure to glyphosate formulations was further characterized by expanding the scope of the 
assessment to include other guilds, dietary exposure, mean residue levels as well as off-field 
exposure. In the refined risk assessment, for acute oral exposure of birds to glyphosate 
formulations, risk quotients exceed only the level of concern for small and medium insectivores 
(maximum residues RQ = 2.4 to 3.1, mean residue RQ = 1.7 to 2.2), and large herbivores 
(maximum residue RQ = 1.5 to 1.6) (Appendix X, Table 23). None of the dietary toxicity studies 
conducted with glyphosate formulations resulted in measured toxic effects in birds (the dietary 
LD50 values are greater than the highest doses tested), resulting in risk quotients for dietary 
exposure of birds to glyphosate formulations all having less than values (maximum residues  
RQ < 18.8 to < 0.7 and mean residues RQ < 13 to < 0.6) (Appendix X, Table X.23). The toxicity 
endpoints and associated risk quotients for dietary exposure are very conservative as they are 
based on an absence of effects. 
 
Bird toxicity studies indicate that acute oral exposure (gavage) to glyphosate formulations can 
result in effects (and some risk quotients exceeding the level of concern). However, dietary 
studies, which are more representative of the potential route of exposure in the environment (in 
other words, through contaminated food items) reported that no toxic effects were observed with 
exposure to dried residues of the formulation in the diet. The predominant route of exposure will 
be from ingestion of dried residues on food items. It should be noted, however, that exposure to 
the sprayed formulation, which could occur via preening if birds are sprayed directly or through 
spray drift, was not considered in this assessment. Thus, more weight is given to conclusions of 
the dietary assessment than to the acute oral assessment. Therefore, the risk to birds from acute 
oral, dietary and reproduction exposure to glyphosate and its formulations is expected to be  
low. The absence of incident reports for birds related to the use of glyphosate supports this 
conclusion. Bird hazard statements are not required on glyphosate product labels.  
 
Risk to Mammals 
 
Toxic effects were reported in only a few of the available studies conducted with mammals and 
these effects were observed only at very high doses. A tiered assessment of the risks to mammals 
progressing from a conservative screening assessment to a more refined assessment was 
conducted. This assessment found only very small exceedences of the LOC and concluded that 
the risk to mammals from acute oral and reproduction exposure to glyphosate and its 
formulations is expected to be low. 
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Screening level risk quotients exceed the level of concern for all sizes of mammals for acute  
oral exposure to glyphosate technical (RQ = 2.2 to 4.2) but did not exceed the level of concern 
for reproduction (RQ ≤ 0.9) (Appendix X, Table X.20). The risk to mammals from exposure to 
glyphosate technical was further characterized by expanding the scope of the assessment to 
include other guilds, dietary exposure, mean residue levels, off-field exposure as well as other 
endpoints. Eighteen acute oral glyphosate technical toxicity studies were available for mammals. 
Whereas a few studies measured effects at high doses, the majority indicated LD50 values greater 
than the highest dose tested. Based on the most sensitive endpoint for acute oral exposure, the 
risk quotients exceed the level of concern for on-field exposure of small insectivorous mammals 
when considering maximum (RQ = 2.2) and mean (RQ = 1.5) residues, medium-sized 
insectivorous and herbivorous mammals when considering maximum and mean residues 
(maximum residue RQ = 1.9 to 4.2 and mean residue RQ = 1.3 to 1.5) and large-sized 
insectivorous and herbivorous mammals when considering maximum residues only (RQ = 1.0 to 
2.3) (Appendix I, Table ). No risk quotients exceed the level of concern for off-field exposure. 
Given the range of toxicity values available, risk quotients were also calculated using the least 
sensitive acute oral endpoint for mammals. Based on an acute oral LD50 of 5600 mg/kg bw, risk 
quotients very slightly exceed the level of concern for on-field exposure of medium-sized 
herbivorous mammals exposed to maximum residues of glyphosate (RQ = 1.2) (Appendix X, 
Table X.24).  
 
Screening level acute oral exposure RQ values for glyphosate formulations exceed the level of 
concern for all sizes mammals (RQ = 5.7 to 11) (Appendix X, Table X.22). The risk to mammals 
from exposure to glyphosate formulations was further characterized by expanding the scope of 
the assessment to include other guilds, mean residue levels, off-field exposure as well as other 
endpoints. Fifty acute oral toxicity studies (based only on three distinct species) with glyphosate 
formulations were available for mammals. Eight of these studies measured effects at high doses, 
but the majority indicated LD50 values greater than the highest dose tested. Based on the most 
sensitive endpoint for acute oral exposure, the risk quotients exceed the level of concern for  
on field exposure of insectivorous and herbivorous mammals of all sizes (maximum residue RQ 
= 2.6 to 11, mean residue RQ = 1.2 to 3.9), and small and medium-sized frugivores (maximum 
residue RQ = 1.5 to 1.8) (Appendix I). Risk quotients for off-field exposure did not exceed the 
level of concern. Risk quotients were also calculated using the least sensitive acute oral endpoint. 
Based on an acute oral LD50 of > 4000 mg/kg bw, risk quotients do not exceed the level of 
concern for mammals of any size (RQs ≤ 0.5) (Appendix X, Table X.25).  
 
Overall, available data indicate that risks to mammals following acute oral exposure to 
glyphosate and its formulations are low. If any, acute risks to mammals would be restricted to 
on-field exposure of only a few guilds (herbivores and perhaps insectivores). No reproductive 
risks to mammals are expected from the use of glyphosate. This conclusion is supported by the 
absence of incident reports for mammals related to the use of glyphosate. Mammalian hazard 
statements are not required on glyphosate product labels. 
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Risk to Non-target Terrestrial Plants 
 
Glyphosate is a broad spectrum herbicide and as such toxicity to susceptible non-target plants is 
expected if exposed to sufficiently high concentration. The risk assessment for non-target 
terrestrial plants identified some areas of potential risk and consequently measures to minimize 
exposure to non-target plants are required. 
 
Based on EECs equal to the maximum cumulative application rates for the uses on apples, 
canola, corn and potatoes and the toxicity endpoints selected for seedling emergence (the most 
sensitive EC50) and vegetative vigour (the EC50 for formulation without POEA and HC5 of SSDs 
for formulations with POEA), all screening level risk quotients exceed the level of concern 
(Appendix X, Table X.26). The most sensitive terrestrial plant endpoint is the EC50 value of 
0.014 kg a.e./ha for the end-use product without POEA based on vegetative vigour. Cumulative 
application rates were calculated using a soil DT50 of 32.6 days for seedling emergence and a 
foliar DT50 of 14.4 days for vegetative vigour, to account for dissipation between applications. 
The risk to terrestrial vascular plants was further characterized by looking at off-field exposure 
from drift.  
 
For an ASAE coarse droplet size, the maximum spray drift deposition at one metre downwind 
from the point of application is 3% of the application rate for field sprayer application to 
agricultural crops and 17% for aerial application. Aerial application is registered for use on 
canola (pre-harvest), but not on apples, corn or potatoes. Based on the risk quotients using the 
off-field EECs from drift, the level of concern for terrestrial vascular plants is not exceeded for 
seedling emergence, but is exceeded for vegetative vigour in all cases, except for the use of 
formulations without POEA on potatoes (Appendix X, Table X.26). 
 
To protect non-target terrestrial vascular plants, spray buffer zones are required on glyphosate 
product labels, both those with and without the surfactant POEA (Appendix XII). 
 
Transformation Product (AMPA) 
 
Earthworms and birds were the only terrestrial organisms tested with the transformation product 
AMPA. The screening level risk quotients for acute and chronic exposure did not exceed the 
level of concern. Since AMPA is mainly formed in soils through biological processes, has a low 
log Kow (-2.36 to -1.63) and binds tightly to soil particles, exposure and risk to mammals and 
foliage dwelling arthropods is expected to be negligible. To date, no ecotoxicological incidents 
have been reported concerning AMPA. As such no additional studies are required at this time. 
 
Endocrine Disruption 
 
The USEPA Endocrine Disruptor Screening Program (EDSP) is a scientific program to screen 
pesticides, other chemicals, and environmental contaminants for substances having the potential 
to affect the estrogen, androgen or thyroid hormone systems. Glyphosate was included in the 
second EDSP List. The PMRA will consider the results of these screening tests as they become 
available. 
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4.2.2 Risks to Aquatic Organisms 
 
Glyphosate can enter water bodies and expose non-target aquatic organisms through runoff  
or via spray drift. The aquatic risk assessment was conducted following a tiered approach with  
a very conservative screening assessment followed by refinements if concerns were identified  
at the screening level. Overall there are few risks of concerns for aquatic organisms with the 
exception of aquatic plants and some marine invertebrates and these areas of concern were 
mainly identified with formulations containing the surfactant POEA. 
 
Summaries of the aquatic toxicity data considered in this review are presented in Appendix X, 
Table 27. The most sensitive aquatic taxonomic group is freshwater plants and the acute HC5 
value is 0.003 mg a.e./L for the EUP + POEA formulation. The order of species sensitivity  
was determined to be: freshwater plants (0.003 mg a.e./L) > marine fish and invertebrates  
(0.1 mg a.e./L) > freshwater algae (0.12 mg a.e./L) > freshwater invertebrates (0.19 mg a.e./L) 
> marine algae (0.33 mg a.e./L) > freshwater fish (0.36 mg a.e./L), and amphibians (0.86 mg 
a.e./L) (Appendix X, Table X.17).  
 
Screening level risk quotients for all freshwater organisms that were tested with end-use products 
containing POEA following acute and/or chronic exposures were all above the level of concern. 
All tested glyphosate formulations that do not contain POEA had risk quotients below the level 
of concern, except for freshwater algae. Saltwater invertebrates (acute exposure) and algae 
(chronic exposure) exposed to glyphosate formulation containing POEA had risk quotients above 
the level of concern. The surfactant POEA tested alone had risk quotients above the level of 
concern for freshwater and marine/estuarine invertebrates and freshwater fish, confirming the 
international scientific consensus that POEA added to glyphosate increases the environmental 
risk to these organisms.  
 
The transformation product AMPA is not toxic to aquatic organisms. 
 
Refined Risk Assessment for Aquatic Organisms and Potential Risk from Drift  
 
The risk to aquatic organisms was further characterized by taking into consideration the 
concentrations of glyphosate that could be deposited in off-field aquatic habitats that are 
downwind and directly adjacent to the treated field through drift of spray. The spray drift data of 
Wolf and Caldwell (2001) was used to determine the maximum spray deposit into an aquatic 
habitat located one metre downwind from a treated field. Review of the labels for glyphosate 
containing end-use products indicate that the end-use products are applied by ground and aerial 
application methods. The maximum percentage of the applied spray that is expected to drift 1m 
downwind from the application site during spraying using field sprayer and aerial application 
methods is determined based on a coarse spray droplet size: field sprayer – 3%, aerial – 17%, 
respectively. Given the variation in percent drift off site for each of the application methods, the 
assessment of potential risk from drift was done using the maximum single application for potato 
(groundboom application: 4320 g a.e./ha) and the maximum cumulative application rate for 
canola (aerial application: 4320 + 4320 + 902 at 10-day intervals g a.e./ha). The EECs resulting 
from drift for these two crops cover the full range of EECs from drift anticipated from all 
application rates and application methods.  
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For freshwater snails, freshwater and saltwater fish and saltwater algae, the risk quotients, after 
refinement, were below the level of concern. 
 
For freshwater invertebrates, the risk quotients derived for acute exposure to spray drift from the 
surfactant POEA alone exceeded the level of concern (RQ = 1.8 – 16.1). Based on acute toxicity 
endpoints (HC5) derived for POEA containing glyphosate formulations, the level of concern is 
slightly exceeded at the highest cummulative aerial application rate (RQ = 1.1).  
 
For freshwater plants and marine/estuarine invertebrates, the level of concern is exceeded  
for acute effects at all application rates and for all application methods (freshwater plants  
RQ = 6.7 to 67 and marine/estuarine invertebrate RQ = 2 to 20), with the risk quotients being 
based on the toxicity to glyphosate formulations that contain POEA. Based on glyphosate 
formulations that do not contain POEA, the level of concern for acute effects is exceeded for 
freshwater algae at the highest application rate (RQ = 3.3). 
 
Based on amphibian laboratory toxicity data, the level of concern is slightly exceeded for 
amphibians exposed to spray drift from glyphosate formulations containing POEA at the highest 
cumulative aerial application rate on an acute and chronic basis (acute RQ = 1.1, chronic  
RQ = 1.2), however the level of concern for acute and chronic effects is not exceeded when 
amphibian toxicity data derived from field and mesocosm level studies are considered  
(Appendix X, Table X.28). 
 
To protect aquatic species, spray buffer zones are required on glyphosate product labels, both 
those with and without the surfactant POEA.  
 
Assessment of Potential Risk from Runoff 
 
Aquatic organisms can also be exposed to glyphosate applied to foliage as a result of runoff into 
a body of water. The linked models Pesticide Root Zone Model (PRZM) and Exposure Analysis 
Modeling System (EXAMS) were used to predict EECs resulting from runoff of glyphosate 
following application. Considering the crop uses and geographic crop distribution, as well as the 
available scenarios, nine standard regional scenarios were modelled to represent different regions 
of Canada. The Level 1 glyphosate EECs in a 1-ha receiving water body (15 and 80 cm deep) 
predicted by PRZM-EXAMS for these crops applications are presented in Tables XI.3-5, 
Appendix XI. The values reported by PRZM/EXAMS are 90th percentile concentrations of the 
concentrations determined at a number of time-frames including the yearly peak, 96-hr, 21-d,  
60-d, 90-d and yearly average.  
 
Acute and chronic risk quotient values were calculated using an EEC for the time frame that 
most closely matched the exposure time used to generate the endpoint. For example, a 96-hour 
LC50 would use the 96-hour value generated by the model; a 21-day NOEC would use the 21-day 
EEC value. At the screening level, RQ values for organisms (acute and/or chronic exposure) 
exceeded the level of concern. The EECs used for calculation of the RQs were the highest values 
for the appropriate depth and appropriate time frame (in other words, potato-use scenario in 
Prince Edward Island); when the RQ based on the highest EEC exceeded the level of concern, an 
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RQ based on the lowest EEC values (apple-use scenario in British Columbia) was also 
calculated. Screening level acute and chronic RQ values for freshwater and marine organisms are 
reported in Appendix X, Table X.27.  
 
Refinement was done for runoff, with all endpoints being based on exposure to glyphosate 
formulations containing POEA, unless otherwise indicated.  
 
The risk quotients for runoff derived for acute exposure exceed the level of concern for 
freshwater algae and marine invertebrates (freshwater algae RQ = 1.6, marine invertebrates RQ = 
9.6) at the highest EECs (potato-use scenario in Prince Edward Island), but not at the lowest 
EECs (apple-use scenario in British Columbia). The risk quotients derived for chronic exposure 
indicate that the level of concern is exceeded for freshwater aquatic plants (RQ = 26) at the 
highest EECs (potato-use scenario in Prince Edward Island), but not at the lowest EECs (apple-
use scenario in British Columbia) (Appendix X, Table X.29). 
 
Refinement with Monitoring Data 
 
The risk assessment was refined by considering all available Canadian monitoring data. A 
summary of water monitoring data is presented in Appendix XI. An EEC of 40.8 ug/L (the 
highest detection of glyphosate in surface water) was used for the refined risk assessment. Risk 
quotients were calculated for organisms (acute and/or chronic exposure) that showed exceedence 
of the level of concern at the screening level. The refined RQ values (Appendix X, Table X.30) 
indicate that the level of concern not exceeded for aquatic organisms with the exception of 
freshwater plants (RQ = 14).  
 
Label statements are specified to help reduce runoff to aquatic habitats. 
 
4.2.3 Incident Reports Related to the Environment 
 
Since 26 April 2007, registrants have been required by law to report incidents to the PMRA that 
include adverse effects to Canadian health or the environment. Information about the reporting  
of pesticide incidents can be found on the PMRA website. Incident reports involving all  
forms of the active ingredient glyphosate were reviewed. As of 10 May 2013, there were  
37 environmental incident reports in the PMRA database involving a form of the active 
ingredient glyphosate (PMRA# 2304789 and 2310009). 
 
There were three major environmental incidents in which fish were killed when water used to 
douse a chemical warehouse fire was released into a stream. It was unclear which chemical may 
have been responsible for the fish mortality. 
 
The remaining incidents were minor in nature and mostly involved grass damage following  
the direct application of a glyphosate product. There were six minor non-grass incidents that 
occurred following the drift of a glyphosate product onto non-target plants. Overall, there was a 
high degree of association between the reported environmental exposure to glyphosate and the 
effects observed. 
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Table 4.1 Minor Incidents Listed by Type of Organism Affected and Causality Level 
 
Organism Highly Probable Probable Possible Unlikely Total 
Grass/Lawn 19 6 — — 25 
Herbaceous Plants 3 2 — 2 7 
Trees or shrubs 1 2 1 — 4 
Total 23 10 1 2 361 
1  One incident reported damage to onions (herbaceous plant) and two different types of trees. The total count of 



incidents by organism type (36) is therefore higher than the number of minor incident reports received. 
 
The USEPA Ecological Incident Information System (EIIS) was also queried for glyphosate 
incidents that were available in the database as of 29 November 2012. There were 633 incident 
reports available in the EIIS database that involved glyphosate (116 incidents), glyphosate 
isopropylamine salt (516 cases) or glyphosate potassium salt (1 case). The most frequently 
reported site/crop affected was agricultural area (139 incidents), cotton (51 incidents), corn  
(36 incidents), soybean (27 incidents), and home/lawn (26 incidents). Plant damage (449 cases) 
and mortality (171 cases) were the most frequently reported symptoms. Of the 633 reports, 
nearly half were considered to be related to the misuse of a product (48%) and 95% were 
considered to have a certainty of at least possible (180 possible, 352 probable and 42 highly 
probable). 54% of all reports were the result of drift, while 23% were treated directly. 
 
All the information stated above was considered in this evaluation and did not affect the risk 
assessment. 
 
5.0 Value 
 
5.1 Value of Glyphosate 
 
Glyphosate plays an important role in Canadian weed management in both agricultural 
production and non-agricultural land management and is the most widely used herbicide in 
Canada. 
 
Value to Canadian Agriculture 
 
Glyphosate is an important herbicide for Canadian agriculture: 



• Due to its broad and flexible use pattern and its wide weed control spectrum, it is the 
most widely used herbicide in several major crops grown in Canada such as canola, 
soybean, field corn and wheat. It is also one of only a few herbicides regularly used in 
fruit orchards such as apple. 



• It is the essential herbicide for use on the glyphosate tolerant crops (GTCs) including 
canola, soybean, corn, sweet corn and sugar beet. The combination of GTCs and 
glyphosate has been adopted as an important and common agricultural production 
practice in Canada. 
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• It is identified by growers (in the Canadian Grower Priority Database [version 22, August 



2011]) as a priority for 17 new uses relating to 17 commodities: almond, bluegrass, 
kentucky bluegrass, bromegrass, canary seed, creeping red fescue, fescue, bermuda grass, 
pearl millet (grain), orchard grass, peanut, pecan, ryegrass, soybean, sunflower, timothy 
and wheatgrass. 



• Among all herbicides registered, glyphosate has the broadest range of use sites because it 
can be used on all crops when applied prior to planting. In addition, it has the widest 
weed control spectrum including annual and perennial weeds, weedy trees and brush. 



• Compared to other non-selective herbicides, it controls weeds of various sizes as well as 
the roots of these weeds since glyphosate is translocated throughout the plant. 



• Glyphosate can be tank-mixed with many residual herbicides to broaden the weed 
spectrum and extend the duration of weed control thus decreasing the number of 
herbicide applications while maximizing yield and lowering fuel and energy 
consumption. 



• Glyphosate has a wide application window including pre-seeding, after seeding (prior to 
crop emergence), in-crop, pre-harvest and post-harvest, allowing a flexible and effective 
weed management program: 



o When applied prior to seeding, application of it does not delay the seeding step 
due to its non-residual activity, therefore increasing flexibility for farming 
practices while providing a clean start for the new crop. 



o Glyphosate can also be applied in-crop as a postemergence treatment in 
conventional crops either as spot treatment or with wiper and wick application to 
control weeds taller than crops, which otherwise are impossible to control with 
other herbicides. 



o The pre-harvest application of glyphosate provides additional benefits to growers 
as it functions both as a harvest management and a desiccation treatment: 
equalizing the ripening or advancing the ripening process in uneven crops to 
achieve an earlier and more uniform harvest, lowering harvested grain seed 
moisture content, and increasing combine harvester efficiency. As compared to 
alternative crop desiccators such as diquat, glufosinate and carfentrazone, 
glyphosate also controls perennial weeds and can be used in a wider range of 
crops. 



o Post-harvest stubble treatment with glyphosate allows reduced or zero tillage, 
which has facilitated the adoption of conservation agriculture, where appropriate, 
thus reducing soil erosion, improving soil structure and retaining soil moisture as 
well as providing other benefits such as reduced tractor and fuel use.  
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Value to Non-agricultural Land Management 
 
Glyphosate is also an important weed control tool in non-agricultural land management for these 
reasons: 



• Due to its flexible use pattern and broad weed control spectrum, it is the most widely 
used herbicide in forestry. It can be applied at various stages in the forest regeneration 
cycle including site preparation, conifer release and stand thinning stages. Compared to 
alternative herbicides such as phenoxy, sulfonylnurea and triclopyr, glyphosate controls  
a wider range of weeds. Special application methods such as cut stump or injection 
treatment allow for year round application. 



• It is also one of the widely used herbicides for pasture renovation, around structures on 
farms, amenity and industrial areas, and along rights-of-way. 



• It is an effective tool for the control of many invasive weed species and for the control of 
toxic plants such as poison ivy. 



 
For some speciality or minor use crops, glyphosate provides specific selective weed control 
techniques (weed wipers, shrouded sprayers and stem injection) where in many cases selective 
use of glyphosate is the only method of weed control possible or remaining in pasture and 
rangeland, vegetables, fruit crops and for the control of invasive weeds among desirable 
plants/trees.  
 
Glyphosate has a unique mode of action and is the only molecule that is highly effective at 
inhibiting the enzyme EPSP of the shikimate pathway. It plays a role in delaying herbicide 
resistance development in weeds when used in rotation or combination with active ingredients 
from other herbicide site of action groups. However, the current Canadian agricultural 
production system relies heavily on glyphosate, resulting in more and more occurrences of 
glyphosate-resistant weeds. Kochia, Canada fleabane, giant ragweed and common ragweed are 
examples of such resistant weeds reported in Canada. These glyphosate-resistant weeds affect 
the efficacy and broader value of glyphosate. In order to prevent or delay the development of 
glyphosate-resistant weeds, it is crucial to maintain diversity in weed management practices. 
 
5.2 Commercial Class Products 
 
A total of 97 Commercial Class end-use products containing glyphosate were registered as of  
3 May 2012. All Commercial Class glyphosate uses are supported by the registrant. As risk 
concerns identified can be mitigated, alternatives to the uses of glyphosate are not presented in 
this document. 
 
5.3 Domestic Class Products 
 
A total of 34 Domestic Class products containing glyphosate were currently registered as  
of 3 May 2012. All Domestic Class glyphosate uses are supported by the registrant. As risk 
concerns identified can be mitigated, alternatives to the uses of glyphosate are not presented in 
this document. 
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6.0 Pest Control Product Policy Considerations 
 
6.1 Toxic Substances Management Policy Considerations  
 
The Toxic Substances Management Policy (TSMP) is a federal government policy developed  
to provide direction on the management of substances of concern that are released into the 
environment. The TSMP calls for the virtual elimination of Track 1 substances, those that meet 
all four criteria outlined in the policy: in other words, persistent (in air, soil, water and/or 
sediment), bio-accumulative, primarily a result of human activity and toxic as defined by the 
Canadian Environmental Protection Act. 
 
During the review process, glyphosate was assessed in accordance with the PMRA Regulatory 
Directive DIR99-033 and evaluated against the Track 1 criteria. The PMRA has reached the 
following conclusions: 
 



• Glyphosate does not meet all Track 1 criteria and is not considered a Track 1 substance 
(see Table 6.1). 



• Glyphosate does not form any transformation products that meet the Track 1 criteria.  
 
The use of glyphosate is not expected to result in the entry of TSMP Track 1 substances into the 
environment. 
 
  



3  DIR99-03, The Pest Management Regulatory Agency’s Strategy for Implementing the Toxic Substances 
Management Policy. 
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Table 6.1 Toxic Substances Management Policy Considerations – Comparisons to 



TSMP Track 1 Criteria 
 



TSMP Track 1 
Criteria 



TSMP Track 1 Criterion 
Value 



Glyphosate 
Are Criteria Met? 



Toxic or toxic 
equivalent as defined 
by the Canadian 
Environmental 
Protection Act1 



Yes Yes 



Predominantly 
anthropogenic2 Yes Yes 



Persistence3: 



Soil Half-life 
≥ 182 days 



No for aerobic soils: 15.3-142 days.  
Some potential for anaerobic soils: 3-1699 days. 



Water Half-life 
≥ 182 days No: 1-5.4 days (water phase in aerobic system). 



Sediment Half-life 
≥ 365 days No: 26-58.1 days (sediment phase in aerobic system). 



Air 



Half-life ≥ 2 
days or 



evidence of 
long range 
transport 



Glyphosate has a low vapour pressure of 6.0 × 10-7 Pa at 
20ºC (4.5 × 10-9 mm Hg) and according to the 
classification of Kennedy and Talbert (1977) is expected 
to be relatively non-volatile under field conditions. 
However, the Henry’s law constant of 0.168 Pa m3/mole 
(equivalent to 1.66 × 10-6 atm m3/mole and a calculated 
1/H = 3.38 × 104) indicates that glyphosate is slightly 
volatile from water surface or moist soil. The EFSA 
(2009) reported that glyphosate volatilization from water, 
soil and plant surfaces is expected to be low.  



Bioaccumulation4 
Log Kow ≥ 5 Log Kow = 4.1 
BCF ≥ 5000 BCF = 248-430 
BAF ≥ 5000 NA 



Is the chemical a TSMP Track 1 substance (all four 
criteria must be met)? No, does not meet TSMP Track 1 criteria. 
1All pesticides will be considered toxic or toxic equivalent for the purpose of initially assessing a pesticide against 
the TSMP criteria. Assessment of the toxicity criterion may be refined if required (in other words, all other TSMP 
criteria are met). 
2The policy considers a substance “predominantly anthropogenic” if, based on expert judgement, its concentration 
in the environment medium is largely due to human activity, rather than to natural sources or releases.  
3 If the pesticide and/or the transformation product(s) meet one persistence criterion identified for one media (soil, 
water, sediment or air) than the criterion for persistence is considered to be met.  
4Field data (for example, bioaccumulation factors [BAFs]) are preferred over laboratory data (for example, 
bioconcentration factors [BCFs]) which, in turn, are preferred over chemical properties (for example, log Kow). 
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6.2 Formulants and Contaminants of Health or Environmental Concern  
 
During the review process, contaminants in the technical product are compared against the list in 
the Canada Gazette.4 The list is used as described in the PMRA Notice of Intent NOI2005-015  
and is based on existing policies and regulations including: DIR99-03; and DIR2006-026, and 
taking into consideration the Ozone-depleting Substance Regulations, 1998, of the Canadian 
Environmental Protection Act (substances designated under the Montreal Protocol). The PMRA 
has reached the following conclusions: 
 



• Based on the manufacturing process used, impurities of human health or environmental 
concern as identified in the Canada Gazette, Part II, Vol. 142, No. 13, SI/2008-67  
(2008-06-25), including TSMP Track 1 substances, are not expected to be present in the 
glyphosate products. 



• Technical grade Glyphosate and its end-use products do not contain any formulants or 
contaminants of health or environmental concern identified in the Canada Gazette. 



 
The use of formulants in registered pest control products is assessed on an ongoing basis through 
PMRA formulant initiatives and Regulatory Directive DIR2006-02 (PMRA Formulants Policy). 
 
7.0 Organisation for Economic Co-operation and Development Status of 
Glyphosate 
 
Canada is part of the Organisation for Economic Co-operation and Development (OECD), which groups 
member countries and provides a forum in which governments can work together to share experiences 
and seek solutions to common problems.  
 
As part of the re-evaluation of an active ingredient, the PMRA takes into consideration recent 
developments and new information on the status of an active ingredient in other jurisdictions, including 
OECD member countries. In particular, decisions by an OECD member country to prohibit all uses of an 
active ingredient for health or environmental reasons are considered for relevance to the Canadian 
situation.  
 
Glyphosate is currently acceptable for use in other OECD countries, including the United States, Australia 
and the European Union. As of 17 March 2015, no decision by an OECD member country to prohibit all 
uses of glyphosate for health or environmental reasons has been identified. 
 



4  Canada Gazette, Part II, Volume 139, Number 24, SI/2005-114 (2005-11-30) pages 2641–2643: List of 
Pest Control Product Formulants and Contaminants of Health or Environmental Concern and in the order 
amending this list in the Canada Gazette, Part II, Volume 142, Number 13, SI/2008-67 (2008-06-25) pages 
1611-1613. Part 1 Formulants of Health or Environmental Concern, Part 2 Formulants of Health or 
Environmental Concern that are Allergens Known to Cause Anaphylactic-Type Reactions and Part 3 
Contaminants of Health or Environmental Concern. 



5  NOI2005-01, List of Pest Control Product Formulants and Contaminants of Health or Environmental 
Concern under the New Pest Control Products Act. 



6  DIR2006-02, PMRA Formulants Policy. 
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8.0 Summary 
 
8.1 Human Health and Safety 
 
The toxicology database submitted for glyphosate is adequate to define the majority of toxic 
effects that may result from exposure. Observations of slight systemic toxicity consisting of 
decreased body weight and body-weight gain, altered hepatic and renal functions, and diarrhea 
were common in the toxicity studies with glyphosate. Cellular changes in the salivary glands 
were also observed in the rodent studies. Glyphosate was not genotoxic or neurotoxic. A 
marginally increased incidence of ovarian adenomas was observed in mice, but at the limit dose 
only. These tumours were considered to be of low degree of concern for human health risk 
assessment. Glyphosate produced an altered response of the immune system. No evidence of 
increased sensitivity of the young was observed in the reproduction or prenatal developmental 
toxicity studies.  
 
However, the finding of fetal cardiovascular malformations in the presence of maternal toxicity 
in a rabbit developmental toxicity was considered a serious effect. The risk assessment protects 
against the toxic effects noted above by ensuring that the level of human exposure is well below 
the lowest dose at which these effects occurred in the animal tests. 
 
8.1.1 Dietary Risk 
 
There were no dietary risk concerns from the acute and chronic dietary risk assessments (food 
and drinking water) for the general population and all population subgroups, including infants, 
children, teenagers, adults and seniors. 
 
8.1.2 Non-Occupational Risk 
 
Risks to residential applicators for all residential label uses are not of concern. Residential  
postapplication risk is not of concern, including from golfing and incidental oral exposure. There 
is no risk of concern for bystanders entering treated sites. 
 
8.1.3 Occupational Risk 
 
Risk estimates associated with mixing, loading and applying activities for all commercial label 
uses are not of concern.  
 
Postapplication risks for workers were not of concern. An REI of 12 hours is required for all 
agricultural postapplication activities. 
 
8.1.4 Aggregate Risk 
 
There were no risks of concern from aggregate exposure to glyphosate from food, drinking water 
and residential uses. 
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8.1.5 Polyethoxylated Tallow Amines  
 
No risks of concern were identified, provided end-use products contain no more than 20% POEA 
by weight. 
 
8.2 Environmental Risk 
 
Available studies indicate that in the natural environment, glyphosate is non-persistent to 
moderately persistent in soil and water and produces one major transformation product in soil 
and water, aminomethyl phosphonic acid (AMPA), which is non-persistent to persistent in the 
environment. Carryover of glyphosate and AMPA into the next growing season is not expected 
to be significant. Glyphosate and AMPA are expected to be immobile in soil and are unlikely  
to leach to groundwater. Glyphosate is very soluble in water and non-volatile and is expected  
to partition to sediment in aquatic environments. Glyphosate and AMPA are unlikely to 
bioaccumulate. 
 
Certain glyphosate formulations include the surfactant POEA, which is non-persistent to  
slightly persistent in the environment and is toxic to aquatic organisms. In general, glyphosate 
formulations that contain POEA are more toxic to freshwater and marine/estuarine organisms 
than formulations that do not contain POEA. POEA compounds have the potential to 
bioaccumulate but given that the components are easily broken down and that it is not persistent 
in soil and water, significant bioaccumulation under field conditions is unlikely.  
 
In the terrestrial environment the only area of risk concern identified from the available data was 
for terrestrial plants and therefore spray buffer zones are required to reduce exposure to sensitive 
terrestrial plants. Glyphosate formulations containing POEA may pose a risk to freshwater 
invertebrates, freshwater plants and marine/estuarine invertebrates. Glyphosate formulations that 
do not contain POEA may pose a risk to freshwater algae only. Glyphoste technical grade active 
ingredient is toxic to estuarine/marine fish. Hazard statements and mitigation measures (spray 
buffer zones) are required on product labels to protect aquatic organisms.  
 
Due to its rapid dissipation and low toxicity, the transformation product AMPA is not expected 
to pose a risk to terrestrial and aquatic organisms based on proposed application rate of 
glyphosate. 
 
8.3 Value 
 
Glyphosate is an important herbicide for Canadian agriculture as well as for weed control in  
non-agricultural land management.  
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9.0 Proposed Re-evaluation Decision 
 
9.1 Proposed Regulatory Actions 
 
After a re-evaluation of glyphosate, Health Canada’s PMRA, under the authority of the Pest 
Control Products Act, is proposing continued registration of glyphosate and associated end-use 
products for certain uses of glyphosate in Canada, provided that the mitigation measures for the 
health and the environment described in this document are implemented.  
 
9.1.1 Proposed Regulatory Action Related to Human Health 
 
9.1.1.1 Proposed Label Amendments 
 



1) Label amendments for the glyphosate technical product labels are proposed and 
summarized in Appendix XII.  



2) The restricted entry interval of 12 hours is proposed for all agricultural uses  
(Appendix XII). 



3) There may be potential for exposure to bystanders from drift following pesticide 
application to agricultural areas. In the interest of promoting best management practices 
and to minimize human exposure from spray drift or from spray residues resulting from 
drift, label statement is proposed under Use Precautions (Appendix XII). 



 
9.1.1.2 Residue Definition for Risk Assessment and Enforcement 
 
Glyphosate is registered for use on a wide range of conventional crops (in other words, 
glyphosate non-tolerant crops) as well as on transgenic crops (in other words, glyphosate  
tolerant crops). Currently registered transgenic crops include crops containing the 
5-enolpyruvylshikimate-3-phosphate synthase (EPSPS) gene and/or the glyphosate 
oxidoreductase (GOX) gene and crops containing the glyphosate N-acetyl transferase (GAT) 
gene (in other words, soybeans, corn and canola). The residue definition (RD) in all conventional 
crops and in transgenic EPSPS/GOX crops is comprised of glyphosate and the metabolite 
AMPA. The RD in transgenic GAT crops is the sum of glyphosate and the metabolites  
N-acetylglyphosate, AMPA and N-acetyl AMPA. The RD in animal commodities is the sum  
of glyphosate and the metabolites N-acetylglyphosate and AMPA. These RDs are used for  
both enforcement and dietary risk assessment purposes. No modification to the current RDs is 
proposed as the result of this re-evaluation. The metabolites included in the RDs are expressed  
as stoichiometric equivalents of glyphosate. The RD in drinking water for dietary risk assessment 
is defined as the sum of glyphosate and the metabolite AMPA. The acetylated metabolites are 
not included in the RD for drinking water because they are not formed in soil. In other words,  
N-acetylglyphosate is not applied to plants; it is rather a metabolite produced in GAT crops as a 
result of the application of glyphosate. 
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9.1.1.3 Maximum Residue Limits for Glyphosate in Food 
 
Maximum residue limits (MRLs) have been specified for residues of glyphosate (including all 
the metabolites comprised in the RDs) and the trimethylsulfonium (TMS) cation, the major 
metabolite of the discontinued glyphosate-TMS salt, in/on registered crops. Information on 
Canadian MRLs is presented in Appendix VI.  
 
MRLs for pesticides in/on food are established by Health Canada’s PMRA under the authority  
of the Pest Control Products Act. After the revocation of an MRL or where no specific MRL  
is specified for a pesticide under the Pest Control Products Act, Subsection B.15.002(1) of the 
Food and Drug Regulations applies. This requires that residues do not exceed 0.1 ppm, which is 
considered as a general MRL for enforcement purposes. Therefore, residues in/on all other crops 
appearing on the registered glyphosate labels are regulated under the general MRL not to exceed 
0.1 ppm for glyphosate (including relevant metabolites) and 0.1 ppm for the TMS cation. 
 
In general, when the re-evaluation of a pesticide has been completed, the PMRA intends to 
remove Canadian MRLs that are no longer supported. Given that all glyphosate-TMS-containing 
products have been discontinued, it is proposed that all MRLs for the TMS cation be revoked. 
 
A complete list of MRLs established in Canada can be found in the PMRA MRL database on the 
Pesticides and Pest Management section of the Health Canada website. The database is an online 
query application that allows users to search for established MRLs regulated under the Pest 
Control Products Act. For supplemental MRL information regarding the international situation 
and trade implications, refer to Appendix VI. 
 
9.1.1.4 Proposed Mitigation Measures Related to Products Containing Polyethoxylated 



Tallow Amines 
 
The determination of acceptable risk for the POEA health evaluation is applicable to end-use 
products that contain no more than 20% POEA by weight. As such, registrants will be required 
to ensure that end-use products comply with the maximum of 20% POEA by weight. 
 
9.1.2 Proposed Regulatory Action Related to the Environment 
 
To reduce the effects of glyphosate in the environment, mitigation in the form of precautionary 
label statements and spray buffer zones are required. Environmental mitigation statements are 
listed in Appendix XII.  
 
9.1.3 Other Label Amendments 
 
Information on cumulative rate per year, maximum number of applications per year and 
minimum interval between applications is not currently specified on labels for use on agricultural 
cropland and non-cropland, as it is for fruit tree, berry and vine crops. In order for use directions 
for glyphosate products to be consistent with the assumptions used in the PMRA health risk 
assessment, it is recommended that labels be updated to include this information for all sites,  
as described in Appendix II. 
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9.2 Additional Data Requirements 
 
No additional data are required under section 12 of the Pest Control Products Act. 
 
Note that in addition to data supplied by registrants and published information, certain studies 
from non-glyphosate task forces were used in the risk assessments. These are included in the 
reference list of this document: 
 



• Activity specific transfer coefficients from the Agricultural Reentry Task Force (ARTF, 
2008) were used in the assessment of postapplication agriculture exposure.  



 
• The USEPA Residential SOPs (2012) were also used in the risk assessment for 



glyphosate. Data from several exposure task forces were used to develop the Residential 
SOPs. Specifically ARTF, Agricultural Handlers Exposure Task Force (AHETF), and 
Outdoor Residential Exposure Task Force (ORETF) data are included in the scenarios 
used from the SOPs.  



 
Furthermore, the PMRA is in the process of revising its approach to buffer zones for all 
chemicals. Information (data, research) that would facilitate buffer zone refinement may be 
submitted during the consultation period of this Proposed Re-evaluation Decision. Buffer zones 
for glyphosate may be revised based on new information as a result of this process. 
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List of Abbreviations 



List of Abbreviations  
 
Abs.  Absolute 
AD administered dose 
ADI  acceptable daily intake 
ADME absorption, distribution, metabolism and excretion 
AFC antibody forming cell  
a.e.  acid equivalent 
AHETF  Agricultural Handlers Exposure Task Force  
AHS agricultural health study 
a.i.  active ingredient 
ALT alanine aminotransferase 
AMPA aminomethylphosphonic acid 
ALP alkaline phosphatase 
AR  applied radioactivity 
ARfD  acute reference dose 
ARTF  Agricultural Re-entry Task Force 
AST  Aspartate transaminase 
ATPD  area treated per day 
atm  atmosphere 
BAF  bioaccumulation factor 
BCF  bioconcentration factor 
BUN blood urea nitrogen 
bw body weight 
BWG body-weight gain 
[Ca++] concentration of calcium 
CAF composite assessment factor 
CAS  Chemical Abstracts Service  
CFIA  Canadian Food Inspection Agency 
cm  centimetres 
cm2  entimetres squared 
CSFII  Continuing Surveys of Food Intakes by Individuals 
DA  dermal absorption 
DBH  diameter at breast height 
DFOP  double first order in parallel 
DFR  dislodgeable foliar residue 
DNA deoxyribonucleic acid  
DT50 dissipation time 50% (the time required to observe a 50% decline in 



concentration) 
DT90  dissipation time 90% (the time required to observe a 90% decline in 



concentration) 
EbR50  effective biomass rate on 50% of the population 
EC25  effective concentration on 25% of the population 
EC50  effective concentration on 50% of the population 
EDE  estimated daily exposure 
EEC  estimated environmental concentration 
EFSA  European Food Safety Authority 
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List of Abbreviations 



EIIS  Ecological Incident Information System from USEPA 
EPA Environmental Protection Agency 
EPSPS  5-enolpyruvylshikimate-3-phosphate synthase  
ER50  effective rate on 50% of the population 
ERS  exposure re-evaluation section  
et al.  and others 
EXAMS  Exposure Analysis Modeling System 
F1 first generation 
F2 second generation 
F2b pertaining to offspring produced from the second mating of the second generation 
FC food consumption 
FE food efficiency 
FIR  food ingestion rate 
FOB functional observational battery  
g gram(s) 
GAT  glyphosate N-acetyl transferase  
GD gestation day 
GMO genetically modified organism 
GOX  glyphosate oxidoreductase  
GUS groundwater ubiquity score  
ha  hectare 
HC historical control  
HC5 hazardous concentration to 5% of the species 
HED Health Evaluation Directorate 
hr(s) hour(s) 
HPLC  high performance liquid chromatography 
IARC  International Agency for Research on Cancer 
IgM Immunoglobulin M 
IUPAC International Union of Pure and Applied Chemistry 
IV intravenous(ly) 
[K+]  concentration of potassium ion  
kg kilogram(s) 
Kd  soil-water partition coefficient 
KF   Freundlich adsorption coefficient 
Koc  organic-carbon partition coefficient  
Kow  octanol-water partition coefficient 
L litre(s) 
LC50 lethal concentration to 50% 
LD lactation day 
LD50 lethal dose to 50% 
LOAEL lowest observed adverse effect level  
LOC level of concern 
LOEC  lowest observed effect concentration 
LOD  limit of detection 
LOQ  limit of quantitation 
LR50  lethal rate 50% 
m  metres 
m2  metres squared 
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List of Abbreviations 



max  maximum 
mg milligram 
min  minutes 
MIS maximal irritation score 
mL  millilitre 
M/L/A  mixer/loader/applicator 
mmHg  millimetres of mercury 
MOE margin of exposure 
MRL  maximum residue limit 
MS  mass spectrometry 
MTD maximum tolerated dose 
n/a  not available 
N/A  not applicable 
ND not determined 
NOAEL no observed adverse effect level 
NOEC  no observed effect concentration 
NOEL  no observed effect level 
NR  not reported 
NTP National Toxicology Program 
NZW New Zealand White  
OC  organic carbon content 
OECD  Organisation for Economic Co-Operation and Development 
OM  organic matter content 
ORETF  Outdoor Residential Exposure Task Force 
P parental generation 
pChE plasma cholinesterase  
PDP  Pesticide Data Program (United States data) 
PHED  Pesticide Handlers Exposure Database 
PHI  preharvest interval 
pKa  dissociation constant 
PMRA Pest Management Regulatory Agency 
PND postnatal day 
POEA polyethoxylated tallow amine 
PPE  personal protective equipment 
PRZM  Pesticide Root Zone Model  
ppm parts per million  
RBC red blood cell  
RD residue definition 
REI  restricted entry interval 
Rel. relative 
RfD reference dose 
ROW  right-of-way 
RSD  Relative Standard Deviation 
RQ  risk quotient 
S9  supernatant fraction from liver homogenate obtained by centrifuging at 9000 g 
SD Sprague-Dawley 
SFO  single first order 
SOP  standard operating procedure 
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List of Abbreviations 



t1/2   half-life 
trep ½  representative half-life of kinetic models 
TC  transfer co-efficient 
TLC   thin layer shromatography 
TMS  trimethylsulfonium 
TSMP  Toxic Substances Management Policy 
TTR  turf transferable residue 
UF uncertainty factor 
µg  microgram 
µL  microlitres 
USC  use site category 
USDA  United States Department of Agriculture 
USEPA United States Environmental Protection Agency 
UV  ultraviolet 
Vss volume of distribution at steady state 
v/v  volume per volume dilution 
WHO  World Health Organization 
Wk week 
Wt. weight 
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Appendix I 



Appendix I Products Containing Glyphosate that are Registered in 
Canada Excluding Discontinued Products or Products with a 
Submission for Discontinuation as of 3 May 2012, Based Upon 
the PMRA’s Electronic Pesticide Regulatory System (e-PRS) 
Database1 



 
Registration 



Number 
Marketing 



Type2 Registrant Name Product Name Formulation 
Type 



Guarantee3 
(Salt Form –  



g a.e./L) 
29995 C Agwest Inc. Crush’r Plus Solution GPI-360 



28322 C Albaugh Inc. Clearout 41 Plus Herbicide Solution Solution GPI-360 



30093 C Alligare, LLC. Alligare Glyphosate 4+ Solution GPI-360 



29677 C Chanoix Trading Inc. Lajj Plus Solution GPI-360 



26828 C 



Cheminova Canada, 
Inc. 



Cheminova Glyphosate Soluble Concentrate 
Herbicide Solution GPI-356 



27287 C Glyfos Au Soluble Concentrate Herbicide Solution GPI-360 



28925 C Cheminova Glyphosate (TM) II Solution GPI-356 



29363 C Glyfos Bio Herbicide Solution GPI-360 



29364 C Glyfos Bio 450 Herbicide Solution GPI-450 



30234 C Forza Bio Silvicultural Herbicide Solution GPI-360 



30235 C Forza Bio 450 Silvicultural Herbicide Solution GPI-450 



27394 C 



Dow Agrosciences 
Canada Inc. 



Prepass B Herbicide Solution (A Component 
Of Prepass Htm) Solution GPI-360; 



27615 C Vantage Plus Max Herbicide Solution Solution GPI-480 



28245 C Maverick II Herbicide Solution Solution GPI-480 



28540 C Eclipse II B Herbicide Solution Solution GPI-480 



28977 C Maverick III Herbicide Solution Solution GPX-480 



29033 C Eclipse III B Herbicide Solution GPX-480 



29652 C Prepass XC B Herbicide Solution GPX-480 



29994 C Vantage XRT Herbicide Solution GPX-480 



21262 C Ezject, Inc. Diamondback Herbicide Shells Paste GPI-0.15 



29731 C 
Global Ag Brands Inc. 



Glyking Solution GPI-360 



29732 C Clean-Up Solution GPI-360 



26846 C Interprovincial 
Cooperative Limited 



Glyphosate Herbicide – Agricultural and 
Industrial Solution GPI-360 



29216 C Glyphosate Water Soluble Herbicide Solution GPI-309(+51) 



29266 C 



Libertas Now Inc. 



Knockout Extra Solution GPI-360 



29517 C Burndown Solution GPI-360 



29524 C Clearcrop Solution GPI-360 



29525 C Cleanfield Solution GPI-360 



29733 C GP Advantage Solution GPI-360 



28623 C Loveland Products 
Canada Inc. 



Sharpshooter Plus Herbicide Solution GPI-360 



28631 C Sharpshooter Herbicide Solution GPI-356 



29126 C Mey Canada 
Corporation Wise Up Herbicide Solution Solution GPI-356 



19536 C 
Monsanto Canada Inc. 



Rustler Summerfallow Herbicide Solution GPI-108  
DXB-182 



20423 C Mocan 943 Water Soluble Herbicide Solution GPI-120  
DIC-86 
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Registration 
Number 



Marketing 
Type2 Registrant Name Product Name Formulation 



Type 
Guarantee3 



(Salt Form –  
g a.e./L) 



21572 C Rustler Fallow Liquid Herbicide Solution GPI-132  
DIC-60 



25604 C Roundup Fast Forward Preharvest Herbicide Solution GPI-300  
GLG-16 



25795 C Roundup Fastforward Preseed Agricultural Solution GPI-300  
GLG-10 



25898 C Focus Herbicide Solution GPI-132  
DXB-82 



25918 C Mon 77759 Water Soluble Herbicide Solution GPI-300  
GLG-36 



26625 C Mon 78027 Water Soluble Herbicide Solution GPI-180  
GLG-131 



26920 C Roundup Transorb Max Liquid Herbicide Solution GPI-480 



27200 C Rustler Liquid Herbicide Solution GPI-194  
DIC-46 



29841 C Mon 76431 Liquid Herbicide Solution GPP-540 



29868 C Mon 76429 Liquid Herbicide Solution GPP-540 



29290 C Newagco Inc. Mpower Glyphosate Solution GPI-356 



25866 C 



Nufarm Agriculture 
Inc. 



Nufarm Credit Liquid Herbicide Solution GPI-356 



27950 C Credit Plus Liquid Herbicide Solution GPI-360 



29124 C Credit 45 Herbicide Solution GPI-450 



29125 C Nufarm Credit 360 Liquid Herbicide Solution GPI-360 



29470 C Nuglo Herbicide Solution GPI-450 



29471 C Nufarm Glyphosate 450 Herbicide Solution GPI-450 



29479 C Polaris Solution GPI-360 



29480 C Racketeer Solution GPI-360 



29888 C Credit Xtreme Herbicide Solution GPO-540 



30442 C Rack Petroleum Ltd. The Rack Glyphosate Solution GPI-360 



28802 C 



Syngenta Canada Inc. 



Cycle Herbicide Solution GPP-500 



29308 C Touchdown Pro Herbicide Solution GPM-360 



29341 C Halex GT Herbicide Solution 
GPP-250 
AME-250 
MER-25  



29552 C Takkle Herbicide Solution GPI-140  
DIC-70 



29644 C Flexstar Herbicide Solution GPM-315  
FOF-79 



30412 C Flexstar GT Herbicide Solution GPM-271  
FOF-67 



29022 C Teragro Inc Weed-Master Glyphosate 41 Herbicide Solution GPS-356 



29629 C Viterra Inc. Viterra Glyphosate Solution GPI-360 



24359 C+R 
Cheminova Canada, 



Inc. 



Glyfos Soluble Concentrate Herbicide Solution GPI-360 



26401 C+R Forza Silvicultural Herbicide Solution GPI-360 



28924 C+R Glyfos Soluble Concentrate Herbicide II Solution GPI-360 



26171 C+R 



Dow Agrosciences 
Canada Inc. 



Vantage Plus Herbicide Solution Solution GPI-360 



26172 C+R Vantage Herbicide Solution Solution GPI-356 



26884 C+R Vantage Forestry Herbicide Solution Solution GPI-356 



28840 C+R Vantage Plus Max II Herbicide Solution Solution GPX-480 



29588 C+R GF-772 Herbicide Solution GPI-360 



29773 C+R Depose Herbicide Solution Solution GPI-356 



29774 C+R Durango Herbicide Solution Solution GPX-480 
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Registration 
Number 



Marketing 
Type2 Registrant Name Product Name Formulation 



Type 
Guarantee3 



(Salt Form –  
g a.e./L) 



30423 C+R Prepass 480 Herbicide Solution Solution GPX-480 



30516 C+R Vantage Max Herbicide Solution Solution GPS-480 



27988 C+R 
Interprovincial 



Cooperative Limited 



Ipco Factor 540 Liquid Herbicide Solution GPP-540 



29775 C+R Matrix Herbicide Solution Solution GPX-480 



30319 C+R Vector Herbicide Solution Solution GPX-480 



30076 C+R Loveland Products 
Canada Inc. Mad Dog Plus Solution GPI-360 



29219 C+R Makhteshim Agan Of 
North America Inc. Glyphogan Plus Liquid Herbicide Solution GPI-356 



19899 C+R 



Monsanto Canada Inc. 



Vision Silviculture Herbicide Solution GPI-356 



25344 C+R Roundup Transorb Liquid Herbicide Solution GPI-360 



27487 C+R Roundup Weathermax With Transorb 2 
Technology Liquid Herbicide Solution GPP-540 



28486 C+R Roundup Ultra 2 Liquid Herbicide Solution GPP-540 



28487 C+R R/T 540 Liquid Herbicide Solution GPP-540 



28608 C+R Mon 79828 Liquid Herbicide Solution GPP-540 



28609 C+R Mon 79791 Liquid Herbicide Solution GPP-540 



29498 C+R Start Up Herbicide Solution GPP-540 



30104 C+R Mon 76669 Solution GPP-540 



27736 C+R Vision Max Silviculture Herbicide Solution GPP-540 



27764 C+R Roundup Ultra Liquid Herbicide Solution GPP-540 



27946 C+R Renegade HC Liquid Herbicide Solution GPP-540 



28198 C+R Roundup Transorb HC Liquid Herbicide Solution GPP-540 



27192 C+R 



Syngenta Canada Inc. 



Touchdown IQ Liquid Herbicide Solution GPM-360 



28072 C+R Touchdown Total Herbicide Solution GPP-500 



29201 C+R Traxion Herbicide Solution GPP-500 



29009 C+R Teragro Inc Weed-Master Glyphosate Forestry Herbicide Solution GPI-356 



26609 D 
Cheminova Canada, 



Inc. 



Glyfos Herbicide 143 Concentrate Solution GPI-143 



26610 D Glyfos Herbicide 7 Ready-To-Use Solution GPI-7 



26827 D Glyfos Concentrate 356 Herbicide Solution GPI-356 



27351 D 
Dow Agrosciences 



Canada Inc. 



Glyphosate 18% Herbicide Solution 
Concentrate Solution GPI-143 



27352 D Glyphosate 0.96% Herbicide Ready-To-Use Solution GPI-7 



22627 D 



Monsanto Canada Inc. 



Roundup Concentrate Non-Selective Herbicide Solution GPI-143 



22759 D Roundup Super Concentrate Grass & Weed 
Control Solution GPI-356 



22807 D Roundup Ready To Use Non-Selective 
Herbicide With Fastact Foam Solution GPI-7 



23786 D Roundup Quik Stik Non-Selective Herbicide 
Tablets Tablet GPS-60 



24299 D Roundup Ready-To-Use Grass & Weed 
Control With Fastact Foam Solution GPI-7 



26263 D Roundup Ready-To-Use With Fastact Foam 
Pull'n Spray Non-Selective Herbicide Solution GPI-7 



27460 D Roundup Ready-To-Use Non-Selective 
Herbicide Solution GPI-7.2 



27506 D Roundup Ready-To-Use Pull’n Spray Non-
Selective Herbicide Solution GPI-14.0 



27507 D Roundup Ready-To-Use Pull'n Spray Poison 
Ivy & Brush Control Non-Selective Herbicide Solution GPI-14.0 



28974 D Roundup Pump’N Go Solution GPI-7 
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Registration 
Number 



Marketing 
Type2 Registrant Name Product Name Formulation 



Type 
Guarantee3 



(Salt Form –  
g a.e./L) 



29003 D Roundup Ready-To-Use Poison Ivy & Brush 
Control Non-Selective Herbicide Solution GPI-14 



29034 D Roundup Ready-To-Use Poison Ivy & Brush 
Control With Quick Connect Sprayer Solution GPI-14 



27013 D 



Sure-Gro IP Inc. 



Later’s Grass & Weed Killer Ready To Use Solution GPI-7 



27014 D Later’s Grass & Weed Killer Concentrate Solution GPI-143 



27015 D Later's Grass & Weed Killer Super 
Concentrate Solution GPI-356 



29580 D Later's Grass & Weed Killer Ready To Use  
EZ Spray Solution GPI-7 



29307 D 



Syngenta Canada Inc. 



Touchdown Ready-To-Use Herbicide Solution GPM-8.4 



29309 D Touchdown Super Concentrate Herbicide Solution GPM-360 



29310 D Touchdown Diquat Quick-Kill Ready-To-Use 
Herbicide Solution GPM-8.3  



DIQ-0.28 



28464 D 



Teragro Inc 



Totalex Concentrate Brush, Grass & Weed 
Killer Home Gardener Solution GPI-143 



28467 D Totalex Concentrate Brush, Grass & Weed 
Killer Virterra Solution GPI-143 



28469 D Totalex Ready-To-Use Brush, Grass & Weed 
Killer Virterra Solution GPI-7 



28470 D Totalex Ready-To-Use Brush, Grass & Weed 
Killer Home Gardener Solution GPI-7 



28471 D Totalex Super Concentrate Brush, Grass & 
Weed Killer Home Gardener Solution GPI-356 



28472 D Totalex Super Concentrate Brush, Grass & 
Weed Killer Virterra Solution GPI-356 



28574 D Totalex Rtu Brush, Grass & Weed Killer With 
1 Touch Power Sprayer Home Solution GPI-7.0 



28575 D Totalex Rtu Brush, Grass & Weed Killer With 
1 Touch Power Sprayer Solution GPI-7.0 



28576 D 
Totalex Extra Strength Rtu Brush, Grass & 
Weed Killer With 1 Touch Power Sprayer 



Home Gardener 
Solution GPI-14 



28577 D 
Totalex Extra Strength Rtu Brush, Grass & 
Weed Killer With 1 Touch Power Sprayer 



Virterra 
Solution GPI-14 



25600 M Cheminova Canada, 
Inc. 



Glyphosate Concentrate Herbicide Solution GPI-46.3 



27497 M Glyfos 356 MUC Solution GPI-356 



26449 M 



Dow Agrosciences 
Canada Inc. 



Glyphosate 62% Solution Manufacturing 
Concentrate Solution GPI-46 



27074 M Vantage Herbicide Solution Manufacturing 
Concentrate Solution GPI-356 



27075 M Vantage Plus Herbicide Solution 
Manufacturing Concentrate Solution GPI-360 



28783 M Gf-1667 Herbicide Manufacturing Concentrate Solution GPX-49 



28963 M Glyphosate 85% Manufacturing Concentrate Solution GPS-85 



29267 M Libertas Now Inc. Knockout 62 Solution GPI-46.0 



21061 M 



Monsanto Canada Inc. 



Mon 0139 Solution Herbicide Manufacturing 
Concentrate Solution GPI-46.0 



26919 M Mon 77945 Herbicide Manufacturing 
Concentrate Solution Solution GPI-46 



27183 M Mon 77973 Herbicide Manufacturing 
Concentrate Solution GPS-85 



27485 M Mon 78623 Herbicide Manufacturing 
Concentrate Solution GPP-47.3 



28603 M Mon 79380 Herbicide Manufacturing 
Concentrate Solution GPP-540 



28604 M Mon 79582 Herbicide Manufacturing 
Concentrate Solution GPP-540 



28605 M Mon 79544 Herbicide Manufacturing Solution GPP-540 
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Registration 
Number 



Marketing 
Type2 Registrant Name Product Name Formulation 



Type 
Guarantee3 



(Salt Form –  
g a.e./L) 



Concentrate 



28625 M Mon 78087 Herbicide Manufacturing 
Concentrate Solution GPI-356 



29123 M Nufarm Agriculture 
Inc. 



Nufarm Glyphosate IPA Manufacturing 
Concentrate Solution GPI-46 



27871 M Syngenta Canada Inc. Glyphosate 600 SL Manufacturing Concentrate Solution GPS-600 



29719 M Teragro Inc Teragro Glyphosate Manufacturing 
Concentrate Solution GPI-46 



29645 T Agromarketing Co. 
Inc. Nasa Glyphosate Technical Solid GPS-96.37 



28321 T Albaugh Inc. Clearout Glyphosate Technical Solid GPS-96.7 



24337 T 



Cheminova Canada, 
Inc. 



Glyphosate Technical Solid GPS-85.8 



29143 T Glyfos Soluble Concentrate Herbicide 2 Solid GPS-97.9 



29326 T Cheminova Glyphosate Technical II Solid GPS-95.7 



29530 T Cheminova Glyphosate Technical III Solid GPS-98.2 



26450 T Dow Agrosciences 
Canada Inc. 



Glyphosate Technical Herbicide Solid GPS-96.3 



28967 T Technical Glyphosate Herbicide Solid GPS-96.2 



29265 T Libertas Now Inc. Knockout Tech Solid GPS-98.1 



29799 T 
Mey Corporation 



Mey Corp Glyphosate Technical Solid GPS-98.5 



30099 T Mgt Glyphosate Technical Solid GPS-96.4 



19535 T Monsanto Canada Inc. Glyphosate Technical Grade Solid GPS-96.3 



29381 T Newagco Inc. Newagco Glyphosate Technical Solid GPS-96.0 



28857 T Nufarm Agriculture 
Inc. Nufarm Glyphosate Technical Acid Solid GPS-96.5 



29980 T 



Sharda Worldwide 
Exports Pvt. 
Ltd./Sharda 



International Fze 



Sharda Glyphosate Technical Herbicide Solid GPS-96.2 



24344 T 



Syngenta Canada Inc. 



Glyphosate Acid Wet Paste Herbicide Paste GPS-88.8 



28983 T Technical Touchdown Herbicide Solid GPS-97.1 



29540 T Touchdown Technical Herbicide Solid GPS-99 



28882 T Teragro Inc Glyphosate Technical Herbicide Solid GPS-97.5 
1 GPS = glyphosate acid, GPI = glyphosate isopropylamine or ethnolamine salt, GPM = glyphosate mono-ammonium or diammonium salt, GPP = 
glyphosate potassium salt, GPX = glyphosate dimethylsulfonium salt, and GPO = GPI + GPP. Note that GPT (gltphosate trimethylsulfonium salt) 
has been voluntarily discontinued by the registrant Syngenta Canada Inc. 
2 C = Commercial Class, C+R = Commercial and Restricted Class, D = Domestic Class, M = Manufacturing Concentrate, T = Technical grade 
active ingredient. 
3 AME = s-metolachlor, DIC = dicamba, DIQ = diquat, DXB = 2,4-D (isomer specific), FOF = fomesafen, GLG = glufosinate ammonium and 
MER = mesotrione. 
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Appendix IIa Registered Commercial Class Uses of Glyphosate in Canada as 
of 3 May 2012. Uses From Discontinued Products or Products 
With a Submission for Discontinuation are Excluded1 



 



USCs2 Sites3 
Weeds and/or 



Harvest 
Management 



Application Methods and 
Equipment4 



Maximum Application 
Rate (kg a.e./ha) Maximum 



Number of 
Applications 



Per Year5 



Minimum 
Interval 
Between 



Applications 
(Days)5 



Single Cumulative 
Per Year5 



13 
14 



Wheat 
Barley 
Oats  



Weed control: 
Annual and 
perennial weeds 
 
Harvest 
management  



Boom or boomless 
 
Aerial – Prairie provinces 
only (including Peace River 
region of British Columbia) – 
Restricted use 
 
Knapsack or high-volume 
equipment (hose and handguns, 
hand sprayer or other suitable 
nozzle arrangement) 



4.320 9.542 4 [7] 



13 
14 Rye 



Annual weeds 
and foxtail 
barley 



Field sprayer  
 
Aerial – Prairie provinces 
only (including Peace River 
region of British Columbia) – 
Restricted use 



0.902 0.902 1 Not 
applicable 



7 
13 
14 



Soybeans 



Weed control: 
Annual and 
perennial weeds 
 
Harvest 
management 



Boom or boomless 
 
Aerial – Prairie provinces 
only (including Peace River 
region of British Columbia) – 
Restricted use 
 
Knapsack or high-volume 
equipment (hose and handguns, 
hand sprayer or other suitable 
nozzle arrangement) 
 
Boom or boomless 
 
Roller applicators 
 
Wick or other wiper applicators 



4.320 9.542 6  [7] 



7 
13 
14 



Soybeans 
 
(Glyphosate 
tolerant  
or Roundup 
Ready 
soybean 
varieties 
or Roundup 
Ready 2 Yield 
soybean 
varieties) 



Weed control: 
Annual and 
perennial weeds 
 
Harvest 
management 



Boom or boomless 
Aerial – Prairie provinces 
only (including Peace River 
region of British Columbia) – 
Restricted use 



4.320 12.062 5 



[7] 
 



For in crop 
treatment,  



14 for 
sequential 
application 



and the 
second 



application 
must be no 
later than 
flowering 
stage of 
soybean. 
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USCs2 Sites3 
Weeds and/or 



Harvest 
Management 



Application Methods and 
Equipment4 



Maximum Application 
Rate (kg a.e./ha) Maximum 



Number of 
Applications 



Per Year5 



Minimum 
Interval 
Between 



Applications 
(Days)5 



Single Cumulative 
Per Year5 



7 
13 
14 



Corn Annual and 
perennial weeds 



Boom or boomless 
 
Aerial – Prairie provinces 
only (including Peace River 
region of British Columbia) – 
Restricted use 
 
Knapsack or high-volume 
equipment (hose and handguns, 
hand sprayer or other suitable 
nozzle arrangement) 



4.320 8.640 3  [7] 



7 
13 
14 



Corn 
(glyphosate 
tolerant) 



Annual and 
perennial weeds 



Boom or boomless 
 
Aerial – Prairie provinces 
only (including Peace River 
region of British Columbia) – 
Restricted use 



4.320 10.445 4  [7] 



14 



Corn – Sweet 
(Roundup 
Ready 2 
Technology) 



Annual and 
perennial weeds 



Boom or boomless  
 
Aerial – Prairie provinces 
only (including Peace River 
region of British Columbia) – 
Restricted use 



4.320 10.438 4  [7] 



7 
13 
14 



Canola 



Weed Control:  
Annual and 
perennial weeds 
 
Harvest 
management  



Boom or boomless 
 
Aerial – Prairie provinces 
only (including Peace River 
region of British Columbia) – 
Restricted use 



4.320 9.542 3 [7] 



7 
13 
14 



Canola 
(glyphosate 
tolerant) 



Weed Control:  
Annual and 
perennial weeds 
 
Harvest 
management 



Boom or boomless 
 
Aerial – Prairie provinces 
only (including Peace River 
region of British Columbia) – 
Restricted use 



4.320 10.890 5  [7] 



7 



Canola –
Roundup 
Ready Hybrid 
canola seed 
production 



When 
pollination is 
complete or 
near completion 



Boom sprayer 0.902 1.804 
2 



(sequential 
application) 



At least 5 
days 



13 
14 Peas 



Weed Control:  
Annual and 
perennial weeds 
 
Harvest 
management  



Boom or boomless 
 
Aerial – Prairie provinces 
only (including Peace River 
region of British Columbia) – 
Restricted use 



4.320 9.542 3  [7] 



14 Dry beans 



Weed Control:  
Annual and 
perennial weeds 
 
Harvest 
management 



Boom or boomless 
 
Aerial – Prairie provinces 
only (including Peace River 
region of British Columbia) – 
Restricted use 
 
Knapsack or high-volume 
equipment (hose and handguns, 
hand sprayer or other suitable 
nozzle arrangement) 
 
Roller applicators 
 
Wick or other wiper applicators 



4.320 9.542 6  [7] 
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USCs2 Sites3 
Weeds and/or 



Harvest 
Management 



Application Methods and 
Equipment4 



Maximum Application 
Rate (kg a.e./ha) Maximum 



Number of 
Applications 



Per Year5 



Minimum 
Interval 
Between 



Applications 
(Days)5 



Single Cumulative 
Per Year5 



7 
13 
14 



Flax 
(including low 
linoleic acid 
varieties) 



Weed control:  
Annual and 
perennial weeds 
 
Harvest 
management 



Boom or boomless 
 
Aerial – Prairie provinces 
only (including Peace River 
region of British Columbia) – 
Restricted use 



4.320 9.542 3  [7] 



14 Lentils 



Weed control:  
Annual and 
perennial weeds 
 
Harvest 
management 



Boom or boomless 
 
Aerial – Prairie provinces 
only (including Peace River 
region of British Columbia) – 
Restricted use 



4.320 9.542 3 [7] 



13 
14 



Chickpeas 
 
Lupin (dried) 
 
Fava bean 
(dried) 



Weed control:  
Annual and 
perennial weeds 
 
Harvest 
management 



Boom or boomless 
 
Aerial – Prairie provinces 
only (including Peace River 
region of British Columbia) – 
Restricted use 



4.320 9.542 3 [7] 



7 
13 
14 



Mustard 
(yellow/white, 
brown, 
oriental) 



Weed control:  
Annual and 
perennial weeds 
 
Harvest 
management 



Boom or boomless 
 
Aerial – Prairie provinces 
only (including Peace River 
region of British Columbia) – 
Restricted use 



4.320 9.542 3  [7] 



13 



Pearl millet 
(pearl millet 
grain is to be 
harvested for 
use as animal 
feed only. Do 
not graze 
treated pearl 
millet forage 
or cut for 
hay.) 



Weed control:  
Annual and 
perennial weeds 
 
Harvest 
management 



Boom or boomless 
 
Aerial – Prairie provinces 
only (including Peace River 
region of British Columbia) – 
Restricted use 



4.320 9.542 3  [7] 



14 



Sorghum 
(grain) (not 
for use as a 
forage crop) 



Weed control:  
Annual and 
perennial weeds 
 
Harvest 
management 



Boom or boomless 
 
Aerial – Prairie provinces 
only (including Peace River 
region of British Columbia) – 
Restricted use 



4.320 9.542 3  [7] 



7 
13 
14 



Sugar beets Annual and 
perennial weeds 



Boom or boomless 
 
Aerial – Prairie provinces 
only (including Peace River 
region of British Columbia) – 
Restricted use 
 
Knapsack sprayers, hand held 
and high-volume equipment 
handguns or other suitable 
nozzle arrangement 



4.320 12.600 3  [7] 



7 
13 
14 



Sugar beets 
(Roundup 
Ready only) 



Emerged annual 
and perennial 
weeds 



Boom or boomless 
 
Aerial – Prairie provinces 
only (including Peace River 
region of British Columbia) – 
Restricted use 



0.902 3.607 4 10 
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USCs2 Sites3 
Weeds and/or 



Harvest 
Management 



Application Methods and 
Equipment4 



Maximum Application 
Rate (kg a.e./ha) Maximum 



Number of 
Applications 



Per Year5 



Minimum 
Interval 
Between 



Applications 
(Days)5 



Single Cumulative 
Per Year5 



14 Asparagus Annual and 
perennial weeds Boom or boomless 4.320 12.600 3 [7] 



14 



Ginseng 
(North 
American) – 
new garden 
(BC only) Volunteer grain Boom sprayer, shielded 



sprayer, hand-held guns 



0.902 0.902 1 Not 
applicable 



Ginseng 
(North 
American) – 
Existing/estab
lished gardens 



0.902 1.804 2 [7] 



13 



Forage 
grasses and 
legume 
including seed 
production 



Weed control:  
Annual and 
perennial weeds 
 
Harvest 
management 



Boom or boomless 
 
Knapsack or high-volume 
equipment (hose and handguns, 
hand sprayer or other suitable 
nozzle arrangement) 



4.320 10.440 4 [7] 



13 Pasture  



Annual and 
perennial 
vegetation 
 
Most 
herbaceous 
weeds, woody 
brush and trees 



Boom or boomless 
 
Mist blower 
 
Hand-held high volume 
equipment 
 
Ground Restricted use 
Aerial Restricted use 



4.320 8.640 2  [7] 



14 Strawberry Annual and 
perennial weeds 



Boom or boomless 
 
Knapsack or high-volume 
equipment (hose and handguns, 
hand sprayer or other suitable 
nozzle arrangement) 
 
Wiper 



4.320 12.600 4 [7] 



14 Blueberry 
(highbush) 



Annual and 
perennial weeds 



Boom or boomless 
 
Shielded sprayer, hand held and 
high-volume orchards guns 
 
Knapsack or high-volume 
equipment (hose and handguns, 
hand sprayer or other suitable 
nozzle arrangement) 



4.320 12.600 3 [7] 



14 Blueberry 
(lowbush) 



Annual and 
perennial weeds 
Woody brush 



Boom or boomless 
 
Shielded sprayer, hand held and 
high-volume orchards guns 
 
Knapsack or high-volume 
equipment (hose and handguns, 
hand sprayer or other suitable 
nozzle arrangement) 



4.320 12.600 3 [7] 



14 Cranberry Annual and 
perennial weeds 



Boom or boomless 
 
Wipers and wicks 



4.320 12.600 2  [7] 



13 
(apples 
only) 



 
 



Apples 
Apricot 
Cherry – 
(Sweet/Sour) 
Peaches 



Annual and 
perennial weeds 



Boom sprayer, shielded 
sprayer, hand held and high-
volume orchards guns 
 
Rollers 



4.320 12.600 3 [7] 
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USCs2 Sites3 
Weeds and/or 



Harvest 
Management 



Application Methods and 
Equipment4 



Maximum Application 
Rate (kg a.e./ha) Maximum 



Number of 
Applications 



Per Year5 



Minimum 
Interval 
Between 



Applications 
(Days)5 



Single Cumulative 
Per Year5 



14 Pears 
Plums 
 



 
Wick or other wiper applicators 



14 Grapes Annual and 
perennial weeds 



Boom sprayer, shielded 
sprayer, hand held and high-
volume orchards guns 
 
Rollers 
 
Wick or other wiper applicators 



4.320 12.600 3 [7] 



14 Filberts or 
Hazelnut Annual weeds 



Boom or boomless 
 
Shielded sprayer, hand held and 
high-volume orchards guns 



4.320 12.600 [3] [7] 



14 



Walnut, 
Chestnut, 
Japanese 
heartnut 



Annual and 
perennial weeds 



Boom sprayer, shielded 
sprayer, hand held and high-
volume orchards guns 
 
Wipers 



4.320 12.600 



2 
Apply as a 



directed spray 
or as a wiper 



solution 



[7] 



4 
27 



Shelterbelts 
 
Nursery stock  
 
Woody 
ornamentals 
 
Including 
forest tree 
nursery and 
Christmas tree 
plantations 
 – Deciduous  



Annual and 
perennial weeds 



Boom or boomless 
 
Rollers 
 
Wick or other wiper applicators 



4.320 8.640 4 [7] 



4 
27 



Short rotation 
intensive 
culture 
(SRIC) poplar  



Annual and 
perennial weeds 



Boom or boomless 
 
Shielded sprayers for post- 
directed spray solution 



4.320 4.320 3 42 



7 
13 
14 



All other 
crops – Pre-
seeding 



Annual and 
perennial weeds 



Boom or boomless 
 
Aerial – Prairie provinces 
only (including Peace River 
region of British Columbia – 
Restricted use 



4.320 4.320 1 Not 
applicable 



7 
13 
14 



Summer 
fallow 



Annual and 
perennial weeds 



Boom or boomless 
 
Aerial – Prairie provinces 
only (including Peace River 
region of British Columbia) – 
Restricted use 



4.320 4.320 1 Not 
applicable 



4 Forest and 
Woodlands  



Herbaceous 
weeds, woody 
brush and trees,  
Ericaceous 
species (for 
example, 
Kalmia spp.-
sheep laurel, 
lamb kill) 



Boom or Boomless 
 
Mist blower 
 
Aerial – Restricted use 
 
Hand held and high-volume 
equipment 
 
Roller application 
 
Wick or other wiper applicators 



4.320 



9.000  
 
This is 
derived from 
the label of 
PCP# 29308 
(glyphosate at 
360 g/L) in 
which the 
annual 
maximum 
rate is 25 



[2] [7] 



  
 



Proposed Re-evaluation Decision – PRVD2015-01 
Page 67 











Appendix IIa 



USCs2 Sites3 
Weeds and/or 



Harvest 
Management 



Application Methods and 
Equipment4 



Maximum Application 
Rate (kg a.e./ha) Maximum 



Number of 
Applications 



Per Year5 



Minimum 
Interval 
Between 



Applications 
(Days)5 



Single Cumulative 
Per Year5 



 
Injection application 
 
Diamondback Herbicide 
injection system (EZJECT) and 
equipment 
 
Cut stump application 



L/ha.  
 
The 
calculated 
cumulative 
rate per year 
is 8.640 kg 
a.e./ha. 



16 
Non-crop land 
and industrial 
uses 



Annual and 
perennial weeds 
 
Woody brush 
and trees 



Boom or boomless 
 
Hand held and high-volume 
application 
 
Aerial application:  
Restricted use 
 
Mist blower 
 
Rollers 
 
Wick or other wiper applicators 
 
Injection applications 
 
Diamondback Herbicide 
injection system (EZJECT)and 
equipment 
 
Low pressure equipment (for 
example, squirt bottle or similar 
device) 



4.320 12.960 [3] [7] 



30 



Turf grass 
(Prior to 
establishment 
or renovation) 



Annual and 
perennial weeds 



Boom or boomless 
 
Mist blower 
 
Hand-held high-volume 
application 



4.320 9.000 2.  [7] 



1. All uses are supported by the registrants. Information in [ ] is provided by the registrants. 
2. USCs 1 to 14 belong to the use sector AGRICULTURE AND FORESTRY, USCs 15-23 belong to the use sector INDUSTRY and USCs 



24-33 belong to the use sector SOCIETY.  
3. Sites are either as stated on the product label or as interpreted by the PMRA so as to achieve consistency in naming. For agricultural 



cropland use, the labels state that all crops can be treated with glyphosate prior to planting. This “prior to planting use on all crops” is 
captured in two parts. (1) It is captured in the Site column corresponding to the crop which appears on the labels for other use claim(s). For 
example, wheat appears on the label for in-crop spot treatment as well as pre-harvest application; the “prior to planting use” is added under 
the Wheat site; (2) It is captured in the “All other crops” section of the site column corresponding to the crop which does not appear on the 
label (for example, vegetables). Post-harvest stubble use is dealt with similarly. Thus, all claimed uses for a specific site are presented 
together.  



4. The Equipment column covers application equipment appearing on all product labels listing all possible application equipment for the 
specific site. All aerial applications are restricted uses and in bold text. 



5. Cumulative rate per year, maximum number of applications per year and minimum interval between applications: This information is 
currently specified for use on fruit tree, berry and vine crops but is not clearly specified for other uses such as agricultural cropland and non-
cropland. For agricultural cropland use, crops can, in theory, be treated with glyphosate at each of four windows: pre-planting, in-crop spot, 
pre-harvest and/or post-harvest. Typically, only one application at most is made at each application window. However, the product labels 
also state that a repeat treatment is required if heavy rainfall occurs immediately after application. In a growing season, it is possible to do 
sequential applications at some or all application windows, in other words: prior to planting + in-crop spot + pre-harvest + post-harvest 
stubble. For forestry and non-cropland use, the product labels state that repeat applications may be necessary to control late germinating 
weeds, regeneration from underground parts or seeds, and new growth or second flush of weeds germinating from the canopy closure. 
In addition, for wiper applications, the product labels state that best results may be obtained if two applications are made in opposite 
directions. The cumulative product rate per year is expressed to reflect the possible repeat application required if heavy rainfall occurs 
immediately after application. The cumulative a.i. rate per year, maximum number of applications per year and minimum interval between 
applications for a specific site are expressed to reflect all possible applications across the growing season, representing the worst case 
scenario. 
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Appendix IIb Registered Domestic Class Uses of Glyphosate in Canada as of 
23 October 2012. Uses from Discontinued Products or 
Products with a Submission for Discontinuation are Excluded.1 



 



USCs2 Sites3 Weeds Application 
Equipment 



Maximum Application 
Rate (g a.e./m2) 



Maximum 
Number of 



Applications 
Per Year 



Minimum 
Interval 
Between 



Applications  
(Days)4 



Single Cumulative 
Per Year 



16 



Hard to mow areas, 
around buildings, 
foundations and 
fence posts, lawn 
trimming/ edging, 
patio, vacant lots, 
storage and 
recreational areas, 
driveways and along 
fence lines 



Most annual and 
perennial grasses 
and weeds such as 
quackgrass, 
chickweed, 
ragweed, knotweed, 
poison ivy, Canada 
thistle, milkweed 
and bindweed Ground 



 
Do not use 
hose-end 
sprayers 
  
For Ready to 
Use products 
– Pull’N 
Spray or 
1 Touch 
Power 
Sprayer or  
with on/off 
nozzle or 
with child 
resistant 
closure lock 
or EZ 
SPRAYTM or 
Pump’N Go 



0.700  1.400 



[2] 
 
Heavy rainfall 
immediately 
after application 
may wash the 
chemical off the 
foliage and 
repeat treatment 
may be 
required.  
 
Use a repeat 
application on 
any seedlings 
that regrow 
from seeds or as 
new seedlings 
and vegetation 
emerge.  
  



[7] 



0.386 0.771 



27 Around trees/shrub/ 
ornamentals 



Most annual and 
perennial grasses 
and weeds such as 
quackgrass, 
chickweed, 
ragweed, knotweed, 
poison ivy, Canada 
thistle, milkweed 
and bindweed 



0.700 1.400 



0.386 0.771 



14 
27 Garden renovation 



Most annual and 
perennial grasses 
and weeds such as 
quackgrass, 
chickweed, 
ragweed, knotweed, 
poison ivy, Canada 
thistle, milkweed 
and bindweed 



0.700 1.400 



0.386 0.771 



30 Lawn renovation 



0.700 1.400 



0.386 0.771 



16 Brush control (for 
domestic use) 



Most brush such as 
poplar, alder, maple 
and raspberry 



0.700 1.400 



0.386 0.771 



14 
27 



In flower beds and 
vegetable gardens 
 
In large areas for 
garden plot 
preparation 



Poison ivy and 
brush  
 
Most types of weeds 
and grasses 



Ready to Use 
– Pull’N 
Spray 



0.355 0.710 



30 In large areas for 
lawn replacement  



1. All uses are supported by the registrants and the Glyphosate Task Force.  
2. USCs 1 to 14 belong to the use sector AGRICULTURE AND FORESTRY, USCs 15-23 belong to the use sector INDUSTRY and USCs 



24-33 belong to the use sector SOCIETY.  
3. Sites are either as stated on the product label or as interpreted by the PMRA so as to achieve consistency in naming.  
4. Information in [ ] is provided by the registrants. 
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Appendix III Toxicity Profile and Endpoints for Health Risk 
Assessment 



 
Table III.1A Summary of Toxicology Studies for Glyphosate Acid  



Note: Effects noted below are known or assumed to occur in both sexes unless otherwise noted; 
in such cases, sex-specific effects are separated by semi-colons. Effects on organ weights are 
known or assumed to reflect changes in absolute weight and relative (to body weight) weight 
unless otherwise noted. 
 



Study Type/ 
Animal/ PMRA # 



 



Study Results 



Toxicokinetic Studies 



Single Dose 
(Gavage or IV) 
 
F344 Rat 
 
PMRA#: 2391579 
 



Absorption: Peak blood radioactivity levels were reached within 1st and 2nd hours of oral 
administration for the low and high-dose groups, respectively. The peak blood radioactivity 
level was about 0.20% of the administered dose (AD) for the low oral dose and about 0.70% 
of the AD for the high oral dose. The 10-fold increase in the oral dose resulted in a 35-fold 
increase in the peak blood concentrations. The blood radioactivity versus time plot fit a two-
compartment model with a rapid distribution phase of 30 minutes and slower elimination phase 
of 13 hours. Blood radioactivity levels declined rapidly following an intravenous dose of 
5.6 mg/kg such that within 6 hours of dosing, over 90% of radioactivity was recovered in the 
urine. Comparison of the pattern of elimination following i.v. and oral administration of 
14C glyphosate suggested that the compound was incompletely absorbed. 
Distribution: Most of the radioactivity levels in the tissues were recovered in the 
gastrointestinal (GI) tract (mostly in the small intestine) up to the 12-hour time point following 
single oral administration of the low and high doses. Radioactivity was also detected in the 
liver, kidneys, skin and blood, but in comparably small amounts to the small and large 
intestines (0.1-0.7% of AD in these tissues and at different time-points). The tissue radioactive 
residues decreased from 12% of total radioactivity to less than 1% within 24 hours. 
Excretion: Following oral administration of 14C-glyphosate, elimination was similar in the low 
and high-dose groups although a higher percentage (58-74%) of radioactivity excreted through 
the feces and a lower portion (~ 35%) excreted through the urine. The fecal excretion peaked 
towards the end of the measurement (72-hour time point) for both dose groups. The urinary 
excretion of the radioactivity plateaued at 12 hours in the low-dose group and at 72 hours in 
 the high-dose groups. Following the intravenous administration of a low dose (5.6 mg/kg) of  
14C-glyphosate, the elimination was rapid (90% excreted within 6 hours) and occurred 
primarily through the urine. 



Single Dose (IP) 
 
Sprague-Dawley 
Rat 
 
PMRA#: 2391580 



Metabolism: The major radioactive excreted component was unchanged glyphosate. 
Excretion: feces (6-14%), urine (74-78%) after 5 days, negligible excretion via air. Tissue 
retention at 120 hrs was 1%. 



Single Dose 
(Gavage) 
 
Wistar Rat 
 
PMRA#: 1184961 



Absorption: Rapidly absorbed  
Metabolism: The major radioactive excreted component was unchanged glyphosate. 6.9 
to 8.6% of AD in feces extracts corresponded to Aminomethylphosphonic acid (AMPA) 
Excretion: in urine (14% in ♂, 35-40% in ♀) and feces (81% in ♂) after 48hrs, negligible 
excretion via air.  
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Study Type/ 
Animal/ PMRA # 



 



Study Results 



Single Dose 
(Gavage) 
 
Wistar Rat 
 
PMRA#: 1212026 



Absorption: Incomplete (based on increased rapid fecal excretion) 
 
Distribution: Autoradiograms showed greater intensity of the radioactivity in bones and 
kidneys (reducing to negligible amounts by 48 hrs in kidneys.) 
 
Excretion: In urine (17.9% in ♂, 12.8% in ♀) and feces (59.3% in ♂, 80.3% in ♀) after 24 
hours. In urine (34% in ♂, 12.5% in ♀) and feces (60.5% in ♂, 91.2% in ♀) after 48 hours. 
Radioactivity recovered in the expired air was negligible. 



Single Dose 
(Gavage) 
 
Wistar Rat 
 
PMRA#: 1212027 



Absorption: Incomplete (based on increased rapid fecal excretion) 
 
Distribution: Less than 0.19/0.17% in ♂/♀ of AD present in the GI tract after 72 hrs. Tissue 
concentrations accounted for 0.5% of AD. Highest concentrations were in bone, liver, kidneys 
and lungs.  
 
Excretion: About 90% excreted within 24 hrs of dosing. In urine (13% in ♂, 11% in ♀) and 
feces (88.5% in ♂, 89% in ♀) after 72 hours 



Single Dose 
(Gavage) 
 
Wistar Rat 
 
PMRA#: 1212028 



Absorption: Incomplete (based on increased rapid fecal excretion) 
 
Distribution: Less than 0.12% of AD present in the GI tract after 72 hrs. Tissue concentrations 
accounted for 0.5% of AD. Highest concentrations were in bone, liver, and kidneys.  
 
Excretion: About 90% excreted within 24hrs of dosing. In urine (11% in ♂, 11% in ♀) and 
feces (87% in ♂, 91% in ♀) after 72 hours 



Single Dose 
(Gavage) 
 
Wistar Rat 
 
PMRA#: 1212029 



Absorption: Based on excretion and tissue distribution, the extent of absorption of an oral dose 
of glyphosate did not exceed 21%.  
 
Distribution: Tissue concentrations were not examined in this study.  
 
Metabolism: Poor metabolism since the parent (unchanged) compound excreted in the urine.  
 
Excretion: Unchanged glyphosate acid with < 1% AMPA in urine. Unchanged glyphosate acid 
in feces  
 
1000 mg/kg bw bile duct cannula dose: in urine (20.8% in ♂, 16.3% in ♀) and feces (39.1% in 
♂, 30.5% in ♀), bile (0.06% in ♂ and ♀) after 48 hrs.  
1000 mg/kg bw: in urine (16.0% in ♂, 16.7% in ♀) and feces (79.3% in ♂, 63.9% in ♀) 
10 mg/kg bw after 14 unlabelled doses: in urine (10.5% in ♂, 10.5% in ♀) and feces (52.9% in 
♂, 72.1% in ♀) 
10 mg/kg bw: in urine (12.7% in ♂, 10.5% in ♀) and feces (74.8% in ♂, 55.2% in ♀) 



Single Dose 
(Gavage) 
 
Wistar Rat 
 
PMRA#: 1212031 



Absorption: higher in fasted vs. non-fasted animals based on urinary and fecal radioactivity 
levels 
 
Distribution: The residues in carcass accounted for 2% of the dose in fasted and 0.5% in non-
fasted animals. The residues in GI tract were 0.23% in fasted and 0.13% in non-fasted animals.  
 
Excretion: in urine (fasted: 51%, non-fasted: 15%) and feces (fasted: 47%, non-fasted: 85%)  



Single Dose (IV) 
 
Wistar Rat 
 
PMRA#: 1212032 



Distribution: Around 3% of radioactivity was recovered in all tissues that included in 
decreased order of concentration: bone, spleen, kidneys, lungs, liver, GI tract and salivary 
glands. 
 
Excretion: in urine (88.3% in ♂, 74.6% in ♀) and feces (5.1% in ♂, 14.2% in ♀) after 72 
hours 



Single Dose 
(Gavage) 
 



Absorption: Incomplete (based on increased rapid fecal excretion) 
 
Distribution: Tissue concentration of radioactivity was low (accounted for less than 0.6% of 
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Wistar Rat 
 
PMRA#: 1212033 



the AD). Highest concentration in bone > kidneys > liver > lungs > spleen > salivary glands > 
brain.  
 
Excretion: Over 87% excreted within 24 hrs. Excretion in urine (17% in ♂, 17.5% in ♀) and 
feces (90% in ♂, 84.5% in ♀) after 72 hours. 



Single Dose 
(Gavage or IV) 
 
Non-guideline  
 
Wistar Rat 
 
PMRA#: 2391577 



Absorption: Glyphosate was slowly and poorly absorbed orally. The absorption half-life was 
2.29 hours while the maximal plasma concentration was 4.64 μg/ml and time to maximal 
plasma concentration was 5.16 hrs after the oral administration of glyphosate. The oral 
bioavailability of glyphosate was 23.21%. 
 
Metabolism: Not extensively metabolized in rats. AMPA was the main metabolite which 
represented 6.49% of the parent plasma concentrations.  
 
Distribution: After IV administration of 100 mg/kg bw, the distribution phase of glyphosate 
was fast (T1/2α = 0.345 hr) and with a high volume of distribution at steady state (Vss = 2.99 
L/kg) suggesting extensive distribution in extravascular tissues. The two compartment model 
was the best fit for both groups to establish the toxicokinetic characteristics. The values of 
apparent volume of distribution in the second compartment were 2.39 and 2.32 L/kg after IV 
and oral administration, respectively. 
 
Elimination: The rate of elimination of AMPA (T1/2β = 15.08 hr) after oral glyphosate 
administration was similar to that of glyphosate (T1/2α = 14.38). The elimination half-life 
calculated after IV administration was 9.99 hours. The elimination half-life of glyphosate 
increased by 44% (to 14.38 hr) after oral administration compared to the IV administration.  



14-Day 
Toxicokinetic 
(Diet)  
 
Wistar Rat  
 
PMRA#: 1182530 
or 1184946 
 
 



Absorption: Poor (based on increased rapid fecal excretion) 
 
Distribution: The body load (= cumulative intake – cumulative excretion) < 5% of the AD for 
low and high-dose groups (mid-dose group calculation resulted in a negative value). Maximum 
concentration levels reached in tissues by 10th day of exposure. Tissue concentration: kidney, 
spleen > fat > liver > ovaries > heart > muscle > brain > testes (the trend in all dose groups).  
 
Excretion: Rate of excretion in urine and feces equalled the rate of intake by day 6-8 
(indicating a plateau/steady state level had been reached). Mean urinary excretion was 8.3%, 
10.5% and 8.5% of the AD for low, mid- and high-dose groups by the end of the treatment. 
Fecal excretion was over 90% of the AD for each dose group. The urinary excretion had 
decreased by 96% two days after cessation of the treatment. The fecal excretion was negligible 
four days after treatment was stopped.  



Single Dose 
(Gavage) 
 
NZW Rabbits 
 
PMRA#: 
1184958,  
1184959 



Metabolism: The major radioactive excreted component was unchanged glyphosate 
Distribution: Highest in gut (2.5%) followed by liver, kidney, spleen, heart, muscles, and 
gonads. 
Excretion: Feces (80 %), urine (7-10%) after 5 days, negligible excretion via air. 



Acute Toxicity Studies 



Acute Oral 
Toxicity (Gavage) 
 
SPF Mice  
 
PMRA#: 1161775 



LD50 > 2000 mg/kg bw  
 
@ 2000 mg/kg bw: ↑ piloerection and sedation shortly noted after treatment but returned to 
normal after 24 hours.  
  
Low acute toxicity  



Acute Oral 
Toxicity (Gavage) 



LD50 = 5600 mg/kg bw  
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Wistar Rat 
 
PMRA#: 1184851 



≥ 2500 mg/kg bw: ↑ piloerection, ↑ lethargy (persisted up to 7 days after dosing), ↑ pale liver 
and kidneys (animals which died), ↑ ataxia, ↑ convulsions, ↑ muscle tremors, ↑ red nasal 
discharge, ↑ clear oral discharge, ↑ urinary staining of the abdomen, ↑ soft stool, ↑ fecal 
staining of the abdomen  
 
Low acute toxicity 



Acute Oral 
Toxicity (Gavage) 
 
Wistar Rat 
 
PMRA#: 1161752 



LD50 > 5000 mg/kg bw  
 
@ 5000 mg/kg bw: ↑ diarrhea noted on day 2 
 
Low acute toxicity  



Acute Oral 
Toxicity (Gavage) 
 
Wistar Rats 
 
PMRA#: 1211998 



 
LD50 > 5000 mg/kg bw  
 
Low acute toxicity  



Acute Oral 
Toxicity (Gavage) 
 
Wistar Rats 
 
PMRA#: 1874174 



LD50 > 5000 mg/kg bw  
 
@ 5000 mg/kg bw: 1♀ exhibited laboured breathing on day 4 and 6 after treatment 
 
Low acute toxicity  



Acute Oral 
Toxicity (Gavage)  
 
Rabbits 
 
PMRA #: 
1184695 



LD50 = 3800 mg/kg bw  
 
≥ 2000 mg/kg bw: ↑ hypoactivity  
 
≥ 3000 mg/kg bw: ↑ mortality, ↑ hemorrhage and ulceration of the stomach  
 
 
Low acute toxicity 



Acute Dermal 
Toxicity  
 
Sprague-Dawley  
Rats 
 
PMRA#: 1161756 



Supplemental  
 
LD50 > 2000 mg/kg bw  
 
@ 2000 mg/kg bw: Piloerection and reduced activity. Scab formation @ the test site 2-14 days 
after dosing.  
 
 
Low acute toxicity 



Acute Dermal 
Toxicity  
 
Wistar Rats  
 
PMRA#: 1211999 



LD50 > 2000 mg/kg bw  
 
@ 2000 mg/kg bw: One male showed slight erythema on days 2 and 3 and one female had 
scabs from days 3 to 8.  
 
Low acute toxicity 



Acute Dermal 
Toxicity  
 
Wistar Rats  
 
PMRA#: 1874176 



LD50 > 2000 mg/kg bw  
 
Low acute toxicity  
 



Primary Dermal 
Irritation  



Supplemental  
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NZW Rabbit 
 
PMRA#: 1161763 
 



Non irritating 



Primary Dermal 
Irritation  
 
NZW Rabbit 
 
PMRA#: 1212002 



Non irritating 
 
 



Primary Dermal 
Irritation  
 
NZW Rabbit 
 
PMRA#: 1874186 



Non irritating 
 



Dermal 
Sensitization  
 
Hartley  
Guinea Pig 
 
PMRA#: 2391580 



Negative  



Dermal 
Sensitization  
 
♀ Guinea Pigs 
 
PMRA#: 1161765 



Negative  



Dermal 
Sensitization  
 
♀ Guinea Pigs 
 
PMRA#: 1212003 



@ 75% w/v prep: animals showed scattered mild redness (considered skin irritation) 
 
Negative  



Dermal 
Sensitization  
 
Guinea Pigs 
 
PMRA#: 1874187 
 



Negative  



Primary Eye 
Irritation Study  
 
Rabbit 
 
PMRA#: 1184853 



Unwashed eyes: 5 showed conjunctival redness, one showed chemosis, one eye showed 
conjunctival necrosis, one eye showed corneal opacity and ulceration.  
Washed eyes: 2/3 show corneal opacity and ulceration, conjunctival redness and chemosis.  
 
The effects cleared by Day 7.  
 
Mildly irritating 
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Eye Irritation  
 
NZW Rabbit 
 
PMRA#: 1161760 



Supplemental  
 
One rabbit was tested first and observed 1 hour after instillation. As severe irritation 
characterized by conjunctival redness and chemosis, corneal opacity, discharge were noted, 
other animals were not tested.  
 
Severely irritating 



Eye Irritation  
 
NZW Rabbit 
 
PMRA#: 1161761 



Supplemental  
 
Iritis and moderate conjunctival redness and chemosis  
 
Moderately irritating 



Eye Irritation  
 
NZW Rabbit  
 
PMRA#: 1212001 



Corneal effects included slight to mild opacity affecting up to the entire cornea (seen in all 
animals during first two days).  
 
Conjunctival effects included slight to moderate redness, slight to moderate chemosis and 
slight to severe discharge noted in all animals up to day 4.  
 
Additional observations included mucoid discharge, eye closed, irregular corneal surface, 
convoluted eyelids, and erythema of the upper and/or lower eyelids, raised corneal opacity, 
Harderian gland discharge and nictitating membrane partially hemorrhagic. 
 
Moderately irritating 



Eye Irritation  
 
NZW Rabbit 
 
PMRA#: 1874178 



Slight conjunctival redness (MIS = 1.67) and chemosis (MIS = 0.67 to 1.33) were observed.  
 
Minimally irritating  
 



Acute Inhalation 
Toxicity (Head 
only) 
 
Sprague-Dawley  
Rat 
 
PMRA#: 1161758 



Supplemental  
 
 
LC50 > 4.98 mg/L  
 
 
Low acute toxicity  
 



Acute Inhalation 
Toxicity (Nose-
only) 
 
Wistar Rat  
 
PMRA#: 1212000 



LC50 > 4.27 mg/L  
 
≥ 2.43 mg/L: ↑ hunched posture, ↑ piloerection, ↑ wet fur, ↑ breathing irregularities, ↑ reduced 
righting reflex, ↑ shaking, ↑ splayed gait 
 
@ 4.27 mg/L: ↑ mortality (2/5 ♂ and 2/5 ♀)  
 
Low acute toxicity  



Acute Inhalation 
Toxicity  
(Head only) 
 
Wistar Rat  
 
PMRA#: 1874177 



LC50 > 2.15 mg/L  
 
 
Low acute toxicity  
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Short-Term Toxicity Studies 



90-Day Oral 
Toxicity (Diet)  
 
CD-1 Mouse 
 
PMRA#: 1161787 



Supplemental  
 
≥ 935/939 mg/kg bw/day: ↑ incidence of cortical tubular epithelial hypertrophy (adaptive and 
not clearly dose-responsive)  
 
Parotid and sublingual salivary glands were not examined.  
 
Collection of small plasma volumes affected hematology and clinical chemistry analysis.  



90-Day Oral 
Toxicity (Diet)  
 
B6C3F1 Mouse 
 
PMRA#:  
2391579 



NOAEL = 507 mg/kg bw/day (♂) 
NOAEL = 753 mg/kg bw/day (♀) 
 
No treatment-related effect on food consumption, sperm counts, morphology and motility, or 
estrual cycle length. 
 
≥ 507/753 mg/kg bw/day: ↑ right kidney wt, ↑ lungs wt (♂)  
 
≥ 1065/1411 mg/kg bw/day: ↑ incidence and severity of cytoplasmic alterations of the parotid 
salivary gland; ↑ heart wt (♂)  



28-Day Oral 
Toxicity (Diet) 
 
Sprague-Dawley 
Rat 
 
Range-finding 
 
PMRA#: 1161768 



≥ 255/277 mg/kg bw/day: ↑ ALT; ↑ ALP, ↑ phosphate (♂); ↑ mineral deposits at the 
corticomedullary junction in the kidneys (2/5 [1 very mild, 1 mild], 2/5 [1 very mild, 1 mild], 
4/5 [2 very mild, 2 mild] @ top three doses respectively) (♀) 
 
≥ 1034/1047 mg/kg bw/day: ↓ BWG; ↑ WBC, ↑ lymphocytes (♂); ↓ BW, ↑ ALP, ↓ adrenals 
wt (♀)  
 
@ 2592/2614 mg/kg bw/day: ↑ incidence of soft feces , ↓ BW, ↓ adrenals wt (♂); ↓ pChE (♀)  
 
Salivary glands were not examined. 



28-Day Oral 
Toxicity (Diet) 
 
Wistar Rat  
 
Range-finding 
 
PMRA#: 1212041 



≥ 100 mg/kg bw/day: ↓ BW (♂) 
 
≥ 250 mg/kg bw/day: ↑ ALP; ↑ ALT (♂); ↓ urinary pH, ↓ FE (♀) 
 
@ 1000 mg/kg bw/day: ↑ RBC, ↑ platelet, ↑ incidence of hydronephrosis (1/6, 1/6 vs. 0/6); ↓ 
FC, ↓ FE, ↑ glucose, ↓ abs. brain wt, ↑ rel. testes wt (♂); ↓ BW, ↓ BUN, ↓ kidney wt (♀)  



90-Day Oral 
Toxicity (Diet) 
 
F344 Rats  
 
PMRA#: 2391579 



NOAEL = ND 
LOAEL = 205 mg/kg bw/day (♂) 
LOAEL = 213 mg/kg bw/day (♀) 
 
≥ 205/213 mg/kg bw/day: ↑ ALP, ↓ thymus wt, ↑ incidence and severity of cytoplasmic 
alterations of the parotid and submandibular salivary glands  
 
≥ 410/421 mg/kg bw/day: ↑ ALT (♂) 
 
≥ 811/844 mg/kg bw/day: ↑ Hct, ↑ RBC, ↓ sperm counts (10-20%) (♂) 
 
≥ 1678/1690 mg/kg bw/day: ↓ BW, ↓ BWG, ↑ bile acids; ↑ rel. liver wt, ↑ rel. right kidney wt, 
↑ rel. right testicle wt, ↑ Hgb (♂) 
 
@ 3393/3939 mg/kg bw/day: ↑ incidence of diarrhea, ↓ FC; ↑ platelet, ↓ abs. heart wt (♂); ↑ 
lymphocytes, ↑ WBC, ↑ MCH, ↑ MCV, ↑ rel. right kidney wts, ↑ estrous cycle length (5.4 days 
vs. 4.9 days) (♀) 
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90-Day Oral 
Toxicity (Diet) 
 
Sprague-Dawley 
Rat  
 
PMRA#: 1161777 



NOAEL = ND 
LOAEL = 30 mg/kg bw/day (♂) 
LOAEL = 31 mg/kg bw/day (♀) 
 
≥ 30/31 mg/kg bw/day: ↑ incidence and severity of cellular alterations of the parotid salivary 
gland 
 



90-Day Oral 
Toxicity (Diet) 
 
Wistar Rat  
 
PMRA#: 1212004 
and 1410983 
 



NOAEL = 414 mg/kg bw/day (♂) 
NOAEL = 1821 mg/kg bw/day (♀) 
 
≥ 81/90 mg/kg bw/day: ↑ ALT, ↑ ALP; ↑ prothrombin time, ↓ platelet count (♂) (non-adverse) 
 
≥ 414/447 mg/kg bw/day: ↓ platelet count (♀) (non-adverse) 
 
@ 1693/1821 mg/kg bw/day: ↓ BUN; ↓ BW, ↓ BWG, ↓ FE, ↓ triglycerides, ↓ plasma total 
protein, ↓ heart wt, ↓ liver wt (♂); ↑ AST (♀)  
 
Salivary glands were not examined.  



21-Day Dermal 
Toxicity  
 
Sprague-Dawley 
Rat 
 
PMRA#: 1161790 



LOAEL (irritation) = 1000 mg/kg bw/day 
LOAEL (systemic) = 1000 mg/kg bw/day  
 
@ 1000 mg/kg bw/day: ↑ very slight erythema (♂: 2/5, ♀: 3/5 during wk 2, only 1/5 ♀ 
showed this effect during wk 3), ↑ desquamation (♂: 3/5 moderate to severe, ♀: 5/5 mild to 
severe during wk 2, 1/5 in each of ♂ and ♀ during wk 3 with mild severity grading; 1/5 ♀ 
thickening and severe desquamation during wk 3); ↑ unilateral dilatation of the kidneys (2/5 vs. 
0/5), ↑ unilateral papillary necrosis (1/5 vs. 0/5), ↑ urothelial hyperplasia (2/5 vs. 0/5), ↑ pelvic 
dilation (3/5 [severity grade: +, ++, +++] vs. 0/5) (♂) 



21-Day Dermal 
Toxicity  
 
Wistar Rat 
 
PMRA#: 1212007 



NOAEL (irritation) ≥ 1000 mg/kg bw/day 
NOAEL (systemic) ≥ 1000 mg/kg bw/day  
 
Not systemic or dermal irritation effect 



21-Day Dermal 
Toxicity  
 
NZW Rabbit 
 
PMRA#: 2443653 



NOAEL (irritation) = 1000 mg/kg bw/day 
NOAEL (systemic) ≥ 5000 mg/kg bw/day  
 
No systemic toxicity (no treatment-related effect on BW, hematology, clinical chemistry, organ 
weights, or histopathology) 
 
@ 5000 mg/kg bw/day: ↑ slight dermal irritation (erythema and edema on intact and abraded 
skin of both sexes); ↓ FC (♀) 



90-Day Oral 
Toxicity (Diet) 
 
Beagle Dog  
 
PMRA#: 1184795 



Supplemental  
 
No treatment-related effect on BW, hematology, clinical organ weights, or histopathology 
 
 



90-Day Oral 
Toxicity (Diet) 
 
Beagle Dog 
 
PMRA: 1212005 



NOAEL = 323 mg/kg bw/day (♂) 
NOAEL = 334 mg/kg bw/day (♀) 
 
≥ 68/68 mg/kg bw/day: ↑ abs. adrenals wt, ↑ liver wt (♂) (non-adverse) 
  
≥ 323/334 mg/kg bw/day: ↑ creatine kinase, ↑ kidneys wt (♂) (non-adverse) 
 
@ 1680/1750 mg/kg bw/day: ↓ BWG; ↓ RBC, ↓ albumin, ↓ total protein, ↓ [Ca++], ↓ [K+] (♂); 



  
 



Proposed Re-evaluation Decision – PRVD2015-01 
Page 78 











Appendix III 



Study Type/ 
Animal/ PMRA # 



 



Study Results 



↑ ALP, ↓ ovaries wt (♀)  



12-Month Oral 
Toxicity 
(Capsule)  
 
Beagle Dog 
 
PMRA#: 1161788 



NOAEL = 30 mg/kg bw/day (♂) 
NOAEL = 300 mg/kg bw/day (♀) 
 
≥ 30 mg/kg bw/day: ↓ BW, ↓ BWG, ↑ liver wt (♂)  
 
≥ 300 mg/kg bw/day: ↑ incidence of soft/loose/liquid stool 
 
@ 1000 mg/kg bw/day: ↓ urinary pH; ↑ kidneys wt (♂); ↓ BW, ↓ BWG (♀)  



12-Month Oral 
Toxicity 
(Capsule)  
 
Beagle Dog 
 
PMRA #: 
1202148  



NOAEL = 20 mg/kg bw/day  
 
≥ 100 mg/kg bw/day: ↓ pituitary wt, ↑ lymphoid nodules in epididymis (1/6, 2/6 @ mid and 
high dose) (♂); ↑ tubular regeneration of the kidneys (accompanied with presence of epithelial 
cells and protein in urine of 1/5 in mid- and high-dose group) (♀) 
 
@ 500 mg/kg bw/day: ↑ testes wt (abs.: 14%, rel.: 13%), ↑ ovaries wt (9%) 
 



12-Month Oral 
Toxicity (Diet)  
 
Beagle Dog 
 
PMRA#: 1212006 
 



NOAEL = 90.9 mg/kg bw/day (♂) 
NOAEL = 448 mg/kg bw/day (♀) 
 
≥ 90.9/92.1 mg/kg bw/day: ↓ plasma phosphorus, ↑ creatine kinase, ↓ epididymides wt, ↑ 
transitional epithelial hyperplasia in the kidneys (♂)  
 
@ 906/926 mg/kg bw/day: ↓ BW; ↓ brain wt, ↑ kidneys wt, ↑ thyroid wt (♂); ↓ plasma 
phosphorus, ↓ thyroid wt (♀) 



Chronic Toxicity/Oncogenicity Studies 



24-month 
Oncogenicity 
(Diet)  
 
CD-1 mouse 
 
PMRA #: 
1161786, 
1161795 
 



NOAEL = 98 mg/kg bw/day (♂) 
NOAEL = 102 mg/kg bw/day (♀) 
 
≥ 98/102 mg/kg bw/day: ↓ adrenals wt (♂); ↑ ovaries wt, ↑ thymus wt (♀)(non-adverse)  
 
≥ 297/298 mg/kg bw/day: ↑ incidence of mineral deposits in the brain; ↑ thymus wt, ↑ abs. 
lungs wt, ↑ liver wt (♂); ↑ incidence of unilateral foci of tubulostromal hyperplasia in the 
ovaries  
 
Equivocal evidence of oncogenicity  



26-month Oral 
Toxicity and 
Oncogenicity 
(Diet)  
 
Sprague-Dawley 
Rat  
 
PMRA#: 1184837 
1184838 
1184839  



NOAEL ≥ 32 mg/kg bw/day (♂) 
NOAEL ≥ 34 mg/kg bw/day (♀) 
 
No treatment-related effect on mortality, clinical signs of toxicity, hematology, clinical 
chemistry, urinalysis, organ weights, or histopathology. MTD was not reached.  
 
No evidence of carcinogenicity 
 
Submandibular gland was examined histologically  



24-month Oral 
Toxicity and 
Oncogenicity 
(Diet)  
 
Sprague-Dawley 
Rat 



NOAEL = 89 mg/kg bw/day (♂) 
NOAEL = 113 mg/kg bw/day (♀) 
 
No treatment-related effects on clinical signs of toxicity, mortality. 
 
≥ 362/457 mg/kg bw/day: ↑ inflammation and hyperplasia of squamous mucosa in the 
stomach; ↓ and/or absence of sperm in the epididymides, ↑ cell detritus in the duct lumen of the 
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PMRA #: 
1235214, 
1235215 



epididymides (♂)  
 
@ 940/1183 mg/kg bw/day: ↓ urinary pH, ↑ abs. and rel. liver wt (interim and terminal sacs), 
↑ testes wt (rel. to brain wt), ↑ necrosis in glandular stomach, ↑ myeloid hyperplasia of the 
bone marrow (7/50, vs. 3/50), ↑ testicular effects (♂),↑ cataract/lens fiber degeneration; ↓ BW, 
↓ BWG, ↑ ALP, ↑ mammary gland hyperplasia (39% vs. 20% [16/58, 19/54, 13/59, 22/57]) 
(♀) 
 
No evidence of carcinogenicity  
Submandibular salivary gland was examined histologically 



24-month Oral 
Toxicity and 
Oncogenicity 
(Diet)  
 
Sprague-Dawley 
Rat 
 
PMRA #s: 
1161796, 
1161797, 
1161798  



NOAEL = 10 mg/kg bw/day (♂) 
NOAEL = 10 mg/kg bw/day (♀) 
 
≥ 10 mg/kg bw/day: ↓ BW (@ 52 wk), ↓ abs. kidneys wt (@ 52 wk), ↓ abs. liver wt (@ 52 
wk), ↑ parotid gland wt (@ wk 52) (♂); ↓ rel. liver wt (@ wk 52) (♀)  
 
≥ 101/103 mg/kg bw/day: ↑ incidence and severity of cellular alteration in the submandibular 
and parotid salivary glands @ interim and terminal sacs, ↓ BWG (interim sac animals only); ↑ 
ALP (3, 6, 12, 18, and 24-month) (♀) 
 
No evidence of carcinogenicity 



24-month Oral 
Toxicity and 
Oncogenicity 
(Diet)  
 
Wistar Rat 
 
PMRA #: 
1212011, 
1212012, 
1212013 



NOAEL = 361 mg/kg bw/day (♂) 
NOAEL = 437 mg/kg bw/day (♀) 
 
≥ 121/145 mg/kg bw/day: ↑ incidence of red-brown staining of tray paper 
 
≥ 361/437 mg/kg bw/day: ↑ ALP, ↑ ALT, ↑ AST (various time-points @ this dose, throughout 
all time points at the high dose); ↓ plasma creatinine (wk 27 @ this dose and wk 14 @ high 
dose), ↑ incidence of papillary necrosis in the kidneys (♀) 
 
@ 1214/1498 mg/kg bw/day: ↑ incidence of red-brown coloured urine, ↓ BW, ↓ FC, ↓ FE; ↑ 
total bilirubin, ↓ triglycerides, ↓ cholesterol, ↓ urinary pH, ↑ incidence of transitional cell 
hyperplasia in the kidneys, ↑ incidence of papillary necrosis in the kidneys, ↑ incidence of 
prostatitis (♂)  
 
No evidence of carcinogenicity 



Developmental/Reproductive Toxicity Studies 



Two-generation 
reproduction 
toxicity (Diet)  
 
Sprague-Dawley 
Rat  
 
PMRA#: 1235339 



Parental Toxicity  
NOAEL = 685 mg/kg bw/day (♂) 
NOAEL = 779 mg/kg bw/day (♀) 
 
No treatment-related effect on gross necropsy, and histopathology findings.  
 
≥ 685/779 mg/kg bw/day: ↓ BW (non-adverse) 
 
@ 1768/2322 mg/kg bw/day: ↑ soft stools (P & F1), ↓ BW (P♂&♀), ↓ BWG (P & F1); ↓ BW 
(all GD periods, and on LD 0, 7, & 14, respectively) 
 
Offspring toxicity  
NOAEL = 115/160 mg/kg bw/day (♂/♀) 
 
≥ 685/779mg/kg bw/day: ↓ BW (F2a on LD 21) 
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@ 1768/2322mg/kg bw/day: ↓ BW (F1a on LD 21, respectively), ↓ litter size (F1a, F2a, F2b, this 
effect was not accompanied with an increase in the dead pups/litter), ↑ tubular dilatation/cysts 
in the kidneys (F2b) 
 
Reproductive toxicity  
NOAEL = 685 mg/kg bw/day (♂) 
NOAEL = 779 mg/kg bw/day (♀) 
 
@ 1768/2322mg/kg bw/day: ↓ litter size (F1a, F2a, F2b, this effect was not accompanied with an 
increase in the dead pups/litter) 
 
No treatment-related effects on mating, pregnancy, and fertility indices.  
 
Sperm parameters (motility and morphology), estrous cycle length and periodicity, and ovarian 
follicle were not examined. 
 
No sensitivity of the young  



Two-generation 
reproduction 
toxicity (Diet)  
 
Sprague-Dawley 
Rat  
 
PMRA#: 1161793 



Parental Toxicity  
NOAEL = 48 mg/kg bw/day (♂) 
NOAEL = 59 mg/kg bw/day (♀) 
 
≥ 143/179 mg/kg bw/day: ↑ (minimal) hypertrophy of acinar cells with (prominent) granular 
cytoplasm in the parotid and submandibular salivary glands  
 
Offspring toxicity  
NOAEL ≥ 488/595 mg/kg bw/day (♂/♀) 
 
No treatment-related effects on mean litter wt, mean pup wt, preputial separation and vaginal 
opening.  
 
Reproduction toxicity  
NOAEL ≥ 488/595 mg/kg bw/day (♂/♀) 
 
No treatment-related effects on mating, pregnancy, and fertility indices 
 
Sperm parameters (motility and morphology), estrous cycle length and periodicity, and ovarian 
follicle were not examined 
 
No sensitivity of the young  



Two-generation 
reproduction 
toxicity (Diet)  
 
Wistar Rat  
 
PMRA#: 
1212014, 
1212015 



Parental Toxicity  
NOAEL = 293 mg/kg bw/day (♂) 
NOAEL = 323 mg/kg bw/day (♀) 
 
No treatment-related effect on gross necropsy, organ weights, and histopathology findings.  
 
≥ 293/323 mg/kg bw/day: ↑ scaly tails (P♂ and F1♀); ↑ incidence and severity of luminal 
dilatation of the uterus 
 
@ 985/1054 mg/kg bw/day: ↑ rel. liver wt (P), ↑ rel. kidney wt (P) ↑ incidence of transitional 
epithelial hyperplasia (F1); ↓ BW (F1♂), ↓ FC (F1♂); ↑ glandular dilatation of uterus (F1),  
 
Offspring toxicity  
NOAEL = 99.4 mg/kg bw/day (♂) 
NOAEL = 104 mg/kg bw/day (♀) 
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≥ 293/323 mg/kg bw/day: ↓ BW (F1a♂ on LD 22 at this dose and throughout all LDs @ high 
dose, respectively)  
 
@ 985/1054 mg/kg bw/day: ↓ spleen wt (F1a♀, F2a♀), ↓ abs. thymus weight (F1a♂: 11% and 
F1a♀: 13%), ↑ incidence of unilateral and bilateral pelvic dilatation of the kidneys (F2a) 
 
Microscopic pathology was not conducted in the offspring.  
 
Reproduction toxicity  
NOAEL = 985 mg/kg bw/day (♂) 
NOAEL = 323 mg/kg bw/day (♀) 
 
@ 985/1054 mg/kg bw/day: ↑ mean # of estrual cycles (P), ↓ mean estrual cycle length (P, F1) 
 
No treatment-related findings on number of sperm, sperm motility parameters, sperm 
morphology, number of oocytes or reproductive performance.  
 
No sensitivity of the young  



Prenatal 
Developmental 
(Gavage) 
 
Sprague-Dawley 
Rat  
 
PMRA#: 1184726 



Maternal Toxicity  
NOAEL = 300 mg/kg bw/day 
 
≥ 1000 mg/kg bw/day: ↑ incidence of hydronephrosis (one in each of mid- and high-dose 
groups) 
 
Developmental Toxicity 
NOAEL = 1000 mg/kg bw/day 
 
@ 3500 mg/kg bw/day: ↓ BW, ↓ number of viable fetuses/dam, ↑ absent kidneys and ureters 
(3 fetuses, 2 litters), ↑ skeletal variants, ↑ incidence of reduced ossification of the sternebrae 
 
No evidence of malformation or sensitivity of the young  



Prenatal 
Developmental 
(Gavage) 
 
Sprague-Dawley 
Rat  
 
PMRA#: 1161778 



Maternal Toxicity  
NOAEL = 300 mg/kg bw/day 
 
≥ 1000 mg/kg bw/day: ↑ noisy respiration, ↓ BWG (started during the 1st two days of 
treatment and continued throughout to GD 20)  
 
Developmental Toxicity 
NOAEL = 300 mg/kg bw/day 
 
≥ 1000 mg/kg bw/day: ↑ skeletal anomalies, ↑ incidence of wavy ribs/rib distortions  
 
No evidence of malformation or sensitivity of the young  



Prenatal 
Developmental 
(Gavage) 
 
Wistar Rat 
 
PMRA#: 1212016 



Maternal Toxicity  
NOAEL = 500 mg/kg bw/day 
 
@ 1000 mg/kg bw/day: 1/24 total litter resorption (0/24 in other groups)  
 
Developmental Toxicity 
NOAEL = 500 mg/kg bw/day 
 
@ 1000 mg/kg bw/day: ↑ not ossified odontoid (unossified skeletal effect), , ↑ hydroureter  
 
No sensitivity of the young 



  
 



Proposed Re-evaluation Decision – PRVD2015-01 
Page 82 











Appendix III 



Study Type/ 
Animal/ PMRA # 



 



Study Results 



Prenatal 
Developmental 
(Gavage) 
 
NZW Rabbit 
 
PMRA#: 
1212017, 
1411000 



Maternal Toxicity  
NOAEL = 100 mg/kg bw/day 
 
≥ 100 mg/kg bw/day: ↑ diarrhea: few and no feces, and staining in genital area, ↓ FC, ↓ gravid 
uterus weight (non-dose-responsive) 
 
@ 300 mg/kg bw/day: ↓ BW, ↑ post-implantation loss, ↑ early intra uterine deaths 
 
Developmental Toxicity 
NOAEL = 175 mg/kg bw/day 
 
@ 300 mg/kg bw/day: ↓ fetal BW, ↑ incidence of partially ossified transverse process 7th 
cervical vertebrae, ↑ incidence of unossified transverse process 7th thoracic vertebrae, ↑ 
incidence of 27th pre-sacral vertebrae, ↑ incidence of partially ossified 6th sternebrae, ↑ manus 
score, ↑ pes score 
 
No evidence of malformation or sensitivity of the young 



Prenatal 
Developmental 
(Gavage) 
 
Dutch belted 
Rabbit 
 
PMRA#: 1184727 



Maternal Toxicity  
NOAEL = 75 mg/kg bw/day 
 
≥ 175 mg/kg bw/day: ↑ mortality, ↑ soft stools and diarrhea, one abortion (GD 27) 
 
Developmental Toxicity 
NOAEL = 175 mg/kg bw/day 
 
≥ 75 mg/kg bw/day: ↓ fetal BW 
 
@ 350 mg/kg bw/day: ↑ incidence of 27th presacral vertebrae, ↑ incidence of 13th rudimentary 
and full ribs, ↑ incidence of unossified sternebra 
 
No evidence of malformation or sensitivity of the young 



Prenatal 
Developmental 
(Gavage) 
 
NZW Rabbit  
 
PMRA#: 1161779 
 



Maternal Toxicity  
NOAEL = 50 mg/kg bw/day 
 
≥ 150 mg/kg bw/day: ↑ reduced fecal output, ↑ soft/liquid feces, and ↑ blood on tray, ↓ BWG, 
↓ FC  
 
Developmental Toxicity 
NOAEL = 50 mg/kg bw/day 
 
≥ 150 mg/kg bw/day: ↑ fetuses with one or more cardiovascular abnormalities  
  
Evidence of malformation 



Genotoxicity Studies 



In vitro bacterial 
gene mutation 
assay 
 
(Salmonella 
Typhimurium)  
 
PMRA#: 1161785 



Negative 
 
≥ 1.3 mg/plate: Cytotoxicity (± S9) 
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Study Type/ 
Animal/ PMRA # 



 



Study Results 



In vitro bacterial 
gene mutation 
assay 
 
(Salmonella 
Typhimurium)  
 
PMRA #: 
2391580 



Negative  
 
@ 5000 μg/plate: Cytotoxicity (± S9) 



In vitro bacterial 
gene mutation 
assay 
 
(Salmonella 
Typhimurium)  
 
PMRA# 1212019 



Negative  
 
@ 5.0 mg/plate: Cytotoxicity (± S9) 



In vitro bacterial 
gene mutation 
assay 
 
(Salmonella 
Typhimurium and 
Escherichia Coli)  
 
PMRA# 1212022 



Negative  
 
≥ 2.5 mg/plate: Cytotoxicity (± S9) 



Dominant Lethal 
Assay  
 
CD-1 ♂ Mouse  
 
PMRA#: 1184728 



Negative  



In vitro Gene 
Mutation Assay,  
 
CHO cells  
 
PMRA#: 2391580 



Negative 
 
@ 22.5 mg/ml: Cytotoxicity (± S9) 



In Vitro Gene 
mutation / 
cytogenetics 
Assay  
 
Mouse 
Lymphoma Cells 
 
PMRA#: 1161781  



Negative 
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Study Type/ 
Animal/ PMRA # 



 



Study Results 



In vitro Gene 
mutation / 
cytogenetics 
Assay  
 
Mouse 
Lymphoma Cells 
 
PMRA#: 1212020  



Positive (@ cytotoxic doses) 
 
≥ 1900 μg/ml (in the presence of metabolic activation): ↑ mutant frequency, total relative 
survival range 3-56% (cytotoxicity)  
 
≥ 2400 μg/ml (in the absence of metabolic activation): ↑ mutant frequency, total relative 
survival under 10% (cytotoxicity)  



In vitro Gene 
mutation / 
Cytogenetics 
Assay  
 
Mouse 
Lymphoma Cells 
 
PMRA#: 1212023  



Negative  
 
≥ 500 μg/ml (in the presence of metabolic activation): ↓ pH (range of 7.07 to 6.32 @ the top 
dose of 2000 μg/ml compared to 7.34 in the control group)  
 
≥ 1000 μg/ml (in the presence of metabolic activation): ↑ cytotoxicity (% relative growth = 56-
90%)  
 



In vivo Bone 
Marrow 
Cytogenetics 
Study  
 
Sprague-Dawley 
Rats 
 
PMRA#: 2391580 



Negative 



In vivo Bone 
Marrow 
Cytogenetics 
Study  
 
Sprague-Dawley 
Rats 
 
PMRA#: 2391580 



Negative 



In vitro 
mammalian cell 
cytogenetics / 
clastogenicity 
assay  
 
Human 
lymphocytes  
 
PMRA#: 1212021 



Negative  
 
≥ 0.75 mg/plate: ↓ mitotic index (-S9) 



In vitro 
mammalian cell 
cytogenetics / 
clastogenicity 
assay  
 
CHO Cells  
 
PMRA#: 1212025 



Negative  
 
≥ 500 μg/ml: ↑ cytotoxicity (30-47%) – S9 
 
≥ 1500 μg/ml: ↑ cytotoxicity (30-47%) + S9 
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Study Type/ 
Animal/ PMRA # 



 



Study Results 



In vivo 
micronucleus 
assay  
 
SPF mice bone 
marrow cells  
 
PMRA#: 1161784 



Negative  
 



In vivo 
micronucleus 
assay  
 
CD-1 mouse bone 
marrow cells  
 
PMRA#: 1212024 



Negative  
 
 
 
 
 
 
 



Neurotoxicity Studies 



Acute 
Neurotoxicity 
(Gavage)  
 
Wistar Rat 
 
PMRA#: 1212034 



NOAEL = 1000 mg/kg bw/day (♂/♀) 
 
No treatment-related effect on landing foot splay, time to tail flick, grip strength data and 
motor activity habituation  
 
≥ 1000 mg/kg bw/day: ↓ motor activity  
 
@ 2000 mg/kg bw/day: ↑ incidence of clinical signs of toxicity/FOB findings (♂: ↑ reduced 
splay reflex, ♀: decreased activity, subdued behaviour, hunched posture, sides pinched in, tip-
toe gait, reduced splay reflex and/or hypothermia for three females including the one died on 
day 2 and diarrhea for one further female 6hrs after dosing and full recovery by day 2, 
abnormal respiratory noise in another female on day 2), ↓ FC, ↓ motor activity; one death (♀)  
 
No evidence of neurotoxicity  



90-Day 
Neurotoxicity 
(Diet)  
 
Wistar Rats 
 
PMRA#: 1212037 



NOAEL = 617 mg/kg bw/day (♂) 
NOAEL = 672 mg/kg bw/day (♀) 
 
≥ 617/672 mg/kg bw/day: ↓ BWG, ↓ FE 
 
@ 1546/1631 mg/kg bw/day: ↑ decreased pupillary response to light, ↓ BW (♂); ↓ BWG, ↓ 
motor activity (♀) 
 
No evidence of neurotoxicity 



Immunotoxicity Studies 



28-Day 
Immunotoxicity 
(Diet)  
 
B6C3F1 Mouse 
 
PMRA#: 2223081 



LOAEL = 150 mg/kg bw/day  
 
No treatment-related effects on spleen or thymus weights (absolute or relative) 
 
≥ 150 mg/kg bw/day: ↑ T-cell dependent antibody response as measured by IgM AFC/106 
spleen cells, ↑ total spleen activity as measured by IgM AFC/spleen × 103  
 
Evidence of immunotoxicity  
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Study Type/ 
Animal/ PMRA # 



 



Study Results 



Special Studies (non-guideline) 



14-Day Feeding 
Mechanistic 
Study (Induction 
of salivary gland 
lesions) 
 
 
F334 ♂ Rats  
 
PMRA#: 2391579 



Softer and wetter feces were noted in glyphosate fed groups.  
Decrease in body-weight gains in the glyphosate-fed groups was noted compared to the other 
groups. 
 
Absolute parotid weight was increased in the group 2 (glyphosate-fed), group 3 (glyphosate-
fed + propranolol), and group 4 (isoproterenol) compared to group 1 (control). Absolute 
submandibular/sublingual was increased in group 2, group 3, and group 4. 
 
Increased incidence of lesions in the parotid gland was observed in the in all groups compared 
to group 1 (control). Increased incidence of lesions was also observed in the submandibular 
gland of the groups 2 (glyphosate + vehicle) and 3 (glyphosate + propranolol) animals. Parotid 
lesions consisted of cytoplasmic basophilic change, fine vacuolation, and swelling of acinar 
cells, diagnosed collectively as cytoplasmic alterations. A distinct gradation in the severity of 
these lesions was reported which was based on the extent of involvement and degree of 
tinctorial alteration and cell enlargement present.  



28-Day Oral 
Toxicity Study 
(Diet): 
Glyphosate Acid: 
Comparison of 
salivary gland 
effects in three 
strains of rat 
 
Wistar Rat  
 
Sprague-Dawley 
Rat 
 
Fischer 344  
Rat 
 
 
PMRA #: 
1212038  



Wistar Rats 
  
@ 1000 mg/kg bw/day: ↓ BW (complete recovery after the 13th week recovery period), ↓ FC, 
↑ salivary gland wt, ↑ salivary gland effect (small foci of cells). ↑ mucous metaplasia of parotid 
 
Sprague-Dawley Rats  
 
@ 1000 mg/kg bw/day: ↓ BW (complete recovery after the 13th week recovery period), ↓ FC, 
↑ salivary gland effect (small foci of cells).  
 
Fischer Rats: 
 
@ 1000 mg/kg bw/day: ↑ salivary gland wt, ↑ pronounced salivary gland effect (diffuse 
cytoplasmic basophilia and enlargement of the parotid acinar cells).  
 
Recovery Periods  
Complete recovery in Wistar and SD rats starting after 4 weeks of recovery period from 
treatment-related effects. 
 
Starting after 4 weeks of recovery period, all treatment-related effects improved, but did not 
disappear in F344 rats, (focal changes in the salivary glands and increased salivary gland 
weight was evident). 



 
  



  
 



Proposed Re-evaluation Decision – PRVD2015-01 
Page 87 











Appendix III 



Table III.1B Summary of Toxicology Studies for AMPA  



 NOTE: Effects noted below are known or assumed to occur in both sexes unless otherwise noted; in such cases, 
sex-specific effects are separated by semi-colons. Effects on organ weights are known or assumed to reflect changes 
in absolute weight and relative (to bodyweight) weight unless otherwise noted.  
 



Study Type/ 
Animal/  
PMRA # 



 
Study Results 



Toxicokinetic Studies 
Toxicokinetic 
Single dose 
(Gavage) 
 
 
♂ Wister Rats 
 
PMRA# 1184960 



Absorption: Rapid (20%) 
 
Distribution: ≤ 0.01% of dose in most tissue, 0.02% in muscle and gut after 120 hrs (single dose) 
 
Metabolism: None since the compound was excreted in the unchanged form 
 
Excretion: Within 120 hr, 94% of administered dose (AD) was excreted as unchanged 
compound. 74% via the feces, 20% via the urine. < 0.1% excreted in the exhaled air, and < 0.06% 
was identified in the carcass.  



Acute Toxicity Studies 
Acute Oral 
Toxicity 
 
Sprague-Dawley 
Rats  
 
PMRA#: 2391580 



LD50 = 8300 mg/kg bw 
 
Low acute toxicity  



Acute Oral 
Toxicity 
 
Wistar rats 
 
PMRA# 1212035 



LD50 ≥ 5000 mg/kg bw 
 
Clinical signs included diarrhea, stains around the nose, lack of grooming, piloerection, and 
urinary incontinence (recover by 3-4 days post dosing). 
 
 
Low acute toxicity 



Acute Oral 
Toxicity (Limit 
Dose) 
 
Sprague-Dawley 
Rats 
 
PMRA#: 1161753 



LD50 > 5000 mg/kg bw  
 
Clinical signs 4h-3days post-dosing included piloerection, diarrhea, subdued behaviour, hunched 
appearance, and soiled anal and peri-genital areas. 
 
Low oral toxicity  
 



Primary Eye 
Irritation  
 
Rabbits (Albino) 
 
PMRA#: 2391580 



Minimally Irritating  
 



Primary Dermal 
Irritation  
 
Rabbits (Albino) 
 
PMRA#: 2391580 



Non irritating  
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Study Type/ 
Animal/  
PMRA # 



 
Study Results 



Acute Dermal 
Toxicity 
 
Sprague-Dawley 
Rats 
 
PMRA#: 1161755 



LD50 > 2000 mg/kg bw  
 
 
Low dermal toxicity 
 



Skin Sensitization  
 
Hartley Guinea 
Pig ♀ 
 
PMRA#: 1161766 



Negative skin sensitizer  



Short-Term Toxicity Studies 
28-Day Oral 
Toxicity (Gavage) 
 
Range-finding  
 
Sprague-Dawley 
Rats 
 
PMRA# 1161791 



≥ 350 mg/kg bw/day: ↑ kidney wt (♂) 



90-Day Oral 
Toxicity (Diet) 
 
Sprague-Dawley 
Rats 
 
PMRA:# 1161769 



NOAEL = 1000 mg/kg bw/day 
 
@ 1000 mg/kg bw/day: ↑ kidney wt (♂); ↓ BWG (♀)  
 



90-Day Oral 
Toxicity (Diet) 
 
Sprague-Dawley 
Rats  
 
PMRA#: 1184722 
 
Histopathology 
data was available 
only for high dose 
and concurrent 
control 



NOAEL = 400 mg/kg bw/day  
 
≥ 400 mg/kg bw/day: ↓ liver wt (♂)  
 
≥ 1200 mg/kg bw/day:↑ mucosal hyperplasia of the bladder; ↓ BWG, ↓BW (♂)  
 
@ 4800 mg/kg bw/day: ↑ renal pelvic epithelial hyperplasia, ↑ lactate dehydrogenase, ↓ urinary 
pH, ↑ urinary calcium oxalate crystals; ↑ cholesterol (♂); ↓ BWG, ↓ BW, ↓ liver wt (♀) 



30-Day Oral 
Toxicity  
(Capsules) 
 
Beagle Dogs  
 
PMRA# 1126881 



NOAEL = 100 mg/kg bw/day  
 
≥ 300 mg/kg bw/day: ↓ RBC, ↓ HGB, ↓ HCT, ↑ reticulocyte count (♀) 
 
@ 1000 mg/kg bw/day: ↓ RBC, ↓ HGB, ↓ HCT, ↑ reticulocyte count (♂) 
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Study Type/ 
Animal/  
PMRA # 



 
Study Results 



92-Day Oral 
Toxicity  
(Capsules) 
 
Beagle Dogs 
 
PMRA# 1126892 
1149397 



NOAEL = 300 mg/kg bw/day  
 
No treatment-related effects. No evidence of anemia.  
 



Developmental/Reproductive Toxicity Studies 
Prenatal 
Developmental 
Toxicity Study 
(Gavage) 
 
♀ Rats 
Range-Finding 
 
PMRA#: 2391580 



No treatment-related effects.  
 
Supplemental 



Prenatal 
Developmental 
Toxicity Study 
(Gavage) 
 
♀ Rats 
 
PMRA#: 1126903 
 



Parental Toxicity:  
NOAEL = 150 mg/kg bw/day  
 
≥ 400 mg/kg bw/day: ↑ hair loss, ↑ soft and mucoid feces  
 
@ 1000 mg/kg bw/day: ↓ BW, ↓ BWG, ↓ FC 
 
Developmental Toxicity:  
NOAEL = 400 mg/kg bw/day  
 
@ 1000 mg/kg bw/day: ↓ BW  
 



Prenatal 
Developmental 
Toxicity  
 
♀ Sprague-
Dawley Rats 
 
PMRA#: 1161794 



Supplemental 
 
Parental Toxicity:  
 
No treatment-related effects  
 
Developmental Toxicity: 
NOAEL= 350 mg/kg bw/day 
 
@ 1000 mg/kg bw/day: ↑ incidence of ↓ ossification (hyoid bone, skull bones and 2nd 
metacarpal) and ↑ skeletal variations (bipartite sternebrae hemicentres and caudal pelvic 
shift/asymmetric alignment of pelvic bones) 



Genotoxicity Studies 
In vitro bacterial 
gene mutation 
assay 
 
(Salmonella 
Typhimurium and 
Escherichia Coli)  
 
PMRA# 1212018 



Negative  
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Study Type/ 
Animal/  
PMRA # 



 
Study Results 



In vitro bacterial 
gene mutation 
assay 
 
(Salmonella 
Typhimurium and 
Escherichia Coli)  
 
PMRA# 1161782 



Negative 



Unscheduled 
DNA synthesis 
Assay  
 
Rat hepatocytes 
 
PMRA# 1126905 



Negative 



Micronucleus 
Assay  
 
Mouse 
 
PMRA# 1156204 



Negative 



In vitro Gene 
mutation / 
cytogenetics 
Assay  
 
Mouse 
Lymphoma Cells 
 
PMRA# 1161780 



Negative 



Micronucleus 
Assay 
 
Mouse 
 
PMRA# 1161783 



Negative 



 
Table III.2 Toxicological Points of Departure for Use in Human Health Risk Assessment 



for Glyphosate Acid, AMPA, N-acetyl glyphosate and N-acetyl AMPA 



 RfD Study NOAEL (or LOAEL) CAF or Target 
MOE and 
Rationale 



ARfD (General 
Population) 



1.0 
mg/kg 
bw 



NOAEL = 100 mg/kg bw/day 
Rabbit developmental toxicity study 
(Increased incidence of diarrhea: few/no feces, staining in 
genital area.) 



CAF = 100  
PCPA factor1 = 
1-fold 
 



ARfD (female 
13-49 years of 
age) 



0.5 
mg/kg 
bw  



NOAEL = 150 mg/kg bw/day (for fetal cardiovascular 
malformations)  
Rabbit developmental toxicity study  
(Increased incidence of fetal cardiovascular malformations.) 



CAF = 300  
PCPA factor = 
3-fold 
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 RfD Study NOAEL (or LOAEL) CAF or Target 
MOE and 
Rationale 



ADI (All 
Populations) 
 
 



0.3 
mg/kg 
bw/day  



NOAEL = 32/34 mg/kg bw/day (♂/♀) 
26-month Chronic/Carcinogenicity Study in Rats  
(No treatment-related effects were noted in this study. This was 
the highest (combined) NOAEL for the long-term toxicity 
studies in rats. The lowest (conbined) LOAEL was 100 mg/kg 
bw/day based on reduction in body weight in male rats in the 
interim sacrifice and increased incidences and severity of 
cellular alterations in the parotid and submandibular glands in a 
24-month chronic toxicity and carcinogenicity study in rats. 
NOAELS/LOAELs are further supported by the NOAEL of 30 
and LOAEL of 100 mg/kg bw/day in one-year studies in dogs.)  



CAF/MOE = 
100  
PCPA factor = 
1-fold 
 



Aggregate (All 
Durations and 
Populations)  



Target MOE = 
100 
 



Incidental Oral, 
Short-term 
Dermal and 
Inhalation (All 
Populations) 



0.3 
mg/kg 
bw/day 



LOAEL = 30 mg/kg bw/day 
90-Day Oral Study in Rats 
(Increased incidence and severity of cellular alteration in the 
parotid gland. This LOAEL was considered to be at the 
threshold of toxicological adversity due to the mild nature of the 
cellular alteration in the parotid glands at this dose level. As a 
result, an uncertainty factor (UFL) for extrapolating from a 
LOAEL to a NOAEL was not deemed necessary.) 



Target MOE = 
100 
 



Intermediate 
and Long-term 
dermal, 
Inhalation, (All 
Populations) 



0.3 
mg/kg 
bw/day  



NOAEL = 32/34 mg/kg bw/day (♂/♀) 
26-month Chronic/Carcinogenicity Study in Rats  
(No treatment-related effects were noted in this study. This was 
the highest (combined) NOAEL for the long-term toxicity 
studies in rats. The lowest (combined) LOAEL was 100 mg/kg 
bw/day based on reduction in body weight in male rats in the 
interim sacrifice and increased incidences and severity of 
cellular alterations in the parotid and submandibular glands in a 
24-month chronic toxicity and carcinogenicity study in rats. 
NOAELS/LOAELs are further supported by the NOAEL of 30 
and LOAEL of 100 mg/kg bw/day in one-year studies in dogs.)  



Target MOE = 
100 
 



Cancer 
Assessment  



 Low level of concern due to benign nature of tumours observed 
at the limit dose and lack of oncogenicity in other studies 



 
1 PCPA factor = Pest Control Products Act factor 
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Appendix IV Dietary Exposure and Risk Estimates for Glyphosate 
 
Table IV.1 Dietary Exposure and Risk Estimates for Glyphosate 



Population 
Subgroup 



 



MRL/Tolerance-Level 



Acute Dietary (95th percentile)1 Chronic Dietary2 



Food Only Food + Water Food Only Food + Water 



Exposure 
(mg/kg/day) %ARfD Exposure 



(mg/kg/day) %ARfD Exposure 
(mg/kg/day) %ADI Exposure 



(mg/kg/day) %ADI 



General 
Population  — — — — 0.090925 28 0.095078 30 



All Infants 
(< 1 year old) 0.310861 31 0.344347 34 0.125494 39 0.139108 44 



Children 
1-2 years old 0.435005 44 0.446406 45 0.218341 68 0.224507 70 



Children 
3-5 years old 0.401028 40 0.411654 41 0.213099 67 0.218872 68 



Children 
6-12 years old 0.283779 28 0.289644 29 0.147290 46 0.151272 47 



Males3 
13-19 years old 0.207897 21 0.210659 21  



Youth3 
13-19 years old  0.090032 28 0.093034 29 



Males3 
20-49 years old 0.158854 16 0.176746 18  



Adults3 
20-49 years old  0.073547 23 0.077423 24 



Adults 
50+ years old 0.116579 12 0.123514 12 0.058796 18 0.062875 20 



Females 
13-49 years old 0.146629 29 0.152714 31 0.068430 21 0.072290 23 



1Acute reference dose (ARfD) of 0.5 mg/kg bw applies to females 13-49 years old; ARfD of 1.0 mg/kg bw applies to population 
subgroups other than females 13-49 years old. 
2Acceptable daily intake (ADI) of 0.3 mg/kg bw/day applies to the general population and all population subgroups. 



3Due to a specific ARfD for females 13-49 years old, acute exposure and risk estimates for males 13-19 and 20-49 years old were 
calculated separately by using the appropriate ARfD. Acute exposure and risk estimations for youth 13-19 years old and adults 
20-49 years were not applicable. This separation was not necessary for chronic exposure and risk estimations as the same ADI 
applies to all population subgroups. 
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Appendix V   Food Residue Chemistry Summary 



V.1 Metabolism 
 
V.1.1 General Considerations 
 
Previously reviewed comparative studies have shown that there are no significant differences in 
the behaviour of aqueous solutions of glyphosate prepared from the acid form (in other words, 
technical glyphosate) and the different salts of glyphosate (for example, isopropylamine, 
ammonium or trimethylsulfonium salt). In these aqueous solutions, the glyphosate anion (in 
other words, the phosphonomethylglycine anion, denoted as PMG) and the cationic counterion 
exist as freely dissociated ions. Thus, with regard to the metabolic fate of the PMG moiety, all 
the glyphosate forms are considered to be equivalent when using 14C-PMG radiolabelled 
material. The metabolism of the counterion is studied by using 14C-counterion labelled test 
compound. 
 
V.1.2 Animal Metabolism 
 
Glyphosate 
 
Livestock (goats and hens) metabolism studies were conducted with 14C-PMG or 14C-TMS 
labelled glyphosate salts. TMS (trimethylsulfonium) is the cationic group of glyphosate-TMS, 
the trimethylsulfonium salt of glyphosate. The studies were previously reviewed and deemed 
adequate. It was concluded that the biotransformation and degradation pathways of glyphosate 
(the PMG moiety) in the goat and hen are similar, producing essentially unchanged PMG and 
aminomethylphosphonic acid (AMPA); these pathways were also found to be similar to those 
established in rat metabolism. 
 
N-acetylglyphosate 
 
The metabolism of the metabolite N-acetylglyphosate, which is formed in the glyphosate  
N-acetyltransferase (GAT) crops (in other words, crops that were genetically modified to express 
the glyphosate N-acetyltransferase gene) treated with glyphosate, was also investigated in goats 
and poultry. The studies revealed that the molecule N-acetylglyphosate either remains unchanged 
or loses its N-acetyl group, forming parent glyphosate. Parent glyphosate is further metabolized 
into AMPA. To a certain extent N-acetyl AMPA was also formed, but was not detected in any 
tissue except in fat samples at low levels (average: 0.02 ppm in goat; 0.006 ppm in hen). AMPA 
was detected at low levels in milk, liver, fat, muscle and eggs.  
 
V.1.3 Plant Metabolism 
 
Glyphosate 
 
The nature of glyphosate residues in plants has been investigated in a wide range of  
non-transgenic (conventional, glyphosate non-tolerant) crops (for example, wheat, grapes,  
corn, soybean and lemon) and in transgenic (glyphosate tolerant) crops containing the  
5-enolpyruvylshikimate-3-phosphate synthase (EPSPS) gene and/or the glyphosate 
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oxidoreductase (GOX) gene (for example, soybean). The studies indicate that the uptake of 
glyphosate from soil is limited. The material that is taken up is readily translocated. Foliar 
applied glyphosate is readily absorbed and translocated throughout the trees or vines to the  
fruits. Conventional and transgenic crops containing EPSPS and/or GOX genes show a similar 
glyphosate metabolic pattern, producing mainly the parent compound (the PMG moiety) and  
the metabolite AMPA. However, in glyphosate-tolerant EPSPS/GOX crops, glyphosate was 
metabolized more rapidly to AMPA. For the most part, the ratio of glyphosate to AMPA is 9 to 1 
but can approach 1 to 1 in a few cases (for example, soybeans and carrots).  
 
N-acetylglyphosate 
 
The metabolic fate of 14C-PMG labelled glyphosate has also been investigated in soybean, corn 
and canola plants genetically modified to express the GAT gene. The studies were previously 
reviewed and deemed adequate. These studies revealed that, whereas conventional and 
glyphosate-tolerant crops containing the EPSPS and/or the GOX genes show a similar metabolic 
pattern that consists mainly of parent compound and AMPA, in crops containing the GAT gene, 
the major metabolic pathway is different. The parent compound is extensively metabolised to  
N-acetylglyphosate; to a lower extent N-acetyl AMPA and AMPA are also formed. 
 
V.1.4 Residue Definition 
 
Based on metabolism studies summarized above, the PMRA has previously determined that the 
residue definition (RD) in all conventional crops and in transgenic crops containing the EPSPS 
and/or the GOX genes is comprised of glyphosate and the metabolite AMPA. The RD in 
genetically modified crops containing the GAT gene (in other words, soybeans, corn and canola) 
is the sum of glyphosate and the metabolites N-acetylglyphosate, AMPA and N-acetyl AMPA. 
The RD in animal commodities is the sum of glyphosate and the metabolites N-acetylglyphosate 
and AMPA. These RDs are used for both enforcement and dietary risk assessment purposes.  
No modification to the current RDs is proposed as the result of this re-evaluation, provided it is 
understood that all the metabolites included in the RDs are expressed as glyphosate (see Table 
VI.1). The residue of concern in drinking water for dietary risk assessment is defined as the sum 
of glyphosate and the metabolite AMPA. The acetylated metabolites are not included in the RD 
for drinking water because they are not formed in soil, in other words, N-acetylglyphosate is not 
applied to plants; it is a metabolite produced in GAT crops as a result of the application of 
glyphosate. 
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Table V.1 Residue Definitions 



Transgenic GAT Crops Conventional and 
Transgenic EPSPS/GOX 
Crops 



Animal Commodities Drinking Water 



Residue Definition for Enforcement of MRLs 
Sum of glyphosate,  
N-acetylglyphosate, 
AMPA and N-acetyl 
AMPA, expressed as 
glyphosate1 



Sum of glyphosate and 
AMPA, expressed as 
glyphosate1 



Sum of glyphosate, N-
acetylglyphosate and 
AMPA, expressed as 
glyphosate1 



Not applicable 



Residue Definition for Risk Assessment 
Same as RD for 
enforcement 



Same as RD for enforcement Same as RD for 
enforcement 



Sum of glyphosate and 
metabolite AMPA 



1 Molecular weight conversion factors (MWCF) for field trial residues: Glyphosate = 0.8 × N-Acetylglyphosate; 1.1 
× N-Acetyl AMPA; 1.5 × AMPA. 



V.2 Analytical Methods 



The analysis of glyphosate and its major metabolites is complicated by the polar nature of the 
residues (in other words, insoluble in most organic solvents) and their similarity in properties to 
naturally occurring compounds such as amino acids. Nonetheless, several single analyte 
analytical methods have been reported for the analysis of residues in plant materials, animal 
tissues, milk and eggs. The methods used in field trials were similar to, or the same as those 
reported as suitable for enforcement purposes. The methods generally involve aqueous extraction 
of residues, typically with dilute acid, clean-up on cation and anion exchange columns, 
separation using GC or high performance liquid chromatography (HPLC) and derivatization 
prior to detection. The derivatisation reaction varies with the chromatographic method used for 
separation (GC, HPLC) and detection system employed (FPD, fluorescence detector, UV, MS or 
MS/MS). Satisfactory recoveries at limits of quantitation (LOQs) in the range of 0.025-0.05 ppm 
for glyphosate and its major metabolites were reported for numerous commodities. Some of 
those analytical methods have been successfully validated for enforcement purposes and are 
listed in United States Environmental Protection Agency’s pesticide analytical methods  
(PAM)-Volume II or in the index of residue analytical methods (RAM) pending compilation  
in PAM-Volume II. Multiresidue methods in PAM-Volume I Appendix I were found to be 
inadequate for enforcement purposes and glyphosate is not listed in CFIA’s Volume 7: 
Multiresidue Analytical Method Manual. 
 
V.2.1 Supervised Residue Trial Analytical Methodology 
 
Several single analyte analytical methods for the determination of the residues of glyphosate and 
its metabolites AMPA and the TMS cation in various plant and animal matrices have been 
previously reviewed and deemed adequate. Successfully validated methods are also available for 
the determination of glyphosate and its metabolites N-acetylglyphosate, AMPA and N-acetyl 
AMPA in GAT-soybean, GAT-corn and GAT-canola and in animal commodities. The analyses 
were performed using reverse phase HPLC and a tandem LC-MS/MS system operating with an 
electrospray interface (ESI) in positive ion mode detection. The LOQ in each matrix examined 
was 0.05 ppm for plant commodities and in the range of 0.025-0.05 ppm for animal 
commodities. 
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V.2.2 Enforcement Analytical Methodology 
 
The inter-laboratory validated data collection methods (see Section V.2.1) were determined to be 
acceptable for the enforcement of glyphosate MRLs including all the metabolites comprised in 
the residue definitions. 



V.2.3 Independent Laboratory Validation (ILV) 



See Section V.2.1. 



V.2.4 Multi-Residue Analytical Methodology (MRM) Evaluation 



Data from the Pestrak database (1990 and 2005) indicate that recoveries are not likely for 
glyphosate under USFDA PAM I Multiresidue Methods. N-acetylglyphosate was also tested 
according to Protocols A, B and C of the PAM I multiresidue methods. The test substance was 
not naturally fluorescent according to procedures outlined in Protocol A, and lacked suitable 
chromatographic properties according to the procedures outlined in Protocols B and C. 
Therefore, the multiresidue methods described in PAM I are not suitable also for the regulatory 
analysis of N-acetylglyphosate. 



V.3 Food Residues 
 
V.3.1 Storage Stability  
 
V.3.1.1  Storage Stability of Working Solutions in Analytical Methodology 
 
The storage stability of working solutions of glyphosate and its metabolites reported as part of 
the analytical methodology studies (see Sections V.2.1, V.2.2 and V.2.3) was deemed adequate. 
 
V.3.1.2 Freezer Storage Stability 
 
Glyphosate, AMPA – Reports on freezer storage stability of glyphosate and AMPA were 
previously reviewed for a variety of crops including soybean, soybean straw, wheat grain, 
sorghum grain, citrus fruits, grapes and bananas. It was concluded that glyphosate and AMPA 
(plant incorporated) appeared to be stable in the crops for the duration of the magnitude of 
residue (MOR) studies, which generally did not exceed 48 months. However, it was noted that 
the stability of AMPA in spiked samples was more matrix dependent, in other words, the 
residues remained stable in corn grain and tomatoes for up to 31 months, in soybean forage for 
up to 24 months, in sorghum straw for up to 9 months and in clover for only 6 months. 
 
N-acetylglyphosate, N-acetyl AMPA – When stored at -20ºC, residues of N-acetylglyphosate 
were stable for up to 12 months in soybean forage, seed and hay; corn green plant, forage and 
grain; and for 23 months in corn stover. Residues of N-acetyl AMPA were stable for at least  
18 months in soybean forage, seed, and hay and for up to 23 months in corn green plant, forage, 
grain and stover. These stability periods were deemed adequate to support MOR studies. 
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V.3.2 Magnitude of Residue Studies 
 
V.3.2.1  Supervised Residue Trial Studies 
 
Conventional and transgenic EPSPS/GOX crops – All data requirements for the magnitude  
of the residue in conventional and in transgenic EPSPS/GOX plants have been evaluated in past 
petitions and deemed adequate. The submitted data originated from a number of field trials 
conducted side-by-side with different glyphosate salt formulations on numerous crops. The data 
support a maximum seasonal rate of 6.2 kg a.e./ha in pre-emergent applications and 0.9 kg 
a.e./ha in pre-harvest applications for forage crops (PHI of 3-7 days) and all other crops (PHI of 
7-14 days). It was concluded that the magnitude of the residues resulting from application of any 
of the formulations was comparable. 
 
Transgenic GAT crops – Data on residues of glyphosate, N-acetylglyphosate, AMPA and  
N-acetyl AMPA in transgenic GAT-soybean, GAT-corn and GAT-canola support a combined 
maximum pre-emergent + post-emergent seasonal application rate of 6.98 kg a.e./ha and a PHI 
of 12-17 days for soybean seeds; 7.22 kg a.e./ha and a PHI of 7 ± 1 days for corn grain; and  
2.53 kg a.e./ha and a PHI of 6-8 days for canola seeds. 
 
V.3.2.2  Residue Decline Study 
 
Residue decline studies were conducted concurrently with supervised residue trials. The studies 
were previously reviewed and deemed adequate to support the PHIs specified on the labels (see 
Section VI.3.2.1 above). 
  
V.3.2.3  Confined Crop Rotation Trial Study 
 
Confined rotational crop studies conducted with conventional, non-transgenic lettuce (leafy 
vegetable), wheat (cereal crop) and radish (root vegetable) using 14C-PMG labelled glyphosate-
trimesium were previously reviewed.These studies demonstrated similar metabolic pathways in 
all the studied secondary crops and showed that very low levels of the test compound were taken 
up by the plants. Similarly to the metabolism of glyphosate in primary crops, PMG and AMPA 
were the relevant major components of the radioactive residue found in rotational crops. The 
remaining radioactivity was largely incorporated into natural plant products. The studies were 
deemed adequate to support glyphosate label claims but no plant back intervals (PBIs) were 
specified on the labels. The PMRA concluded that, as glyphosate is registered for use as a “prior 
to planting” application on all crops (including rotated crops), no further plant back restrictions 
are required. Based on the same study, USEPA also concluded that the current language on 
glyphosate labels is sufficient with respect to plant back restrictions and that further plant back 
restrictions were not necessary. 
 
V.3.2.4  Field Crop Rotation Trial Study 
 
Conclusions from Section V.3.2.3 (above) waive the requirement for a field crop rotation trial 
study. 
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V.3.2.5  Processed Food/Feed 
 
Processing studies were reviewed with past petitions for residues of glyphosate and AMPA in 
processed fractions of conventional or transgenic EPSPS/GOX soybean (hulls, meal, crude oil, 
refined oil, soapstock and aspirated grain fractions), wheat (bran, short, middlings, flour and 
aspirated grain fractions), barley (malt and beer), and canola (cake and oil). These crops are 
representative of all pre-harvest uses of glyphosate on crops that can be processed (in other 
words, soybean, canola, flax, wheat, barley and oats). Processing studies were also previously 
reviewed for residues of glyphosate, N-acetylglyphosate, AMPA and N-acetyl AMPA in 
processed fractions of transgenic GAT-soybean, GAT-corn and GAT-canola. The use of 
experimental processing factors as a refinement was not necessary at this time; default 
processing factors were used in the exposure assessment.  
 
V.3.2.6  Residue Data for Crops Used as Livestock Feed 
 
Residue data for crops used as livestock feed have been previously reviewed. The data were used 
for the establishment of MRLs in animal commodities. 
 
V.3.2.7  Livestock, Poultry, Egg and Milk Residue Data 
 
Dairy cow, laying hen and swine feeding studies conducted with conventional and/or transgenic 
EPSPS/GOX crops have been previously reviewed and deemed adequate to support MRLs for 
residues of glyphosate, AMPA and TMS cation in livestock and dairy commodities. As MRLs 
for residues of the TMS cation are being proposed for revocation (see Section V.4), 
considerations related to this metabolite are not included in this discussion. Given that GAT 
crops (soybean, corn and canola) treated with glyphosate may be used as feed, livestock could be 
exposed not only to glyphosate and AMPA, but also to the new metabolites typical for these 
genetically modified varieties, namely N-acetylglyphosate and N-acetyl AMPA. Therefore, based 
on metabolism studies of N-acetylglyphosate in livestock, the residue definition (RD) for both 
enforcement and risk assessment of glyphosate residues in livestock has been amended in past 
petitions in order to take into account the possible presence of N-acetylglyphosate and N-acetyl 
AMPA. As N-acetyl AMPA was found to be a minor component of the residue in animal 
commodities, the RD was revised from glyphosate and AMPA, to glyphosate and the metabolites 
N-acetylglyphosate and AMPA, expressed as glyphosate. Based on results of livestock feeding 
studies conducted with GAT crops, the maximum theoretical dietary burden (MTDB) and 
consequently MRLs in livestock commodities were revised to the current status. 



V.4 Data Gaps 
 
Sufficient information was available to adequately assess the dietary exposure and risk from 
exposure to glyphosate (all registered, equivalent salt formulations). Given that all uses of 
glyphosate-TMS were voluntarily discontinued, risk assessments for glyphosate-TMS were not 
conducted. No deficiencies were identified in the residue chemistry database from previous 
PMRA reviews. No further data are required. 
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Appendix VI Supplemental Maximum Residue Limit Information, 
International Situation and Trade Implications 



 
Maximum Residue Limits (MRLs) may vary from one country to another for a number of 
reasons, including differences in pesticide use patterns and the locations of the field crop trials 
used to generate residue chemistry data. For animal commodities, differences in MRLs can be 
due to different livestock feed items and practices. 
 
VI.1 Canadian MRLs for Food Commodities 
 
MRLs have been specified for residues of glyphosate including the metabolite AMPA in/on 
registered conventional and transgenic EPSPS/GOX genes containing crops as well as for 
residues of glyphosate including the metabolites N-acetylglyphosate, AMPA and N-acetyl 
AMPA in/on transgenic GAT gene containing crops (in other words, corn, canola and soybeans). 
MRLs have also been specified for residues of glyphosate including the metabolites N-
acetylglyphosate and AMPA in animal commodities. Separate MRLs have been specified for 
residues of the TMS cation (resulting from the use of glyphosate-trimesium) in plant as well as in 
animal commodities. PMRA’s decision to regulate the TMS cation (detected as dimethyl sulfide 
and reported as TMS cation) separately was based on the fact that glyphosate-trimesium 
demonstrates a higher toxicity profile than the other glyphosate salts and, contrary to the 
counterions of the latter, the TMS cation is not a naturally occurring compound and leaves 
residues above the general regulation limit of 0.1 ppm [see Table VI.1]. Residues in/on all other 
crops appearing on the registered labels are regulated under Subsection B.15.002(1) of the Food 
and Drugs Regulations not to exceed 0.1 ppm (General MRL) for glyphosate (including 
metabolites) and 0.1 ppm for the TMS cation. Given that all glyphosate-trimesium (GPT) 
containing products have been discontinued, it is proposed that all MRLs for the TMS cation be 
revoked. 
 
Table VI.1 Canadian Maximum Residue Limits 



Commodity 
MRL (ppm) 



Glyphosate 
(Including Metabolites) TMS Cation 



Oat milling fractions (excluding flour) 35 15 
Rapeseeds (canola) 20 10 



Dry soybeans 20 13 



Oats 15 10 



Barley milling fractions (excluding flour) 15 * 



Wheat milling fractions (excluding flour) 15 * 



Barley 10 15 



Sugar beet roots 10 * 



Borage seeds 10 * 



Cuphea seeds 10 * 



Echium seeds 10 * 



Gold pleasure seeds 10 * 
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Commodity 
MRL (ppm) 



Glyphosate 
(Including Metabolites) TMS Cation 



Hare’s ear mustard seeds 10 * 



Milkweed seeds 10 * 



Mustard seeds (condiment type) 10 * 



Mustard seeds (oilseed type) 10 * 



Oil radish seeds 10 * 



Poppy seeds 10 * 



Sesame seeds 10 * 



Sweet rocket seeds 10 * 



Peas 5.0 3.0 



Wheat 5.0 3.0 



Beans 4.0 1.0 



Dry lentils 4.0 1.5 



Flax seeds 3.0 3.0 



Field corn, sweet corn kernel plus cob with husks 
   



3.0 * 



Kidney of cattle, goats, hogs, horses and sheep 2.0 1.0 



Kidney of poultry 2.0 0.1 



Asparagus 0.5 * 



Liver of cattle, goats, hogs, horses and sheep 0.2 0.5 



Liver of poultry 0.2 0.1 



Fat of cattle, goats, hogs, horses, poultry and sheep 0.15 * 



Eggs 0.08 0.02 



Meat of cattle, goats, hogs, horses and sheep 0.08 0.5 



Meat of poultry 0.08 0.05 



Milk 0.08 0.5 



Meet byproducts of cattle, goats, hogs, horses and sheep * 0.5 



All other crops appearing on the registered labels * * 
 
* Regulated under Subsection B.15.002(1) of the Food and Drugs Regulations not to exceed 0.1 ppm. 
 
VI.2 International Regulatory Status 
 
United States – In the United States, glyphosate is registered for use on a variety of fruit, 
vegetable and field crops as well as for aquatic and terrestrial non-food uses. Glyphosate is  
also registered for use on transgenic crop varieties such as canola, corn, cotton, soybeans,  
sugar beets and wheat. The registered forms of glyphosate include: glyphosate acid; glyphosate, 
isopropylamine salt; glyphosate, ethanolamine salt; glyphosate, sodium salt; glyphosate, 
potassium salt; glyphosate, ammonium salt; glyphosate, diammonium salt; and glyphosate, 
dimethylammonium salt. Glyphosate-trimesium (GPT, in other words, sulfosate or glyphosate-
TMS) is not currently included in any pesticide products actively registered in the United States, 
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and is not, therefore, included in the current USEPA registration review program for glyphosate 
active ingredient. With regard to exposure and risk assessment, the USEPA considers all these 
active compounds as being equivalent, with glyphosate acid as the common moiety. Tolerances 
[see Table VI.2] are currently established under 40 CFR §180.364 for: 
 
a) Residues of glyphosate, including its metabolites and degradates in/on registered 



conventional crops and transgenic EPSPS/GOX crops, resulting from the application of 
all registered forms of glyphosate. Compliance with those tolerance levels is to be 
determined by measuring only glyphosate (N-[phosphonomethyl] glycine). The USEPA 
determined that, based on toxicological considerations, the metabolite AMPA need not be 
regulated regardless of levels observed in food or feeds. 



 
b) Residues of glyphosate, including its metabolites and degradates in/on registered 



transgenic GAT crops and in animal commodities, resulting from the application of all 
registered forms of glyphosate. Compliance with those tolerance levels is to be 
determined by measuring only glyphosate and its metabolite N- acetylglyphosate 
calculated as the stoichiometric equivalent of glyphosate. The metabolite N-
acetylglyphosate is considered to be equally toxic as glyphosate. The metabolite N-acetyl 
AMPA, which is also formed in transgenic GAT crops, was excluded as residue of 
concern based on residue and toxicity considerations. However, the USEPA noted that 
the decision not to regulate AMPA and N-acetyl AMPA, regardless of levels observed in 
foods or feeds, may be revisited during the registration review process. 



 
JMPR/Codex – Codex MRLs have been established in/on a range of plant commodities as  
well as in commodities of animal origin (see Table VI.2). The residue definitions (RDs) for 
compliance with MRLs are the same as those used by the USEPA for both transgenic GAT  
crops (in other words, the RDs exclude the metabolites AMPA and N-acetyl AMPA) and for 
conventional and transgenic non-GAT crops (in other words, the RDs exclude the metabolite 
AMPA). However, the residue for dietary risk assessment for plant (genetically modified or not) 
and animal commodities is defined as the sum of glyphosate, N-acetylglyphosate, AMPA and  
N-acetyl AMPA, expressed as glyphosate. This RD is the same as the one used by the PMRA for 
both enforcement of MRLs and dietary risk assessment for transgenic GAT crops. Note that for 
risk assessment the PMRA excludes the acetylated metabolites from RDs in non-GAT crops 
(except corn, soybean and canola) as well as N-acetyl AMPA from RDs in animal commodities. 
There are no Codex MRLs for the TMS cation of glyphosate-trimesium. 
 
EU – Glyphosate (including glyphosate-trimesium, in other words, sulfosate or glyphosate-TMS) 
has been approved for use in EU countries (in other words, is included in Annex I to Council 
Directive 91/414/EEC) until 12/31/15. The residue definitions for enforcement and risk 
assessment have recently been amended to accommodate new varieties of genetically modified 
(in other words, GAT gene-containing) soybeans and corn imported from the United States. For 
enforcement, the RD is expressed as glyphosate per se in all crops including transgenic GAT 
crops and in animal commodities. For dietary risk assessment, the RD is expressed as the sum  
of glyphosate, N-acetylglyphosate, AMPA and N-acetyl AMPA, calculated as glyphosate for all 
plant commodities (including non-GAT crops) as well as for commodities of animal origin. No 
special consideration has been given to the TMS cation of glyphosate-trimesium with regard to 
the residue definition or MRLs, but a separate risk assessment has been conducted for 
glyphosate-TMS. Glyphosate-TMS has a lower ADI compared to the other glyphosate salts. 
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The residue definitions (see Table VI.3) and tolerance levels or MRLs (see Table VI.2) for a 
variety of commodities are not harmonized across the different regulatory jurisdictions.  
 
Table VI.2 Canadian Maximum Residue Limits and International Tolerances / 



Maximum Residue Limits for Glyphosate 



Commodity CAN MRL1 (ppm) United States 
Tolerance2 



(ppm) 



Codex MRL3 
(ppm) 



Acerola — 0.2 — 
Alfalfa fodder — 400 (Group 18) 500 
Alfalfa, seed — 0.5 — 
Almond, hulls — 25 — 
Aloe vera — 0.5 — 
Ambarella — 0.2 — 
Animal feed, nongrass, group 18 — 400 — 
Artichoke, globe — 0.2 — 
Asparagus 0.5 0.5 — 
Atemoya — 0.2 — 
Avocado — 0.2 — 
Bamboo, shoots — 0.2 — 
Banana — 0.2 0.05** 
Barley 



10 



30 (Group 15, 
except field 



corn, popcorn, 
rice, sweet corn, 
and wild rice) 



30 (Group 15) 



Barley, bran 



— 



30 (Group 15, 
except field 



corn, popcorn, 
rice, sweet corn, 
and wild rice) 



— 



Barley milling fractions, except flour 15 — — 
Barley straw and fodder, dry — — 400 
Bean fodder — — 200 
Beans 



4.0 
5.0 (Group 6, 



except soybean 
and dry pea) 



2.0 (dry) 



Beat, sugar 10 10 — 
Beet, sugar, dried pulp — 25 — 
Beet, sugar, roots — 10 — 
Beet, sugar, tops — 10 — 
Berry group 13 — 0.2 — 
Betelnut — 1.0 — 
Biriba — 0.2 — 
Blimbe — 0.2 — 
Borage, seed 10 — — 
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Commodity CAN MRL1 (ppm) United States 
Tolerance2 



(ppm) 



Codex MRL3 
(ppm) 



Breadfruit — 0.2 — 
Cacao bean, bean — 0.2 — 
Cactus, fruit — 0.5 — 
Cactus, pads — 0.5 — 
Canistel — 0.2 — 
Canola, seed 20 20 20 (Rapeseed) 
Carrot — 5.0 — 
Chaya — 1.0 — 
Cherimoya — 0.2 — 
Citrus, dried pulp — 1.5 — 
Coconut — 0.1 — 
Coffee, bean, green — 1.0 — 
Corn, field, forage — 13 — 
Corn, field, grain 3.0 5.0 5.0 
Corn, field, stover — 100 — 
Corn, fodder, dry — — 150 
Corn, pop, grain 



3.0 
0.1 5.0 



Corn, sweet, kernel plus cob with husk removed 3.5 5.0 
Cotton, gin byproducts — 210 — 
Cotton, undelinted seed — — 40 
Cuphea seeds 10 — — 
Custard apple — 0.2 — 
Date, dried fruit — 0.2 — 
Dokudami — 2.0 — 
Durian — 0.2 — 
Echium seeds 10 — — 
Epazote — 1.3 — 
Feijoa — 0.2 — 
Fig — 0.2 — 
Fish — 0.25 — 
Flax, seed 3.0 — — 
Fruit, citrus, group 10-10 — 0.5 — 
Fruit, pome, group 11-10 — 0.2 — 
Fruit, stone, group 12 — 0.2 — 
Galangal, roots — 0.2 — 
Ginger, white, flower — 0.2 — 
Gold pleasure seeds 10 — — 
Gourd, buffalo, seed — 0.1 — 
Governor’s plum — 0.2 — 
Gow kee, leaves - 0.2 — 
Grain, cereal, forage, fodder and straw, group 
16, except field corn, forage and field corn and 
stover 



— 100 — 
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Commodity CAN MRL1 (ppm) United States 
Tolerance2 



(ppm) 



Codex MRL3 
(ppm) 



Grain, cereal, group 15, except field corn, 
popcorn, rice, sweet corn and wild rice 



Barley: 10 
Corn (field and sweet): 



3 
Oat: 15 



Sorghum (grain): 30 
Wheat (grain): 5 



30 (Group 15, 
except field 



corn, popcorn, 
rice, sweet corn, 
and wild rice) 



30 (except corn 
and rice) 



Grape — 0.2 — 
Grass, forage, fodder and hay, group 17 — 300 500 
Guava — 0.2 — 
Hare’s ear mustard seeds 10 — — 
Herbs subgroup 19A — 0.2 — 
Hop, dried cones — 7.0 — 
Ilama — 0.2 — 
Imbe — 0.2 — 
Imbu — 0.2 — 
Jaboticaba — 0.2 — 
Jackfruit — 0.2 — 
Kava, roots — 0.2 — 
Kenaf, forage — 200 — 
Lentils 



4.0 
5.0 (Group 6, 



except soybean 
and dry pea) 



No Codex MRL 
(proposed EU 
MRL of 10 or 15 
ppm, based on a 
single high 
residue value of 
8.88 ppm whereas 
the rest of the 
residue trial 
values were in the 
range 0.5-4.17 
ppm) 



Leucaena, forage — 200 — 
Longan — 0.2 — 
Lychee — 0.2 — 
Mamey apple — 0.2 — 
Mango — 0.2 — 
Mangosteen — 0.2 — 
Marmaladebox — 0.2 — 
Mikweed seeds 10 — — 
Mioga, flower — 0.2 — 
Mustard, seed 10 



(both condiment and 
oilseed types) 



— 
— 



Noni — 0.20 — 
Nut, pine — 1.0 — 
Nut, tree, group 14 — 1.0 — 
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Commodity CAN MRL1 (ppm) United States 
Tolerance2 



(ppm) 



Codex MRL3 
(ppm) 



Oats 



15 



30 (Group 15, 
except field 



corn, popcorn, 
rice, sweet corn, 
and wild rice) 



30 
(group 15) 



Oats milling fractions  



35 (excluding flour) 



30 (Group 15, 
except field 



corn, popcorn, 
rice, sweet corn, 
and wild rice) 



- 



Oat straw and fodder, dry — — 100 
Oil radish seeds 10 — — 
Oilseeds, group 20, except canola — 40 — 
Okra — 0.5 — 
Olive — 0.2 — 
Oregano, Mexican, leaves — 2.0 — 
Palm heart — 0.2 — 
Palm heart, leaves — 0.2 — 
Palm, oil — 0.1 — 
Papaya — 0.2 — 
Papaya, mountain — 0.2 — 
Passionfruit — 0.2 — 
Pawpaw — 0.2 — 
Pea hay or pea fodder (dry) — — 500 
Peas 



5.0 
5.0 (Group 6, 



except soybean 
and dry pea) 



— 



Peas, dry — 8.0 5.0 
Peanut — 0.1 — 
Peanut, hay — 0.5 — 
Pepper leaf, fresh leaves — 0.2 — 
Peppermint, tops — 200 — 
Perilla, tops — 1.8 — 
Persimmon — 0.2 — 
Pineapple — 0.1 — 
Pistachio — 1.0 — 
Pomegranate — 0.2 — 
Poppy seeds 10 7.0 



(Subgroup 19B) 
— 



Pulasan — 0.2 — 
Quinoa, grain — 5.0 — 
Rambutan — 0.2 — 
Rice, grain — 0.1 — 
Rice, wild, grain — 0.1 — 
Rose apple — 0.2 — 
Sapodilla — 0.2 — 
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Commodity CAN MRL1 (ppm) United States 
Tolerance2 



(ppm) 



Codex MRL3 
(ppm) 



Sapote, black — 0.2 — 
Sapote, mamey — 0.2 — 
Sapote, white — 0.2 — 
Sesame, seed 10 — — 
Shellfish — 3.0 — 
Sorghum straw and fodder, dry — — 50 
Soursop — 0.2 — 
Soybean, dry 20 20 (seed) 20 
Soybean, forage — 100 — 
Soybean, hay — 200 — 
Soybean, hulls — 120 — 
Spanish lime — 0.2 — 
Spearmint, tops — 200 — 
Spice subgroup 19B 10 



(poppy seeds) 7.0 
— 



Star apple — 0.2 — 
Starfruit — 0.2 — 
Stevia, dried leaves — 1.0 — 
Strawberry * — — 
Sugar apple — 0.2 — 
Sugarcane, cane — 2.0 2.0 
Sugarcane, molasses — 30 10 
Sunflower, seed — — 7 
Surinam cherry — 0.2 — 
Sweet potato — 3.0 — 
Sweet rocket seeds 10 — — 
Tamarind — 0.2 — 
Tea, dried — 1.0 — 
Tea, instant — 7.0 — 
Teff, forage — 100 — 
Teff, grain — 5.0 — 
Teff, hay — 100 — 
Ti, leaves — 0.2 — 
Ti, roots — 0.2 — 
Ugli fruit — 0.5 — 
Vegetable, bulb, group 3-07 — 0.2 — 
Vegetable, cucurbit, group 9 — 0.5 — 
Vegetable, foliage of legume, subgroup 7A, 
except soybean 



— 0.2 — 



Vegetable, fruiting, group 8-10 (except okra) — 0.1 — 
Vegetable, leafy, brassica, group 5 — 0.2 — 
Vegetable, leafy, except brassica, group 4 — 0.2 — 
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Commodity CAN MRL1 (ppm) United States 
Tolerance2 



(ppm) 



Codex MRL3 
(ppm) 



Vegetable, leaves of root and tuber, group 2, 
except sugar beet tops 



— 0.2 — 



Vegetable, legume, group 6 except soybean and 
dry pea 



— 5.0 — 



Vegetable, root and tuber, group 1, except carrot, 
sweet potato and sugar beet 



— 0.2 — 



Wasabi, roots — 0.2 — 
Water spinach, tops — 0.2 — 
Watercress, upland — 0.2 — 
Wax jambu — 0.2 — 
Wheat 



5.0 



30 (Group 15, 
except field 



corn, popcorn, 
rice, sweet corn, 
and wild rice) 



30 (Group 15) 



Wheat bran 



— 



30 (Group 15, 
except field 



corn, popcorn, 
rice, sweet corn, 
and wild rice) 



20 (unprocessed) 



Wheat milling fractions  



15 (excluding flour) 



30 (Group 15, 
except field 



corn, popcorn, 
rice, sweet corn, 
and wild rice) 



— 



Wheat straw and fodder, dry — — 300 
Yacon, tuber — 0.2 — 
Edible offal of pigs — — 0.5 
Edible offal of poultry — — 0.5 
Egg 0.08 0.05 0.05** 
Fat of cattle, goats, hogs, horses, sheep and 
poultry 0.15 — — 



Kidney of cattle, goats, hogs, horses, sheep and 
poultry 2.0 



— 5.0 (mammalian 
except pigs) 



Liver of cattle, goats, hogs, horses, sheep and 
poultry 0.2 



— 5.0 (mammalian 
except pigs) 



Meat byproducts of cattle, goats, hogs, horses 
and sheep 



* 5.0 



0.05** (from 
mammals other 



than marine 
mammals) 



Meat byproducts of poultry * 1.0 — 
Meat of cattle, goats, hogs, horses and sheep 



0.08 — 



0.05** (from 
mammals other 



than marine 
mammals) 



Meat of poultry 0.08 0.10 0.05** 
Milk 0.08 — 0.05** 



*Regulated under B.15.002(1) of the Food and Drugs Regulations not to exceed 0.1 ppm.  
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**At or about the limit of determination. 
1 Maximum Residue Limits for Pesticides webpage as of 12/10/13. 
2 Electronic Code of Federal Regulations. 
3 Codex Alimentarius webpage as of 12/10/13. 
 
Table VI.3 Comparison of Residue Definitions derived by Canada, United States, 



JMPR/Codex and European Union 



 
Commodity Canada United States JMPR/Codex European Union 



Residue Definition for Enforcement of MRLs/Tolerances 
Transgenic 
GAT crops 



Sum of glyphosate, 
N-acetylglyphosate, 
AMPA and N-acetyl 
AMPA, expressed as 
glyphosate1 



Sum of glyphosate 
and N-acetyl-
glyphosate, expressed 
as glyphosate1 



Same as United 
States 



Glyphosate 



Conventional 
and transgenic 
EPSPS/GOX 
crops 



Sum of glyphosate 
and AMPA, 
expressed as 
glyphosate1 



Glyphosate Same as United 
States 



Animal 
commodities 



Sum of glyphosate, 
N-acetylglyphosate 
and AMPA, 
expressed as 
glyphosate1 



Sum of glyphosate 
and N-acetyl-
glyphosate, expressed 
as glyphosate1 



Same as United 
States 



Residue Definition for Risk Assessment 
Transgenic 
GAT crops 



Sum of glyphosate, 
N-acetylglyphosate, 
AMPA and N-acetyl 
AMPA, expressed as 
glyphosate1 



Sum of glyphosate 
and N-acetyl-
glyphosate, expressed 
as glyphosate1 



Sum of glyphosate, 
N-acetylglyphosate, 
AMPA and N-acetyl 
AMPA, expressed as 
glyphosate1 



Same as 
JMPR/Codex 



Conventional 
and transgenic 
EPSPS/GOX 
crops 



Sum of glyphosate 
and AMPA, 
expressed as 
glyphosate1 



Glyphosate 



Animal 
commodities 



Sum of glyphosate, 
N-acetylglyphosate 
and AMPA, 
expressed as 
glyphosate1 



Sum of glyphosate 
and N-acetyl-
glyphosate, expressed 
as glyphosate1 



 
1  Molecular weight conversion factors (MWCF) for field trial residues: glyphosate = 0.8 × N-



Acetylglyphosate; 1.1 × N-Acetyl AMPA; 1.5 × AMPA. 
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Appendix VII Agricultural Mixer/Loader/Applicator and Postapplication 
Risk Assessment 



 
Table VII.1 Commercial Mixer/Loader/Applicator Exposure and Risk Assessment 



Application 
Equipment Scenario Max. 



Rate 



Area 
Treated 
per Day 



Dermal 
Exposure1 



(mg/kg 
bw/day) 



Inhalation 
Exposure2 



(mg/kg 
bw/day) 



Dermal 
MOE3 



Inhalation 
MOE3 



Combined 
MOE4 



Baseline PPE: Open M/L, Single Layer  
Groundboom 



(custom) MLA 4.320 
kg/ha 



360 
ha/day 0.060848 0.046294 490 650 280 



Aerial ML 4.320 
kg/ha 



536 
ha/day 



0.059208 0.046310 510 650 280 
A 0.011184 0.002026 2700 15000 2300 



Airblast MLA 4.320 
kg/ha 



20 
ha/day 0.037988 0.007992 790 3800 650 



Mechanically 
pressurized 



handgun 
MLA 0.0096 



kg/L 
3800 
L/day 0.101879 0.068856 290 440 180 



Backpack MLA 0.022 
kg/L 



150 
L/day 0.008822 0.002515 3400 12000 2600 



Cut stump 
application MLA 0.36 



kg/L 
150 



L/day 0.025471 0.030510 1200 980 540 



ROW 
Sprayer MLA 0.0096 



kg/L 
3800 
L/day 0.016848 0.003010 1781 9968 1511 



M/L = mix/load, A = apply, ATPD = area treated per day, MOE = margin of exposure, ROW = right-of-way 
1  Dermal exposure (mg/kg bw/day) = (dermal unit exposure × ATPD × maximum application rate × 4% dermal 



absorption)/80 kg body weight 
2  Inhalation exposure (mg/kg bw/day) = (inhalation unit exposure × ATPD × maximum application rate)/80 kg 



body weight 
3  Based on a NOAEL of 30 mg/kg bw/day, target = 100 
4  Combined MOE = 1/[1/dermal MOE + 1/inhalation MOE] 
 
Table VII.2 Mixer/Loader Tree Injection Exposure and Risk Assessment 



Application 
Equipment 



Max 
Rate 



(g/cm)1 



Amount 
Handled 
per Day 
(kg a.i.)2 



Dermal Dose 
(mg/kg/day)3 



Inhalation 
Dose 



(mg/kg/day)4 



Dermal 
MOE5 



Inhalation 
MOE5 



Combined 
MOE6 



Baseline PPE: Open M/L, single layer 
Injection 0.0364 0.1456 3.46 × 10-6 2.91 × 10-6 8700000 10000000 4700000 



MOE = margin of exposure 
1 Maximum application rate: 0.182 g/5 cm depth breast height (dbh) = 0.0364 g per cm depth breast height (dbh). 
2 Amount handled per day: 0.0364 g/cm × 20 cm (max dbh) × 200 (maximum number of trees treated per day) × 
0.001 (g to kg conversion). 
3 Dermal Exposure (mg/kg bw/day) = (Amount handled per day (kg) × Dermal Unit Exposure (µg/kg a.i.) × 4% 
dermal absorption)/80 kg body weight. 
4 Inhalation Exposure (mg/kg bw/day) = (Amount handled per day (kg) × Inhalation Unit Exposure (µg/kg a.i.))/80 
kg body weight. 
5 Based on a NOAEL of 30 mg/kg/day, target MOE = 100. 
6 Combined MOE = 1/[1/dermal MOE + 1/inhalation MOE. 
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Table VII.3 Commercial Postapplication Exposure and Risk Assessment 



Crop Activity TC1 
(cm2/hr) 



Rate  
(kg 



a.i./ha) 



Number of 
Applica-
tions per 



Year 



Interval 
Between 



Applications 
(Days) 



MOE2  
(Day 0) REI3 



USC 4  



Forestry 



Weeding (hand), 
grading/tagging 100 



4.320 2 7 



4700 



12 hours Transplanting 230 2000 
Scouting 580 810 



Irrigation (hand 
set) 1750 270 



USC 7  
Canola 



(Roundup 
ready) seed 
production 



Scouting 1100 0.902 2 5 1900 12 hours 



USC 13 



Pearl Millet Weeding (hand) 70 4.320 3 7 5800 12 hours Scouting 1100 370 



Forage grasses 
and legume 



Weeding (hand) 70 



4.320 4 7 



5500 



12 hours Scouting 1100 350 
Irrigation (hand 



set) 1750 220 



Pasture 
Scouting 1100 



4.320 2 7 
430 



12 hours Irrigation (hand 
set) 1750 2670 



Apple 



Weeding (hand), 
orchard 



maintenance 
100 



4.320 3 7 
4100 



12 hours 
Transplanting 230 1800 



Scouting 580 700 
USC 14  



 
 



Corn (sweet) 
 
 



Weeding (hand) 70 



4.320 4 7 



5500 



12 hours 
Scouting (full 



foliage) 1100 350 



Irrigation  
(hand set) 1750 220 



 
 



Dry Beans 
 



Scouting 1100 



4.320 6 7 



330 



12 hours Irrigation  
(hand set) 1750 210 



Lentils Weeding (hand) 70 4.320 3 7 5800 12 hours Scouting 1100 370 



Sorghum Weeding (hand) 70 4.320 3 7 5800 12 hours Scouting 210 1900 
 
 
 



Asparagus 
 
 
 
 



Weeding (hand) 70 



4.320 3 7 



5800 



12 hours 



Scouting 210 1900 
Transplanting 230 1800 



Irrigation (hand 
set) 1750 230 
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Crop Activity TC1 
(cm2/hr) 



Rate  
(kg 



a.i./ha) 



Number of 
Applica-
tions per 



Year 



Interval 
Between 



Applications 
(Days) 



MOE2  
(Day 0) REI3 



USC 14 (continued) 
 
 



Ginseng 
 
 
 



Weeding (hand) 70 



0.902 2 7 



32000 



12 hours 



Scouting 210 11000 
Transplanting 230 9800 



Irrigation (hand 
set) 1750 1300 



 
Strawberry 



 



Weeding (hand) 70 
4.320 4 7 



5500 
12 hours Scouting 210 1800 



Transplanting 230 1700 



 
Blueberry 
(highbush) 



 
 



Transplanting 230 



4.320 3 7 



1800 



12 hours 
Scouting, 



weeding (hand), 
bird/frost control 



640 640 



Irrigation (hand 
set) 1750 230 



Blueberry 
(lowbush) 



Weeding (hand) 70 



4.320 3 7 



5800 



12 hours Scouting 1100 370 
Irrigation (hand 



set) 1750 230 



Cranberry 
Weeding (hand) 70 



4.320 2 7 
6700 



12 hours Transplanting 230 2000 
Scouting 1100 430 



 
 



Grapes 
 



 



Transplanting 230 



4.320 3 7 



1800 



12 hours 



Scouting, 
Weeding (hand), 



Bird control 
640 640 



Irrigation  
(hand set) 1750 230 



Filberts or 
Hazelnuts 



Orchard 
maintenance 100 



4.320 3 7 
4100 



12 hours Transplanting 230 1800 
Scouting 580 700 



 
 



Walnut, 
Chestnut, 
Japanese 
heartnut 



 



Orchard 
maintenance, 



weeding (hand) 
100 



4.320 2 7 



4700 



12 hours Transplanting 230 2000 



Scouting 580 810 



USC 7, 13, 14 
Soybeans (and 
GPS tolerant 



soybeans 



Weeding (hand) 70 
4.320 6 7 



5200 
12 hours Scouting 1100 330 



 
Canola (and 
GPS tolerant 



canola) 
 



Scouting 1100 4.320 5 7 340 12 hours 



Flax Scouting 1100 4.320 3 7 370 12 hours 
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Crop Activity TC1 
(cm2/hr) 



Rate  
(kg 



a.i./ha) 



Number of 
Applica-
tions per 



Year 



Interval 
Between 



Applications 
(Days) 



MOE2  
(Day 0) REI3 



USC 7, 13, 14 (continued) 



Corn (and GPS 
tolerant corn) 



Weeding (hand) 70 



1.800 4 7 



13000 



12 hours Scouting 1100 830 
Irrigation (hand 



set) 1750 520 



Mustard 
(yellow/white, 



brown, oriental) 



Weeding (hand) 70 



4.320 3 7 



5800 



12 hours 
Scouting 210 1900 



Transplanting 230 1800 
Irrigation (hand 



set) 1750 230 



 
Sugar Beets 



 



Weeding (hand), 
thinning 70 4.320 3 7 5800 12 hours 
Scouting 210 1900 



Summer Fallow 
Scouting 1100 



4.320 1 n/a 
630 



12 hours Irrigation (hand 
set) 1750 400 



USC 13, 14 
 



Wheat, Barley, 
Oats 



 



Weeding (hand) 70 



4.320 4 7 



5500 



12 hours Scouting 1100 350 



 
Rye 



 



Weeding (hand) 70 0.902 1 n/a 48000 12 hours 
Scouting 1100 3000 



Peas 



Weeding (hand) 70 



4.320 3 7 



5800 



12 hours Scouting 1100 370 
Irrigation (hand 



set) 1750 230 



Sugar beets 
(Roundup 



ready) 



Weeding (hand), 
thinning 70 0.902 4 10 31000 12 hours 
Scouting 210 10000 



 
Chickpeas, 



Lupin (dried), 
Fava bean 



(dried) 



Weeding (hand) 70 



4.320 3 7 



5800 



12 hours 
Scouting 1100 370 



Irrigation (hand 
set) 1750 230 



Apricot, Cherry 
(sweet/sour), 



Peaches, 
Plums, Pears 



Orchard 
maintenance, 
propping, bird 



control, weeding 
(hand) 



100 
4.320 3 7 



4100 12 hours 



Transplanting 230 1800 12 hours 
Scouting 580 700 12 hours 



USC 16 
Non-cropland 
and industrial 



uses 



Scouting 1100 
4.320 3 7 



370 12 hours 
Irrigation (hand 



set) 1750 230 



Recreational 
and  



public areas 
See residential assessment 
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Crop Activity TC1 
(cm2/hr) 



Rate  
(kg 



a.i./ha) 



Number of 
Applica-
tions per 



Year 



Interval 
Between 



Applications 
(Days) 



MOE2  
(Day 0) REI3 



USC 4, 27 
Shelterbelts, 



Nursery stock, 
Woody 



ornamentals, 
short rotation 



intensive 
culture 



All activities 
except irrigation  230 



4.320 4 7 



1700 



12 hours 
Irrigation (hand 



set) 1750 220 



USC 30 
Turf (prior to 
establishment 
or renovation) 



Scouting 1000 4.320 2 7 18000 12 hours 



USC = use site category, REI = restricted entry interval. 
Since no DFR or TTR studies were submitted, a peak default DFR value of 25% or a peak default TTR value of 
10% of the application rate were used.  
1 TC = transfer coefficient. Values from PMRA memo (PMRA, 2012d). 
2 Based on an oral NOAEL of 30 mg/kg bw/day and a target MOE of 100. 
3 If the target MOE is met, the minimum REI for agricultural uses was set at 12 hours.  
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Appendix VIII  Non-Occupational Risk Assessment 
 
Table VIII.1 Adult Short-Term Residential Applicator Exposure 



Application 
Equipment 



Maximum 
Application 



Rate1 
ATPD2 



Unit Exposure 
(mg/kg a.i. Handled) 



Exposure3 
(mg/kg bw/day) MOE4 Combined 



MOE5 Dermal Inhalation Dermal Inhalation Dermal Inhalation 
Lawns and Turf: Liquid Product (Adult) 
Manually 



pressurized 
handwand 



28 g a.i./L 18.927 
L/day 138.89 0.04 3.68x10-



2 2.65x10-4 820 110000 820 



Backpack 28 g a.i./L 18.927 
L/day 286.60 0.31 7.59x10-



2 2.05x10-3 400 15000 400 



Sprinkler 
can 



0.700 g 
a.i./m2 



93 
m2/day 29.54 0.049 9.62x10-



4 3.99x10-5 31000 750000 31000 



RTU – 
Trigger-



pump 
sprayer 



28 g a.i./L 5 
L/day 187.61 0.13 1.31x10-



2 2.28x10-4 2300 130000 2300 



Gardens and Trees: Liquid Product (Adult) 
Manually-
pressurized 
handwand 



28 g a.i./L 18.93 
L/day 138.89 0.04 3.68x10-



2 2.65x10-4 820 110000 820 



Backpack 28 g a.i./L 18.93 
L/day 286.60 0.31 7.60x10-



2 2.05x10-3 400 15000 400 



Sprinkler 
can 28 g a.i./L 18.93 



L/day 127.87 0.0031 3.39x10-



2 2.05x10-5 890 1500000 890 



RTU – 
Trigger-



pump 
sprayer 



28 g a.i./L 10 
L/day 187.61 0.13 2.63x10-



2 4.55x10-4 1100 66000 1100 



 
ATPD = area treated per day; MOE = margin of exposure. 
Homeowner PPE consists of: short-sleeved shirt, shorts, and no gloves. 
1 Application rate was provided as 0.7 g a.i./m2. This value was converted to g ai/L using a spray volume of 0.025 



L/m2 (PMRA, 2012). 
2 Default values from USEPA Residential SOP (USEPA, 2012). For lawns and turf RTU-trigger-pump sprayer the 



default value is 1 container/day and for gardens and trees RTU-trigger-pump sprayer the default value is 2 
containers/day. The largest container size of 5 L was used in the risk assessment.  



3 Exposure (mg/kg bw/day) = (Unit exposure (mg/kg a.i.) × ATPD × maximum application rate × 4% dermal 
absorption factor)/BW (80kg for adults). 



4 Based on a dermal NOAEL of 30 mg/kg bw/day , target MOE is 100. 
5 Calculated using the following equation: Combined MOE = 1/(1/dermal MOE + 1/inhalation MOE). 
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Table VIII.2 Adult, Youth and Children Short-term Postapplication Exposure and Risk 
Assessments on Lawns and Turf 



 



Scenario TC1 
(cm2/hr) 



Duration 
(Hours) 



Dermal Exposure2 
(mg/kg bw /day) Dermal MOE3 



1 Application of Glyphosate 
High-Contact Lawn Activities 



Adult 180000 1.5 0.0945 320 
Youth 148000 1.3 0.0945 320 



Children (1 to < 2) 49000 1.5 0.1871 160 
Mowing Turf 



Adult 5500 1.0 0.0019 16000 
Youth 4500 1.0 0.0022 14000 



2 Applications of Glyphosate (7-day interval) 
High-Contact Lawn Activities 



Adult 180000 1.5 0.1397 220 
Youth 148000 1.3 0.1397 220 



Children (1 to < 2) 49000 1.5 0.2766 110 
Mowing Turf 



Adult 5500 1.0 0.0028 11000 
Youth 4500 1.0 0.0033 9200 



TC = transfer co-efficient; BW = Body Weight (80 kg for adults, 57 kg for youth, and 11 kg for children [1 to < 2 
years old]). 
1 Transfer coefficient are based on the USEPA Residential SOPs (USEPA, 2012). Transfer coefficients based on a 
body weight of 80 kg were scaled for the surface area of youth and children (1 to < 2 years old) using the correction 
factors of 0.82 and 0.27 respectively. 
2 Dermal Exposure (mg/kg bw/day) = (TTR (µg/cm2) × TC (cm2/hr) × Duration × DA (4%))/BW (kg). 
3 Adult, youth and children short-term MOEs are based on a NOAEL of 30 mg/kg bw/day with a target of 100.  
 
Table VIII.3 Adult, Youth and Children Short-term Postapplication Exposure and Risk 



Assessments on Golf Course Turf 



Scenario TC1 
(cm2/hr) 



Duration 
(Hours) 



Dermal Exposure2 
(mg/kg bw /day) Dermal MOE3 



1 Application of Glyphosate 
Postapplication Exposure to Golf Course Turf 



Adult 5300 4 0.0074 4000 
Youth 4400 4 0.0086 3500 



Children (6 to < 11) 2900 4 0.0102 3000 
2 Applications of Glyphosate (7-day interval) 
Postapplication Exposure to Golf Course Turf 



Adult 5300 4 0.0110 2700 
Youth 4400 4 0.0128 2300 



Children (6 to < 11) 2900 4 0.0150 2000 
TC = transfer co-efficient; BW = Body Weight (80 kg for adults, 57 kg for youth, and 32 kg for children [6 to < 11 
years old]). 
1Transfer coefficient are based on the USEPA Residential SOPs (USEPA, 2012). Transfer coefficients based on a 
body weight of 80 kg were scaled for the surface area of youth and child (6 to < 11 years old) using the correction 
factors of 0.82 and 0.55 respectively.  
2 Dermal Exposure (mg/kg bw/day) = (TTR (µg/cm2) × TC (cm2/hr) × Duration × DA (4%))/BW (kg). 
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3 Adult, youth and children short-term MOEs are based on a NOAEL of 30 mg/kg bw/day with a target of 100.  
 
Table VIII.4 Incidental Oral Exposure Estimates and MOEs for Hand-to-Mouth Transfer 



to Children 



Formulation Surface Hand Residue 
(mg/cm2)1 



Oral Dose  
(mg/kg bw/day)2 MOE3 



1 Application of Glyphosate (7-day TWA) 
Liquid Lawns/Turf 0.0077 0.0732 410 



2 Applications of Glyphosate (7-day interval) 
Liquid Lawns/Turf 0.0152 0.1451 210 



TWA = time weighted average. 
1 Fraction of residue on the hands (mg/cm2) is the residue available for transfer. 
2 Where Oral Dose (mg/kg bw/day) = [Hand Residue (mg/cm2) × (Fraction of hand mouthed/event (0.06) × Surface 
Area of one hand (150 cm2)) × (Exposure Time (hr) × Replenishment Intervals (4/hr)) × (1 – (1 – Saliva Extraction 
Factor (0.48)) Number events per hour (13.9)/Replenishment Intervals (4/hr))]/ Body Weight (11 kg).    
3 MOE = margin of exposure; For children (1 to <  2 years old), the short-term MOE was based on a NOAEL of  
30 mg/kg bw/day with a target of 100. 
 
Table VIII.5 Incidental Oral Exposure Estimate and MOE for Object-to-Mouth Transfer 



to Children 



Formulation Surface Object Residue 
(mg/cm2)1 



Oral Dose  
(mg/kg bw/day)2 MOE3 



2 Applications of Glyphosate (7-day Interval) 
Liquid Lawns/Turf 1.034 0.0043 7000 



1 Where Object Residue (µg/cm2) was calculated using the TTR equation. 2 applications of glyphosate with a 7 day 
interval were assumed.  
2 Where Oral Dose (mg/kg bw/day) = [Object Residue (µg/cm2) × 0.001 mg/µg × Surface Area Object Mouthed (10 
cm2/event) × (Exposure Time (hr/day) × Replenishment Intervals (4/hr)) × (1 – (1 – Saliva Extraction (0.48)) 
Number of object-to-mouth events (8.8/hr)/Replenishment Intervals (4/hr))]/ Body weight (11 kg).  
3 MOE = margin of exposure; for children (1 to < 2 years old), short-term MOE was based on a NOAEL of 30 
mg/kg bw/day with a target of 100. 
 
Table VIII.6 Bystander Exposure and Risk Assessment 



Crop Activity TC1 
(cm2/hr) 



Rate  
(kg a.i./ha) 



Dermal Exposure2 
(mg/kg bw/day) 



MOE3  
(Day 0) 



Forestry4 



Hiker – Adult 580 



4.320 



0.0093 3200 
Hiker – Youth 476 0.0107 2800 
Hiker – Child  



(6 to < 11 years old) 319 0.0127 2400 



Non-cropland 
and Industrial 



Uses5 



Hiker – Adult 580 



4.320 



0.0107 2800 
Hiker – Youth 476 0.0123 2400 
Hiker – Child  



(6 to < 11 years old) 319 0.0147 2000 
1TC = transfer coefficient. Value is based on scouting in an orchard. Values from PMRA memo (PMRA, 2012d). 
2 Since no DFR or TTR studies were submitted, a peak default DFR value of 25% of the application rate was used.  
3 Based on an oral NOAEL of 30 mg/kg bw/day and a target MOE of 100. 
4 Based on 2 applications per year with a 7 day interval. 
5 Based on 3 applications per year with a 7 day interval.  
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Appendix IX Aggregate Risk Assessment 
 
Table IX.1 Aggregate Risk Assessment 



Population M/L/A Scenario PA 
Scenario1 



Total Dermal + 
Inhalation 
Exposure  



(mg/kg 
bw/day)2 



Incidental Oral 
Exposure  



(mg/kg bw/day) 



Chronic Dietary 
Exposure  



(mg/kg bw/day)3 



Total Exposure 
(mg/kg 



bw/day)4 



Aggregate 
MOE5 



Lawns and Turf Scenario 



 
 
 



Adult 
 
 



Manually 
pressurized 
handwand High 



Contact 
Lawn 



Activities 



0.1316 — 



0.0377 



0.1692 190 



Backpack 0.1725 — 0.2102 150 
Sprinkler can 0.0955 — 0.1332 240 
Trigger pump 



sprayer 0.1079 — 0.1455 220 



Manually 
pressurized 
handwand 



Mowing 



0.0390 
— 



0.0767 420 



Backpack 0.0799 — 0.1176 270 
Sprinkler can 0.0029 — 0.0406 790 
Trigger pump 



sprayer 0.0153 — 0.0530 600 



— Golfing 0.0074 — 0.0451 710 



 
Youth  



 



— 



High 
Contact 
Lawn 



Activities 



0.0945 



— 



0.0548 
0.1493 210 



— Mowing 0.0022 — 0.0570 560 
— Golfing 0.0086 — 0.0634 500 



Children  
(6 to < 11) — Golfing 0.0102 — 0.0815 0.0917 350 



  
 



Proposed Re-evaluation Decision – PRVD2015-01 
Page 121 











Appendix IX 



Population M/L/A Scenario PA 
Scenario1 



Total Dermal + 
Inhalation 
Exposure  



(mg/kg 
bw/day)2 



Incidental Oral 
Exposure  



(mg/kg bw/day) 



Chronic Dietary 
Exposure  



(mg/kg bw/day)3 



Total Exposure 
(mg/kg 



bw/day)4 



Aggregate 
MOE5 



Children  
(1 to < 2) — 



High 
Contact 
Lawn 



Activities 



0.13946 0.07326 0.1125 0.3251 98 



M/L/A = Mixer, Loader, Applicator; PA = postapplication. 
1 Based on 1 application of glyphosate. 
2 Total Dermal + Inhalation Exposure (mg/kg bw/day) = Sum of Dermal and Inhalation Exposures from Handler and Postapplication Scenarios (See 
Tables III.1 to III.4).  
3 See Section 3.5.2. 
4 Total Exposure (mg/kg bw/day) = (Total Dermal + Inhalation Exposure) + Incidental Oral Exposure + Chronic Dietary Exposure. 
5 Based on an oral NOAEL of 32 mg/kg bw/day and a target MOE of 100. 
6 1 application of glyphosate along with a 7-day time-weighted DFR average was used (the average residues of glyphosate were calculated over a 7-day 
span) for this lifestage (see Table III.5). 
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Appendix X Environmental Fate, Toxicity and Risk Assessment of Glyphosate 
 
Table X.1 Fate and Behaviour of Glyphosate, Its Transformation Product AMPA and the Formulant POEA in the 



Terrestrial Environment  



Property Test 
Substance Material DT50 (Days) DT90 



(Days) 



Rep 
t1/2 



(days) 



Kinetic 
Models 



Major 
Transf. 
Prod.  



Comments 1 



Phototransfor
mation in soil 



Glyphosate 



Sandy loam, pH7.6, O.M. 1.6%. 22.2ºC 
Ray siltt loam, pH 8.2, O.M. 1.2% 
Les Evouettes silt loam, pH 6.1, O.M. 2.4% 
Visalia sandy loam, pH 8.3, O.M. 0.6% 



90.2 (96.3 dark) 
45.0 



402.0 
6.5 (6.6 dark) 



NR 
NR 
NR 
NR 



NR 
NR 
NR 
NR 



SFO 
SFO 
SFO? 
SFO 



None 
None 
None 



AMPA 



Not a major route 
of transformation 



in the 
environment 



AMPA California sandy loam 



AMPA was detected at 19.9% AR and 24% AR in irradiated and dark samples at study 
termination from exposition of glyphosate to sunlight. The presence of AMPA was linked 
to microbial activity rather than photolytic process. Phototransformation is unlikely to be 



major route of dissipation 



Phtotransform
ation in air 



Glyphosate NR 
Glyphosate is considered to be non-volatile, having a very low vapour pressure and low 



Henry’s law constant. Photransformation is not expected to be a major route of 
transformation 



AMPA NR Glyphosate is unlikely to be volatile since it is formed in soil and bind strongly to soil 
particles. Photransformation is not expected to be a major route of transformation 



Aerobic soil 
biotransformat



ion (non-
sterile soils) 



Glyphosate 



Lab dissipation 
Drummer silty clay loam, pH 6.2, O.M. 5.6% 
Spinks sandy loam, pH 4.7, O.M. 2.3% 
 
Aerobic biotransformation 
Drummer silty clay loam, pH 7.0, O.M. 6.0% 
Ray silt loam, pH 6.5, O.M. 1.0% 
Norfolk sandy loam, pH 5.7, O.M. 1.0% 
Kickapoo sandy loam, pH 7.3, O.M. 2.8% 
Dupo silt loam, pH 7.5, O.M.1.0% 
Les Evouettes II silt loam, pH 6.1, O.M. 2.4% 
Visalia sandy loam, pH 8.3, O.M. 0.6% 
Washington sandy loam, pH 8.2, O.M. 1.2% 
Sandved, Denmark, pH 6.5, O.M.2.7% 
Lorraine sandy loam, pH 5.1, O.M. 1.4% 
Lorraine silty clay loam, pH 6.3, O.M. 2.5% 
Lorraine clay loam, pH 7.9, O.M. 3.3% 
Nantuna sand top soil, pH 7.4, O.M. 2.0% 
Nantuna sand sub soil, pH 6.4, O.M. 1.0% 



 
15.4-16.8 
11.2-14.7 



 
 



25-27.0 
3.0 



130.0 
1.9 
2.1 



18.8 
1.0 
7.5 
9.0 



19.3 
12.4 



7.8 
16.9 
36.5 



 
NR 
NR 



 
 



NR 
NR 
NR 



16.8 
10.9 
243 
6.8 
NR 
101 



64.2 
91.1 
25.9 
56.2 
121 



 
NR 
NR 



 
 



NR 
NR 
NR 
5.1 
3.3 



77.1 
2.0 
NR 
NR 



13.6 
19.4 



5.5 
NR 
NR 



 
NR 
NR 



 
 



NR 
NR 
NR 



IORE 
IORE 
DFOP 
IORE 
SFO 



FOMC 
SFO 
IORE 
SFO 
SFO 
SFO 



 
AMPA 
AMPA 



 
 



AMPA 
AMPA 
AMPA 
AMPA 
AMPA 
AMPA 
AMPA 
AMPA 
AMPA 
AMPA 
AMPA 
AMPA 
AMPA 
AMPA 



Non-persistent to 
moderately 
persistent.  



 
A major route of 
transformation in 
the environment 
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Property Test 
Substance Material DT50 (Days) DT90 



(Days) 



Rep 
t1/2 



(days) 



Kinetic 
Models 



Major 
Transf. 
Prod.  



Comments 1 



Lanna clay top soil, pH 7.2, O.M. 4.4% 
Lanna clay subsoil, pH 7.4, O.M. 0% 
Châlon silty clay, pH 8.2, O.M. 3.5% 
Dijon clay soil, pH 8.2, O.M. 2.8% 
Toulouse loam, pH7.6, O.M. 1.6% 



110.0 
151.0 
< 1.0 



0.8 
3.7 



365 
501 
NR 
NR 
NR 



NR 
NR 
NR 
NR 
NR 



SFO 
SFO 
SFO 
SFO 
SFO 



AMPA 
AMPA 
AMPA 
AMPA 
AMPA 



AMPA 



Visalia sandy loam, pH 8.3, O.M. 0.6% 
Kickapoo sandy loam, pH 7.3, O.M. 2.8% 
Dupo silt loam, pH 7.5, O.M. 1.0% 
Sandved, Denmark, pH 6.5, O.M.2.6% 
Unknown 
Nantuna sand top soil, pH 7.4, O.M. 2.0% 
Nantuna sand sub soil, pH 6.4, O.M. 1.0% 
Lanna clay top soil, pH 7.2, O.M. 4.4% 
Lanna clay subsoil, pH 7.4, O.M. 0% 
Châlon silty clay, pH 8.2, O.M. 3.5% 
Dijon clay soil, pH 8.2, O.M. 2.8% 
Toulouse loam, pH7.6, O.M. 1.6% 



107.0 
48.5 



2.1 
32.0 
151 



60.4 
91.3 
34.9 
97.6 
25.0 
34.0 
75.0 



356.0 
161.0 
570.0 
106 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 



107.0 
48.5 



263.0 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 



SFO 
SFO 



DFOP 
FOMC 



NR 
SFO 
SFO 
SFO 
SFO 
SFO 
SFO 
SFO 



NR 



Moderately 
persistent 



Moderately 
persistent 



Non-persistent 
Slightly 



persistent 
Moderately 



persitent 



POEA 
Ray silt loam, pH 6.5, O.M. 1.0% 
Drummer silty clay, pH 7.0, O.M. 6.0% 
Norfolk sandy loam, pH 5.7, O.M. 1.0% 



1-14 
< 7-14 
< 7-14 



NR 
NR 
NR 



NR  
NR 
NR 



SFO 
SFO 
SFO 



NR Non-persistent 



Anaerobic soil 
biotransformat



ion 
Glyphosate European Water phase Soil 1 



European System Soil 2 
3 



1699 NR NR NR NR Non-persistent to 
persistent 



Foliar 
dissipation Glyphosate 15 tested foliage values 2.5-26.6 



Average = 10.7 NR 
90th 



pcentile 
14.4 



NR N/A Non persistent 
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Property Test 
Substance Material Kd (mL/g) Koc (mL/g) Comments 1 



Adsorption/ 
desorption Glyphosate 



Ray silty Loam 
Drummer silty clay loam 
Spinks sandy loam 
Lintonia sandy loam 
Cat tail swamp sediment 
Houston clay loam 
Muskinum silt loam 
Sassafras sandy loam 
Montmorilloite clay 
Illite clay 
Kaolinite clay 
Silty clay loam 
Silt loam 
Loamy sand 
Greenan sand 
Auchincruive sandy loam 
Headley sandy clay loam 
Californian loamy sand 
Les Evouettes II silt loam 
Darnconner sediment 
Unknown 
Silt loam 
Silty clay 
Unknown 
Unknown 
Lilly Field sand 
Visalia sandy loam 
18 acres sandy loam 
Wisborough Green silty clay loam 
Champaign silty clay loam 
Sandy muck soil 
Muck soil 
Sandy profile (0-1m) 
Clay rich till 
Sandy Achaia soil (Greece) 
Ap horizon 
Bs horizon 
ECNR 



73.7 
56.9 
70.4 
16.4 



164.0 
Kf = 76.0 
Kf = 56.0 
Kf = 33.0 



Kf = 138.0 
Kf = 115.0 
Kf = 8.0 



900 
34 



245 
263 
810 
50 
5.3 
47 
510 
NR 
33 



324 
NR 
NR 
70 
8.3 



559.8 
111.1 
710.3 
133 



1188 
27-385 



72-1140 
5.9 



227.8 
762 



172.9 



10592 
2886 
5059 
4041 
18852 
4872 
3415 
2661 
NR 
NR 
NR 



60 000 
3 800 
22 300 
32 830 
50 660 
3 598 
884 



3 404 
17 819 



2660-12930 
NR 
NR 
500 



2640 
23093 
1426 
24771 
6170 
33037 



NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 



Low mobility 
Low mobility 
Low mobility 
Low mobility 
Low mobility 



Slight mobility 
Slight mobility 
Slight mobility 



NR 
NR 
NR 



Immobile 
Slight mobility 



Immobile 
Immobile 
Immobile 



Slight mobility 
Low mobility 



Slight mobility 
Immobile 



Slight to immobile 
NR 
NR 



Moderately mobile  
Slightly mobile 



Immobile 
Low mobility 



Immobile 
Immobile 
Immobile 
Immobile 
Immobile 



NR 
NR 
NR 
NR 
NR 
NR 
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Property Test 
Substance Material Kd (mL/g) Koc (mL/g) Comments 1 



ECR 
E4G 
E20GSP 
Nantuna sand top soil 
Nantuna sand sub soil 
Lanna clay top soil 
Lanna clay subsoil 



251.9 
152.6 
193.1 
124.9 



Kf = 40 
Kf = 28.7 
Kf = 118 
Kf = 165 



NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 



NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 



AMPA 



SLI Soil # 1 clay loam 
SLI Soil # 2 sand 
SLI Soil # 4 sand 
SLI Soil # 5 clay loam 
SLI Soil # 9 loamy sand 
SLI Soil # 11 sand 
Visalia sandy loam 
18 acres sandy loam 
Lily filed sand 
Champaign silty clay loam 
Wisborough Green silty clay loam 



76.0 
1554.0 



15.0 
30.0 



111.0 
74.0 
9.5 



85.8 
172.6 
306.8 
700.9 



3640 
8310 
1160 
3330 
6920 
24800 
1645 
4764 
59510 
14272 
31014 



Slight mobilility 
Immobile 



Low mobility 
Slight mobilility 



Immobile 
Immobile 



Low mobility 
Slight mobility 



Immobile 
Immobile 
Immobile 



 POEA 



Sandy loam 
Silt loam 
Clay loam 
Unknown 



NR 
NR 
NR 
NR 



2500 
6000 
9600 
15400 



Slight mobility 
Immobile 
Immobile 
Immobile 
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Property Test 
Substance Material % recovery and detection at different depth Comments 1 



Soil column 
leaching Glyphosate 



 
Unaged soils 
Lintonia sandy loam, pH 6.5, O.M. 0.7% 
Ray silt, pH 8.1, O.M. 1.2% 
Spinks sandy loam, pH 4.7, O.M. 2.4% 
Leon sand, pH 4.8, O.M. 1.0% 
Drummer silty cl loam, pH 6.2, O.M. 3.4% 
Hilo sandy clay loam, pH 5.7, O.M. 9.5% 
Molokai clay, pH 7.0, O.M. 3.0% 
Speyer 2.1 sand, pH 6.0, O.M. 0.8% 
Speyer 2.2 loamy sand, pH 6.0, O.M. 4.4% 
Speyer 2.3 sandy loam, pH 6.6, O.M. 1.3% 
 
Aged soil 
Ray silt, pH 8.1, O.M. 1.2% 
Molokai clay, pH 7.0, O.M.3.0% 
Hilo sandy clay loam, pH 5.7, O.M.3.4% 



0-10 
cm 



 
 



58.7 
48.8 
96.7 
41.0 
94.3 
99.7 
99.5 



0 
0 
0 
 
 



31.4 
40.6 
97.6 



10-20 
cm 



 
 



27.7 
32.5 
2.2 



30.9 
16.7 
0.3 
0.4 
0 
0 
0 
 
 



0.76 
0.12 
0.04 



20-30 
cm 



 
 



7.1  
9.2 
0.2 



17.1 
0.7 
0 
0 
0 
0 
0 
 
 



0.41 
0.11 
0.02 



> 30 
cm 



 
 



1.4 
4.8 
0 



10.0 
0.6 
0 
0 



1.45 
0.12 
0.63 



 
 



0.61 
0.14 



0 



Max. depth 
detect. 



45 cm 
45 cm 
25 cm 
65 cm 
45 cm 
20 cm 
20 cm 
40 cm 
40 cm 
40 cm 



 
 



65 cm 
60 cm 
30 cm 



 



Property Test 
Substance Material Rf value Mobility Index Comments 1 



Soil TLC  
(Helling 
mobility 
index) 



Glyphosate 



Spinks sandy loam, pH 6.1, O.M. 2% 
Toledo clay loam, pH 7.4, O.M. 3.8%  
Toledo clay loam, pH 7.6, O.M. 3.8%  
Hillsdale sandy cl loam, pH 4.6, O.M. 1.5% 
Hillsdale sandy cl loam, pH 5.6, O.M.1.3%  
Hillsdale sandy cl loam, pH 6.7, O.M. 1.5%  
Sandy loam topsoil, pH 6.7, 1.3% OC 
Sandy loam subsoil, pH 6.7, 1.3% OC 
Muck top soil (0-15 cm, pH 4.7, 30.5% OC 
Muck subsoil (15-25 cm, pH 4.7, 30.5% OC 
Norfolk sandy loam, pH 5, O.M.7.1% 
Ray silt loam, pH 6.5, O.M. 1.0%  
Drummer silty cl loam, pH 7.0, O.M.6.0%,  



0.04 
0.07 
0.13 
0.04 
0.06 
0.08 
0.05 
0.03 
0.02 
0.05 



< 0.09 
< 0.09 
< 0.09 



1 
1 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 



Immobile 
Immobile 



Low mobility 
Immobile 
Immobile 
Immobile 
Immobile 
Immobile 
Immobile 
Immobile 
Immobile 
Immobile 
Immobile 
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Property Test 
Substance Criteria Value Criteria Met Comments 1 



Leaching 
potential 
(Leaching 
criteria of 



Cohen et al. 
1984) 



Glyphosate 



Solubility > 30 mg/L 
Kd < 5 and usually < 1 or 2 
Koc < 300 
Henry’s law constant < 10-2 atm m3/mol 
pKa = Negatively charged  
Hydrolysis t 1/2 > 140 d  
Soil phototransformation t 1/2 > 7 d 
Soil biotransformation t1/2 > 14 to 21 d 



12000 mg/L 
5.3-1188 mL/g 
500-58000 mL/g 
2.07 × 10-14 atm m3/mole 
0.8, 2.35, 5.84, 10.84 
t1/2 ≤ 1627 days at pH 7 
DT50: 90 d. irr. (96.3 d. dark) 
DT50 = 1-19.3 days 



Yes 
No 
No 
Yes 
No 
Yes 
Yes 
No 



Low potential for leaching. 



AMPA 



Solubility > 30 mg/L 
Kd < 5 and usually < 1 or 2 
Koc < 300 
Henry’s law constant < 10-2 atm m3/mol 
pKa = Negatively charged  
Hydrolysis t 1/2 > 140 d  
Soil phototransformation t 1/2 > 7 d 
Soil biotransformation t1/2 > 14 to 21 d 



5800 mg/L 
9.5-1554 mL/g 
1160-59510 mL/g 
1.58 × 10-6 atm m3/mole 
0.9, 5.6, 10.2 
Unknown, assumed stable 
DT50: 90 d. irr. (96.3 d. dark) 
DT50 = 2.13-151 days 



Yes 
No 
No 
Yes 
No 
Yes 
Yes 
Yes 



Some potential for leaching. 



POEA 



Solubility > 30 mg/L 
Kd < 5 and usually < 1 or 2 
Koc < 300 
Henry’s law constant < 10-2 atm m3/mol 
pKa = Negatively charged  
Hydrolysis t 1/2 > 140 d  
Soil phototransformation t 1/2 > 7 d 
Soil biotransformation t1/2 > 14 to 21 d 



0.082 mg/L 
NR 
2500-15400 mL/g 
2.5 × 10-13 atm m3/mole 
Protonated at ambient pH 
Stable at pH 7 
Unknown 
DT50 = 1-14 days 



No 
N/A 
No 
Yes 
No 
Yes 
N/A 
No 



Low potential for leaching. 



Property Test 
Substance GUS Score Range Comments 1 



GUS Score 



Glyphosate -1.46 to 2.46 Non-leacher to borderline 
leacher. 



AMPA -1.67 to 2.03 Non-leacher to boredline 
leacher. 



POEA -0.22 to 0.69 Non-leacher. 



Property Test 
Substance Criteria Interpretation Comments 1 



Volatility Glyphosate 



Vapour pressure (1.3 × 10-7 Pa at 20ºC) 
Henry’s law constant (2.0 × 10-14 atm m3/mole) 
 
Presence of volatile in gas traps of soil lab 
experiments 
Soil biodegradation  



Low 
Low 



Non-volatile in soil lab experiments 
Non-persistent to slightly persistent 



Strongly binds to soil particles 



Expected to be relatively non-
volatile under field conditions. 
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Adsorption 



AMPA 



Vapour pressure (8.35 = Pa (25º) 
Henry’s law constant (1/H :1.55 × 104) 
Microbial activity 
Adsorption 



Intermediate to highly 
Slightly volatile from a water surface water or moist 
soil 
Need microbial activity to transform glyphosate into 
AMPA 
Strongly bind to soil particles 



Unlikely to be volatile since it 
is formed in soil and bind 
strongly to soil particles. 



POEA 



Vapour pressure (6.97 × 10-12 Pa at 20ºC ) 
Henry’s law constant (1/H: 9.8 × 1010) 
Soil biodegradation 
Adsorption 



Low 
Low 
Non-persistent 
Strongly bind to soil particles 



Expected to be relatively non-
volatile under field conditions. 



Property Test 
Substance Material Max. Soil Depth 



Detection (cm) DT50 Value (days) Comments1 



Agricultural 
Canadian 



(and 
Equivalent 
Ecoregion) 



Field Studies 



Glyphosate 



Fredonia, New York, U.S.A., gravel loam 0-15 Detection after 300 days Persistent 
Casselton, North Dakota, U.S.A., clay loam 0-15 9.0 Non-persistent 
Canard, Nova Scotia, Canada 
sandy loam 0-15 16.2 (IORE) Slightly persistent 



Canadian soil NR 6-21 Non-persistent to slightly 
persistent 



Manitoba, Canada 
Ontario, Canada 
Alberta, Canada 



NR 
NR 
NR 



11 
16 
63 



Non-persistent 
Slightly persistent 



Moderately persistent 
St-Davids, Ontario, Canada, silty clay 
Carman, Manitoba, Canada, loamy sand 
Grandora, Saskatchewan, Canada, clay loam 
Speers, Saskatchewan, Canada, silty clay loam 
Brooks, Alberta, Canada, loam 



0-30 
0-15 



0-12.5 
0-12 
0-15 



NR 
60 
NR 
87 



155 



N/A 
Moderately persistent 



N/A 
Moderately persistent 
Moderately persistent 



AMPA 



Manitoba, Canada 
Ontario, Canada 



NR 
NR 



128 
185 



Moderately persistent 
Persistent 



Canard, Nova Scotia, Canada, sandy loam 0-15 55.1 (DFOP) Moderately persistent 



Forestry 
Canadian 



(and 
Equivalent 
Ecoregion) 



Field Studies 



Glyphosate 



Nanaimo sandy (gravelly) soil (mean station I, 
II and III) 7-12 < 60-80 Moderately persistent 



Carnation Creek, British Columbia, sandy clay 
loam 0-5 cm 
Carnation Creek, British Columbia, sandy clay 
loam 5-15 cm 
Carnation Creek, British Columbia, sandy clay 
loam 15-35 cm 



0-15 45-60 Slightly to moderately 
persistent 
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Carnation Creek, BC, sandy loam 0-5 cm 
Carnation Creek, BC, sandy loam 5-15 cm 
Carnation Creek, BC, sandy loam 15-35 cm 
Harker, On, sandy soil  
Lamplugh, On, clay soil 



0-15 
NR 



24 
Low recovery Slightly persistent 



AMPA Chassell, MI, USA Exposed soil (0-15) 
Under litter (15-30) 



NR 
NR N/A 



Foreign 
Agricultural 
Field studies 



(Non-
equivalent 



Ecoregions to 
Canada) 



Glyphosate 



France 
 
Sweden 



NR 
5-197.3 



 
1.2-24.3 



Non persistent to persistent 
Non-persistent to slightly 



persistent 
Holdenville, OK, USA, loam 
Shawnee, OK, USA, loam 
Tumbleton, AL, USA, sandy loam 
Mankato, MN, USA, silty clay loam 
Adel, Iowa, USA, silty clay loam 
Olathe, KS, USA, silty clay loam 



0-15 
0-15 
15-30 
15-30 
15-30 
0-15 



36.2 
27.3 
35.0 
43.5 
34.0 
55.5 



Slightly persistent 
Slightly persistent 
Slightly persistent 
Slightly persistent 
Slightly persistent 



Moderately persistent 
Clinton, IL, USA, clay loam 
Joes, CO, USA, loamy sand 
Twin Falls, ID, USA, silt loam 
Henderson, KY, USA, silty clay loam 
Perrysburg, OH, USA, clay loam 
Chickasha, OK, USA, loam 
Memphis, TN, USA, silty loam 
Mission, TX, USA, sandy loam 
Downs, CA, USA, sandy clay loam 
Mankato, MN, USA, sandy clay loam 



0-15 
0-15 
0-15 
ND 
ND 
0-15 
0-15 
0-15 
0-15 
0-15 



17.0 
4.4 



17.1 
95.6 
1.8 



15.3 
12.0 
1.6 



68.4 
174 



Slightly persistent 
Non-persistent 



Slightly persistent 
Moderately persistent 



Non-persistent 
Slightly persistent 



Non-persistent 
Non-persistent 



Moderately persistent 
Moderately persistent 



Opelika, AL, USA, sandy clay loam 
Lake Alfred, FL, USA, astatula fine sand 
Woolvine, VA, USA, clay loam 
Grand Rapid, MI, USA, silty loam 
Selah, WA, USA, sandy loam 
Wapato, WA, USA, sandy loam 
The Dalles, OR, USA, sandy loam 
Hood River, OR, USA, sandy loam 
Five points, CA, USA 
Milton, WI, USA 
Champaign , IL, USA 



15-30 
15-30 
0-15 
0-15 
0-15 
0-15 
0-15 
15-30 
0-15 
0-15 



15-30 



NR N/A 



USA, Texas, sandy loam 
USA, N. Carolina, sandy clay loam 
USA, Minnesota, loam 
USA Colorado, silt loam 



0-15 
0-15 
0-15 
0-15 



2 
16 



122-174 
NR 



Non-persistent 
Slightly persistent 



Moderately persistent 
NA 



  
 



Proposed Re-evaluation Decision – PRVD2015-01 
Page 130 











Appendix X 



Texas 
Ohio 
Georgia 
California 
Arizona  
Minnesota 
New York 
Iowa 



0-15 
0-15 
0.15 
0-15 
0-15 
0-15 



15-30 
0-15 



2.6 
ND 
ND 
ND 
28.7 



127.8 
140.6 
ND 



Non-persistent 
N/A 
N/A 
N/A 



Slightly persistent 
Moderately persistent 
Moderately persistent 



N/A 
California, USA NR 43.6 Slightly persistent 
California, USA, sandy loam 
N. Carolina, USA, sandy loam 



0-15 
0-15 



2.8 
31 



Non-persistent 
Non-persistent 



Leland, Mississippi, USA, loam bareground 
Leland, Mississippi, USA, loam turf 



0-15 
0-15 



3.9 
1.4 



Non-persistent 
Non-persistent 



California, USA, sandy loam bareground 
California, USA, sandy loam turf 



0-15 
0-15 



19 
12 



Slightly persistent to Non-
persistent 



California, USA NR 44-60 Slightly to moderately 
persistent 



Ohio, USA,  
Georgia, USA, sandy loam 
California, USA 
Arizona, USA 
Minnesota, USA 
New York, USA 
Iowa, USA, silt loam 
Texas, USA 
 
Germany, 5 sites 
Switzerland, 7 sites 



0-15 
0-15 
0-15 
0-15 
0-15 
0-15 



15-30         
0-15 



   
 NR   
 NR  



7 - 7.3 
8.3 - 9 



12.6 - 13 
17.1 



24.7 - 31 
106 - 114.3 



NR 
1 – 1.7 



 
12 
21 



Non-persistent 
Non-persistent 
Non-persistent 



Slightly persistent 
Slightly persistent 



Moderately persistent 
N/A 



Non-persistent 
 



Non-persistent 
Slightly persistent 



Finland, Janakala sandy loam 
Finland, Pernio clay 



28 
8-28 



90-180 
< 210 



Moderately persistent to 
persistent 



Michigan, USA 
Georgia, USA 
Oregon, USA 



NR 
NR 
NR 



35-158 Slightly to moderately 
persistent 



AMPA 



Germany 
Switzerland 
 
Ohio, USA 
Texas, USA 
Arizona, USA 
New York, USA 
Georgia, USA 



NR 
NR 



 
0-15 
15-30 
46-61 
0-15 
0-15 



218 
135-139 



 
119 
131 
142 
240 
896 



Persistent 
Moderately persistent 



 
Moderately persistent 
Moderately persistent 
Moderately persistent 
Moderately persistent 



Persistent 
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Minnesota, USA 
California, USA 



15-30 
0-15 



302 
 958 



Persistent 
Persistent 



Foreign 
Forest Field 



Studies (Non-
equivalent 



Ecoregions to 
Canada) 



Glyphosate 



Pacific Northwest Watershed, USA 
Foliage 
Shrubs 
Herbs 
Leaf litter 



 
NR 
NR 
NR 
0-5 



 
9.5 



11.6 
14.3 
9.6 



 
Non-persistent 
Non-persistent 
Non-persistent 
Non-persistent 



Corvallis, OR, USA, sandy clay loam 
Cuthbert, GA, sandy loam 



15-30 
15-30 



< 14 
< 1 



Non-persistent 
Non-persistent 



Oregon Coast Range 
Foliage 
Litter 
Covered loam 
Exposed loam 



— 
2-0 



0-7.5 
0-7.5 



 
10.4 
26.6 
29.2 
40.2 



 
Non-persistent 



Slightly persistent 
Slightly persistent 
Slightly persistent 



AMPA 



Corvallis, OR, USA, exposed soil 
Corvallis, OR, USA, under litter 
Cuthbert, GA, USA, Exposed soil 
Cuthbert, GA, USA, under litter 



15-30 
0-15 
0-15 
0-15 



NR 
NR 
NR 
NR 



N/A 



1 =  Persistence classification of pesticides in soil according to Goring et al. (1975), Persistence classification of pesticides in water according to McEwen and 
Stephensen (1979), Adsorption/desorption mobility class according to McCall et al. (1981), TLC mobility class according to Helling and Turner (1968), 
Leaching potential based on the criteria of Cohen et al. (1984), and  Ground Ubiquity Score (GUS) based on Gustafson (1989). 



  



  
 



Proposed Re-evaluation Decision – PRVD2015-01 
Page 132 











Appendix X 



 
Table X.2 Fate and Behaviour of Glyphosate, its Transformation Product AMPA and the Formulant POEA in the Aquatic 



Environment  



Property Test Substance Material DT50 
(Days) 



DT90 
(Days



) 



Rep 
t1/2 



(Days
) 



Kinetic 
Models 



Transf. 
Prod.  Comments 1 



Hydrolysis 



Glyphosate 
Sterile water, pH 5 
Sterile water, pH 7 
Sterile water, pH 9 



> 30.0  
1627.0  
3476.0 



NR 
NR 
NR 



NR 
NR 
NR 



SFO 
SFO 
SFO 



None 
None 
None 



Stable, not a 
major route of 
transformation 



AMPA NR NR Assumed to be stable based on the hydrolysis of the 
parent glyphosate. 



POEA 



Sterile Clam lake, water system, WI, USA, pH 4.6 
Sterile Balmor Farm, water system, MO, USA, pH 7.4 
Sterile Mississippi river water system, MO, USA, pH 
5.7 



< 21-
28.0 



< 21-
28.0 



< 21-
28.0 



NR 
NR 
NR 



NR 
NR 
NR 



NR 
NR 
NR 



NR 
NR 
NR 



Slightly 
persistent 



Phototransformat
ion in Water 



Glyphosate Water pH 7.5 at 22ºC 216.0 NR NR SFO AMPA 



Not a major 
route of 



transformation 
in the 



environment 



AMPA 
Water pH 7.3 NR AMPA accumulated in irradiated samples until study 



termination which would suggest that it is not subject to 
phototransformation Water pH 7.0 NR 



Aerobic Aquatic 
Biotransformation  



Glyphosate 



Silty clay loam, pH 6.6, O.M. 0.9% 7.1 90.8 27.3 IORE AMPA Non-persistent 
Sandy sediment, pH 7.8, O.M. 1.17% 
Loamy sediment, pH 7.7, O.M. 7.24% 18.7 



135.0 
533 



1339 
267 
518 



DFOP 
DFOP 



AMPA 
AMPA 



Slightly 
persistent 



Moderately 
persistent 



Water compartment 
Whole system 1-4 



27-146 
N/A 
N/A 



N/A 
N/A 



N/A 
N/A NR 



Non-persistent 
Slight to 
moder 



persistent 



AMPA 
Silty clay loam, pH 6.6, O.M. 0.9% 83.4 277.0 83.4 SFO CO2 



Moderately 
persistent 



Sandy sediment system, pH 7.8, O.M. 1.17% 
Loamy sediment II system, pH 7.7, O.M. 7.24% 



32.0 
10.0 



72.3 
33.1 



21.8 
10.0 



IORE 
SFO 



Unkno
wn 



Slightly 
persistent 
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Property Test Substance Material DT50 
(Days) 



DT90 
(Days



) 



Rep 
t1/2 



(Days
) 



Kinetic 
Models 



Transf. 
Prod.  Comments 1 



Non-persistent 



Water compartment 
Whole system 



2-5.0 
19-45.0 



NR 
NR 



NR 
NR 



NR 
NR 



NR 
NR 



Non-persistent 
Slightly 



persistent 



POEA 
Clam lake, water system, WI, USA, pH 4.6 
Balmor Farm, water system, MO, USA, pH 7.4 
Mississippi river water system, MO, USA, pH 5.7 



< 21-
28.0 



< 21-
28.0 



< 21-
28.0 



NR 
NR 
NR 



NR 
NR 
NR 



NR 
NR 
NR 



NR 
NR 
NR 



Slightly 
persistent 



Anaerobic 
Aquatic 



Biotransformation 
Glyphosate 



Missouri sandy clay loam water/sediment system, pH 
7.3, O.M. 1.4% < 28.0 NR NR NR AMPA Slightly 



persistent 
Kentucky pond, silty clay loam water/sediment 
system, pH 6.6, O.M. 0.9% 7.0 569 273 DFOP AMPA Non-persistent 



Ohio clay loam water/sediment system, pH 7.7, O.M. 
3.4% 209.0 NR NR SFO AMPA Persistent 



Ohio pond clay loam water/sediment system, pH 7.7, 
O.M. 3.4% 199.0 NR NR NR AMPA Persistent 



Agricultural 
Aquatic Field 



Dissipation 
Studies 



(Equivalent 
Canadian 



Ecoregion) 



Glyphosate Ephemeral wetland , Brandon, Canada, pH 7 
Semi permanent wetland, Brandon, Canada, pH 7.9 



1.3 
4.8 



NR 
NR 



NR 
NR 



SFO 
SFO 



AMPA 
AMPA 



Non-persistent 
in water 



Non-persistent 
in water 



AMPA Chassell, pond water and sediment, MI, USA 7-14.0 NR NR SFO NR 



Non-persistent 
in water, 



declining in 
sediment after 



30 days but 
still detected 
at 335 days 



POEA 



Mesocosm 
Shallow water, Manitoba, Canada, pH 4.7-8.1, TOC 
1.9-7.5% 
Sediment, Manitoba, Canada, pH 4.7-8.1, TOC 1.9-
7.5% 



 
0.04-



0.7 
8.5-9.6 



 
NR 
NR 



 
NR 
NR 



 
SFO 
SFO 



 
NR 
NR 



 
Non-persistent 



in water 
Non-persistent 



in sediment 
Forestal Aquatic 
Field Dissipation 



Studies 
Glyphosate 



Hike pond water, Winnipeg, Canada, pH 7.7 
Spruce pond water, Winnipeg, Canada, pH 8.1 
Birch pond water, Winnipeg, Canada, pH 7.2 



1.9 
3.5 
1.5 



NR 
NR 
NR 



NR 
NR 
NR 



SFO 
SFO 
SFO 



AMPA 
AMPA 
AMPA 



Non-persistent 
in water 
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Property Test Substance Material DT50 
(Days) 



DT90 
(Days



) 



Rep 
t1/2 



(Days
) 



Kinetic 
Models 



Transf. 
Prod.  Comments 1 



(Equivalent 
Canadian 



Ecoregion) 



Manfor pond water, Winnipeg, Canada, pH 7.0 
Microcosm tested water, Winnipeg, Canada 



2.0 
5.8 



NR 
NR 



NR 
NR 



SFO 
SFO 



AMPA 
NR 



Hike pond water, Winnipeg, Canada, pH 8.1 
Spruce pond water, Winnipeg, Canada, pH 8.2 
Tamarack pond water, Winnipeg, Canada, pH 7.9 



3.5 
10.0 
11.2 



NR 
NR 
NR 



NR 
NR 
NR 



SFO 
SFO 
SFO 



AMPA 
AMPA 
AMPA 



Non-persistent 
in water 



Flowing stream system, Chassell, MI, USA 
 
Non-flowing pond system, Chassell, MI, USA 



< 7.0 
 
 



< 7.0 



NR 
 
 



NR 



NR  
 
 



NR 



NR 
 
 



NR 



AMPA 
 
 
AMPA 



Non-persistent 
in water 



 
Non-persistent 



in water, 
present in 



sediment after  
1 yr 



Stream and pond water, Chassell, MI, USA ≤ 0.4     Non-persistent 
in water 



Foreign 
Agricultural 
Aquatic Field 



Dissipation 
Studies 



(Non-Equivalent 
Canadian 



Ecoregion) 



Glyphosate 
Clarence water, MO, USA 
 
Clarence sediment, MO, USA 



7.5 
 



120 



NR 
 



NR 



NR 
 



NR 



SFO 
 



SFO 



AMPA 
 



AMPA 



Non-persistent 
in water 



 
Moderately 
persistent in 



sediment 



AMPA 
Clarence farm pond, MO, USA 
Cuthbert pond, GA, USA 
Ephrata irrigation ditch, WA, USA 



7-14 
7-14 
7-14 



NR 
NR 
NR 



NR 
NR 
NR 



NR 
NR 
NR 



NR 
NR 
NR 



Non-persistent 
in water 



POEA 



Microcosm 
Water/sediment system A, MO, USA, pH 8.3, TOC 
1.5% 
Water/sediment system B, MO, USA, pH 8.3, TOC 
3.0% 



 
0.5 
0.8 



 
NR 
NR 



 
NR 
NR 



 
SFO 
SFO 



 
NR 
NR 



 
Non-persistent 



in water 



Foreign Forestal 
Aquatic Field 



Dissipation 
Studies 



(Non-Equivalent 
Canadian 



Ecoregion) 



Glyphosate 
Corvallis Stream and pond water, OR, USA 
 
Cuthbert Stream and pond water, GA, USA 



≤ 0.4-  
< 7.0 



 
≤ 0.4-  
< 7.0 



NR 
 



NR 



NR 
 



NR 



SFO 
 



SFO 



AMPA 
 



AMPA 



Non-persistent 
in water 



AMPA Corvallis forest pond, OR, USA 7-14 NR NR NR NR Non-persistent 
in water 



Bioaccumulation Glyphosate Log Kow -2.8 to -0.67 Not expected to bioaccumulate 
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Property Test Substance Material DT50 
(Days) 



DT90 
(Days



) 



Rep 
t1/2 



(Days
) 



Kinetic 
Models 



Transf. 
Prod.  Comments 1 



BAF:0.03-42.3 
AMPA Log Kow: -2.36to -1.61 Not expected to bioaccumulate 



POEA Log Kow : 2.2-5.89 
BAF of 150 mL/kg 



Due to their nature, POEA compounds (a complex mixture of as 
many as 100 discrete tertiary amine molecules) may have the 
potential for bioaccumulation. Log Kow and BAF were obtained from 
the BCF/BAF v 3.0 model of EPIWIN v. 4 .0. However, given that 
the components of these compounds are easily broken down and that 
it is not persistent in soil and water, significant bioaccumulation 
under field conditions is unlikely. POEA does not meet Track-1 
criteria. 



1 =  Persistence classification of pesticides in soil according to Goring et al. (1975), Persistence classification of pesticides in water according to McEwen and 
Stephensen (1979), Adsorption/desorption mobility class according to McCall et al. (1981), TLC mobility class according to Helling and Turner (1968), 
Leaching potential based on the criteria of Cohen et al. (1984), and  Ground Ubiquity Score (GUS) based on Gustafson (1989). 



 



Table X.3 Estimated Environmental Concentrations Based on Crop and Maximum Application Rates of Canadian 
Registered Products Containing Glyphosate 



Crop Rate of Application 
(g AMPA/ha) 1 



Application 
Type 



Interval 
Between 



Application 



Soil DT50 
(Days) 



EEC Soil at 15 cm 
Depth 



(mg a.e./kg soil) 



Refined EEC Soil at 15 cm 
Depth with Drift 
(mg a.e./kg soil) 



Apple 4320 + 4320 + 3960 Ground 14 32.6 4.24 0.13 (3% drift) 
Canola 4320 + 4320 + 902 Ground 10 32.6 3.47 0.10 (3% drift) 
Canola 4320 + 4320 + 902 Aerial 10 32.6 3.47 0.59 (17% drift) 



Corn 4320 + 4320 + 903 + 
903 Ground 14 32.6 3.35 0.10 (3% drift) 



Potato 4320 Ground –– 32.6 1.92 0.06 (3% drift) 
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Table X.4 Maximum Estimated Environmental Concentrations in Vegetation and 
Insects after Direct Coarse Droplet Applications of Glyphosate at Maximum 
Rates on Apples (2 × 4320 g ae/ha + 1 × 3960 g ae/ha at 14-day Intervals and 
a 14.4 day Foliar DT50) 



Matrix EEC (mg a.e./kg fw) 1 Fresh/Dry  
Weight ratios 



EEC (mg a.e./kg 
dw) 



Short range grass 1559 3.3 2 5144.79 
Long grass 714 4.4 2 3141.30 
Broadleaf plants 881 5.4 2 4760.04 
Pods with seeds 95 3.9 3 369.35 
Insects 612 3.8 3 2325.38 
Grain and seeds 95 3.8 3 359.88 
Fruit 95 7.6 3 719.76 
1Based on correlations reported in Hoerger and Kenaga (1972) and Kenaga (1973). 
2 Fresh/dry weight ratios from Harris (1975). 
3 Fresh/dry weight ratios from Spector (1956). 
 



Table X.5 Refined Estimated Environmental Concentrations in Vegetation and Insects 
after Direct Coarse Droplet Applications of Glyphosate at Maximum Rates 
on Apples (2 × 4320 g ae/ha + 1 × 3960 g ae/ha at 14-day Intervals, 14.4 day 
Foliar DT50 and 3% drift) 



Matrix EEC (mg ai/kg fw) 1 Fresh/Dry Weight 
Ratios 



EEC (mg a.i./kg 
dw) 



Short range grass 47 3.3 2 154.34 
Long grass 21 4.4 2 94.24 
Broadleaf plants 26 5.4 2 142.80 
Pods with seeds 3 3.9 3 11.08 
Insects 18 3.8 3 69.7 
Grain and seeds 3 3.8 3 10.80 
Fruit 3 7.6 3 21.59 
1 Based on correlations reported in Hoerger and Kenaga (1972) and Kenaga (1973). 
2 Fresh/dry weight ratios from Harris (1975). 
3 Fresh/dry weight ratios from Spector (1956). 
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Table X.6 The Estimated Environmental Concentration of Glyphosate in Water (mg 
a.e./L) at 15 and 80 cm Depth as a Result of Direct Application from Uses on 
Various Crops 



Crop 
Rate of Application  



(g a.e./ha) 



Interval 
Between 



Application 



Aerobic 
Water DT50 



(Days) 



Maximum 
Cumulative 
Application 



Rate (g 
a.e./ha) 



EEC in  
15 cm 
Water 
Depth 



(mg a.e./L) 



EEC in  
80 cm 
Water 
Depth 



(mg a.e./L) 
Apple 4320 + 4320 + 3960 14 413.6 12302 8.2 1.5 
Canola 4320 + 4320 + 902 10 413.6 9328 6.2 1.2 



Corn 4320 + 4320 + 903 + 
903 14 



413.6 9934 6.6 1.2 



Potato 4320 — 413.6 4320 2.9 0.5 
 
Table X.7 Refined Estimated Environmental Concentration of Glyphosate in Water 



(mg a.e./L) at 15 and 80 cm Depth as a Result of Direct Application from 
Uses on Various Crops 



Crop Rate of Application 
(g a.e./ha) 



Application 
Type 



EEC in  
15 cm 
Water 
Depth 



(mg a.e./L) 



EEC in  
80 cm 
Water 
Depth 



(mg a.e./L) 



Refined 
EEC in  
15 cm 
Water 
Depth 



(mg a.e./L) 



Refined 
EEC in  
80 cm 
Water 
Depth 



(mg a.e./L) 



Apple 4320 + 4320 + 3960 at 
14-day intervals 



Groundboom 
(3%) 



8.20 1.54 0.25 0.05 



Canola 4320 + 4320 + 902 at 
10-day intervals 



Groundboom 
(3%) 



6.22 1.17 0.19 0.03 



Canola 4320 + 4320 + 902 at 
10-day intervals Aerial (17%) 6.22 1.17 1.06 0.20 



Corn 4320 + 4320 + 903 + 
903 at 14-day intervals 



Groundboom 
(3%) 



6.62 1.24 0.20 0.04 



Potato 4320 Groundboom 
(3%) 



2.88 0.54 0.09 0.02 
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Table X.8 Toxicity Values of Glyphosate Technical, Glyphosate Formulations and the 
Transformation Product AMPA to Earthworms and the Collembolan 
Folsomia candida  



Species 
Name or 
Taxon 



Formulation 
Type 



Reported 
Endpoint Value Comment Degree of 



Toxicity 



Acute Toxicity 
Glyphosate Technical 



Earthworm 
Eisenia 
foetida 



Glyphosate 
Technical (98.7%) LC50 



> 1000 mg 
a.e./kg soil NR NA 



Glyphosate (N-
(phos-
phonomethyl)-
glycine 



LC50 
> 480 mg 
a.e./kg soil NR NA 



Glyphosate 
Technical 95% 



48-hr 
LD50 
7-d LC50 
14-d 
LC50 



566.1 µg 
a.e./cm2  
345.8 mg 
a.e./kg soil  
327.8 mg 
a.e./kg soil  



(Filter paper 
test) 
(Soil toxicity 
test) 
(Soil toxicity 
test) 



Moderately 
toxic1 



Technical Grade 48-hr 
LC50 



> 2000 mg 
a.e./kg soil 



Highest test 
concentration NA 



Glyphosate Formulation (With POEA) 
Collembola 
Folsomia 
candida 



Montana® (30.8) 48-hr 
EC50 



1.13 mg a.e./kg 
soil Mortality NA 



Earthworm 
Eisenia 
foetida 



MON 78568, 
monoammonium 
salt 



14-d 
LD50 



> 4257 mg 
a.e./kg soil NR NA 



MON 0139 
(Glyphosate IPA 
salt) 



28-d 
LC50 



>28.79 mg 
EUP/kg soil 
>21.3 mg 
a.e./kg soil 



No effect on 
adult survival at 
highest test 
concentration. 



NA 



Earthworm 
Eisenia 
andrei 



Roundup® FG 28-d 
LC50 



> 1.440 kg 
EUP/ha 
> 1.066 kg 
a.e/ha 
>0.47 mg 
a.e/kg soil2 



Adult survival. 
No mortality at 
tested rate of 
application. 



NA 
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Species 
Name or 
Taxon 



Formulation 
Type 



Reported 
Endpoint Value Comment Degree of 



Toxicity 



Glyphosate Formulation (POEA Unknown) 



Earthworm 
Eisenia 
foetida 



Glyphosate (360 
g/L) IPA salt 



14-d 
LC50 



> 1000 mg 
a.e./kg soil 



7% mortality at 
highest test 
concentration. 



NA 



YF 11087 – 
Glyphosate-
potassium salt 
(513 g a.e./L) 



14-d 
LC50 
NOEC: 



> 1000 mg 
a.e./kg soil 
1000 mg 
a.e./kg soil 



NOEC based on 
highest test 
concentration. 



NA 



Transformation Product AMPA 



Earthworm 
Eisenia 
andrei 



AMPA 



14-d 
LC50 
14-d 
EC50 
14 –d 
NOEC 



> 1000 mg/kg 
soil 
> 1000 mg/kg 
soil 
100 mg/kg soil 



Effect on 
biomass at the 
highest test 
concentration. 



NA 



Acute Avoidance 
Glyphosate Technical 



Earthworm 
Eisenia 
andrei 



Glyphosate IPA 48-hr 
AC50 



>8.49 kg a.e/ha 
or 
>46.7 mg 
a.e/kg soil 



No avoidance 
effect at highest 
test 
concentration. 



NA 



Earthworm 
Eisenia 
andrei 



Spasor® IPA salt 
41.5% and 165 
surfactant 



48-hr 
AC50 



>120 mg a.e/kg 
soil 
>10.9 kg a.e./ha 



NR NA 



Reproduction 
Glyphosate Formulation (With-POEA) 
Collembola 
Folsomia 
candida 



Montana® (30.8) 28-d 
EC50 



0.54 mg a.e./kg 
soil Reproduction NA 



Earthworm 
Eisenia 
andrei 



Montana® (30.8) 56-d 
LC50 



Not determined 



Significant 
increase of 
juveniles in 
50% dilution 
test (around 
0.41 mg a.e./kg 
soil). 



NA 



Roundup® FG 56-d 
LC50 



> 1.440 kg 
EUP/ha 
> 1.066 kg 
a.e./ha 
> 0.47 mg 
a.e./kg soil2 



Effect on 
hatchability: 
41% of control 
at tested rate of 
application. 
NOEC not 
reported. 



NA 
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Species 
Name or 
Taxon 



Formulation 
Type 



Reported 
Endpoint Value Comment Degree of 



Toxicity 



Earthworm 
Eisenia 
foetida 



MON 0139 
(Glyphosate IPA 
salt) 



56-d 
NOEC 



28.79 mg 
EUP/kg soil 
21.3 mg a.e./kg 
soil or 30240 g 
a.e./ha 



No effect on 
reproduction at 
highest test 
concentration. 



NA 



Transformation product AMPA 



Earthworm 
Eisenia 
foetida 



AMPA (99.1%) 56-d 
NOEC 



28.12 mg/kg 
soil 



No effect on 
reproduction at 
high test 
concentration. 



NA 



1 = The 48-hr filter paper test toxicity is based on the classification of Roberts and Durough (1983). 



2 = Calculated by the PMRA, where endpoint value = 1 067 000 mg a.e/ ha / ( 0.15 m [soil depth] × 100 m × 100 m × 1500 kg/ m3 [soil bulk 



density]). 



ND = Not detected.  



NR = Not reported. 



NA = Not available. 



End-points in bold are to be used in risk assessment. 
 
Table X.9 Toxicity Values of Glyphosate Technical and its Formulations to Honeybees 



Formulation Type Reported 
Endpoint Toxicity Value Degree of 



Toxicity1 
Acute Oral 
Glyphosate Technical 



Glyphosate Technical (98.5%) 48-hr 
LD50 



> 100 µg/bee Relatively 
non-toxic 



Glyphosate Technical (98.5%) LD50 
NOEL  



> 182 µg ae/bee 
182 µg ae/bee (highest 
concentration tested) 



Relatively 
non-toxic 



CP67573 Technical  LD50 > 100 µg ae/bee Relatively 
non-toxic 



Glyphosate Formulation (With POEA) 
Glyphosate IPA salt, MON 
2139 (36%) LD50 > 100 µg/bee Relatively 



non-toxic 



MON 77360 (30% w/w 
glyphosate a.e.) 



LD50 
NOEL 



> 30 µg ae/bee (> 100 µg 
EUP/bee) 
15 µg ae/bee  



Relatively 
non-toxic 



MON 78568 monoammonium 
salt (65.6% a.e) 



LD50 
NOEL 



> 100 µg /bee  
100 µg ae/bee  



Relatively 
non-toxic 



MON 2139 (36% a.e.) LD50 > 100 µg a.e./bee Relatively 
non-toxic 
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Formulation Type Reported 
Endpoint Toxicity Value Degree of 



Toxicity1 
Glyphosate Formulation (POEA Unknown) 



Glyphosate 360 g/L LD50 
NOEL 



> 86.3 µg ae/bee (> 317 µg 
EUP/bee) 
86.3 µg ae/bee (317 µg EUP/bee) 
(high concentration tested) 



Relatively 
non-toxic 



Acute Contact 
Glyphosate Technical 



Glyphosate Technical (97.6%) 48-hr 
LD50 



> 100 µg/bee Relatively 
non-toxic 



Glyphosate Technical (98.5%) LD50 
NOEL 



> 182 µg ae/bee 
182 µg ae/bee (highest 
concentration tested) 



Relatively 
non-toxic 



CP67573 Technical LD50 > 100 µg ae/bee Relatively 
non-toxic 



Glyphosate Formulation (With POEA) 
Glyphosate IPA salt, MON 
2139 (36%) LD50 > 100 µg/bee Relatively 



non-toxic 



MON 77360 (30% w/w 
glyĥosate a.e.) 



LD50 
NOEL 



> 30 µg ae/bee (> 100 µg 
EUP/bee) 
30 µg ae/bee (highest 
concentration tested)  



Relatively 
non-toxic 



MON 78568 monoammonium 
salt  
(65.6% a.e) 



LD50 
NOEL 



> 76.23 µg /bee  
76.23 µg ae/bee (highest 
concentration tested)  



Relatively 
non-toxic 



MON 6500 (31.32% a.e.) 
48-hr 
LD50 
NOAEL 



> 31.3 µg ae/bee 
31.3 µg ae/bee2 (highest 
concentration tested) 



Relatively 
non-toxic 



MON 2139 (36% a.e.) LD50 > 100 µg a.e./bee Relatively 
non-toxic 



Glyphosate Formulation (POEA Unknown) 



Glyphosate 360 g/L LD50 
NOEL 



> 116 µg ae/bee (> 426 µg 
EUP/bee) 
116.3 µg ae/bee (426 µg 
EUP/bee) (highest concentration 
tested) 



Relatively 
non-toxic 



1 = Acute and oral toxicity classifcation based on Atkins et al. 1981. 
2 This value was reported as 319 µg ae/bee, which has been deemed to be a typo. No effects were observed up to 100 
µg EUP/bee, corresponding to 31.3 µg ae/bee based on the purity of 31.32%. 
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Table X.10 Toxicity Values of Glyphosate Technical and its Formulations to Beneficial 
Insects 



Species 
Name or 
Taxon 



Formulation 
Type Exposure Reported 



Endpoint Toxicity Value Measurement 
Endpoint 



Glyphosate Technical 



Western 
bigeyed bug, 
Geocoris 
pallens 



Glyphosate 
NOS 



Leaf 
substrate 
at rates up 
to 6.7 
kg/ha 



LD50  



280 g a.e./ha (Duration and 
routes of exposure are 
unclear)1; dose-response 
increases in survival and 
also in egg viability 
compared to controls  



Mortality, 
fecundity 



 Glyphosate Formulation (WITH POEA) 
Predatory 
mite, 
Typhlodro-
mus pyri  



MON 78568, 
monomammon
ium salt 



Glass 
plates 7-d LR50  



1200 g a.e./ha; NOAER: 
216 g a.e/ha 



Mortality, 
fecundity 



Leaf 
substrate 



7-d LR50 
NOAER 



> 4320 g a.e./ha;  
216 g a.e/ha 



Mortality, 
fecundity 



Parasitic 
wasp, 
Aphidius 
rhopalosiphi  



MON 78568, 
monomammon
ium salt 



Glass 
plates 



48-hr 
LR50 
13-d LR50 
NOAER: 



 > 108 g a.e./ha  
> 4320 g a.e./ha 
4320 g a.e/ha 



Mortality, 
fecundity 



Leaf 
substrate 



48-hr 
LR50 
13-d LR50 
NOAER: 



> 4320 g a.e./ha 
> 4320 g a.e./ha;  
4320 g a.e/ha 



Mortality, 
fecundity 



Lacewing, 
Chrysoperla 
carnea 



MON 78568, 
monomammon
ium salt 



Glass 
plates 10-d LR50 



> 4320g a.e./ha; NOAER: 
4320 g a.e/ha 



Mortality, 
fecundity 



Predatory 
mite, Euseius 
victoriensis 



Roundup (360 
g/L)  



Leaf 
substrate  



48-h and 
7-d 



At 787 g a.i./ha,  
2-3% mortality between 48-
h and 7-d;  
fecundity reduced by 15.5% 



Mortality and 
fecundity 



 Glyphosate formulation (POEA UNKNOWN) 
Predatory 
mite, 
Typhlodro-
mus pyri  



Glyphosate 
360 g/L, SL 
di-ammonium 
salt 



Glass 
plates 



7-d LR50  
NOER  



161.9 g a.e/ha 
120 g a.e./ha (fecundity) 



Mortality, 
fecundity  



Leaf 
substrate 



7-d LR50  
NOER  



1567 g a.e/ha;  
720 g a.e./ha  



Mortality, 
fecundity 



Parasitic 
wasp, 
Aphidius 
rhopalosiphi 



Glyphosate 
360 g/L, SL 
di-ammonium 
salt 



Glass 
plates 



48-hr 
LR50 
NOER 



2267 g a.e./ha 
< 598 g a.e./ha 



Mortality, 
fecundity 



Leaf 
substrate 



48-hr 
LR50 
NOER  



 >5976 g a.e./ha 
5976 g a.e./ha  



Mortality, 
fecundity 



Hoverfly, 
Episyrphus 
balteatus  



Glyphosate 
360 g/L, SL 
di-ammonium 
salt 



Leaf 
substrate 



48-hr 
LR50 
NOER  



> 5976 g a.e./ha 
5976 g a.e./ha  



Mortality, 
fecundity 
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Species 
Name or 
Taxon 



Formulation 
Type Exposure Reported 



Endpoint Toxicity Value Measurement 
Endpoint 



Lacewing, 
Chrysoperla 
carnea  



Glyphosate 
360 g/L, di-
ammonium 
salt 



Glass 
plates 



48-hr 
LR50 
NOER  



> 5976 g a.e./ha 
5976 g a.e./ha  



Mortality, 
fecundity  



Carabid 
beetle, 
Poecilus 
cupreus 



Glyphosate 
360 g/L, di-
ammonium 
salt 



Soil 
substrate 



7-d LR50 
NOER = 



> 2988 g a.e./ha 
2988 g a.e./ha  



Mortality, 
prey 
consumption  



Staphylinid 
beetle, 
Aleochara 
bilineata, 



Glyphosate 
360 g/L, di-
ammonium 
salt 



Soil 
substrate 



28-d 
NOER  



5976 g a.e./ha (highest rate 
tested)  Reproduction 



1The duration of exposure is not clear and the nature of the exposure appears to be a combination of contact and 
oral. The results of this study are not particularly useful. 
 
Table X.11 Toxicity Values of Glyphosate Technical and its Formulations to Birds 



Species 
Name or 
Taxon 



Formulation 
Type 



Reported 
Endpoint Toxicity Value Degree of 



Toxicity1 



Acute Oral 
Glyphosate Technical 
Bobwhite 
quail, Colinus 
virginianus 



Glyphosate acid 
(95.6%) 



LD50 
NOEL 



> 1912 mg a.e./kg bw  
1912 mg a.e./kg bw (highest 
concentration tested)  



Practically 
non-toxic 



Bobwhite 
quail, Colinus 
virginianus 



Glyphosate 
technical (97.5%) LD50 > 2000 mg/kg bw  Practically 



non-toxic 



Bobwhite 
quail, Colinus 
virginianus 



Glyphosate 
technical  LD50 > 3196.3 mg a.e/kg bw Practically 



non-toxic 



Mallard duck, 
Anas 
platyrhynchos 



Glyphosate 
technical (97.5%) 



LD50 
NOEL 



> 2000 mg ae/kg bw 
2000 mg a.e./kg bw (highest 
concentration tested) 



Practically 
non-toxic 



Canary, 
Serinus 
canaria 



Glyphosate (acid, 
96.3%) 



LD50 
NOAEL 
ED50 



> 2000 mg a.e./kg bw 
1200 mg a.e./kg bw  
2819 mg ae/kg bw 
(regurgitation) 



Practically 
non-toxic 
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Species 
Name or 
Taxon 



Formulation 
Type 



Reported 
Endpoint Toxicity Value Degree of 



Toxicity1 



Glyphosate Formulation (POEA Unknown) 



Bobwhite 
quail, 
Colinus 
virginianus  



MON 58121 – no 
information on 
the glyphosate 
content in the 
formulation 



LD50 
NOEL 
NOEL 



598 mg MON 58121/kg bw3 
292 mg MON 58121/kg bw 
(mortality) 
< 175 mg MON 58121/kg bw 
(body weight and food 
consumption) 



Formulation 
is slightly 
toxic. 



Bobwhite 
quail, Colinus 
virginianus  



Glyphosate 
monoammonium 
salt, 68.5% a.i. 
(MON 14420 
formulation)  



LD50  
NOAEL 



1131 mg a.e./kg bw (1651mg 
formulation/kg bw)  
333 mg a.e./kg bw (effect not 
reported) 



Formulation 
is slightly 
toxic. 



AMPA 



Bobwhite 
quail, Colinus 
virginianus  



AMPA, 87.8% LD50  
NOAEL 



> 1976 mg/kg bw 
NOAEL: 1185 mg/kg bw 



AMPA is not 
toxic up to 
the highest 
concentraton 
tested. 



Acute Dietary 
Glyphosate Technical 
Bobwhite 
quail, Colinus 
virginianus 



Glyphosate acid 
(95.6%) 



5-d LC50 
NOEC = 



>1743 mg a.e./kg bw/day 
4860 mg a.e./kg diet (highest 
concentration tested) 



Practically 
non-toxic 



Bobwhite 
quail, Colinus 
virginianus 



Glyphosate acid 
(95.6%) 



LC50 
 
 
NOAEC  



>5200 mg/kg diet (nominal) 
(>4971.2 mg a.e./kg diet 
corrected for purity); 
equivalent to 5-d LD50 >528 
mg a.e./kg bw/day2 
4971.2 mg a.e./kg diet 



Practically 
non-toxic 



Bobwhite 
quail, Colinus 
virginianus 



Glyphosate 
(98.5%) 



LC50 



 
NOAEC 



>4640 mg a.e./kg diet (>4570 
mg a.e./kg diet corrected for 
purity); equivalent to 5-d LD50 
>485 mg a.e./kg bw/day2 
4570 mg a.e./kg diet (highest 
concentration tested) 



Not toxic up 
to highest 
concentration 
tested 
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Species 
Name or 
Taxon 



Formulation 
Type 



Reported 
Endpoint Toxicity Value Degree of 



Toxicity1 



Mallard duck, 
Anas 
platyrhynchos 



Glyphosate acid 
(95.6%) 



5-d LC50 



 
 
 
NOEC  



>5160 mg ae/kg diet based on 
measured concentrations 
(>4971 mg ae/kg diet based on 
nominal concentrations 
corrected for purity); 
equivalent to a 5-d LD50 >2580 
mg ae/kg bw/day 
5160 mg a.e./kg diet based on 
mean measured concentrations 
(highest concentration tested) 



Practically 
non-toxic 



Glyphosate Formulation (POEA Unknown) 



Bobwhite 
quail, Colinus 
virginianus  



MON 58121 – no 
information 
glyphosate 
content in the 
formulation 



LC50 



 
NOEC = 



>5620 mg MON 58121/kg diet3 
; equivalent to >597 mg MON 
58121/kg bw/day 
3160 mg MON 58121/kg diet 
(body-weight gain) 



Formulation 
is practically 
non-toxic 



Bobwhite 
quail, Colinus 
virginianus  



Glyphosate 
isopropylamine 
salt, 31.32% a.i. 
(MON65005) 



LC50 



 
NOAEC 



>1760 mg a.e./kg bw; 
equivalent to LD50 >187 mg 
a.e./kg bw/day2 
1760 mg a.e./kg bw (highest 
concentration tested) 



Formulation 
is not toxic 
up to the 
highest 
concentration 
tested 



Mallard duck, 
Anas 
platyrhynchos 



Glyphosate 
isopropylamine 
salt, 31.32% a.i. 
(MON65005) 



LC50 



 
NOAEC 



>1760 mg a.e./kg bw; 
equivalent to LD50 >100 mg 
a.e./kg bw/day2 
1760 mg a.e./kg bw (highest 
concentration tested) 



Formulation 
is not toxic 
up to the 
highest 
concentration 
tested 



Glyphosate Formulation (With POEA) 21-day Dietary 



Chicken Roundup 21-d 
NOEC 



45% reduced body weight at 
4500 mg a.e./kg diet compared 
to controls after 21-days of 
expsoure.  
= 450 mg a.e./kg diet (body 
weight), reported to be 
equivalent to a 21-day dietary 
NOEL of approximately 43 mg 
a.e./kg bw/day based on a 9.5% 
consumption rate of body 
weight.  



NR 
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Species 
Name or 
Taxon 



Formulation 
Type 



Reported 
Endpoint Toxicity Value Degree of 



Toxicity1 



AMPA 
Bobwhite 
quail, Colinus 
virginianus  



AMPA, 87.8% 
LC50 
NOAEC 



 >4934 mg/kg bw 
4934 mg/kg bw 



AMPA is not 
toxic up to 
the highest 



concentration 
tested 



Mallard duck, 
Anas 
platyrhynchos 



AMPA, 87.8% 



Reproduction 
Glyphosate Technical 



Bobwhite 
quail, Colinus 
virginianus 



Glyphosate 
technical (83%) NOEC 



1000 mg a.e./kg diet (highest 
concentration tested) (830 mg 
a.e./kg diet corrected for 
purity); equivalent to NOEL= 
88 mg a.e./kg bw/day2 



— 



Bobwhite 
quail, Colinus 
virginianus 



Glyphosate acid 
(95.6%) NOEC 



2160 mg ae/kg diet (highest 
concentration tested); 
equivalent to NOEL = 198 mg 
ae/kg bw/day 



— 



Mallard duck, 
Anas 
platyrhynchos 



Glyphosate (acid, 
95.6%) NOEC 



2160 mg a.e./kg diet (highest 
concentration tested); 
equivalent to NOEL of 291 mg 
a.e./kg bw/day 



— 



Mallard duck, 
Anas 
platyrhynchos 



Glyphosate (acid, 
90.4%) NOEC 



30 mg a.e./kg diet (27 mg ae/kg 
diet corrected for purity) 
(highest concentration tested) 
equivalent to NOEL of 1.5 mg 
a.e./kg bw/day2 



— 



Mallard duck, 
Anas 
platyrhynchos 



Glyphosate 
technical (83%) NOAEC 



1000 mg a.e./kg diet (830 mg 
ae/kg diet corrected for purity) 
(highest concentration tested) 
equivalent to NOAEL = 47 mg 
a.e./kg bw/day2 



— 



1 Oral and DietaryToxicity classification of bird; Hazard Evaluation Division, Standard Evaluation Procedure, 
USEPA, 1985. 
2 The toxicity endpoint was converted by the reviewer from a concentration to a daily dose using the following 
general equation: Daily Dose = Concentration in food × (FIR/BW). In the absence of data from the study, 
default adult body weights (178 g for bobwhite quail and 1082 g for mallard duck) and food ingestion rates 
(18.9 g dry weight food/day for bobwhite quail and 61.2 g dry weight food/day for mallard duck) were used in 
the calculation. 
3Content of glyphosate in the formulation is not reported. This endpoint cannot be used for risk assessment 
purposes, as the daily doses used in calculations are on an active ingredient (or, in this case, acid equivalent) 
basis. It is also noted that the relevance of formulation MON 58121 to Canada is not known. 
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Table X.12 Toxicity Values of Glyphosate Technical and its Formulations to Mammals 



Species Name 
or Taxon 



Formulation 
Type 



Reported 
Endpoint Toxicity Value Degree of 



Toxicity1 



Acute Oral 
Glyphosate Technical 



Rat 



Glyphosate 
technical (99%) LD50 5600 mg/kg bw  Practically 



non-toxic 
Glyphosate 
technical (97.3%) LD50 > 5000 mg/kg bw  Practically 



non-toxic 
Glyphosate 
technical (95.6%) LD50 > 5000 mg/kg bw Practically 



non-toxic 
Glyphosate 
technical (97.4%) LD50 > 5000 mg/kg bw Practically 



non-toxic 
Glyphosate acid 
(76 to 97.2%) LD50 



> 1920 to > 4860 mg 
a.e./kg bw (8 studies) 



Practically 
non-toxic 



Glyphostate 
isopropylamine 
salt 



72 hr LD50 
approximately equal to 
4400 mg a.e./kg bw (based 
on 5957 mg a.i./kg bw) 



Practically 
non-toxic 



Glyphostate 
isopropylamine 
salt 



LD50 
> 5000 mg/kg bw 
(equivalent to >3700 mg 
a.e./kg bw) 



Practically 
non-toxic 



Glyphosate 
technical LD50 4873 mg/kg bw Practically 



non-toxic 



Glyphosate 
technical LD50 



> 5000 mg/kg bw (same 
value for three different 
studies) 



Practically 
non-toxic 



Mouse Glyphosate 
technical LD50 1568 mg/kg bw Slightly 



toxic 



Deer mouse 
Glyphostate 
isopropylamine 
salt 



LD50 
> 6000 mg/kg bw 
(equivalent to >4440 mg 
a.e./kg bw) 



Practically 
non-toxic 



Glyphosate Formulation (POEA Unknown) 



Rat 



H-M2028, 11.4% 
a.i. LD50 



357 mg a.e./kg bw 
(estimated to be equivalent 
to 3132 mg formulation/kg 
bw)  



Formulation 
is practically 
non-toxic. 



MON 20033 (EZ-
Ject Capsuls), 
63% a.i. 



LD50  
3150 mg a.e./kg bw (5000 
mg formulation/kg bw) 



Formulation 
is practically 
non-toxic. 



MON 77063 
(Roundup 
Ultradry), 65.4% 
a.i. 



LD50 
2599 mg a.e./kg bw (5827 
mg formulation/kg bw) 



Formulation 
is practically 
non-toxic. 



Glyphomax, 
isopropylamine LD50 



724 mg a.e./kg bw (3803 
mg formulation/kg bw) 



Formulation 
is practically 
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Species Name 
or Taxon 



Formulation 
Type 



Reported 
Endpoint Toxicity Value Degree of 



Toxicity1 



salt, 22.9% a.i. non-toxic. 



MON 20047, 
18.4% a.i. 
(Roundup 
Rainfast, 25.1% 
isopropylamine 
salt, 18.6% a.e.) 



LD50 
460-690 mg a.e./kg bw 
(3750 mg formulation/kg 
bw) 



Formulation 
is practically 
non-toxic. 



Various 
glyphosate 
formulations 



LD50  
>35.5 to >4000 mg a.e./kg 
bw (41 studies) 



Formulation 
is not toxic 
up to the 
highest 
concentra-
tion tested. 



Glyphosate Formuation (With POEA) 



Rat 
Roundup (360 
g/L, 18% 
surfactant) 



LD50  
2300 mg formulation/kg 
bw 



Formulation 
is practically 
non-toxic. 



Rat 
Roundup (41% 
a.e., 15% 
surfactant) 



72-hr LD50  
1619 mg a.e./kg bw (5337 
mg formulation/kg bw) 



Formulation 
is practically 
non-toxic. 



Rat Roundup LD50 
>5000 mg/kg bw (unit for 
exposure not specified) 



Formulation 
is practically 
non-toxic. 



Mouse Roundup LD50  
2300 mg formulation/kg 
bw (unit for exposure not 
specified) 



Formulation 
is practically 
non-toxic. 



Two-generation Reproduction (Dietary Exposure) 
Gyphosate Technical 



Rat 



Glyphosate 
technical (97.7%) 



Parental:  
NOAEL  
 
Offspring: 
NOAEL  
 
Repro: 
NOAEL  



685/779 mg/kg bw/day 
(males/females) 
(decreased body weight 
and body-weight gain) 
 
115/160 mg/kg bw/day 
(males/females) 
(decreased body weight) 
 
1768/2322 mg/kg bw/day 
(males/females) (highest 
concentration tested) 



— 



Glyphosate 
technical (99.2%) 



Parental:  
NOAEL  
 
Offspring: 



143/179 mg/kg bw/day 
(males/females) 
(decreased body weight 
and body-weight gain) 



— 
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Species Name 
or Taxon 



Formulation 
Type 



Reported 
Endpoint Toxicity Value Degree of 



Toxicity1 



NOAEL  
 
Repro: 
NOAEL 



 
488/595 mg/kg bw/day 
(males/females) (highest 
concentration tested) 
 
488/595 mg/kg bw/day 
(males/females) (highest 
concentration tested) 



Glyphosate 
technical (98%) 



Parental:  
NOAEL  
 
Offspring: 
NOAEL  
 
Repro: 
NOAEL 



985/1054 mg/kg bw/day 
(males/females) (highest 
concentration tested) 
 
99.4/104 mg/kg bw/day 
(males/females) 
(decreased body weight) 
 
985/1054 mg/kg bw/day 
(males/females) (highest 
concentration tested) 



— 



Glyphosate 
technical 
(97.67%) 



NOAEL  
 
LOAEL  



500 mg/kg bw/day 
(decreased body-weight 
gain in F1a, F2a and F2b 
male and female pups 
during lactation)  
1500 mg/kg bw 



— 



Multi-generation (Dietary Exposure) 
Glyphosate Technical 



Rat Glyphosate acid 
(98.7%) 



NOAEL 
 
LOAEL  



740 mg/kg bw/day 
(decreased body weight in 
parents and pups and 
equivocal decrease in 
average litter size) 
2268 mg/kg bw/day 



— 



Three-generation (Dietary Exposure) 
Glyphosate Technical 



Rat Glyphosate acid  NOAEL 30 mg/kg bw/day (highest 
concentration tested) — 



1 According to USEPA Hazard Classification Scheme (1985). 
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Table X.13 Toxicity Values of Glyphosate Technical and its Formulations to Terrestrial 
Plant – Seedling Emergence 



Species Name or 
Taxon 



Formulation 
Type 



Study 
Duration 



Reported 
Endpoint 



Toxicity 
Value 



(kg 
a.e./ha) 



Measurement 
Endpoint 



Glyphosate Technical 
Tomato, Solanum 
lycopersicum Technical 21-d EC25 - 



EC50 
1.57-3.25 Dry weight  



Corn, Zea mays Technical 21-d EC25 - 
EC50 



> 4.48-  
> 4.48 



Survival, plant 
height, dry 
weight 



Oat, Avena sativa Technical 21-d EC25 - 
EC50 



> 4.48-  
> 4.48 



Survival, plant 
height, dry 
weight 



Oat, Avena sativa CP-70139 IPA 
50% 14-d EC25 - 



EC50 
> 11.21- 
>11.21 Emergence 



Onion, Allium cepa Technical 21-d EC25 - 
EC50 



2.02-4.26 Plant height 



Wheat, Triticum 
aestivum Technical 21-d EC25 - 



EC50 
> 4.48-  
> 4.48 



Survival, plant 
height, dry 
weight 



Radish, Raphanu 
sativus Technical 21-d EC25 - 



EC50 
> 4.48-  
> 4.48 Survival 



Cucumber, Cucumis 
sativus Technical 21-d EC25 - 



EC50 
> 4.48-  
> 4.48 



Survival, plant 
height, dry 
weight 



Sunflower, 
Helianthus annuus Technical 21-d EC25 - 



EC50 
> 4.48-  
> 4.48 



Survival, plant 
height, dry 
weight 



Carrot, Daucus 
carota Technical 21-d EC25 - 



EC50 
2.35-4.48 Plant height 



Rice, Oryza sativa CP-70139 IPA 
50% 14-d EC25 - 



EC50 
> 11.21- 
>11.21 Emergence 



Sorghum, Sorghum 
bicolor 



CP-70139 IPA 
50% 14-d EC25 - 



EC50 
> 11.21- 
>11.21 Emergence 



Sugar beet, Beta 
vulgaris 



CP-70139 IPA 
50% 14-d EC25 - 



EC50 
> 11.21- 
>11.21 Emergence 



Soybean, Glycine 
max Technical 21-d EC25 - 



EC50 
> 4.48-  
> 4.48 



Survival, plant 
height, dry 
weight 



Soybean, Glycine 
max 



CP-70139 IPA 
50% 14-d EC25 - 



EC50 
> 11.21- 
>11.21 Emergence 



Coklebur, Xanthium 
strumarium 



CP-70139 IPA 
50% 14-d EC25 - 



EC50 
> 11.21- 
>11.21 Emergence 



Spiny coklebur, CP-70139 IPA 14-d EC25 - > 11.21- Emergence 
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Species Name or 
Taxon 



Formulation 
Type 



Study 
Duration 



Reported 
Endpoint 



Toxicity 
Value 



(kg 
a.e./ha) 



Measurement 
Endpoint 



Xanthium spinosum 50% EC50 >11.21 
Downy brome, 
Bromus tectorum 



CP-70139 IPA 
50% 14-d EC25 - 



EC50 
> 11.21- 
>11.21 Emergence 



Proso millet, 
Panicum miliaceum 



CP-70139 IPA 
50% 14-d EC25 - 



EC50 
>11.21- 
>11.21 Emergence 



Barnyard grass, 
Echinochloa 
crusgalli 



CP-70139 IPA 
50% 14-d EC25 - 



EC50 
>11.21- 
>11.21 Emergence 



Large crabgrass, 
Digitaria 
sanguinalis 



CP-70139 IPA 
50% 14-d EC25 - 



EC50 
>11.21- 
>11.21 Emergence 



Wild buckwheat, 
Polygonum 
convolvulus 



CP-70139 IPA 
50% 14-d EC25 - 



EC50 
>11.21- 
>11.21 Emergence 



Morning glory, 
Ipomea spp. 



CP-70139 IPA 
50% 14-d EC25 - 



EC50 
>11.21- 
>11.21 Emergence 



Hemp sesbania, 
Sesbania exalta 



CP-70139 IPA 
50% 14-d EC25 - 



EC50 
>11.21- 
>11.21 Emergence 



Common 
lambsquater, 
Chenopodium 
album 



CP-70139 IPA 
50% 14-d EC25 - 



EC50 
>11.21- 
>11.21 Emergence 



Pensylvania 
smartweed, 
Polygonum 
pensylvanicum 



CP-70139 IPA 
50% 14-d EC25 - 



EC50 
>11.21- 
>11.21 Emergence 



Velvet leaf, 
Abutilon 
theophrasti 



CP-70139 IPA 
50% 14-d EC25 - 



EC50 
>11.21- 
>11.21 Emergence 



Glyphosate Formulation (Non-POEA) 



Corn, Zea mays 
Glyphosate acid, 
wettable powder, 
48.3% 



28-d EC25 - 
EC50 



> 4.48-  
> 4.48 



Emergence, dry 
weight 



Wheat, Triticum 
aestivum 



Glyphosate acid, 
wettable powder, 
48.3% 



28-d EC25 - 
EC50 



> 4.48-  
> 4.48 



Emergence, dry 
weight 



Wild oat, Avena 
fatua 



Glyphosate acid, 
wettable powder, 
48.3% 



28-d EC25 - 
EC50 



> 4.48-  
> 4.48 



Emergence, dry 
weight 



Armada Wheat, 
Triticum aestivum 
cv. Armada 



Glyphosate acid, 
wettable powder, 
48.3% 



28-d EC25 - 
EC50 



> 4.48-  
> 4.48 



Emergence, dry 
weight 
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Species Name or 
Taxon 



Formulation 
Type 



Study 
Duration 



Reported 
Endpoint 



Toxicity 
Value 



(kg 
a.e./ha) 



Measurement 
Endpoint 



Sugar beet, Beta 
vulgaris 



Glyphosate acid, 
wettable powder, 
48.3% 



28-d EC25 - 
EC50 



> 4.48-  
> 4.48 



Emergence, dry 
weight 



Soybean, Glycine 
max 



Glyphosate acid, 
wettable powder, 
48.3% 



28-d EC25 - 
EC50 



> 4.48-  
> 4.48 



Emergence, dry 
weight 



oilseed rape, 
Brassica napus 



Glyphosate acid, 
wettable powder, 
48.3% 



28-d EC25 - 
EC50 



> 4.48-  
> 4.48 



Emergence, dry 
weight 



Goose grass, 
Eleusine indica 



Glyphosate acid, 
wettable powder, 
48.3% 



28-d EC25 - 
EC50 



> 4.48-  
> 4.48 



Emergence, dry 
weight 



Purple nutsedge, 
Cyperus rotundus 



Glyphosate acid, 
wettable powder, 
48.3% 



28-d EC25 - 
EC50 



> 4.48-  
> 4.48 



Emergence, dry 
weight 



Spiny cocklebur, 
Xanthium spinosum 



Glyphosate acid, 
wettable powder, 
48.3% 



28-d EC25 - 
EC50 



> 4.48-  
> 4.48 



Emergence, dry 
weight 



Sicklepod, Senna 
obtusifolia 



Glyphosate acid, 
wettable powder, 
48.3% 



28-d EC25 - 
EC50 



> 4.48- 
>4.48 



Emergence, dry 
weight 



 
Table X.14 Toxicity Values of Glyphosate Technical and its Formulations to Terrestrial 



Plant – Vegetative Vigour  



Species Name or 
Taxon (Latin) 



Formulation 
Type 



Study 
Duration 



(Day) 



Endpoint 
Type  



Toxicity 
Value (kg 



a.e./ha) 



Measurement 
Endpoint 



Glyphosate Technical 



Onion, Allium cepa 
Glyphosate 
acid  
(96.6% purity) 



21 EC25 0.95 Dry weight 



Onion, Allium cepa Glyphosate 
IPA 21 EC25 0.72 Dry weight 



Oat, Avena sativa 
Glyphosate 
acid  
(96.6% purity) 



21 EC25 0.43 Dry weight 



Oat, Avena sativa Glyphosate 
IPA 21 EC25 0.74 Dry weight, 



survival 
Cabbage, Brassica 
oleraceae var. 
capitata 



Glyphosate 
acid  
(96.6% purity) 



21 EC25 0.34 Dry weight 
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Species Name or 
Taxon (Latin) 



Formulation 
Type 



Study 
Duration 



(Day) 



Endpoint 
Type  



Toxicity 
Value (kg 



a.e./ha) 



Measurement 
Endpoint 



Cucumber, Cucumis 
sativus 



Glyphosate 
acid  
(96.6% purity) 



21 EC25 0.46 Dry weight 



Cucumber, Cucumis 
sativus 



Glyphosate 
IPA 21 EC25 0.51 Plant height 



Carrot, Daucus carota Glyphosate 
IPA 21 EC25 0.33 Dry weight 



Soybean, Glycine max 
Glyphosate 
acid  
(96.6% purity) 



21 EC25 0.47 Dry weight 



Soybean, Glycine max Glyphosate 
IPA 21 EC25 0.33 Dry weight 



Sunflower, 
Helianthus annuus 



Glyphosate 
IPA 21 EC25 0.15 Dry weight 



Lettuce, Lactuca 
sativa 



Glyphosate 
acid  
(96.6% purity) 



21 EC25 0.45 Dry weight 



Perennial rygrass, 
Lolium perenne 



Glyphosate 
acid  
(96.6% purity) 



21 EC25 0.90 Dry weight 



Radish, Raphanus 
sativus 



Glyphosate 
acid  
(96.6% purity) 



21 EC25 0.16 Dry weight 



Radish, Raphanus 
sativus 



Glyphosate 
IPA 21 EC25 0.09 Dry weight 



Tomato, Solanum 
lycopersicum 



Glyphosate 
acid 
(96.6% purity) 



21 EC25 0.10 Dry weight 



Tomato, Solanum 
lycopersicum 



Glyphosate 
IPA 21 EC25 0.24 Dry weight 



Wheat, Triticum 
aestivum (winter) 



Glyphosate 
IPA 21 EC25 0.20 Dry weight 



Corn, Zea mays 
Glyphosate 
acid  
(96.6% purity) 



21 EC25 0.41 Dry weight 



Corn, Zea mays Glyphosate 
IPA 21 EC25 0.30 Dry weight 



  



Onion, Allium cepa 
Glyphosate 
acid  
(96.6% purity) 



21 EC50 1.79 Dry weight 



Onion, Allium cepa Glyphosate 
IPA 21 EC50 0.74 Dry weight 



  
 



Proposed Re-evaluation Decision – PRVD2015-01 
Page 154 











Appendix X 



Species Name or 
Taxon (Latin) 



Formulation 
Type 



Study 
Duration 



(Day) 



Endpoint 
Type  



Toxicity 
Value (kg 



a.e./ha) 



Measurement 
Endpoint 



Oat, Avena sativa 
Glyphosate 
acid 
(96.6% purity) 



21 EC50 0.87 Dry weight 



Oat, Avena sativa Glyphosate 
IPA 21 EC50 0.74 Dry weight, 



survival 
Cabbage, Brassica 
oleraceae var. 
capitata 



Glyphosate 
acid  
(96.6% purity) 



21 EC50 0.74 Dry weight 



Cucumber, Cucumis 
sativus 



Glyphosate 
acid  
(96.6% purity) 



21 EC50 0.90 Dry weight 



Cucumber, Cucumis 
sativus 



Glyphosate 
IPA 21 EC50 0.74 Dry weight, 



height 



Carrot, Daucus carota Glyphosate 
IPA 21 EC50 0.65 Dry weight 



Soybean, Glycine max 
Glyphosate 
acid  
(96.6% purity) 



21 EC50 0.97 Dry weight 



Soybean, Glycine max Glyphosate 
IPA 21 EC50 0.66 Dry weight 



Sunflower, 
Helianthus annuus 



Glyphosate 
IPA 21 EC50 0.30 Dry weight 



Lettuce, Lactuca 
sativa 



Glyphosate 
acid  
(96.6% purity) 



21 EC50 0.76 Dry weight 



Perennial rygrass, 
Lolium perenne 



Glyphosate 
acid  
(96.6% purity) 



21 EC50 1.34 Dry weight 



Radish, Raphanus 
sativus 



Glyphosate 
acid  
(96.6% purity) 



21 EC50 0.25 Dry weight 



Radish, Raphanus 
sativus 



Glyphosate 
IPA 21 EC50 0.25 Survival 



Tomato, Solanum 
lycopersicum 



Glyphosate 
acid  
(96.6% purity) 



21 EC50 0.15 Dry weight 



Tomato, Solanum 
lycopersicum 



Glyphosate 
IPA 21 EC50 0.53 Dry weight 



Wheat, Triticum 
aestivum (winter) 



Glyphosate 
IPA 21 EC50 0.65 Dry weight 



Corn, Zea mays 
Glyphosate 
acid (96.6% 
purity) 



21 EC50 0.75 Dry weight 
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Species Name or 
Taxon (Latin) 



Formulation 
Type 



Study 
Duration 



(Day) 



Endpoint 
Type  



Toxicity 
Value (kg 



a.e./ha) 



Measurement 
Endpoint 



Corn, Zea mays Glyphosate 
IPA 21 EC50 0.64 Dry weight 



Glyphosate Formulation (Non-POEA) 



Okra, Abelmoshus 
esculentus 



Glyphosate 
acid wettable 
powder, 48.3% 



28 EC25 0.17 Dry weight 



Onion, Allium cepa 80 WDG, 75% 27 EC25 0.31 N/A 



Oat, Avena sativa 
Glyphosate 
acid wettable 
powder, 48.3% 



28 EC25 0.20 Dry weight 



Sugar beet, Beta 
vulgaris 



Glyphosate 
acid wettable 
powder, 48.3% 



28 EC25 0.18 Dry weight 



Sugar beet, Beta 
vulgaris 80 WDG, 75% 27 EC25 0.24 N/A 



Oilseed rape, 
Brassica napus 



Glyphosate 
acid wettable 
powder, 48.3% 



28 EC25 0.06 Dry weight 



Cucumber, Cucumis 
sativus 



Glyphosate 
acid wettable 
powder, 48.3% 



28 EC25 0.17 Dry weight 



Cucumber, Cucumis 
sativus 80 WDG, 75% 27 EC25 0.50 N/A 



Purple nutsedge, 
Cyperus rotundus 



Glyphosate 
acid wettable 
powder, 48.3% 



28 EC25 0.86 Dry weight 



Soybean, Glycine max 
Glyphosate 
acid wettable 
powder, 48.3% 



28 EC25 0.15 Dry weight 



Soybean, Glycine max 80 WDG, 75% 27 EC25 0.36 N/A 
Sunflower, 
Helianthus annuus 80 WDG, 75% 27 EC25 0.18 N/A 



Lettuce, Lactuca 
sativa 



Glyphosate 
acid wettable 
powder, 48.3% 



28 EC25 0.24 Dry weight 



Pea, Pisum sativum 80 WDG, 75% 27 EC25 1.00 N/A 



Radish, Raphanus 
sativus 



Glyphosate 
acid wettable 
powder, 48.3% 



28 EC25 0.47 Dry weight 



Radish, Raphanus 
sativus 80 WDG, 75% 27 EC25 0.10 N/A 



Sorghum, Sorghum 
bicolor 80 WDG, 75% 27 EC25 0.07 N/A 
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Species Name or 
Taxon (Latin) 



Formulation 
Type 



Study 
Duration 



(Day) 



Endpoint 
Type  



Toxicity 
Value (kg 



a.e./ha) 



Measurement 
Endpoint 



Wheat, Triticum 
aestivum 



Glyphosate 
acid wettable 
powder, 48.3% 



28 EC25 0.13 Dry weight 



Wheat, Triticum 
aestivum 80 WDG, 75% 27 EC25 0.25 N/A 



Corn, Zea mays 
Glyphosate 
acid wettable 
powder, 48.3% 



28 EC25 0.16 Dry weight 



Corn, Zea mays 80 WDG, 75% 27 EC25 0.39 N/A 
 



Okra, Abelmoshus 
esculentus 



Glyphosate 
acid wettable 
powder, 48.3% 



28 EC50 0.34 Dry weight 



Oat, Avena sativa 
Glyphosate 
acid wettable 
powder, 48.3% 



28 EC50 0.34 Dry weight 



Sugar beet, Beta 
vulgaris 



Glyphosate 
acid wettable 
powder, 48.3% 



28 EC50 0.40 Dry weight 



Oilseed rape, 
Brassica napus 



Glyphosate 
acid wettable 
powder, 48.3% 



28 EC50 0.16 Dry weight 



Cucumber, Cucumis 
sativus 



Glyphosate 
acid wettable 
powder, 48.3% 



28 EC50 0.40 Dry weight 



Purple nutsedge, 
Cyperus rotundus 



Glyphosate 
acid wettable 
powder, 48.3% 



28 EC50 1.30 Dry weight 



Soybean, Glycine max 
Glyphosate 
acid wettable 
powder, 48.3% 



28 EC50 0.35 Dry weight 



Lettuce, Lactuca 
sativa 



Glyphosate 
acid wettable 
powder, 48.3% 



28 EC50 0.40 Dry weight 



Radish, Raphanus 
sativus 



Glyphosate 
acid wettable 
powder, 48.3% 



28 EC50 1.10 Dry weight 



Wheat, Triticum 
aestivum 



Glyphosate 
acid wettable 
powder, 48.3% 



28 EC50 0.23 Dry weight 



Corn, Zea mays 
Glyphosate 
acid wettable 
powder, 48.3% 



28 EC50 0.28 Dry weight 
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Species Name or 
Taxon (Latin) 



Formulation 
Type 



Study 
Duration 



(Day) 



Endpoint 
Type  



Toxicity 
Value (kg 



a.e./ha) 



Measurement 
Endpoint 



English daisy, Bellis 
perennis Roundup bio® 21 EC50 0.014 Dry weight 



Cornflower, 
Centaurea cyanus Roundup bio® 21 EC50 0.029 Dry weight 



Elecampane, Inula 
helenium Roundup bio® 21 EC50 0.043 Dry weight 



Black-eyed Susan, 
Rudbeckia hirta Roundup bio® 21 EC50 0.025 Dry weight 



Canada Goldenrod, 
Solidago canadensis Roundup bio® 21 EC50 0.024 Dry weight 



Motherworth, 
Leonorus cardiaca Roundup bio® 21 EC50 0.036 Dry weight 



Spearmint, Mentha 
spicata Roundup bio® 21 EC50 0.018 Dry weight 



Catnip, Nepetea 
cataria Roundup bio® 21 EC50 0.040 Dry weight 



Heal-all, Prunella 
vulgaris Roundup bio® 21 EC50 0.028 Dry weight 



Wild buckwheat, 
Polygonum 
convolvulus 



Roundup bio® 21 EC50 0.016 Dry weight 



Curled dock, Rumex 
crispus Roundup bio® 21 EC50 0.028 Dry weight 



Scarlett pimpernel, 
Anagallis arvensis Roundup bio® 21 EC50 0.018 Dry weight 



Foxglove, Digitalis 
purpurea Roundup bio® 21 EC50 0.065 Dry weight 



Wild mustard, Sinapis 
arvensis Roundup bio® 21 EC50 0.019 Dry weight 



Common poppy, 
Papaver rhoeas Roundup bio® 21 EC50 0.019 Dry weight 



Glyphosate Formulation (With POEA) 



English daisy, Bellis 
perennis (NAW) 



Roundup 
original® or 
Vision® 



28 EC25 0.060 Biomass 
inhibition 



English daisy, Bellis 
perennis (UK) 



Roundup 
original® or 
Vision® 



28 EC25 0.067 Biomass 
inhibition 



English daisy, Bellis 
perennis (GER) 



Roundup 
original® or 
Vision® 



28 EC25 0.098 Biomass 
inhibition 
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Species Name or 
Taxon (Latin) 



Formulation 
Type 



Study 
Duration 



(Day) 



Endpoint 
Type  



Toxicity 
Value (kg 



a.e./ha) 



Measurement 
Endpoint 



Blue grama grass, 
Bouteloua gracilis 



Roundup 
original® or 
Vision® 



28 EC25 0.183 Biomass 
inhibition 



Broccoli, Brassica 
oleracea var. italica 



Roundup 
original® or 
Vision® 



28 EC25 0.043 Biomass 
inhibition 



Shepherd’s purse, 
Capsella bursa-
pastoris 



Roundup 
original® or 
Vision® 



28 EC25 0.135 Biomass 
inhibition 



Cornflower, 
Centaurea cyanus 
(NAW) 



Roundup 
original® or 
Vision® 



28 EC25 0.235 Biomass 
inhibition 



Cornflower, 
Centaurea cyanus 
(UK) 



Roundup 
original® or 
Vision® 



28 EC25 0.218 Biomass 
inhibition 



Cornflower, 
Centaurea cyanus 
(GER) 



Roundup 
original® or 
Vision® 



28 EC25 0.195 Biomass 
inhibition 



Mouse-eared 
chickweed, Cerastium 
fontanum 



Roundup 
original® or 
Vision® 



28 EC25 0.391 Biomass 
inhibition 



Ox-eye-daisy, 
Chrysanthemum 
leucanthemum 
(spring) 



Roundup 
original® or 
Vision® 



28 EC25 0.965 Biomass 
inhibition 



Ox-eye-daisy, 
Chrysanthemum 
leucanthemum (fall) 



Roundup 
original® or 
Vision® 



28 EC25 0.113 Biomass 
inhibition 



Ox-eye-daisy, 
Chrysanthemum 
leucanthemum 
(winter) 



Roundup 
original® or 
Vision® 



28 EC25 0.821 Biomass 
inhibition 



Ox-eye-daisy, 
Chrysanthemum 
leucanthemum 



Roundup 
original® or 
Vision® 



28 EC25 1.258 Biomass 
inhibition 



Foxglove, Digitalis 
purpurea (NAW) 



Roundup 
original® or 
Vision® 



28 EC25 0.156 Biomass 
inhibition 



Foxglove, Digitalis 
purpurea (NAE) 



Roundup 
original® or 
Vision® 



28 EC25 0.228 Biomass 
inhibition 



Foxglove, Digitalis 
purpurea (GER) 



Roundup 
original® or 
Vision® 



28 EC25 0.104 Biomass 
inhibition 
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Species Name or 
Taxon (Latin) 



Formulation 
Type 



Study 
Duration 



(Day) 



Endpoint 
Type  



Toxicity 
Value (kg 



a.e./ha) 



Measurement 
Endpoint 



Buckwheat, 
Fagopyrum 
esculentum 



Roundup 
original® or 
Vision® 



28 EC25 0.196 Biomass 
inhibition 



White avens, Geum 
canadense (spring) 



Roundup 
original® or 
Vision® 



28 EC25 0.450 Biomass 
inhibition 



White avens, Geum 
canadense (summer) 



Roundup 
original® or 
Vision® 



28 EC25 0.042 Biomass 
inhibition 



Sunflower, 
Helianthus annuus 
var. “Teddybear” 



Roundup 
original® or 
Vision® 



28 EC25 0.061 Biomass 
inhibition 



Elecampane, Inula 
helenium (NAW) 



Roundup 
original® or 
Vision® 



28 EC25 0.761 Biomass 
inhibition 



Elecampane, Inula 
helenium (NAE) 



Roundup 
original® or 
Vision® 



28 EC25 0.100 Biomass 
inhibition 



Lettuce, Lactuca 
sativa var. “Tom 
Thumb” (spring) 



Roundup 
original® or 
Vision® 



28 EC25 0.007 Biomass 
inhibition 



Lettuce, Lactuca 
sativa var. “Tom 
Thumb” (summer) 



Roundup 
original® or 
Vision® 



28 EC25 0.003 Biomass 
inhibition 



Lettuce, Lactuca 
sativa var. “Tom 
Thumb” (winter) 



Roundup 
original® or 
Vision® 



28 EC25 0.404 Biomass 
inhibition 



Lettuce, Lactuca 
sativa var. “Tom 
Thumb”  



Roundup 
original® or 
Vision® 



28 EC25 0.790 Biomass 
inhibition 



Perennial ryegrass, 
Lolium perenne 



Roundup 
original® or 
Vision® 



28 EC25 0.206 Biomass 
inhibition 



Water Hore-hound, 
Lycopus americanus 
(spring) 



Roundup 
original® or 
Vision® 



28 EC25 0.141 Biomass 
inhibition 



Water Hore-hound, 
Lycopus americanus 
(fall) 



Roundup 
original® or 
Vision® 



28 EC25 0.087 Biomass 
inhibition 



Water Hore-hound, 
Lycopus americanus 
(winter) 



Roundup 
original® or 
Vision® 



28 EC25 0.058 Biomass 
inhibition 
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Species Name or 
Taxon (Latin) 



Formulation 
Type 



Study 
Duration 



(Day) 



Endpoint 
Type  



Toxicity 
Value (kg 



a.e./ha) 



Measurement 
Endpoint 



Yellow sweet clover, 
Melilotus officinalis 



Roundup 
original® or 
Vision® 



28 EC25 0.118 Biomass 
inhibition 



Tobacco, Nicotiana 
rustica 



Roundup 
original® or 
Vision® 



28 EC25 0.114 Biomass 
inhibition 



Tioga-deer- tongue 
grass, Panicum 
clandestinum 



Roundup 
original® or 
Vision® 



28 EC25 0.178 Biomass 
inhibition 



Common poppy, 
Papaver rhoeas 



Roundup 
original® or 
Vision® 



28 EC25 0.129 Biomass 
inhibition 



Pokeweed, 
Phytolacca 
americana 



Roundup 
original® or 
Vision® 



28 EC25 0.157 Biomass 
inhibition 



Pennsylvania 
smartweed, 
Polygonum 
pensylvanicum 



Roundup 
original® or 
Vision® 



28 EC25 0.241 Biomass 
inhibition 



Heal-all, Prunella 
vulgaris (NAW) 



Roundup 
original® or 
Vision® 



28 EC25 0.215 Biomass 
inhibition 



Heal-all, Prunella 
vulgaris (UK) 



Roundup 
original® or 
Vision® 



28 EC25 0.066 Biomass 
inhibition 



Heal-all, Prunella 
vulgaris (GER) 



Roundup 
original® or 
Vision® 



28 EC25 0.204 Biomass 
inhibition 



Black-eyed Susan, 
Rudbeckia hirta 
(NAW) 



Roundup 
original® or 
Vision® 



28 EC25 1.299 Biomass 
inhibition 



Black-eyed Susan, 
Rudbeckia hirta 
(MID) 



Roundup 
original® or 
Vision® 



28 EC25 1.415 Biomass 
inhibition 



Black-eyed Susan, 
Rudbeckia hirta 
(NAE) 



Roundup 
original® or 
Vision® 



28 EC25 1.043 Biomass 
inhibition 



Black-eyed Susan, 
Rudbeckia hirta 
(GER) 



Roundup 
original® or 
Vision® 



28 EC25 0.842 Biomass 
inhibition 



Black-eyed Susan, 
Rudbeckia hirta 
(spring) 



Roundup 
original® or 
Vision® 



28 EC25 0.536 Biomass 
inhibition 
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Species Name or 
Taxon (Latin) 



Formulation 
Type 



Study 
Duration 



(Day) 



Endpoint 
Type  



Toxicity 
Value (kg 



a.e./ha) 



Measurement 
Endpoint 



Black-eyed Susan, 
Rudbeckia hirta (fall) 



Roundup 
original® or 
Vision® 



28 EC25 0.055 Biomass 
inhibition 



Curled dock, Rumex 
crispus (NAE) 



Roundup 
original® or 
Vision® 



28 EC25 0.364 Biomass 
inhibition 



Curled dock, Rumex 
crispus (PEN) 



Roundup 
original® or 
Vision® 



28 EC25 0.404 Biomass 
inhibition 



Curled dock, Rumex 
crispus (UK) 



Roundup 
original® or 
Vision® 



28 EC25 0.629 Biomass 
inhibition 



Climbing nightshade, 
Solanum dulcamara 



Roundup 
original® or 
Vision® 



28 EC25 0.090 Biomass 
inhibition 



Tomato, Solanum 
lycopersicum var. 
"Beefsteak" (summer) 



Roundup 
original® or 
Vision® 



28 EC25 0.033 Biomass 
inhibition 



Tomato, Solanum 
lycopersicum var. 
“Beefsteak” (winter) 



Roundup 
original® or 
Vision® 



28 EC25 0.004 Biomass 
inhibition 



Canada Goldenrod, 
Solidago canadensis 
(ON) 



Roundup 
original® or 
Vision® 



28 EC25 0.246 Biomass 
inhibition 



Canada Goldenrod, 
Solidago canadensis 
(GER) 



Roundup 
original® or 
Vision® 



28 EC25 0.178 Biomass 
inhibition 



Wheat, Triticum 
aestivum (spring) 



Roundup 
original® or 
Vision® 



28 EC25 2.136 Biomass 
inhibition 



Wheat, Triticum 
aestivum (winter) 



Roundup 
original® or 
Vision® 



28 EC25 2.136 Biomass 
inhibition 



Blue vervain,Verbena 
hastata 



Roundup 
original® or 
Vision® 



28 EC25 0.450 Biomass 
inhibition 



Tufted vetch, Vicia 
americana 



Roundup 
original® or 
Vision® 



28 EC25 0.304 Biomass 
inhibition 



a Ecotype: NAW = North America West; NAE = North America East; UK = United Kingdom; GER = Germany; 
ON = Ontario; MID = North America Middle; PEN = Pennsylvania 
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Table X.15 Effects of Single Exposure to a Glyphosate Formulation (Roundup 
Herbicide) on Two-Year-Old Green Ash, Fraxinus subintegerrima, Under 
Field Conditions (PMRA 1883054)  



Measurement Endpoint NOEC  
(kg a.e./ha) 



LOEC  
(kg a.e./ha) 



EC25  
(kg a.e./ha) 



EC50  
(kg a.e./ha) 



Budbreak 0.265 >0.265 0.461 (Day 15) 9.089 (Day 15) 



Cm of new growth 0.088 0.265 
0.070 (Day 



257) 
0.536 (Day 



257) 



Malformed leaves 0.088 0.265 



0.252 (Day 
296) 



0.691 (Day 
367) 



0.624 (Day 
296) 



2.115 (Day 
367) 



Plants damaged 0.009 0.088 
0.125 (Day 



367) 
0.293 (Day 



367) 
Plants with stunted 
terminals 



< 0.009 0.009 0.019 0.029 



 
Table X.16 Toxicity Effects of Glyphosate Technical, Glyphosate Formulations, the 



Transformation Products AMPA and the Formulant POEA to Aquatic 
Organisms 



Species Name or 
Taxon 



Formulation 
Type Duration  Reported 



Endpoint 



Toxicity 
Value 
(mg 



a.e./L)* 



Measurement 
Endpoint 



Freshwater Invertebrate Acute Data 
Glyphosate Technical 
Daphnia magna Glyphosate acid 24 hr LC50 129.4 Immobilization 



Daphnia magna Glyphosate 
technical 98.9% 24 hr EC50 123.6 Immobilization 



Daphnia magna Glyphosate acid 
97.3% a.e. 24 hr EC50 840 Immobilization 



Daphnia magna Glyphosate 24 hr EC50 234 Immobilization 
Daphnia magna 
(juvenile) 



40% glyphosate 
IPA 48 hr EC50 1 Immobilization 



Daphnia magna 
(juvenile) 



40% glyphosate 
IPA 48 hr EC50 5.3 Immobilization 



Daphnia magna 
(adult) 



40% glyphosate 
IPA 48 hr EC50 16.3 Immobilization 



Daphnia magna Glyphosate 
technical 48 hr EC50 84 Immobilization 



Daphnia magna Glyphosate acid 
83% a.e. 48 hr EC50 760 Immobilization 



Daphnia magna Glyphosate 48 hr EC50 1900 Immobilization 
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Species Name or 
Taxon 



Formulation 
Type Duration  Reported 



Endpoint 



Toxicity 
Value 
(mg 



a.e./L)* 



Measurement 
Endpoint 



Chironomus 
plumosus 



Glyhosate acid, 
96.7% 48 hr EC50 53.2 Mortality 



Ceriodaphnia 
dubia Glyphosate acid  48 hr EC50 147 Mortality 



Ceriodaphnia 
dubia 



Glyphosate IPA 
salt 48 hr EC50 415  Mortality 



Lampsilis 
siliquoidea 
(larvae) 



Glyphosate 
(technical grade) 48 hr EC50 > 200 



Survival (shell 
closure 



response) 
Lampsilis 
siliquoidea 
(Juvenile) 



Glyphosate 
(technical grade) 96 hr EC50 > 200 



Mortality (based 
on foot 



movement) 
Lampsilis 
siliquoidea 
(larvae) 



Glyphosate IPA 
(technical grade) 48 hr EC50 5 



Survival (shell 
closure 



response) 
Lampsilis 
siliquoidea 
(Juvenile) 



Glyphosate IPA 
(technical grade) 96 hr EC50 7.2 



Mortality (based 
on foot 



movement) 



Daphnia magna 
Glyphos Bio 
CHA 4521 
(30.9% ae) 



48 hr 
 



LC50 309 Immobilization 



Daphnia magna Glyphos Bio 
CHA 4525 48 hr 



 



LC50 377 Immobilization 



Daphnia magna 



Glyphosate IPA, 
10 % with 
surfactant 
Geronol CF/AR 



48 hr 



 
 



LC50 810 Immobilization 



Daphnia magna 



Glyphosate IPA, 
35% with 
surfactant 
Geronol CF/AR 



48 hr 



 
 



LC50 610 Immobilization 



Daphnia magna 



Glyphosate IPA, 
36%, with 
surfactant 
Geronol CF/AR 



48 hr 



 
 



LC50 220 Immobilization 



Daphnia magna 



Glyphosate IPA, 
45% with 
surfactant 
Geronol CF/AR 



48 hr 



 
 



LC50 365 Immobilization 



Daphnia magna 
Glyphosate IPA, 
46% 
(MON77945 



48 hr 
 



LC50 833 Immobilization 
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Species Name or 
Taxon 



Formulation 
Type Duration  Reported 



Endpoint 



Toxicity 
Value 
(mg 



a.e./L)* 



Measurement 
Endpoint 



Daphnia magna 
Glyphosate IPA, 
62.4%, no 
surfactant 



48 hr LC50 401.3 Immobilization 



Daphnia magna 
Glyphosate IPA 
(X-77 
surfactant) 



48 hr EC50 > 39 Immobilization 



Daphnia magna 



Glyphosate 
(80WDG 
formulation), 
80% 



48 hr 



 
 



LC50 > 17.6 Immobilization 



Daphnia magna 



Glyphosate IPA, 
35% (Roundup 
Biactive), 
Rhone-Poulenc 
surfactant 



48 hr 



 
 



LC50 150 Immobilization 



Daphnia magna 



Glyphosate, 
41.2% 
(Roundup –
MON 2139 NF-
80-AA) 



48 hr 



 
 



LC50 94.5 Immobilization 



Daphnia magna RON-DO  
(48% IPA) 48 hr 



 



LC50 46 Immobilization 



Daphnia 
spinulata 



RON-DO  
(48% IPA ) 48 hr 



 



LC50 49 Immobilization 



Hyalella azteca Rodeo 48 hr 
 



LC50 225 Mortality 
Chironomus 
plumosus 



Rodeo  
(53.5% a.i.) 48 hr 



 



LC50 650 Mortality 



Ceriodaphnia 
dubia Rodeo  48 hr 



 



LC50 415 Mortality 



Ceriodaphnia 
dubia 



Roundup 
Biactive 48 hr EC50 81.5 Mortality 



Ceriodaphnia 
dubia 



Roundup 
Biactive 48 hr EC50 35.4 Mortality 



Ceriodaphnia 
dubia  Accord  48 hr LC50 > 7.33 Mortality 



Hyalella azteca Roundup 
Biactive 96 hr LC50 120 Mortality 



Hyalella azteca Rodeo  
(53.5% a.i.) 96 hr LC50 385 Mortality 



Nephelopsis 
obscura (leech) 



Rodeo  
(53.5% a.i.) 96hr LC50 630 Mortality 
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Species Name or 
Taxon 



Formulation 
Type Duration  Reported 



Endpoint 



Toxicity 
Value 
(mg 



a.e./L)* 



Measurement 
Endpoint 



Lampsilis 
siliquoidea 
(Larvae) 



Aqua Star® 48 hr LC50 > 148 Mortality 



Lampsilis 
siliquoidea 
(Juvenile) 



Aqua Star® 96 hr LC50 > 148 Mortality 



Glyphosate Formulation (With-POEA) 



Gammarus 
pseudolimnaeus 



Glyphosate IPA, 
30.3% 
(Roundup) 



96 hr LC50 31.8 Mortality 



Gammarus 
pseudolimnaeus 



Roundup 
(31.0%) 48 hr LC50 13 Mortality 



Daphnia magna Roundup® 
MON 2139 24 hr LC50 8.5 Immobilization 



Daphnia magna Glyphosate 360 24 hr LC50 11.6 Immobilization 



Daphnia magna Roundup® 
MON 2139 48 hr LC50 1.9 Immobilization 



Daphnia magna Glyphosate 360 48 hr LC50 7.8 Immobilization 



Daphnia magna Roundup® 
(MON 2139) 48 hr EC50 1.1 Immobilization 



Daphnia magna 



Glyphosate IPA 
(MON 77360), 
30% a.i. 
(Roundup Ultra) 



48 hr EC50 3.2 Immobilization 



Daphnia magna Roundup 
41.36% 48 hr LC50 5.3 Immobilization 



Daphnia magna Glyphosate IPA 
(MON65005) 48 hr EC50 2.7 Parent mortality 



Daphnia magna 
Roundup  
(18% 
glyphosate) 



48 hr LC50 2.7 Mortality 



Daphnia magna Roundup (18% 
glyphosate) 48 hr LC50 7.8 Mortality 



Daphnia magna 
(adult) 



Roundup (18% 
glyphosate) 48 hr LC50 22.9 Mortality 



Chironomus 
plumosus 



Roundup, 
30.3%, with 
POEA 



48 hr LC50 13.3 Mortality 



Daphnia pulex 
Glyphosate IPA 
(Roundup),  
30.3 % 



48 hr LC50 5.8 Immobilization 



Daphnia pulex 
(unknown age) 



Roundup® 
MON 2139 48hr LC50 67.8 Immobilization 
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Species Name or 
Taxon 



Formulation 
Type Duration  Reported 



Endpoint 



Toxicity 
Value 
(mg 



a.e./L)* 



Measurement 
Endpoint 



Daphnia pulex 
Glyphosate IPA, 
48% (MON 
2139) 



48 hr LC50 68.3 Immobilization 



Ceriodaphnia 
dubia  



Accord SP + 
POEA  48 hr LC50 > 5.5 Mortality 



Ceriodaphnia 
dubia 



Roundup 
(Monsanto) 48 hr EC50 5.7 Mortality 



Ceriodaphnia 
dubia 



Roundup,  
41% IPA salt 48 hr LC50 5.39 Mortality 



Ceriodaphnia 
dubia Roundup 48 hr LC50 7 



Mortality in 
porewater, 0% 



TOC 
Crayfish, 
Orconectes nais Roundup 30.3% 48 hr LC50 5.2 Mortality 



Hyalella azteca Roundup 
(Monsanto) 48 hr LC50 1.5 Mortality 



Crawfish, 
Procambarus 
cspp 



Roundup 
(35.6% acid 
equivalent) 



48 hr LC50 7701.3 Mortality 



Lampsilis 
siliquoidea 
(Larvae) 



Roundup® 48 hr EC50 2.9 Mortality based 
on Shell closure 



Lampsilis 
siliquoidea 
(Juvenile) 



Roundup® 96 hr EC50 5.9 
Mortality based 



on Foot 
movement 



Horsehair worms 
(nematode) 
Chordodes nobilii 



Glyphosate acid 
and Roundup-
like formulation 
(NOS) 



96 hr EC50 1.76 Mortality 



POEA Alone 
Daphnia pulex MON 0818 48 hr EC50 2 Mortality  



Daphnia magna MON 0818 48 hr EC50 2.9 
Mortality based 



on 
immobilization 



Daphnia magna 



POEA with 
oxide: 
tallowamine 
ratio of 5:1 



48 hr EC50 0.176 
Mortality based 



on 
immobilization 



Daphnia magna 



POEA with 
oxide: 
tallowamine 
ratio of 10:1 



48 hr  EC50 0.097 
Mortality based 



on 
immobilization 



  
 



Proposed Re-evaluation Decision – PRVD2015-01 
Page 167 











Appendix X 



Species Name or 
Taxon 



Formulation 
Type Duration  Reported 



Endpoint 



Toxicity 
Value 
(mg 



a.e./L)* 



Measurement 
Endpoint 



Daphnia magna 



POEA with 
oxide: 
tallowamine 
ratio of 15:1 



48 hr 



 
 



EC50 0.849 
Mortality based 



on 
immobilization 



C. plumosus MON 0818 48 hr EC50 13 Immobilization 
Ceriodaphnia 
dubia  



Entry II ® 
(POEA alone )  48 hr 



 



EC50 0.42 Mortality 



Ceriodaphnia 
dubia MON 0818 48 hr 



 



EC50 1.15 Mortality based 
on animal count 



Fairy shrimp  
(T. platyurus) 



POEA with 
oxide: 
tallowamine 
ratio of 5:1  



48 hr 



 
 



EC50 0.00517 Mortality 



Fairy shrimp  
(T. platyurus) 



POEA with 
oxide: 
tallowamine 
ratio of 10:1 



48 hr 



 
 



EC50 0.0027 Mortality 



Fairy shrimp 
(T. platyurus) 



POEA with 
oxide: 
tallowamine 
ratio of 15:1 



48 hr 



 
 



EC50 0.00201 Mortality 



 Lampsilis 
siliquoidea 
(Larvae) 



MON 0818 48 hr 
 



EC50 0.5 
Survival (shell 



closure 
response) 



 Lampsilis 
siliquoidea 
(Juvenile) 



MON 0818 96 hr 
 



EC50 3.8 
Mortality (based 



on foot 
movement) 



AMPA 
Daphnia magna AMPA 48 hr LC50 153 Immobilization 
Daphnia magna AMPA 48 hr LC50 651.2 Immobilization 
Daphnia magna AMPA, 94.38% 96 hr LC50 683 Immobilization 
Freshwater Invertebrate Chronic Data 
Glyphosate Technical 



Daphnia magna Glyphosate acid 
97.6% a.e. 21-d EC50 101 immobilization 



Daphnia magna Glyphosate acid 
97.6% a.e. 21-d NOEC 51 immobilization 



Daphnia magna Glyphosate acid 
98.7% a.e. 21-d NOEC 29.6 Reproduction 



Daphnia magna Glyphosate acid 
99.7% a.e. 21-d NOEC 50 Reproduction 



Daphnia magna 40% glyphosate 
(IPA salt) 55-d NOEC 1 survival 
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Species Name or 
Taxon 



Formulation 
Type Duration  Reported 



Endpoint 



Toxicity 
Value 
(mg 



a.e./L)* 



Measurement 
Endpoint 



Daphnia magna 40% glyphosate 
(IPA salt) 55-d NOEC 0.33  fecundity 



Lampsilis 
siliquoidea 
(Juvenile) 



Glyphosate 
(Technical 
grade) 



21-d 
 



EC50 > 200 Survival (shell 
length) 



Lampsilis 
siliquoidea 
(Juvenile) 



Glyphosate IPA 
(technical grade) 28-d 



 
EC50 4.8 Survival (shell 



length) 



Glyphosate Formulation (With POEA) 
Daphnia magna Glyphosate 360 21-d NOEC 0.54 Reproduction 



Daphnia magna Roundup (18% 
glyphosate) 55-d NOEC 0.11 fecundity 



Daphnia magna Roundup (18% 
glyphosate) 55-d NOEC 0.33 abortion rate 



Lampsilis 
siliquoidea 
(Juvenile) 



Roundup® 28-d 
 



EC50 3.7 Survival (shell 
length) 



Glyphosate Formulation (Non-POEA) 
Lampsilis 
siliquoidea 
(Juvenile) 



Aqua Star® 28-d 
 



EC50 43.8 Survival (shell 
length) 



POEA Alone 
Lampsilis 
siliquoidea 
(Juvenile) 



MON0818 28-d 
 



EC50 1.7 Survival (shell 
length) 



Freshwater Fish Acute Data 
Glyphosate Technical 
Fathead minnow 
(Pimephales 
promelas) 



Glyphosate 
technical  24 hr LC50 >84.4 Mortality 



Fathead minnow 
(Pimephales 
promelas) 



Technical grade  96 hr LC50 97 Mortality 



Fathead minnow 
(Pimephales 
promelas) 



Glyphosate 
87.3% 24 hr LC50 84.9 Mortality 



Rainbow trout 
(Oncorhynchus 
mykiss) 



Glyphosate 
(95.6%) 
corrected 



96 hr LC50 124.8 Mortality 



Rainbow trout 
(Oncorhynchus 
mykiss) 



Glyphosate 83% 96 hr LC50 71.4 Mortality 
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Measurement 
Endpoint 



Rainbow trout 
(Oncorhynchus 
mykiss) 



Glyphosate IPA  96 hr LC50 > 461.8 Mortality 



Rainbow trout 
(Oncorhynchus 
mykiss) 



Glyphosate tech 
96.7% 96 hr LC50 130 Mortality 



Rainbow trout 
(Oncorhynchus 
mykiss) 



CP-67573 96 hr LC50 38 Mortality 



Rainbow trout 
(Oncorhynchus 
mykiss) 



Glyphosate 360 
technical (acid; 
98.9%) 



96 hr LC50 95 Mortality 



Rainbow trout 
(Oncorhynchus 
mykiss) 



Glyphosate 360 
technical, (acid; 
98.9%) 



96 hr LC50 171 Mortality 



Rainbow trout 
(Oncorhynchus 
mykiss) 



Glyphosate 
technical  96 hr LC50 140 Mortality 



Rainbow trout 
(Oncorhynchus 
mykiss) 



Glyphosate 
technical  96 hr LC50 240 Mortality 



Rainbow trout 
(Oncorhynchus 
mykiss) 



Glyphosate 
technical  96 hr LC50 22 Mortality 



Rainbow trout 
(Oncorhynchus 
mykiss) 



Glyphosate 
technical  96 hr LC50 10 Mortality 



Rainbow trout 
(Oncorhynchus 
mykiss) 



Glyphosate 
technical  96 hr LC50 99 Mortality 



Rainbow trout 
(Oncorhynchus 
mykiss) 



Glyphosate 
technical  96 hr LC50 93 Mortality 



Rainbow trout 
(Oncorhynchus 
mykiss) 



Glyphosate 
technical  96 hr LC50 197 Mortality 



Carp (Cyprinus 
carpio) 



Glyphosate 
Technical grade 96 hr LC50 80 Mortality 



Carp (Cyprinus 
carpio) 



Glyphosate acid 
97.6%  96 hr LC50 115 Mortality 



Carp (Cyprinus 
carpio) Glyphosate 96 hr LC50 620 Mortality 
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Harlequin Fish 
(Rasbora 
heteromorpha) 



CP 67573 96 hr LC50 168 Mortality 



Bluegill sunfish 
(Lepomis 
macrochirus) 



Glyphosate acid 
(95.6% a.e.) corr 96 hr LC50 45 Mortality 



Bluegill sunfish 
(Lepomis 
macrochirus) 



Glyphosate 360 
(95.6% a.e.) 96 hr LC50 133.3 Mortality 



Bluegill sunfish 
(Lepomis 
macrochirus) 



Glyphosate 360 
(95.6% a.e.) 96 hr LC50 200 Mortality 



Bluegill sunfish 
(Lepomis 
macrochirus) 



Glyphosate acid 
(98.9% a.e). 96 hr LC50 78 Mortality 



Bluegill sunfish 
(Lepomis 
macrochirus) 



CP 67573 
(96.7%) 96 hr LC50 >24 Mortality 



Bluegill sunfish 
(Lepomis 
macrochirus) 



Glyphosate 
technical  96 hr LC50 140 Mortality 



Bluegill sunfish 
(Lepomis 
macrochirus) 



Glyphosate 
technical  96 hr LC50 220 Mortality 



Bluegill sunfish 
(Lepomis 
macrochirus) 



Glyphosate tech 
96.7% 96 hr LC50 135 Mortality 



Bluegill sunfish 
(Lepomis 
macrochirus) 



R-50224 96 hr LC50 2048 Mortality 



Bluegill sunfish 
(Lepomis 
macrochirus) 



R-50224 96 hr LC50 >1000 Mortality 



Bluegill sunfish 
(Lepomis 
macrochirus) 



Glyphosate 
technical (83%) 96 hr LC50 99.6 Mortality 



Bluegill sunfish 
(Lepomis 
macrochirus) 



Glyphosate acid 
(95.6%) 96 hr LC50 44 Mortality 



Channel catfish 
(Ictalurus 
punctatus) 



Technical grade  96 hr LC50 130 Mortality 
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Japanese medaka 
(Oryzias latipes) 



Glyphosate 
(>99.3%) 96 hr LC50 > 160 Mortality 



Glyphosate Formulation (Non-POEA) 



Rainbow trout 
(Oncorhynchus 
mykiss) 



CHA4521 
Glyfos BIO 
Herbicide 
(30.9% corr) 



96 hr LC50 > 309 Mortality 



Rainbow trout 
(Oncorhynchus 
mykiss) 



Rodeo® + X‐77 
corrected 96 hr LC50 96.2 Mortality 



Rainbow trout 
(Oncorhynchus 
mykiss) 



CHA4521 
Glyfos BIO 450 
(IPA 37.7%) 



96 hr LC50 377 Mortality 



Rainbow trout 
(Oncorhynchus 
mykiss) 



Rodeo® IPA 
salt corrected 96 hr LC50 429.2 Mortality 



Rainbow trout 
(Oncorhynchus 
mykiss) 



Rodeo/X-77 
(surfactant) 
40.5% 



96 hr LC50 134 Mortality 



Rainbow trout 
(Oncorhynchus 
mykiss) 



Glyphosate IPA 
salt (46%) 
MON77945  



96 hr LC50 > 449 Mortality 



Rainbow trout 
(Oncorhynchus 
mykiss) 



Glyphosate IPA 
salt (10%) + 
Geronol CF/AR  



96 hr LC50 > 450 Mortality 



Rainbow trout 
(Oncorhynchus 
mykiss) 



Glyphosate IPA 
salt (36%) + 
Geronol  



96 hr LC50 > 360 Mortality 



Rainbow trout 
(Oncorhynchus 
mykiss) 



Glyphosate IPA 
salt (45%) + 
Geronol  



96 hr LC50 > 450 Mortality 



Bluegill sunfish 
(Lepomis 
macrochirus) 



Glyphosate IPA 
(62.4% a.i) 96 hr LC50 > 461.8 Mortality 



Bluegill sunfish 
(Lepomis 
macrochirus) 



Glyphosate IPA 
(62.4% a.i) 96 hr LC50 32.4 Mortality 



Guaru (P. 
caudimaculatus) Rodeo  96 hr LC50 > 975 Mortality 



Guaru (P. 
caudimaculatus) 



Rodeo + 0,5% 
Aterbane  96 hr LC50 > 975 Mortality 



Guaru (P. 
caudimaculatus) 



Rodeo + 1% 
Aterbane  96 hr LC50 > 975 Mortality 
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Glyphosate Formulation (With POEA) 
Rainbow trout 
(Oncorhynchus 
mykiss) 



MON 77360  96 hr LC50 1.6 Mortality 



Rainbow trout 
(Oncorhynchus 
mykiss) 



MON 58121  96 hr LC50 0.16 Mortality 



Rainbow trout 
(Oncorhynchus 
mykiss) 



Glyphosate 360 
(36% a.e.) 
corrected 



96 hr LC50 6.7 Mortality 



Rainbow trout 
(Oncorhynchus 
mykiss) 



Roundup® 
MON 2139 96 hr LC50 17.3 Mortality 



Rainbow trout 
(Oncorhynchus 
mykiss) 



Roundup® 
MON 2139 96 hr LC50 5.6 Mortality 



Rainbow trout 
(Oncorhynchus 
mykiss) 



Roundup® 
MON 2139 96 hr LC50 1.2 Mortality 



Rainbow trout 
(Oncorhynchus 
mykiss) 



Roundup® 
MON 2139 96 hr LC50 1 Mortality 



Rainbow trout 
(Oncorhynchus 
mykiss) 



Roundup® 
MON 2139 96 hr LC50 1 Mortality 



Rainbow trout 
(Oncorhynchus 
mykiss) 



Roundup 31% 
a.i.  96 hr LC50 2.5 Mortality 



Rainbow trout 
(Oncorhynchus 
mykiss) 



Roundup® 
MON 2139 96 hr LC50 14.4 Mortality 



Rainbow trout 
(Oncorhynchus 
mykiss) 



Roundup® 
MON 2139 96 hr LC50 13.7 Mortality 



Rainbow trout 
(Oncorhynchus 
mykiss) 



Glyphosate 41% 96 hr LC50 7.6 Mortality 



Rainbow trout 
(Oncorhynchus 
mykiss) 



Glyphosate 41% 96 hr LC50 1.3 Mortality 



Rainbow trout 
(Oncorhynchus 
mykiss) 



Glyphosate 41% 96 hr LC50 8.3 Mortality 



  
 



Proposed Re-evaluation Decision – PRVD2015-01 
Page 173 











Appendix X 



Species Name or 
Taxon 



Formulation 
Type Duration  Reported 



Endpoint 



Toxicity 
Value 
(mg 



a.e./L)* 
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Rainbow trout 
(Oncorhynchus 
mykiss) 



Glyphosate 41% 96 hr LC50 14 Mortality 



Rainbow trout 
(Oncorhynchus 
mykiss) 



Glyphosate 41% 96 hr LC50 7.5 Mortality 



Rainbow trout 
(Oncorhynchus 
mykiss) 



Glyphosate 41% 96 hr LC50 7.4 Mortality 



Rainbow trout 
(Oncorhynchus 
mykiss) 



Glyphosate 41% 96 hr LC50 7.6 Mortality 



Rainbow trout 
(Oncorhynchus 
mykiss) 



Glyphosate 41% 96 hr LC50 1.6 Mortality 



Rainbow trout 
(Oncorhynchus 
mykiss) 



Glyphosate 41% 96 hr LC50 1.4 Mortality 



Rainbow trout 
(Oncorhynchus 
mykiss) 



Glyphosate 41% 96 hr LC50 1.4 Mortality 



Rainbow trout 
(Oncorhynchus 
mykiss) 



Glyphosate 41% 96 hr LC50 9 Mortality 



Rainbow trout 
(Oncorhynchus 
mykiss) 



Glyphosate 41% 96 hr LC50 7.6 Mortality 



Rainbow trout 
(Oncorhynchus 
mykiss) 



Glyphosate 41% 96 hr LC50 7.6 Mortality 



Rainbow trout 
(Oncorhynchus 
mykiss) 



Glyphosate 41% 96 hr LC50 7.6 Mortality 



Rainbow trout 
(Oncorhynchus 
mykiss) 



Glyphosate 41% 96 hr LC50 3.4 Mortality 



Rainbow trout 
(Oncorhynchus 
mykiss) 



Roundup® 96 hr LC50 5.5 Mortality 



Rainbow trout 
(Oncorhynchus 
mykiss) 



Roundup® 96 hr LC50 8.1 Mortality 
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Rainbow trout 
(Oncorhynchus 
mykiss) 



Roundup® 96 hr LC50 8.9 Mortality 



Rainbow trout 
(Oncorhynchus 
mykiss) 



Roundup® 
(Vision®)  96 hr LC50 5.5 Mortality 



Rainbow trout 
(Oncorhynchus 
mykiss) 



Roundup® 
(Vision®)  96 hr LC50 4.3 Mortality 



Rainbow trout 
(Oncorhynchus 
mykiss) 



Roundup® 
(Vision®)  96 hr LC50 10 Mortality 



Rainbow trout 
(Oncorhynchus 
mykiss) 



Roundup® 
(Vision®)  96 hr LC50 4.6 Mortality 



Rainbow trout 
(Oncorhynchus 
mykiss) 



Vision® 10% 
MON 0818 
surfactant 



96 hr LC50 22.9 Mortality 



Rainbow trout 
(Oncorhynchus 
mykiss) 



Vision®  96hr LC50 10.42 Mortality 



Rainbow trout 
(Oncorhynchus 
mykiss) 



MON 2139 
(Roundup) 41% 96 hr LC50 2.5 Mortality 



Rainbow trout 
(Oncorhynchus 
mykiss) 



MON 65005  96 hr LC50 2.5 Mortality 



Rainbow trout 
(Oncorhynchus 
mykiss) 



MON 78568  96 hr LC50 1.9 Mortality 



Rainbow trout 
Fry 
(Oncorhynchus 
mykiss) 



Roundup® 36% 96 hr LC50 5.5 Mortality 



Rainbow trout 
Fry 
(Oncorhynchus 
mykiss) 



Roundup® 96 hr LC50 8 Mortality 



Rainbow trout 
Fry 
(Oncorhynchus 
mykiss) 



Roundup® 36% 96 hr LC50 9.24 Mortality 
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Rainbow trout 
Fry 
(Oncorhynchus 
mykiss) 



Roundup® 96 hr LC50 7.8 Mortality 



Rainbow trout 
Fry 
(Oncorhynchus 
mykiss) 



Roundup® 96 hr LC50 8.5 Mortality 



Rainbow trout 
sac Fry 
(Oncorhynchus 
mykiss) 



Roundup® 
MON 2139 96 hr LC50 2.5 Mortality 



Rainbow trout 
swim-up Fry 
(Oncorhynchus 
mykiss) 



Roundup® 
MON 2139 96 hr LC50 1.2 Mortality 



Rainbow trout 
fingerling 
(Oncorhynchus 
mykiss) 



Roundup® 
MON 2139 96 hr LC50 0.96 Mortality 



Rainbow trout 
fingerling 
(Oncorhynchus 
mykiss) 



Roundup® 
MON 2139 96 hr LC50 6.1 Mortality 



Rainbow trout 
eggs 
(Oncorhynchus 
mykiss) 



Roundup® 
MON 2139 96 hr LC50 11.8 Mortality 



Bluegill sunfish 
(Lepomis 
macrochirus) 



Roundup® 96 hr LC50 4.3 Mortality 



Bluegill sunfish 
(Lepomis 
macrochirus) 



Roundup® 96 hr LC50 1.8 Mortality 



Bluegill sunfish 
(Lepomis 
macrochirus) 



Roundup® 
MON 2139 
(36%) 



96 hr LC50 1.8 Mortality 



Bluegill sunfish 
(Lepomis 
macrochirus) 



Roundup® 
MON 2139 
(36%) pH 6.5 



96 hr LC50 3.1 Mortality 



Bluegill sunfish 
(Lepomis 
macrochirus) 



Roundup® 
MON 2139 
(36%) pH 7.5 



96 hr LC50 1.8 Mortality 
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Bluegill sunfish 
(Lepomis 
macrochirus) 



Roundup® 
MON 2139 
(36%) pH 8.5 



96 hr LC50 1.8 Mortality 



Bluegill sunfish 
(Lepomis 
macrochirus) 



Roundup® 
MON 2139 
(36%) pH 9.5 



96 hr LC50 1.3 Mortality 



Bluegill sunfish 
(Lepomis 
macrochirus) 



Glyphosate 360 
(36% corrected) 96 hr LC50 4.3 Mortality 



Bluegill sunfish 
(Lepomis 
macrochirus) 



MON 2139 96 hr LC50 1.8 Mortality 



Bluegill sunfish 
(Lepomis 
macrochirus) 



MON 2139 96 hr LC50 1.8 Mortality 



Bluegill sunfish 
(Lepomis 
macrochirus) 



MON 2139 96 hr LC50 1.3 Mortality 



Bluegill sunfish 
(Lepomis 
macrochirus) 



Glyphosate 41% 96 hr LC50 5.6 Mortality 



Bluegill sunfish 
(Lepomis 
macrochirus) 



Glyphosate 41% 96 hr LC50 7.5 Mortality 



Bluegill sunfish 
(Lepomis 
macrochirus) 



Glyphosate 41% 96 hr LC50 4.5 Mortality 



Bluegill sunfish 
(Lepomis 
macrochirus) 



Glyphosate 41% 96 hr LC50 4 Mortality 



Bluegill sunfish 
(Lepomis 
macrochirus) 



Glyphosate 41% 96 hr LC50 4.2 Mortality 



Bluegill sunfish 
(Lepomis 
macrochirus) 



Glyphosate 41% 96 hr LC50 2.4 Mortality 



Bluegill sunfish 
(Lepomis 
macrochirus) 



Glyphosate 41% 96 hr LC50 2.4 Mortality 



Bluegill sunfish 
(Lepomis 
macrochirus) 



Glyphosate 41% 96 hr LC50 1.8 Mortality 
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Bluegill sunfish 
(Lepomis 
macrochirus) 



Roundup® 
MON 2139 96 hr LC50 8.6 Mortality 



Bluegill sunfish 
(Lepomis 
macrochirus) 



MON 77360 
(Roundup Ultra) 96 hr LC50 2.24 Mortality 



Bluegill sunfish 
(Lepomis 
macrochirus) 



MON 65005 
(Roundup Pro) 96 hr LC50 2.4 Mortality 



Fathead minnow 
(P. promelas) 



Roundup® 
MON 2139 96 hr LC50 1.7 Mortality 



Fathead minnow 
(P. promelas) 



Roundup® 
41.36% 
glyphosate 



96 hr LC50 3.9 Mortality 



Channel catfish 
(Ictalurus 
punctatus) 



Roundup®  96 hr LC50 9.6 Mortality 



Channel catfish 
(Ictalurus 
punctatus) 



Roundup® 
MON 2139 96 hr LC50 5.2 Mortality 



Channel catfish 
(Ictalurus 
punctatus) 



Glyphosate 41% 96 hr LC50 4.9 Mortality 



Channel catfish 
fingerlings 
(Ictalurus 
punctatus) 



Roundup® 
MON 2139 96 hr LC50 9.6 Mortality 



Channel catfish 
sac fry (Ictalurus 
punctatus) 



Roundup® 
MON 2139 96 hr LC50 3.2 Mortality 



Channel catfish 
swim-up fry 
(Ictalurus 
punctatus) 



Roundup® 
MON 2139 96 hr LC50 2.4 Mortality 



Prochilodus 
lineatus 
(juvenile) 



Roundup (41% 
a.i.) 96 hr LC50 5.61 Mortality 



Ten spotted live-
bearer, C. 
decemmaculatus 



Panzer (48%), 
IPA salt + 
POEA    



96 hr LC50 5.6 Mortality 



Ten spotted live-
bearer, C. 
decemmaculatus 



Credit (48%), 
IPA salt + 
POEA    



96 hr LC50 32.6 Mortality 
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Channa 
punctatus 



Roundup flash 
formulation 
(41%) 



96 hr LC50 13.34 Mortality 



Jenynsia 
multidentata 



Roundup Max + 
POEA  96 hr LC50 14.2 Mortality 



Lee Koh 
(Cyprinus carpio) Roundup 30.5% 96 hr LC50 3.1 Mortality 



Tilapia 
(Oreochromis 
niloticus) 



Roundup 30.5% 96 hr LC50 3.1 Mortality 



Sturgeaon,  
Huso huso  



Roundup  
(41% a.e./L) 96 hr LC50 19.3 Mortality 



Sturgeaon, 
Acipenser 
stellatus 



Roundup  
(41% a.e./L) 96 hr LC50 24.7 Mortality 



Sturgeaon,  
A. persicus 



Roundup  
(41% a.e/L) 96 hr LC50 26.1 Mortality 



POEA Alone 
Rainbow trout 
(Oncorhynchus 
mykiss) 



MON 0818  96 hr LC50 2 Mortality 



Rainbow trout 
(Oncorhynchus 
mykiss) 



MON 0818  96 hr LC50 2.5 Mortality 



Rainbow trout 
(Oncorhynchus 
mykiss) 



MON 0818  96 hr LC50 1.6 Mortality 



Rainbow trout 
(Oncorhynchus 
mykiss) 



MON 0818  96 hr LC50 2.6 Mortality 



Rainbow trout 
(Oncorhynchus 
mykiss) 



MON 0818  96 hr LC50 1.7 Mortality 



Rainbow trout 
(Oncorhynchus 
mykiss) 



MON 0818  
pH 6.5 96 hr LC50 7.4 Mortality 



Rainbow trout 
(Oncorhynchus 
mykiss) 



MON 0818  
pH 9.5 96 hr LC50 0.65 Mortality 



Rainbow trout fry 
(Oncorhynchus 
mykiss) 



MON 0818  96 hr LC50 3.2 Mortality 
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Fathead minnow 
(P. promelas) MON 0818  96 hr LC50 1  Mortality 



Fathead minnow 
(P. promelas) Entry® II  96 hr LC50 > 0.44 Mortality 



Channel catfish 
(Ictalurus 
punctatus) 



MON 0818  96 hr LC50 13 Mortality 



Bluegill sunfish 
(Lepomis 
macrochirus) 



MON 0818  96 hr LC50 3 Mortality 



Bluegill sunfish 
(Lepomis 
macrochirus) 



MON 0818  
pH 6.5 96 hr LC50 1.3 Mortality 



Bluegill sunfish 
(Lepomis 
macrochirus) 



MON 0818  
pH 9.5 96 hr LC50 1 Mortality 



Bluegill sunfish 
(Lepomis 
macrochirus) 



Entry® II  96 hr LC50 4.2 Mortality 



AMPA 
Rainbow trout 
(Oncorhynchus 
mykiss) 



AMPA 48 hr LC50 > 180 Mortality 



Rainbow trout 
(Oncorhynchus 
mykiss) 



AMPA  
(purity 94.4%)  96 hr LC50 491 Mortality 



Freshwater Fish Chronic Data 
Glyphosate Technical 
Rainbow trout 
(Oncorhynchus 
mykiss) 



Glyphosate 
technical acid 
98.9 % a.e. 



21-d NOEC 150 
Highest 



concentration 
tested 



Fathead minnow 
(P. promelas) 



Acid, technical 
grade  255-d NOEC 25.7 



Highest 
concentration 



tested 
Glyphosate Formulation (With POEA) 
Rainbow trout 
(Oncorhynchus 
mykiss) 



Glyphosate 360 21-d NOEC 0.81 Sub-lethal 
effects 



Galaxias 
anomalus 



Glyphosate 360 
(360 mg a.i./L, 
10 – 20% 
POEA) 



26-d NOEC 0.36 Survival 
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Fresh Water Algae Acute Data 
Glyphosate Technical 



S. capricornutum  Glyphosate acid 
95.6% a.e. 120 hr EC50 13 Cell density 



S. capricornutum Glyphosate acid 
95.6% a.e. 120 hr 



 



EC50 16 Biomass 



S. capricornutum  Glyphosate acid, 
95% (corrected) 48 hr 



 



EC50 256.5 Growth 



S. capricornutum  Glyphosate acid 
96.6% a.e. 7-d 



 



EC50 13.8 Growth 



S. capricornutum  Glyphosate IPA 
acid 96 hr 



 



EC50 24.7 Growth 



S. capricornutum  Glyphosate IPA 
salt  96 hr 



 



EC50 41 Growth 



S. capricornutum  Glyphosate acid 
95.6% a.e. 120 hr 



 



EC50 21 Growth 



A. flos-aquae Glyphosate acid 
95.6% a.e. 120 hr 



 



EC50 18 Cell density 



A. flos-aquae Glyphosate acid 
95.6% a.e. 120 hr 



 



EC50 15 Biomass 



A. flos-aquae Glyphosate acid 
95.6% a.e. 120 hr 



 



EC50 38 Growth 



A. flos-aquae 



Glyphosate 
technical 
(96.6%) 
corrected 



7-d LC50 4.3 Growth 



N. pelliculosa Glyphosate acid 
95.6% a.e. 120 hr 



 



EC50 17 Biomass 



N. pelliculosa Glyphosate acid 
96.6% a.e. 7-d 



 



EC50 24.9 inhibition 



Freshwater 
periphyton in 
shade  



Glyphosate IPA 
(corrected) 6 hr 



 
EC50 8.7 photosynthetic 



efficicency 



Freshwater 
periphyton in 
shade  



Glyphosate IPA 
(corrected) 6 hr 



 
EC50 26.3 photosynthetic 



efficicency 



C. vulgaris Glyphosate acid, 
95% 96 hr 



 



EC50 4.7 Growth 



C. vulgaris Glyphosate acid, 
97.5% 72 hr 



 



EC50 41.7 Growth 



C. saccharophila Glyphosate acid, 
97.5% 72 hr 



 



EC50 40.6 Growth 



S. subspicatus Glyphosate acid 72 hr EC50 26 Growth 
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97.5% 



S. subspicatus Glyphosate acid 
98.8% a.i. 72 hr 



 



EC50 326.9 Growth 



C. pyrenoidosa Glyphosate 
(technical 95%) 96 hr 



 



EC50 3.53 Growth 



C. pyrenoidosa Glyphosate acid, 
96.7% 96 hr 



 



EC50 590 Growth 



C. hypnosporum Glyphosate acid, 
96.7% 96 hr 



 



EC50 68 Growth 



Z. clindricum Glyphosate acid, 
96.7% 96 hr 



 



EC50 88 Growth 



S. obliquus Glyphosate acid, 
95% 96 hr 



 



EC50 55.85 Growth 



S. acutus Glyphosate IPA, 
99.5% 96 hr 



 



EC50 10.2 Growth 



S. acutus Glyphosate acid, 
97.5% 96 hr 



 



EC50 24.5 Growth 



S. quadricauda Glyphosate IPA 
salt (99.5%) 96 hr 



 



EC50 7.2 Growth 



C. fusa Glyphosate IPA  24 hr EC50 280 Growth 
Glyphosate Formulation (Non-POEA) 



S. capricornutum  



CHA 4520 
Glyphos Bio 
(31.3% 
corrected) 



72 hr EbC50 51 Biomass 



S. capricornutum  



CHA 4520 
Glyphos Bio 
(31.3% 
corrected) 



72 hr ErC50 100.2 Growth rate 



S. capricornutum  



CHA 4521 
Glyphos Bio 
(30.9% 
corrected) 



72 hr EbC50 58.4 Biomass 



S. capricornutum  



CHA 4521 
Glyphos Bio 
(30.9% 
corrected) 



72 hr ErC50 77.9 Growth 



S. capricornutum  
CHA 45EXT 
(31.3% 
corrected) 



72 hr EbC50 24.1 Biomass 



S. capricornutum  
CHA 45EXT 
(31.3% 
corrected) 



72 hr ErC50 42.6 Growth 
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S. capricornutum  Glyphosate IPA 
salt, 36% + 
Geronol CF/AR 



72 hr EC50 97 NR 



S. capricornutum  72 hr EC50 39 NR 



S. capricornutum  CHA 4525 
Glyphos Bio 
450 (37.7%) 



96 hr EbC50 24.8 biomass 



S. capricornutum  96 hr ErC50 130.1 growth 



Ankistrodesmus 
sp. 



Rodeo (no 
surfactant) 96 hr EC50 29 NR 



N. pelliculosa Glyfos B 31%  96 hr EC50 0.12 NR 
Glyphosate Formulation (With POEA) 



S. capricornutum  Roundup, 360 
g/L 48 hr EC50 19 Growth 



S. capricornutum  Glyphosate 360 
g/L 72 hr EC50 34 Cell density 



S. capricornutum  Glyphosate 360 
g/L 72 hr EC50 38 Biomass 



S. capricornutum  Glyphosate 360 
g/L 72 hr EC50 87 Growth 



S. capricornutum  MON 78568,  72 hr EC50 11.2 NR 



S. capricornutum  Roundup, 41% 
IPA salt 96 hr IC50 5.81 Growth 



inhibition 



S. capricornutum  Glyphos IPA 
(31%) 96 hr LC50 0.68 NR 



S. quadricauda Ron-do, 48% 
IPA  96 hr LC50 9.09 NR 



Chlorella kessleri 



ATANOR (48% 
glyphosate IPA; 
surfactant: 50% 
IMPACTO 



96 hr EC50 19.7 Growth 



POEA Alone 



S. capricornutum  POEA 96 hr IC50 3.92 Growth 
inhibition 



S. capricornutum  POEA 96 hr EC50 4.1 NR 
N. pelliculosa POEA 96 hr EC50 3.35 NR 
AMPA 
Scenedesmus 
subspicatus AMPA 120 hr EC50 74 Cell density 



Scenedesmus 
subspicatus AMPA 120 hr EC50 89.8 Biomass 



Scenedesmus 
subspicatus AMPA 120 hr EC50 440 Growth 
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Freshwater Algae Chronic Data 
Glyphosate Technical 
Chlorella 
vulgaris Glyphosate 21-d EC50 292.3 Growth 



 Spirulina 
plastensis Glyphosate 21-d EC50 >169 Growth 



Arthrospira 
fusiformis Glyphosate 21-d EC50 >169 Growth 



Nostoc 
punctiforme  Glyphosate 21-d EC50 598.4 Growth 



Anabaena 
catenula  Glyphosate 21-d EC50 256.5 Growth 



Synechocystis 
aquatilis  Glyphosate 21-d EC50 164.9 Growth 



Microcystis 
eruginosa  Glyphosate 21-d EC50 251.4 Growth 



Leptolynbya 
boryana  Glyphosate 21-d EC50 246.6 Growth 



Glyphosate Formulation (With POEA) 
Chlorella 
vulgaris  



Roundup 360 
SL (23%) 21-d EC50 27.1 Growth 



 Spirulina 
plastensis 



Roundup 360 
SL (23%) 21-d EC50 7.6 Growth 



Arthrospira 
fusiformis 



Roundup 360 
SL (23%) 21-d EC50 6.5 Growth 



Nostoc 
punctiforme  



Roundup 360 
SL (23%) 21-d EC50 9.7 Growth 



Anabaena 
catenula  



Roundup 360 
SL (23%) 21-d EC50 0.7 Growth 



Synechocystis 
aquatilis  



Roundup 360 
SL (23%) 21-d EC50 20.7 Growth 



Microcystis 
eruginosa  



Roundup 360 
SL (23%) 21-d EC50 1.5 Growth 



Leptolynbya 
boryana  



Roundup 360 
SL (23%) 21-d EC50 0.9 Growth 



       
Freshwater Plants Acute Data 
Glyphosate Technical 



L. gibba Glyphosate acid, 
95%  10-d EC50 20.5 NR 



L. gibba Glyphosate acid 
95.6% a.e. 14-d EC50 12 Fronds 
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Measurement 
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L. gibba Glyphosate acid 
95.6% a.e. 14-d 



 



EC50 16 Dry wt 



L. gibba Glyphosate acid 
95.6% a.e. 14-d 



 



EC50 30.7 Growth 



L. gibba Glyphosate acid 
95.6% a.e. 14-d 



 



EC50 31.9 Biomass 



L. gibba Glyphosate acid, 
96.8% 7-d 



 



EC50 23.2 Biomass 



L. Minor Glyphosate acid, 
95% 7-d 



 



EC50 46.9 NR 



L. paucicostata Glyphosate, IPA 7-d EC50 31 NR 
Glyphosate Formulation (Non-POEA) 



L. gibba 
Glyphos 
(Glyphosate IPA 
salt, 31%) 



7-d EC50 7.7 NR 



Glyphosate Formulation (With POEA) 



L. gibba Roundup Max, 
70.7% a.e. 10-d 



 



EC50 11.6 Growth 



L. Minor Roundup 48 hr EC50 > 16.91 NR 



L. Minor Roundup  
360 g/L 7-d 



 



EC50 3.36 Growth 



L. Minor Roundup 14-d EC50 2 Growth 



L. Minor MON 2139 7-d ErC50 > 1.824 Growth 
inhibition 



Pontederia 
cordata 



MON 78087 
(31.2%) 21-d 



 



EC50 0.0488 Fresh shoot 
biomass 



Carex comosa MON 78087 
(31.2%) 21-d 



 



EC50 0.0625 Fresh shoot 
biomass 



Nymphea odorata MON 78087 
(31.2%) 21-d 



 



EC50 0.0475 Fresh biomass 



Amphibians Acute Data  
Glyphosate Technical 
Crinia insignifera Glyphosate acid  48 hr LC50 83.6 Mortality 



Crinia insignifera Glyphosate acid, 
96% 96 hr 



 



LC50 75 Mortality 



Crinia insignifera Glyphosate IPA 
salt 48 hr 



 



LC50 > 466 Mortality 



Crinia insignifera Glyphosate acid, 
96% 96 hr 



 



LC50 103.2 Mortality 



Heleioporus eyrei Glyphosate IPA 
salt 48 hr 



 



LC50 > 373 Mortality 



Limnodynastes 
dorsalis 



Glyphosate IPA 
salt 48 hr 



 



LC50 > 400 Mortality 
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Litoria moorei Glyphosate acid 48 hr LC50 81.2 Mortality 
Litoria moorei Glyphosate acid 48 hr LC50 121 Mortality 
Litoria moorei Glyphosate IPA 48 hr LC50 > 343 Mortality 
Lithobates 
clamitans  



Glyphosate IPA 
salt 96 hr 



 



LC50 > 17.9 Mortality 



Glyphosate Formulation (Non-POEA) 



Litoria moorei 
Roundup 
Biactive® MON 
77920  



48 hr 
 



LC50 328 Mortality 



Limnodynastes 
dorsalis 



Roundup 
Biactive® MON 
77920  



48 hr 
 



LC50 > 400 Mortality 



Heleioporus eyrei 
Roundup 
Biactive® MON 
77920  



48 hr 
 



LC50 > 427 Mortality 



Crinia insignifera 
Roundup 
Biactive® MON 
77920  



48 hr 
 



LC50 > 494 Mortality 



Ranidella 
signifera 



Glyphosate IPA 
45% + Geronol  96 hr 



 



LC50 > 450 Mortality 



Ranidella 
signifera 



Glyphosate IPA 
10% + Geronol 96 hr 



 



LC50 > 100 Mortality 



Ranidella 
signifera 



Glyphosate IPA 
36% + Geronol  96 hr 



 



LC50 > 360 Mortality 



Ranidella 
signifera 



Roundup 
Biactive® 36% 96 hr 



 



LC50 > 360 Mortality 



Lithobates 
clamitans  



Roundup 
Biactive® MON 
77920  



96 hr 
 



LC50 > 17.9 Mortality 



Xenopus laevis Rodeo®  96 hr LC50 7297 Mortality 
Glyphosate Formulation (With POEA) 
Ambystoma 
gracile 



Roundup 
Original® Max  96 hr 



 



LC50 2.8 Mortality 



Ambystoma 
laterale 



Roundup 
Original® Max  96 hr 



 



LC50 3.2 Mortality 



Ambystoma 
maculatum 



Roundup 
Original® Max  96 hr 



 



LC50 2.8 Mortality 



Anaxyrus 
americanus  



Roundup 
Original®/MON
 78087 (15% 
POEA) 



96 hr 



 
 



LC50 < 4 Mortality 



Anaxyrus 
americanus  



Vision® (15% 
POEA) pH 6 96 hr LC50 4.8 Mortality 
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Anaxyrus 
americanus  



Vision® (15% 
POEA) pH 7.5 96 hr 



 



LC50 6.4 Mortality 



Anaxyrus 
americanus  



Roundup 
Original®/MON
 78087 (15% 
POEA) 



96 hr 



 
 



LC50 8 Mortality 



Anaxyrus 
americanus  



Roundup 
Original® Max  96 hr 



 



LC50 1.6 Mortality 



Anaxyrus 
americanus  



Vision® (15% 
POEA) pH 7.5 96 hr 



 



LC50 1.7 Mortality 



Anaxyrus 
americanus  



Vision® (15% 
POEA) pH 6 96 hr 



 



LC50 2.9 Mortality 



Anaxyrus boreas Roundup 
Original® Max  96 hr 



 



LC50 2 Mortality 



Anaxyrus fowleri Roundup 
Weathermax  96 hr 



 



LC50 1.96 Mortality 



Centrolene 
prosoblepon 



Glyphos 
+ Cosmo‐Flux 
(10-15% POEA) 



96 hr 
 



LC50 2.4 Mortality 



Crinia insignifera Roundup® 360  48 hr 
 



LC50 30.4 Mortality 



Crinia insignifera Roundup® 
(MON 2139) 48 hr 



 



LC50 49.4 Mortality 



Crinia insignifera Roundup® 
(MON 2139) 48 hr 



 



LC50 51.8 Mortality 



Crinia insignifera Roundup® 360  96 hr 
 



LC50 5.6 Mortality 



Crinia insignifera Roundup® 360  48 hr 
 



LC50 38.2 Mortality 



Crinia insignifera Roundup® 
(MON 2139) 48 hr 



 



LC50 3.6 Mortality 



Dendropsophus 
microcephalus 



Glyphos 
+ Cosmo‐Flux 
(10-15% POEA) 



96 hr 
 



LC50 1.2 Mortality 



Engystomops 
pustulosus 



Glyphos 
+ Cosmo‐Flux 
(10-15% POEA) 



96 hr 
 



LC50 2.8 Mortality 



Heleioporus eyrei Roundup® 
(MON 2139) 48 hr 



 



LC50 6.3 Mortality 



Heleioporus eyrei Roundup® 
(MON 2139) 48 hr 



 



LC50 8.6 Mortality 



Hyla chrysocelis Roundup 
Weathermax  96 hr 



 



LC50 3.26 Mortality 



Hyla chrysocelis Roundup® 96 hr  2.5 Mortality 
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original 
formulation 



LC50 



Hyla versicolor Roundup 
Original® Max  96 hr 



 



LC50 1.7 Mortality 



Hypsiboas 
crepitans 



Glyphos 
+ Cosmo‐Flux 
(10-15% POEA) 



96 hr 
 



LC50 2.1 Mortality 



Limnodynastes 
dorsalis 



Roundup® 
(MON 2139) 48 hr 



 



LC50 3 Mortality 



Litoria moorei Roundup® 
(MON 2139) 48 hr 



 



LC50 2.9 Mortality 



Litoria moorei Roundup® 
(MON 2139) 48 hr 



 



LC50 11.6 Mortality 



Notophthalmus 
viridescens 



Roundup 
Original® Max  96 hr 



 



LC50 2.7 Mortality 



Pseudacris 
crucifer 



Roundup 
Original® Max  96 hr 



 



LC50 0.8 Mortality 



Lithobates 
clamitans  



Vision® (15% 
POEA) 96 hr 



 



LC50 2.7 Mortality 



Lithobates 
clamitans  



Vision® (15% 
POEA) 96 hr 



 



LC50 4.34 Mortality 



Rana cascadae Roundup 
Original® Max  96 hr 



 



LC50 1.7 Mortality 



Lithobates 
catesbeianus  



Roundup 
Original® Max  96 hr 



 



LC50 0.8 Mortality 



Lithobates 
catesbeianus  



Roundup 
Weathermax  96 hr 



 



LC50 1.97 Mortality 



Lithobates 
catesbeianus  



Roundup® 
original 
formulation 



96 hr 
 



LC50 2.77 Mortality 



Lithobates 
clamitans  



Glyfos BIO® 
with 3-7% 
POEA 



96 hr 
 
 



LC50 > 17.9 Mortality 



Lithobates 
clamitans  



Glyfos AU® 
with 3-7% 
POEA 



96 hr 
 
 



LC50 8.9 Mortality 



Lithobates 
clamitans  



Roundup® 
original 
formulation 



96 hr 
 



LC50 4.22 Mortality 



Lithobates 
clamitans  



Vision® (15% 
POEA) pH 7.5 96 hr 



 



LC50 1.4 Mortality 



Lithobates 
clamitans  



Roundup 
Transorb® 96 hr 



 



LC50 2.2 Mortality 
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(15% POEA) 
Lithobates 
clamitans  



Roundup 
Weathermax  96 hr 



 



LC50 2.77 Mortality 



Lithobates 
clamitans  



Vision® (15% 
POEA) pH 6 96 hr 



 



LC50 3.5 Mortality 



Lithobates 
clamitans  



Vision® (15% 
POEA) pH 7.5 96 hr 



 



LC50 4.1 Mortality 



Lithobates 
clamitans  



Vision® (15% 
POEA) pH 6 96 hr 



 



LC50 5.3 Mortality 



Lithobates 
clamitans  



Roundup 
Original® Max  96 hr 



 



LC50 1.4 Mortality 



Lithobates 
clamitans  



Roundup 
Original®/MON
 78087 (15% 
POEA) 



96 hr 



 
 



LC50 7.1 Mortality 



Lithobates 
clamitans  



Roundup 
Original®/MON
 78087 (15% 
POEA) 



96 hr 



 
 



LC50 2 Mortality 



Lithobates 
pipiens  



Roundup 
Weathermax  96 hr 



 



LC50 2.27 Mortality 



Lithobates 
pipiens  



Roundup 
Original® Max  96 hr 



 



LC50 1.5 Mortality 



Lithobates 
pipiens  



Roundup 
Original®/MON
 78087 (15% 
POEA) 



96 hr 



 
 



LC50 2.9 Mortality 



Lithobates 
pipiens  



Vision® (15% 
POEA) 96 hr 



 



LC50 4.25 Mortality 



Lithobates 
pipiens  



Vision® (15% 
POEA) 96 hr 



 



LC50 11.47 Mortality 



Lithobates 
pipiens  



Roundup 
Original®/MON
 78087 (15% 
POEA) 



96 hr 



 
 



LC50 6.5 Mortality 



Lithobates 
pipiens  



Vision® (15% 
POEA) pH 6 96 hr 



 



LC50 1.8 Mortality 



Lithobates 
pipiens  



Vision® (15% 
POEA) pH 7.5 96 hr 



 



LC50 1.1 Mortality 



Lithobates 
pipiens  



Vision® (15% 
POEA) pH 7.5 96 hr 



 



LC50 7.5 Mortality 



Lithobates 
pipiens  



Vision® (15% 
POEA) pH 6 96 hr LC50 15.1 Mortality 
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Lithobates 
pipiens  



Roundup® 
original 
formulation 



96 hr 
 



LC50 1.8 Mortality 



Rana 
sphenocephalia 



Roundup 
Weathermax  96 hr 



 



LC50 1.33 Mortality 



Rana 
sphenocephalia 



Roundup® 
original 
formulation 



96 hr 
 



LC50 2.05 Mortality 



Lithobates 
sylvaticus 



Roundup 
Original® Max  96 hr 



 



LC50 1.9 Mortality 



Lithobates 
sylvaticus 



Roundup 
Original®/MON
 78087 (15% 
POEA) 



96 hr 



 
 



LC50 > 8 Mortality 



Lithobates 
sylvaticus 



Roundup 
Original®/MON
 78087 (15% 
POEA) 



96 hr 



 
 



LC50 5.1 Mortality 



Rhinella 
margaritifera 



Glyphos 
+ Cosmo‐Flux 
(10-15% POEA) 



96 hr 
 



LC50 1.5 Mortality 



Rhinella 
granulosa 



Glyphos 
+ Cosmo‐Flux 
(10-15% POEA) 



96 hr 
 



LC50 2.3 Mortality 



Rhinella marina 
Glyphos 
+ Cosmo‐Flux 
(10-15% POEA) 



96 hr 
 



LC50 2.7 Mortality 



Scinax ruber 
Glyphos 
+ Cosmo‐Flux 
(10-15% POEA) 



96 hr 
 



LC50 1.6 Mortality 



Scinax nasicus 
Glyfos (48% 
IPA and 15% 
POEA) 



96 hr 
 



LC50 0.94 Mortality 



Scinax nasicus 
Glyfos (48% 
IPA and 15% 
POEA) 



96 hr 
 



LC50 0.94 Mortality 



Spea bombifrons 
RoundupWeath-
erMAX® (crop 
playa) 



96 hr 
 



LC50 1.85 Mortality 



Spea bombifrons 
RoundupWeath-
erMAX® (grass 
playa) 



96 hr 
 



LC50 2.03 Mortality 
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Spea multiplicata  
RoundupWeath-
erMAX® (crop 
playa) 



96 hr 
 



LC50 2.11 Mortality 



Spea multiplicata  
RoundupWeath-
erMAX® (grass 
playa) 



96 hr 
 



LC50 2.3 Mortality 



Xenopus laevis Roundup with 
POEA 96 hr 



 



LC50 9.3 Mortality 



Xenopus laevis Glyphos 
+ Cosmo‐Flux  96 hr 



 



LC50 1.3 Mortality 



Xenopus laevis Vision® (15% 
POEA) pH 7.5 96 hr 



 



LC50 0.88 Mortality 



Xenopus laevis Vision® (15% 
POEA) pH 6 96 hr 



 



LC50 2.1 Mortality 



Xenopus laevis Vision® (15% 
POEA) pH 7.5 96 hr 



 



LC50 14.6 Mortality 



Xenopus laevis Vision® (15% 
POEA) pH 6 96 hr LC50 15.6 Mortality 



POEA Alone 
Lithobates 
clamitans MON 0818 96 hr 



 



LC50 1.32 Mortality 



Xenopus laevis POEA 96 hr LC50 6.8 Mortality 
Lithobates 
pipiens MON 0818 96 hr 



 



LC50 0.68 Mortality 



Lithobates 
catesbeianus MON 0818 96 hr 



 



LC50 0.83 Mortality 



Anaxyrus fowleri MON 0818 96 hr LC50 0.8 Mortality 
Hyla chrysocelis MON 0818 96 hr LC50 > 1.25 Mortality 
Lithobates 
clamitans  



MON 0818  
(69-73%) 96 hr 



 



LC50 2.2 Mortality 



Amphibians Subchronic and Chronic Data 
Glyphosate Technical 
Lithobates 
pipiens  



Technical grade 
glyphosate IPA 42-d NOEC 1.8 Highest limit 



concentration 
Glyphosate Formulation (With POEA) 



Lithobates 
catesbeianus  



Roundup (IPA 
with surfactant, 
corrected) 



16-d LC50 1.55 Mortality 



Lithobates 
clamitans  



Roundup (IPA 
with surfactant, 
corrected) 



16-d LC50 1.63 Mortality 
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Species Name or 
Taxon 



Formulation 
Type Duration  Reported 



Endpoint 



Toxicity 
Value 
(mg 



a.e./L)* 



Measurement 
Endpoint 



Hyla versicolor 
Roundup (IPA 
with surfactant, 
corrected) 



16-d 
  



LC50 1 Mortality 



Lithobates 
pipiens  



Roundup (IPA 
with surfactant, 
corrected) 



16-d 
 



LC50 1.85 Mortality 



Anaxyrus 
americanus  



Roundup (IPA 
with surfactant, 
corrected) 



16-d 
 



LC50 1.89 Mortality 



Lithobates 
sylvaticus 



Roundup (IPA 
with surfactant, 
corrected) 



16-d 
 



LC50 1 Mortality 



Amphibian Terrestrial Microcosm 
Glyphosate Formulation (With POEA)  
Rhinella 
margaritifera  



Glyphos and 
Cosmo-Flux 96 hr 



 



LC50 14.8 Mortality 



Scinax ruber Glyphos and 
Cosmo-Flux 96 hr 



 



LC50 7.3 Mortality 



Rhinella 
granulosa 



Glyphos and 
Cosmo-Flux 96 hr 



 



LC50 6.5 Mortality 



Centrolene 
prosoblepon 



Glyphos and 
Cosmo-Flux 96 hr 



 



LC50 4.5 Mortality 



Rhinella marina Glyphos and 
Cosmo-Flux 96 hr 



 



LC50 22.8 Mortality 



Engystomops 
pustulosus 



Glyphos and 
Cosmo-Flux 96 hr 



 



LC50 19.6 Mortality 



Pristimantis 
taeniatus 



Glyphos and 
Cosmo-Flux 96 hr 



 



LC50 5.6 Mortality 



Dendrobates 
truncatus 



Glyphos and 
Cosmo-Flux 96 hr LC50 > 7.38 Mortality 



Amphibian Aquatic Field Microcosm 
Glyphosate Formulation (With POEA)  



Rhinella marina Glyphos and 
Cosmo-Flux 96 hr 



 



LC50 5.96 Mortality 



Scinax ruber Glyphos and 
Cosmo-Flux 96 hr 



 



LC50 6.9 Mortality 



Hypsiboas 
crepitans 



Glyphos and 
Cosmo-Flux 96 hr 



 



LC50 7.3 Mortality 



Rhinella 
granulosa 



Glyphos and 
Cosmo-Flux 96 hr 



 



LC50 7.17 Mortality 
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Species Name or 
Taxon 



Formulation 
Type Duration  Reported 



Endpoint 



Toxicity 
Value 
(mg 



a.e./L)* 



Measurement 
Endpoint 



Amphibian Aquatic Field Mesocosm 
Glyphosate Formulation (With POEA)  



Lithobates 
sylvaticus 



Roundup 
Original Max® 
(Early applic.) 



21-d 
 



LC50 2.1 Mortality 



Lithobates 
sylvaticus 



Roundup 
Original Max® 
((Midday 
applic.) 



21-d 



 
 



LC50 2.44 Mortality 



Lithobates 
sylvaticus 



Roundup 
Original Max® 
(Late applic.) 



21-d 
 



LC50 4.27 Mortality 



Anaxyrus 
americanus 



Roundup 
Original Max® 
(Early applic.) 



21-d 
 



LC50 2.31 Mortality 



Anaxyrus 
americanus  



Roundup 
Original Max® 
(Midday applic.) 



21-d 
 



LC50 2.3 Mortality 



Anaxyrus 
americanus  



Roundup 
Original Max® 
(Late applic.) 



21-d 
 



LC50 3.93 Mortality 



Hyla versicolor 
Roundup 
Original Max® 
(high density) 



16-d 
 



LC50 1.71 Mortality 



Lithobates 
catesbeianus  



Roundup 
Original Max® 
(high density) 



16-d 
 



LC50 1.61 Mortality 



Lithobates 
clamitans  



Roundup 
Original Max® 
(high density) 



16-d 
 



LC50 2.18 Mortality 



Lithobates 
clamitans  



Vision Max 
(540 g a.e/L) 14-d 



 



LC50 > 0.55 Mortality 



Glyphosate Technical 



Oyster embryo Glyphosate 
technical 24 hr EC50 > 0.005 



Embryo 
abnormality 
(32% effect at 
0.005 mg a.e./L) 



Pacific Oyster 
Glyphosate 
(97% purity) 
corrected 



48 hr EC50 > 97 Metamorphic 
success 



Mysid S hrimp Glyphosate acid 
(95.6% purity) 96 hr LC50 80 Mortality 
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Species Name or 
Taxon 



Formulation 
Type Duration  Reported 



Endpoint 



Toxicity 
Value 
(mg 



a.e./L)* 



Measurement 
Endpoint 



Fiddler Crab 
Roundup 
Technical 
(96.7% purity) 



96 hr EC50 934 Mean carapace 
width 



Grass Shrimp 
Roundup 
Technical 
(96.7% purity) 



96 hr EC50 281 Mean length 



Pacific Oyster Glyphosate acid 
(95.6% purity) 48 hr EC50 40 Larval 



development 



Pacific Oyster glyphosate (97% 
purity)  48 hr EC50 27.5 Larval 



development 



Atlantic Oyster 
(embryo) 



Roundup 
Technical 
(96.7% purity) 



48 hr EC50 > 10 Larval 
development 



Acartia tonsa Glyphosate acid 48 hr LC50 35.3 Mortality 
Acartia tonsa Glyphosate IPA 48 hr LC50 49.3 Mortality 
Glyphosate Formulation (Non-POEA) 



Pacific Oyster 
Glyphosate SL 
(YF11357) 
28.3% 



48 hr EC50 23.2 Laraval 
development 



Mysid Shrimp 
Glyphosate SL 
(YF11357) 
28.3% 



96 hr EC50 > 54 Mortality 



Glyphosate Formulation (With POEA) 



Blue crab  
Roundup Pro 
(50.2% IPA) 
POEA) 



24 hr LC50 158.6 Juvenile 
mortality 



Pacific Oyster 
Roundup 
Express  
(7.3 g a.i./L) 



48 hr EC50 6.9 Metamorphic 
success 



Pacific Oyster 
Roundup Allées 
et Terrasses (4.4 
g a.i./L) 



48 hr EC50 7.6 Metamorphic 
success 



Acartia tonsa Roundup 48 hr LC50 1.8 Mortality 



Oyster embryo Roundup 24 hr EC50 > 0.005 Highest tested 
concentration 



Atlantic Oyster 
(embryo) 



MON 2139 
Roundup® 
(30.75 % a.e.) 



48 hr EC50 1 shell 
development 



POEA Alone 
Acartia tonsa POEA 48 hr LC50 0.6 Mortality 
AMPA 



Pacific Oyster AMPA 48 hr EC50 > 97 Metamorphic 
success 
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Species Name or 
Taxon 



Formulation 
Type Duration  Reported 



Endpoint 



Toxicity 
Value 
(mg 



a.e./L)* 



Measurement 
Endpoint 



Estuarine/Marine Fish Acute Data 
Glyphosate Technical 



Sheepshead 
minnow 



Glyphosate 
technical (95.6% 
purity) 



96 hr LC50 247 Mortality 



Chinook salmon Glyphosate 
technical (city) 96 hr LC50 19 Mortality 



Chinook salmon Glyphosate 
technical (creek)  96 hr LC50 30 Mortality 



Chinook salmon 
Glyphosate 
technical 
(reconstituted)  



96 hr LC50 102 Mortality 



Chinook salmon Glyphosate 
technical (well)  96 hr LC50 108 Mortality 



Chinook salmon Glyphosate 
technical (lake)  96 hr LC50 211 Mortality 



Coho salmon Glyphosate 
technical (city) 96 hr LC50 27 Mortality 



Coho salmon Glyphosate 
technical (creek)  96 hr LC50 36 Mortality 



Coho salmon 
Glyphosate 
technical 
(reconstituted)  



96 hr LC50 112 Mortality 



Coho salmon Glyphosate 
technical (well)  96 hr LC50 111 Mortality 



Coho salmon Glyphosate 
technical (lake)  96 hr LC50 174 Mortality 



Chum salmon Glyphosate 
technical (city) 96 hr LC50 10 Mortality 



Chum salmon Glyphosate 
technical (creek)  96 hr LC50 22 Mortality 



Chum salmon 
Glyphosate 
technical 
(reconstituted)  



96 hr LC50 99 Mortality 



Chum salmon Glyphosate 
technical (lake)  96 hr LC50 148 Mortality 



Pink salmon Glyphosate 
technical (city) 96 hr LC50 14 Mortality 



Pink salmon Glyphosate 
technical (creek)  96 hr LC50 23 Mortality 



Pink salmon 
Glyphosate 
technical 
(reconstituted)  



96 hr LC50 94 Mortality 
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Species Name or 
Taxon 



Formulation 
Type Duration  Reported 



Endpoint 



Toxicity 
Value 
(mg 



a.e./L)* 



Measurement 
Endpoint 



Pink salmon Glyphosate 
technical (well)  96 hr LC50 102 Mortality 



Pink salmon Glyphosate 
technical (lake)  96 hr LC50 190 Mortality 



Glyphosate Formulation (Non-POEA) 
Chinook salmon Rodeo® + X‐77  96 hr LC50 103.8 Mortality 
Chinook salmon Rodeo® + X‐77  96 hr LC50 180.2 Mortality 
Coho salmon Rodeo® + X‐77  96 hr LC50 148.3 Mortality 
Glyphosate Formulation (With POEA) 
Chinook salmon Roundup® 96 hr LC50 7.1 Mortality 



Chinook salmon 
Roundup® 
(Vision®) 



30.5% 
96 hr LC50 5.8 Mortality 



Chinook salmon 
Roundup® 
(Vision®) 



30.5% 
96 hr LC50 8.2 Mortality 



Chinook salmon 
Roundup® 
(Vision®) 



30.5% 
96 hr LC50 10 Mortality 



Chinook salmon 
Roundup® 
(Vision®) 



30.5% 
96 hr LC50 5.2 Mortality 



Chinook salmon 
Roundup® 
(Vision®) 



30.5% 
96 hr LC50 6.7 Mortality 



Chinook salmon MON 8709 
30.5% 96  hr LC50 8.54 Mortality 



Chinook salmon MON 8709 
30.5% 96 hr LC50 13.7 Mortality 



Chinook salmon MON 8709 
30.5% 96 hr LC50 18.9 Mortality 



Chinook salmon MON 8709 
30.5% 96 hr LC50 20.4 Mortality 



Chinook salmon MON 8709 
30.5% 96 hr LC50 10.1 Mortality 



Chinook salmon Roundup® 96 hr LC50 7.1 Mortality 
Coho salmon Roundup® 96 hr LC50 8.1 Mortality 



Coho salmon Roundup® 
(Vision®)  96 hr LC50 8.2 Mortality 



Coho salmon Roundup® 
(Vision®)  96 hr LC50 9.2 Mortality 



Coho salmon Roundup® 
(Vision®)  96 hr LC50 10 Mortality 
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Species Name or 
Taxon 



Formulation 
Type Duration  Reported 



Endpoint 



Toxicity 
Value 
(mg 



a.e./L)* 



Measurement 
Endpoint 



Coho salmon Roundup® 
(Vision®)  96 hr LC50 4 Mortality 



Coho salmon Roundup® 
(Vision®)  96 hr LC50 9 Mortality 



Coho salmon MON 8709  96 hr LC50 13.4 Mortality 
Coho salmon MON 8709  96 hr LC50 15.6 Mortality 
Coho salmon MON 8709  96 hr LC50 16.8 Mortality 
Coho salmon MON 8709  96 hr LC50 7.6 Mortality 
Coho salmon MON 8709  96 hr LC50 10.4 Mortality 
Coho salmon 
(fry) Roundup® 96 hr LC50 12.8 Mortality 



Chum salmon Roundup® 
(Vision®)  96 hr LC50 5.8 Mortality 



Chum salmon Roundup® 
(Vision®)  96 hr LC50 3.4 Mortality 



Chum salmon Roundup® 
(Vision®)  96 hr LC50 6.1 Mortality 



Chum salmon Roundup® 
(Vision®)  96 hr LC50 4.6 Mortality 



Chum salmon MON 8709  96 hr LC50 11 Mortality 
Chum salmon MON 8709  96 hr LC50 7 Mortality 
Chum salmon MON 8709  96 hr LC50 10.4 Mortality 
Chum salmon MON 8709  96 hr LC50 17.7 Mortality 



Pink salmon Roundup® 
(Vision®)  96 hr LC50 5.8 Mortality 



Pink salmon Roundup® 
(Vision®)  96 hr LC50 4.3 Mortality 



Pink salmon Roundup® 
(Vision®)  96 hr LC50 10.1 Mortality 



Pink salmon Roundup® 
(Vision®)  96 hr LC50 9.5 Mortality 



Pink salmon Roundup® 
(Vision®)  96 hr LC50 5.2 Mortality 



Pink salmon MON 8709  96 hr LC50 14 Mortality 
Pink salmon MON 8709  96 hr LC50 14.6 Mortality 
Pink salmon MON 8709  96 hr LC50 10.4 Mortality 
Pink salmon MON 8709  96 hr LC50 7.9 Mortality 
Pink salmon MON 8709  96 hr LC50 7.3 Mortality 
Sockeye salmon Roundup® 96 hr LC50 8.1 Mortality 
Sockeye salmon Roundup® 96 hr LC50 8.4 Mortality 
Sockeye salmon 
(fry) Roundup® 96 hr LC50 8.7 Mortality 
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Species Name or 
Taxon 



Formulation 
Type Duration  Reported 



Endpoint 



Toxicity 
Value 
(mg 



a.e./L)* 



Measurement 
Endpoint 



Sheepshead 
minnow 



MON 2139 
Roundup® 



30.75% 
96 hr LC50 2.7 Mortality 



POEA Alone 



Chinook salmon MON 0818 
(city) 96 hr LC50 2.8 Mortality 



Chinook salmon MON 0818 
(creek) 96 hr LC50 2.8 Mortality 



Chinook salmon MON 0818 
(reconstituted) 96 hr LC50 2.7 Mortality 



Chinook salmon MON 0818 
(well) 96 hr LC50 2.6 Mortality 



Chinook salmon MON 0818 
(lake) 96 hr LC50 1.7 Mortality 



Coho salmon MON 0818 
(city) 96 hr LC50 4.6 Mortality 



Coho salmon MON 0818 
(creek) 96 hr LC50 3.2 Mortality 



Coho salmon MON 0818 
(reconstituted) 96 hr LC50 2.8 Mortality 



Coho salmon MON 0818 
(well) 96 hr LC50 2.9 Mortality 



Coho salmon MON 0818 
(lake) 96 hr LC50 1.8 Mortality 



Coho salmon 
(fry) MON 0818  96 hr LC50 3.5 Mortality 



Chum salmon MON 0818 
(city) 96 hr LC50 2.7 Mortality 



Chum salmon MON 0818 
(creek) 96 hr LC50 2.6 Mortality 



Chum salmon MON 0818 
(reconstituted) 96 hr LC50 1.4 Mortality 



Chum salmon MON 0818 
(lake) 96 hr LC50 2.6 Mortality 



Pink salmon MON 0818 
(city) 96 hr LC50 4.5 Mortality 



Pink salmon MON 0818 
(creek) 96 hr LC50 2.8 Mortality 



Pink salmon MON 0818 
(reconstituted) 96 hr LC50 1.5 Mortality 



Pink salmon MON 0818 
(well) 96 hr LC50 2.6 Mortality 
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Species Name or 
Taxon 



Formulation 
Type Duration  Reported 



Endpoint 



Toxicity 
Value 
(mg 



a.e./L)* 



Measurement 
Endpoint 



Pink salmon MON 0818 
(lake) 96 hr LC50 1.4 Mortality 



Sockeye salmon 
(fry) MON 0818  96 hr LC50 2.6 Mortality 



Estuarine/Marine Fish Chronic Data 
Glyphosate Technical 
Threespine 
stickleback  



Glyphosate  
(≥ 96%) 42-d NOEC 0.1  Mortality and 



Length 
Marine Algae Acute Data 
Glyphosate Technical 



S. costatum Glypohsate 
technical 96 hr EC50 11 Biomass 



S. costatum Glypohsate 
technical 96 hr IC50 2.27 Growth 



inhibition 



S. costatum Glypohsate 
technical 96 hr IC50 5.89 Growth 



inhibition 



S. costatum Glypohsate 
technical 7-d EC50 0.64 Growth 



inhibition 
Glyphosate Formulation (With POEA) 



S. costatum 
  
Roundup 
 



96 hr EC50 1.85 Growth 
inhibition 



POEA Alone 



S. costatum 
 
POEA 
 



96 hr EC50 3.35 Growth 
inhibition 



Marine Algae Chronic Data 
Glyphosate Technical 
Chlorella 
vulgaris  



Glypohsate 
technical 21-d EC50 62.33 Growth 



inhibition 
Chlorella 
vulgaris  



Glypohsate 
technical 21-d EC50 292.3 Growth 



inhibition 
 Spirulina 
plastensis 



Glypohsate 
technical 21-d EC50 101.18 Growth 



inhibition 
 Spirulina 
plastensis 



Glypohsate 
technical 21-d EC50 > 169 Growth 



inhibition 
Arthrospira 
fusiformis 



Glypohsate 
technical 21-d EC50 61.8 Growth 



inhibition 
Arthrospira 
fusiformis 



Glypohsate 
technical 21-d EC50 > 169 Growth 



inhibition 
Nostoc 
punctiforme  



Glypohsate 
technical 21-d EC50 44.48 Growth 



inhibition 
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Species Name or 
Taxon 



Formulation 
Type Duration  Reported 



Endpoint 



Toxicity 
Value 
(mg 



a.e./L)* 



Measurement 
Endpoint 



Nostoc 
punctiforme  



Glypohsate 
technical 21-d EC50 598.4 Growth 



inhibition 
Anabaena 
catenula  



Glypohsate 
technical 21-d EC50 5.33 Growth 



inhibition 
Anabaena 
catenula  



Glypohsate 
technical 21-d EC50 256.5 Growth 



inhibition 
Synechocystis 
aquatilis  



Glypohsate 
technical 21-d EC50 174.75 Growth 



inhibition 
Synechocystis 
aquatilis  



Glypohsate 
technical 21-d EC50 164.9 Growth 



inhibition 
Microcystis 
eruginosa  



Glypohsate 
technical 21-d EC50 8.03 Growth 



inhibition 
Microcystis 
eruginosa  



Glypohsate 
technical 21-d EC50 251.4 Growth 



inhibition 
Leptolynbya 
boryana  



Glypohsate 
technical 21-d EC50 6.68 Growth 



inhibition 
Leptolynbya 
boryana  



Glypohsate 
technical 21-d EC50 246.6 Growth 



inhibition 
Glyphosate Formulation (With POEA) 
Chlorella 
vulgaris    21-d EC50 21.26 Growth 



inhibition 
 Spirulina 
plastensis   21-d EC50 5.96 Growth 



inhibition 
Arthrospira 
fusiformis   21-d EC50 5.08 Growth 



inhibition 
Nostoc 
punctiforme    21-d EC50 7.61 Growth 



inhibition 
Anabaena 
catenula    21-d EC50 0.52 Growth 



inhibition 
Synechocystis 
aquatilis    21-d EC50 16.16 Growth 



inhibition 
Microcystis 
eruginosa    21-d EC50 1.21 Growth 



inhibition 
Leptolynbya 
boryana    21-d EC50 0.74 Growth 



inhibition 
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Table X.17 Summary of Species Sensitivity Distributions (SSDs) for Glyphosate, Its 
Major Tramsformation Product AMPA and the Formulant POEA: HC5 OR 
Most Sensitive Species by Taxonomic Group: Fish, Aquatic Invertebrates, 
Amphibians, AquaticPlants, Algae and Terrestrial Plants 



Terrestrial and 
Aquatic 



Organisms 



Glyphosate 
Technical 



Glyphosate 
Formulation 
(Non-POEA) 



Glyphosate 
Formulation 
(With POEA) 



AMPA POEA1 



Exposure 



 
Acute  Chronic Acute  Chronic Acute  Chronic Acute Acute  Chronic 



Terrestrial Organisms 



Earthworms 
(mg ae./kg soil) 



690X — — — 0.253X — — — — 



Snails (mg ae./L) — NOEC: 
1000 — 



NOEC: 
29.7  



(NOEC: 
219 mg 
a.e./kg 



soil) 



LC50: 
2.3X NOEC: 8.55 — — — 



Terrestrial 
Plants (SE) EC50 
(kg ae/ha) 



EC50: 3.25X — EC50: 
4.48X 



 
— 



 
— 



 
— 



 
— 



 
— 



 
— 



Terrestrial 
Plants (VV) 
EC25 (kg ae/ha) 



HC5: 0.12 — HC5: 
0.0664 — — — — — — 



Terrestrial 
Plants (VV) 
EC50 (kg ae/ha) 



HC5: 0.27 — — — — — — — — 



Terrestrial 
Plants (VV) 
EC50 Non-crop  
(kg ae/ha) 



— — HC5:0.0
126 — — — — — — 



Terrestrial 
Plants EC50



 



Mixed  
(kg ae/ha) 



— — EC50: 
0.014X — — — — — — 



Terrestrial 
Plants EC25 
Mixed  
(kg a.e/ha) 



— — — — HC5: 
0.035 — — — — 



Aquatic Organisms 
Freshwater 
Invertebrates 
(mg ae/L) 



HC5: 16.9 NOEC: 
7.1 



HC5: 
30.5 



EC50: 
43.8x 



HC5: 
0.19 



NOEC: 
0.269 



LC50: 
408.2x 



HC5: 
0.0041 



EC50: 
1.7x 



Freshwater Fish 
(mg ae./L) 



HC5: 80.4 NOEC: 
25.7 



LC50: 
122.3X — — — — — — 



Freshwater HC5: 6.55 HC5: 
118.2 



EC50: 
0.12X — EC50: 



9.1X HC5:0.42 EC50: 
143X 



EC50: 
3.35X 



EC50: 
3.35X 
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Terrestrial and 
Aquatic 



Organisms 



Glyphosate 
Technical 



Glyphosate 
Formulation 
(Non-POEA) 



Glyphosate 
Formulation 
(With POEA) 



AMPA POEA1 



Exposure 



 
Acute  Chronic Acute  Chronic Acute  Chronic Acute Acute  Chronic 



Algae (mg ae/L) 
Freshwater 
Plants (mg ae/L) 



EC50: 21.1X — EC50: 
7.7X — HC5: 



0.003 — — — — 



Amphibians (mg 
ae/L) 



HC5: 14.9 NOEC: 
1.8 



HC5: 
18.1 — HC5: 



0.93 
HC5 (LC50): 



0.86 — HC5: 
0.35 — 



Amphibians – 
Mesocosm (mg 
a.e./L) 



— — — — 



HC5: 
2.29 



(HC5: 
3.28 kg 
a.e./ha) 



HC5 (LC50): 
1.36, 



NOEC: 0.55 
— — — 



Marine 
Invertebrates 
(mg a.e./L) 



HC5: 0.3 — EC50: 
23.2x — HC5: 0.1 — EC50: 97x EC50: 



0.6x — 



Marine Fish  
(mg a.e./L) 



HC5: 23.4 NOEC: 
0.1 



LC50: 
136.8X — HC5: 



3.04 — — HC5: 
2.06 — 



Marine algae 
(mg a.e./L) 



EC50: 3.11x HC5: 
28.4 — — EC50: 



3.35x HC5: 0.33 — EC50: 
1.85 



EC50: 
1.85 



X Not an HC5 value, SSDs could not be determined, the most sensitive species endpoint value is reported and uncertainty 
factor to be applied as required; 1POEA: formulant, POEA concentrations cannot be directly compared to other data; SE = 
Seedling emergence, VV = Vegetative vigour. 



 



Table X.18 Risk Quotients for Earthworms and the Soil Benefecials Exposed to the 
Glyphosate Technical, Glyphosate Formulations and the Transformation 
Product AMPA 



Test Material Expo-
sure 



Endpoints  
(mg a.e./kg 



soil) 
Crop EEC (mg a.e./kg soil) RQ1 



Level of 
Concern 
Exceeded 



Earthworms 
Glyphosate 
Technical Acute  1/2LC50: 163.9 Apple 4.24 0.03 No 



Glyphosate 
Formulation 
(With POEA) 



Acute  1/2LC50: > 
2129 



Apple 4.24 < 0.002 No 
Potato 1.92 < 0.001 No 



Chronic NOEC: 21.3 Apple 4.24 0.2 No 
Potato 1.92 0.09 No 



Glyphosate 
Formulation 
(POEA 
Unknown) 



Acute 1/2LC50: > 500 Apple 4.24 < 0.009 No 



AMPA Acute  1/2LC50: > 500 Apple 3.5 < 0.007 No 
Chronic NOEC: 28.12 Apple 3.5 0.12 No 



Springtail (collembolan), Folsomia candida 
Glyphosate 
Formulation 
(POEA 
Unknown) 



Acute 
48-h 



EC50/2 = 0.57 
mg a.e./kg soil  Apple 



In-field: 4.24 mg a.e./kg 
soil 7.4 Yes 



Off-field (ground 
application,  0.2 No 
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Test Material Expo-
sure 



Endpoints  
(mg a.e./kg 



soil) 
Crop EEC (mg a.e./kg soil) RQ1 



Level of 
Concern 
Exceeded 



3% drift):0.13 mg 
a.e./kg soil 
Refinement In-field (0.6 
soil deposition factor): 
2.544 mg a.e./kg soil 



4.45 Yes 



Canola 



In-field: 3.47 mg a.e./kg 
soil 6.1 Yes 



Off-field (ground 
application, 3% 
drift):0.10 mg a.e./kg 
soil 



0.2 No 



Off-field (aerial 
application, 17% 
drift):0.59 mg a.e./kg 
soil 



1 Marginal 



Refinement In-field (0.6 
soil deposition factor): 
2.082 mg a.e./kg soil 



3.78 Yes 



Potato 



In-field: 1.92 mg a.e./kg 
soil 3.43 Yes 



Off-field (ground 
application, 3% drift): 
0.06 mg a.e./kg soil 



0.01 No 



Refinement In-field (0.6 
soil deposition factor): 
1.152 mg a.e./kg soil 



2 Yes 



Chronic 
– Repro-
duction 
- 28 d 



EC50/2 = 0.27 
mg a.e./kg soil 
(In the absence 



of a NOEC) 



Apple 



In-field: 4.24 mg a.e./kg 
soil 15.7 Yes 



Off-field (ground 
application, 3% 
drift):0.13 mg a.e./kg 
soil 



0.5 No 



Refinement In-field (0.6 
soil deposition factor): 
2.544 mg a.e./kg soil 



9.4 Yes 



Canola 



In-field: 3.47 mg a.e./kg 
soil 13 Yes 



Off-field (ground 
application, 3% 
drift):0.10 mg a.e./kg 
soil 



0.4 No 



Off-field (aerial 
application, 17% 
drift):0.59 mg a.e./kg 
soil 



2.2 Yes 



Refinement In-field (0.6 
soil deposition factor): 
2.082 mg a.e./kg soil 



7.7 Yes 



Potato 



In-field: 1.92 mg a.e./kg 
soil 7.1 Yes 



Off-field (ground 
application, 3% drift): 
0.06 mg a.e./kg soil 



0.2 No 
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Test Material Expo-
sure 



Endpoints  
(mg a.e./kg 



soil) 
Crop EEC (mg a.e./kg soil) RQ1 



Level of 
Concern 
Exceeded 



Refinement In-field (0.6 
soil deposition factor): 
1.152 mg a.e./kg soil 



4.3 Yes 



1 Shaded cells and bold values indicate that the level of concern is exceeded (RQ > 1). 
 
Table X.19 Screening and Refinement Level Risk Assessment and Risk Quotients for 



Bees and Predators and Parasitic Arthropods Exposed to the Glyphosate 
Technical, Glyphosate Formulations and the Transformation Product AMPA 



Organism Exposure Endpoint 
Value Crop EEC RQ1 



Level of 
Concern 
Exceeded 



Bee 
Glyphosate Technical 



Honeybee, 
Apis melifera 



Contact 
LD50 > 
182 µg 
a.e./bee — 



4.32 kg a.e./ha × 2.4 µg 
a.e./bee per kg a.e./ha = 
10.37 µg a.e./bee  



< 0.06 No 



Oral 
LD50 > 
182 µg 
a.e./bee — 



4.32 kg a.e./ha × 29 µg 
a.e./bee per kg a.e./ha = 
125.28 µg a.e./bee 



< 0.7 No 



Brood / 
hive 



Risk is not expected from exposure to glyphosate based on the mode 
of action, a lack of effects observed for adult bees, and a lack of 
significant effects to other immature insects (chironomid and 
beneficial arthropods). 



Gyphosate Formulation (With POEA) 



EUP + POEA 



Contact 
LD50 > 
182 µg 
a.e./bee — 



4.32 kg a.e./ha × 2.4 µg 
a.e./bee per kg a.e./ha = 
10.37 µg a.e./bee  



< 0.09 No 



Oral 
LD50 > 
116 µg 
a.e./bee — 



4.32 kg a.e./ha × 29 µg 
a.e./bee per kg a.e./ha = 
125.28 µg a.e./bee 



< 1.25 No 



Brood / 
hive 



Risk is not expected from exposure to glyphosate based on the mode 
of action, a lack of effects observed for adult bees, and a lack of 
significant effects to other immature insects (chironomid and 
beneficial arthropods). 



Arthropods 



Predatory 
arthropod, 
Typhlodromus 
pyri 



Contact, 
glass 
plate 



LR50 = 
161.9 g 
a.e./ha 



Apple 



In-field: 7285 g a.e./ha 45.0 Yes 
Off-field (ground 
application, 3% drift): 29 
g a.e./ha 



1.3 
No 



Canola 



In-field: 6990 g a.e./ha 43.0 Yes 
Off-field (ground 
application, 3% drift): 
210Vg a.e./ha 



1.3 
No 



Off-field (aerial 7.3 Yes 
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Organism Exposure Endpoint 
Value Crop EEC RQ1 



Level of 
Concern 
Exceeded 



application, 17% drift): 
1188 g a.e./ha 



Potato 



In-field: 4320 g a.e./ha 27.0 Yes 
Off-field (ground 
application, 3% drift):  
130 g a.e./ha 



0.8 
No 



Contact, 
leaf 
substrate 



LR50 = 
1567 g 
a.e./ha 



Apple 



In-field: 7285 g a.e./ha 4.7 Yes 
Off-field (ground 
application, 3% drift):  
219 g a.e./ha  



0.1 
No 



Refined In-field (0.4 foliar 
deposition factor):  
2914 g a.e./ha  



1.9 
Yes 



Canola 



In-field: 6990 g a.e./ha 4.5 Yes 
Off-field (ground 
application, 3% drift):  
210 g a.e./ha  



0.1 
No 



Off-field (aerial 
application, 17% drift): 
1188 g a.e./ha 



0.8 
No 



Refined In-field (0.4 foliar 
deposition factor):  
2796 g a.e./ha 



1.8 
Yes 



Potato 



In-field: 4320 g a.e./ha 2.8 Yes 
Off-field (ground 
application, 3% drift):  
130 g a.e./ha  



0.08 
No 



Refined In-field (0.4 foliar 
deposition factor):  
1728 g a.e./ha 



1.1 
No 
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Organism Exposure Endpoint 
Value Crop EEC RQ1 



Level of 
Concern 
Exceeded 



Parasitoid 
arthropod, 
Aphidius 
rhopalosiphi 



Contact, 
glass 
plate 



LR50 = 
2267 g 
a.e./ha 



Apple 



In-field: 7285 g a.e./ha 3.2 Yes 
Off-field (ground 
application, 3% drift):  
219 g a.e./ha 



0.1 
No 



Canola 



In-field: 6990 g a.e./ha 3.1 Yes 
Off-field (ground 
application, 3% drift):  
210 g a.e./ha 



0.09 
No 



Off-field (aerial 
application, 17% drift): 
1188 g a.e./ha  



0.5 
No 



Potato 



In-field: 4320 g a.e./ha 1.9 No 
Off-field (ground 
application, 3% drift):  
130 g a.e./ha 



0.06 
No 



Contact, 
leaf 
substrate 



LR50 > 
5976 g 
a.e./ha; 
ER50 > 
5976 g 
a.e./ha 



Apple 



In-field: 7285 g a.e./ha < 1.2 No 
Off-field (ground 
application, 3% drift):  
219 g a.e./ha  



< 0.04 
No 



Refined In-field (0.4 foliar 
dissipation factor):  
2914 g a.e./ha  



< 0.5 
No 



Canola 



In-field: 6990 g a.e./ha < 1.2 No 
Off-field (ground 
application, 3% drift):  
210 g a.e./ha  



< 0.04 
No 



Off-field (aerial 
application, 17% drift): 
1188 g a.e./ha 



< 0.2 
No 



Refined In-field (0.4 foliar 
deposition factor):  
2796 g a.e./ha 



< 0.5 
No 



Potato 



In-field: 4320 g a.e./ha < 0.7 No 
Off-field (ground 
application, 3% drift):  
130 g a.e./ha 



< 0.02 
No 



Lacewing, 
Chrysoperla 
carnea 



Contact, 
glass 
plate 



LR50 > 
5976 g 
a.e./ha; 
ER50 > 
5976 g 
a.e./ha 



Apple 



In-field: 7285 g a.e./ha < 1.2 Yes 
Off-field (ground 
application, 3% drift):  
219 g a.e./ha  



< 0.04 
No 



Refined In-field (0.4 foliar 
deposition factor):  
2914 g a.e./ha  



< 0.5 
No 



Canola In-field: 6990 g a.e./ha < 1.2 Yes 
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Organism Exposure Endpoint 
Value Crop EEC RQ1 



Level of 
Concern 
Exceeded 



Off-field (ground 
application, 3% drift):  
210 g a.e./ha  



< 0.04 
No 



Off-field (aerial 
application, 17% drift): 
1188 g a.e./ha 



< 0.2 
No 



Refined In-field (0.4 foliar 
deposition factor):  
2796 g a.e./ha 



< 0.5 
No 



Potato 



In-field: 4320 g a.e./ha <  0.7 No 
Off-field (ground 
application, 3% drift): 130 
g a.e./ha 



< 0.02 
No 



Hoverfly, 
Episyrphus 
balteatus 



Contact, 
leaf 
substrate 



LR50 > 
5976 g 
a.e./ha; 
ER50 
>5976 g 
a.e./ha 



Apple 



In-field: 7285 g a.e./ha < 1.2 Yes 
Off-field (ground 
application, 3% drift):  
219 g a.e./ha  



< 0.04 
No 



Refined In-field (0.4 foliar 
deposition factor):  
2914 g a.e./ha  



< 0.5 
No 



Canola 



In-field: 6990 g a.e./ha < 1.2 Yes 
Off-field (ground 
application, 3% drift):  
210 g a.e./ha  



< 0.04 
No 



Off-field (aerial 
application, 17% drift): 
1188 g a.e./ha 



< 0.2 
No 



Refined In-field (0.4 foliar 
deposition factor):  
2796 g a.e./ha 



< 0.5 
No 



Potato 



In-field: 4320 g a.e./ha < 0.7 No 
Off-field (ground 
application, 3% drift):  
130 g a.e./ha 



< 0.02 
No 



Carabid 
beetle, 
Poecilus 
cupreus 



Contact, 
sand 
substrate 



LR50 > 
2988 g 
a.e./ha; 
ER50 > 
2988 g 
a.e./ha  



Apple 



In-field: 7285 g a.e./ha < 2.4 Yes 
Off-field (ground 
application, 3% drift):  
219 g a.e./ha  



< 0.07 
No 



Refined In-field (0.6 soil 
deposition factor):  
4371 g a.e./ha  



< 1.5 
Yes 



Canola 
In-field: 6990 g a.e./ha < 2.3 Yes 
Off-field (ground 
application, 3% drift):  < 0.07 No 
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Organism Exposure Endpoint 
Value Crop EEC RQ1 



Level of 
Concern 
Exceeded 



210 g a.e./ha  
Off-field (aerial 
application, 17% drift): 
1188 g a.e./ha 



< 0.4 
No 



Refined In-field (0.6 soil 
deposition factor):  
4194 g a.e./ha 



< 1.4 
Yes 



Potato 



In-field: 4320 g a.e./ha < 1.4 Yes 
Off-field (ground 
application, 3% drift):  
130 g a.e./ha 



< 0.04 
No 



Refined In-field (0.6 soil 
dissipation factor):  
2592 g a.e./ha 



< 0.9 
No 



Staphynilid 
beetle, 
Aleochara 
bilineata 



Chronic, 
soil 
substrate 



NOER = 
5976 g 
a.e./ha, 
highest 
rate 
tested 



Apple 



In-field: 7285 g a.e./ha 1.2 Yes 
Off-field (ground 
application, 3% drift):  
219 g a.e./ha  



0.04 No 



Canola 



In-field: 6990 g a.e./ha 1.1 Yes 
Off-field (ground 
application, 3% drift):  
210 g a.e./ha  



0.04 
No 



Off-field (aerial 
application, 17% drift): 
1188 g a.e./ha 



0.2 
No 



Potato 



In-field: 4320 g a.e./ha 0.7 No 
Off-field (ground 
application, 3% drift):  
130 g a.e./ha 



0.02 
No 



1 Risk Quotient (RQ) = EEC/endpoint; shaded cells and bold values indicate that the screening level RQ exceeds the 
LOC of 2.0 for A. rhopalosiphi and T. pyri and 1.0 for others.  



 
Table X.20 Screening Level Risk Assessment for Birds and Mammals Exposed to 



Glyphosate Technical 



 Animal Size Toxicity (mg 
a.e/kg bw/d) 



Feeding Guild  
(Food Item) 



EDE (mg  
a.e/kg bw) RQ 



Level of 
Concern 
Exceeded 



Screening Level – Birds  
Small Bird (0.02 kg)  
Acute > 319.63 Insectivore  592.97 < 1.9 Yes 
Reproduction 291 Insectivore  592.97 2 Yes 
Medium-Sized Bird (0.1 kg)  
Acute > 319.63 Insectivore  462.75 < 1.5 Yes 
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 Animal Size Toxicity (mg 
a.e/kg bw/d) 



Feeding Guild  
(Food Item) 



EDE (mg  
a.e/kg bw) RQ 



Level of 
Concern 
Exceeded 



Reproduction 291 Insectivore  462.75 1.6 Yes 
Large-Sized Bird (1 kg)  
Acute > 319.63 Herbivore (short grass) 298.91 < 0.9 No 
Reproduction 291 Herbivore (short grass) 298.91 1 Marginal 
Screening Level – Mammals 
Small Mammal (0.015 kg)  
Acute 156.8 Insectivore  341.06 2.2 Yes 
Reproduction 740 Insectivore  341.06 0.5 No 
Medium-Sized Mammal (0.035 kg) 
Acute 156.8 Herbivore (short grass) 661.47 4.2 Yes 
Reproduction 740 Herbivore (short grass) 661.47 0.9 No 
Large-Sized Mammal (1 kg) 
Acute 156.8 Herbivore (short grass) 353.45 2.3 Yes 
Reproduction 740 Herbivore (short grass) 353.45 0.5 No 
 
Shaded cells and bold values indicate that the level of concern is exceeded (RQ > 1). 
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Table X.21 Risk Assessment Refinement for Birds Exposed to Glyphosate Technical 



Exposure 



 Toxicity 
(mg 



a.e./kg 
bw/d) 



 Food Guild (Food Item) 



Maximum Nomogram Residues  Mean Nomogram Residues  



On-field 
EDE (mg 



a.e./kg bw) 
RQ 



Off-field 
(3% drift) 
EDE (mg 



a.e./kg 
bw) 



RQ 
On-field 
EDE (mg 



a.e./kg bw) 
RQ 



Off-field 
(3% drift) 
EDE (mg 



a.e./kg 
bw) 



RQ 



Small Bird (0.02 kg) 



Acute 
> 319.63 Insectivore 592.97 < 1.9 17.79 < 0.06 409.43 < 1.3 12.28 < 0.04 
> 319.63 Granivore (grain and seeds) 91.77 < 0.3 2.75 < 0.01 43.77 < 0.1 1.31 < 0.004 
> 319.63 Frugivore (fruit) 183.54 < 0.6 5.51 < 0.02 87.53 < 0.3 2.63 < 0.01 



Dietary 
> 258.00 Insectivore 592.97 < 2.3 17.79 < 0.07 409.43 < 2.0 12.28 < 0.05 
> 258.00 Granivore (grain and seeds) 91.77 < 0.4 2.75 < 0.01 43.77 < 0.2 1.31 < 0.01 
> 258.00 Frugivore (fruit) 183.54 < 0.7 5.51 < 0.02 87.53 < 0.3 2.63 < 0.01 



Reproduction 
291 Insectivore 592.97 2.0 17.79 0.06 409.43 1.4 12.28 < 0.04 
291 Granivore (grain and seeds) 91.77 0.3 2.75 0.01 43.77 0.2 1.31 < 0.005 
291 Frugivore (fruit) 183.54 0.6 5.51 0.02 87.53 0.3 2.63 0.01 



Medium-Sized Bird (0.1 kg) 



Acute 
> 319.63 Insectivore 462.75 < 1.5 13.88 < 0.04 319.52 < 1.0 9.59 < 0.03 
> 319.63 Granivore (grain and seeds) 71.62 < 0.2 2.15 < 0.01 34.16 < 0.1 1.02 < 0.003 
> 319.63 Frugivore (fruit) 143.23 < 0.5 4.3 < 0.01 68.31 < 0.2 2.05 < 0.01 



Dietary 
> 258.00 Insectivore 462.75 < 1.8 13.88 < 0.05 319.52 < 1.2 9.59 < 0.04 
> 258.00 Granivore (grain and seeds) 71.62 < 0.3 2.15 < 0.01 34.16 < 0.1 1.02 < 0.004 
> 258.00 Frugivore (fruit) 143.23 < 0.6 4.3 < 0.02 68.31 < 0.3 2.05 < 0.01 



Reproduction 
291 Insectivore 462.75 1.6 13.88 0.05 319.52 1.1 9.59 0.03 
291 Granivore (grain and seeds) 71.62 0.3 2.15 0.01 34.16 0.1 1.02 0.004 
291 Frugivore (fruit) 143.23 0.5 4.3 0.01 68.31 0.2 2.05 0.01 



Large-Sized Bird (1 kg) 



Acute >319.63 Insectivore 135.1 < 0.4 4.05 < 0.01 93.29 < 0.3 2.8 < 0.01 
>319.63 Granivore (grain and seeds) 20.91 < 0.1 0.63 < 0.002 93.29 < 0.3 0.3 < 0.001 
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Exposure 



 Toxicity 
(mg 



a.e./kg 
bw/d) 



 Food Guild (Food Item) 



Maximum Nomogram Residues  Mean Nomogram Residues  



On-field 
EDE (mg 



a.e./kg bw) 
RQ 



Off-field 
(3% drift) 
EDE (mg 



a.e./kg 
bw) 



RQ 
On-field 
EDE (mg 



a.e./kg bw) 
RQ 



Off-field 
(3% drift) 
EDE (mg 



a.e./kg 
bw) 



RQ 



>319.63 Frugivore (fruit) 41.82 < 0.1 1.25 < 0.004 19.94 < 0.1 0.6 < 0.002 
> 319.63 Herbivore (short grass) 298.91 < 0.9 8.97 < 0.03 106.16 < 0.3 3.18 < 0.01 
> 319.63 Herbivore (long grass) 182.51 < 0.6 5.48 < 0.02 59.6 < 0.2 1.79 < 0.01 
> 319.63 Herbivore (Broadleaf plants) 276.56 < 0.9 8.3 < 0.03 91.42 < 0.3 2.74 < 0.01 



Dietary 



> 258.00 Insectivore 135.1 < 0.5 4.05 < 0.02 93.29 < 0.4 2.8 < 0.01 
> 258.00 Granivore (grain and seeds) 20.91 < 0.1 0.63 < 0.002 93.29 < 0.4 0.3 < 0.001 
> 258.00 Frugivore (fruit) 41.82 < 0.2 1.25 < 0.005 19.94 < 0.1 0.6 < 0.002 
> 258.00 Herbivore (short grass) 298.91 < 1.2 8.97 < 0.03 106.16 < 0.4 3.18 < 0.01 
> 258.00 Herbivore (long grass) 182.51 < 0.7 5.48 < 0.02 59.6 < 0.2 1.79 < 0.01 
> 258.00 Herbivore (Broadleaf plants) 276.56 < 1.1 8.3 < 0.03 91.42 < 0.4 2.74 < 0.01 



Reproduction 



291 Insectivore 135.1 0.5 4.05 0.01 93.29 0.3 2.8 0.01 
291 Granivore (grain and seeds) 20.91 0.1 0.63 0.002 93.29 0.3 0.3 0.001 
291 Frugivore (fruit) 41.82 0.1 1.25 0.004 19.94 0.1 0.6 0.002 
291 Herbivore (short grass) 298.91 1.0 8.97 0.03 106.16 0.4 3.18 0.01 
291 Herbivore (long grass) 182.51 0.6 5.48 0.02 59.6 0.2 1.79 0.01 
291 Herbivore (Broadleaf plants) 276.56 1.0 8.3 0.03 91.42 0.3 2.74 0.01 



Shaded cells and bold values indicate that the level of concern is exceeded (RQ > 1). 
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Table X.22 Screening Level Risk Assessment for Glyphosate Formulations Exposed to Wild Birds and Mammals – Single 
Application Rate 



 



 Exposure Toxicity (mg a.e/kg 
bw/d) Feeding Guild (Food Item) EDE (mg a.e/kg bw) RQ 



Small Bird (0.02 kg)  
Acute 113.1 Insectivore 351.63 3.1 
Reproduction n/a Insectivore 351.63 n/a 
Medium-Sized Bird (0.1 kg)  
Acute 113.1 Insectivore 274.41 2.4 
Reproduction n/a Insectivore 274.41 n/a 
Large-Sized Bird (1 kg)  
Acute 113.1 Herbivore (short grass) 177.25 1.6 
Reproduction n/a Herbivore (short grass) 177.25 n/a 
Small Mammal (0.015 kg)  
Acute 35.7 Insectivore 202.25 5.7 
Reproduction n/a Insectivore 202.25 n/a 
Medium-Sized Mammal (0.035 kg) 
Acute 35.7 Herbivore (short grass) 392.25 11 
Reproduction n/a Herbivore (short grass) 392.25 n/a 
Large-Sized Mammal (1 kg) 
Acute 35.7 Herbivore (short grass) 209.59 5.9 
Reproduction  n/a Herbivore (short grass) 209.59 n/a 
Shaded cells and bold values indicate that the level of concern is exceeded (RQ > 1). 
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Table X.23 Further Characterization of Risks of Glyphosate Formulations to Wild Birds – Single Application Rate 



      Maximum Nomogram Residues Mean Nomogram Residues 



  



Toxicity 
(mg 



a.e./kg 
bw/d) 



Food Guild (food item) 



On-field 
EDE (mg 



a.e./kg 
bw) 



RQ 



Off-field 
(3% 
drift) 



EDE (mg 
a.e./kg 



bw) 



RQ 



On-field 
EDE (mg 



a.e./kg 
bw) 



RQ 



Off-field 
(3% 
drift) 



EDE (mg 
a.e./kg 



bw) 



RQ 



Small Bird (0.02 kg) 



Acute 
113.1 Insectivore 351.63 3.1 10.55 0.09 242.79 2.2 7.28 0.06 
113.1 Granivore (grain and seeds) 54.42 0.5 1.63 0.01 25.95 0.23 0.78 0.01 
113.1 Frugivore (fruit) 108.84 0.96 3.27 0.03 51.91 0.46 1.56 0.01 



Dietary 
> 18.70 Insectivore 351.63 < 18.8 10.55 < 0.6 242.79 < 13.0 7.28 < 0.4 
> 18.70 Granivore (grain and seeds) 54.42 < 2.9 1.63 < 0.09 25.95 < 1.4 0.78 < 0.04 
> 18.70 Frugivore (fruit) 108.84 < 5.8 3.27 < 0.2 51.91 < 2.8 1.56 < 0.08 



Medium-Sized Bird (0.1 kg) 



Acute 
113.1 Insectivore 274.41 2.4 8.23 0.07 189.47 1.7 5.68 0.05 
113.1 Granivore (grain and seeds) 42.47 0.4 1.27 0.01 20.25 0.18 0.61 0.01 
113.1 Frugivore (fruit) 84.94 0.8 2.55 0.02 40.51 0.36 1.22 0.01 



Dietary 
> 18.70 Insectivore 274.41 <14.7 8.23 < 0.4 189.47 < 10.1 5.68 < 0.30 
> 18.70 Granivore (grain and seeds) 42.47 < 2.3 1.27 < 0.07 20.25 < 1.1 0.61 < 0.03 
> 18.70 Frugivore (fruit) 84.94 < 4.5 2.55 < 0.1 40.51 < 2.2 1.22 < 0.06 



Large-Sized Bird (1 kg) 



Acute 



113.1 Insectivore 80.12 0.7 2.4 0.02 55.32 0.5 1.66 0.01 
113.1 Granivore (grain and seeds) 12.4 0.1 0.37 0.003 55.32 0.5 0.18 0.002 
113.1 Frugivore (fruit) 24.8 0.2 0.74 0.01 11.83 0.1 0.35 0.003 
113.1 Herbivore (short grass) 177.25 1.6 5.32 0.05 62.95 0.6 1.89 0.02 
113.1 Herbivore (long grass) 108.23 0.96 3.25 0.03 35.34 0.3 1.06 0.01 
113.1 Herbivore (Broadleaf plants) 164 1.5 4.92 0.04 54.21 0.5 1.63 0.01 



Dietary 
> 18.70 Insectivore 80.12 < 4.3 2.4 < 0.1 55.32 < 3.0 1.66 < 0.09 
> 18.70 Granivore (grain and seeds) 12.4 < 0.7 0.37 < 0.02 55.32 <3.0 0.18 < 0.01 
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      Maximum Nomogram Residues Mean Nomogram Residues 



  



Toxicity 
(mg 



a.e./kg 
bw/d) 



Food Guild (food item) 



On-field 
EDE (mg 



a.e./kg 
bw) 



RQ 



Off-field 
(3% 
drift) 



EDE (mg 
a.e./kg 



bw) 



RQ 



On-field 
EDE (mg 



a.e./kg 
bw) 



RQ 



Off-field 
(3% 
drift) 



EDE (mg 
a.e./kg 



bw) 



RQ 



> 18.70 Frugivore (fruit) 24.8 < 1.3 0.74 < 0.04 11.83 < 0.6 0.35 < 0.02 
> 18.70 Herbivore (short grass) 177.25 < 9.5 5.32 < 0.3 62.95 < 3.4 1.89 < 0.1 
> 18.70 Herbivore (long grass) 108.23 < 5.8 3.25 < 0.2 35.34 < 1.9 1.06 < 0.06 
> 18.70 Herbivore (Broadleaf plants) 164 < 8.8 4.92 < 0.3 54.21 < 2.9 1.63 < 0.09 



Shaded cells and bold values indicate that the level of concern is exceeded (RQ > 1). 
 
Table X.24 Further Characterization of the Risk of Glyphosate Technical to Wild Mammals 



      Maximum Nomogram Residues Mean Nomogram Residues 



  



Toxicity 
(mg 



a.e./kg 
bw/d) 



Food Guild (Food Item) 



On-field 
EDE (mg 



a.e./kg 
bw) 



RQ 



Off-field 
(3% 
drift) 



EDE (mg 
a.e./kg 



bw) 



RQ 



On-field 
EDE (mg 



a.e./kg 
bw) 



RQ 



Off-field 
(3% 
drift) 



EDE (mg 
a.e./kg 



bw) 



RQ 



Small Mammal (0.015 kg) 
Acute – 



most 
sensitive 
endpoint 



156.8 Insectivore 341.06 2.2 10.23 0.07 235.49 1.5 7.06 0.05 
156.8 Granivore (grain and seeds) 52.78 0.3 1.58 0.01 25.17 0.2 0.76 0.007 
156.8 Frugivore (fruit) 105.57 0.7 3.17 0.02 50.35 0.3 1.51 0.01 



Acute – 
least 



sensitive 
endpoint 



560 Insectivore 341.06 0.6 10.23 0.02 235.49 0.4 7.06 0.01 
560 Granivore (grain and seeds) 52.78 0.09 1.58 0.003 25.17 0.04 0.76 0.001 
560 Frugivore (fruit) 105.57 0.2 3.17 0.01 50.35 0.09 1.51 0.003 



Medium-Sized Mammal (0.035 kg) 
Acute – 



most 
sensitive 
endpoint 



156.8 Insectivore 298.98 1.9 8.97 0.06 206.44 1.3 6.19 0.04 
156.8 Granivore (grain and seeds) 46.27 0.3 1.39 0.009 22.07 0.1 0.66 0.004 
156.8 Frugivore (fruit) 92.54 0.6 2.78 0.02 44.13 0.3 1.32 0.008 
156.8 Herbivore (short grass) 661.47 4.2 19.84 0.1 234.92 1.5 7.05 0.04 
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      Maximum Nomogram Residues Mean Nomogram Residues 



  



Toxicity 
(mg 



a.e./kg 
bw/d) 



Food Guild (Food Item) 



On-field 
EDE (mg 



a.e./kg 
bw) 



RQ 



Off-field 
(3% 
drift) 



EDE (mg 
a.e./kg 



bw) 



RQ 



On-field 
EDE (mg 



a.e./kg 
bw) 



RQ 



Off-field 
(3% 
drift) 



EDE (mg 
a.e./kg 



bw) 



RQ 



156.8 Herbivore (long grass) 403.88 2.6 12.12 0.08 131.88 0.8 3.96 0.03 
156.8 Herbivore (broadleaf plants) 612.01 3.9 18.36 0.1 202.32 1.3 6.07 0.04 



Acute – 
least 



sensitive 
endpoint 



560 Insectivore 298.98 0.5 8.97 0.02 206.44 0.4 6.19 0.01 
560 Granivore (grain and seeds) 46.27 0.08 1.39 0.002 22.07 0.04 0.66 0.001 
560 Frugivore (fruit) 92.54 0.2 2.78 0.005 44.13 0.08 1.32 0.002 
560 Herbivore (short grass) 661.47 1.2 19.84 0.04 234.92 0.4 7.05 0.01 
560 Herbivore (long grass) 403.88 0.7 12.12 0.02 131.88 0.2 3.96 0.01 
560 Herbivore (broadleaf plants) 612.01 1.1 18.36 0.03 202.32 0.4 6.07 0.01 



Large-Sized Mammal (1 kg) 



Acute – 
most 



sensitive 
endpoint 



156.8 Insectivore 159.75 1 4.79 0.03 110.31 0.7 3.31 0.02 
156.8 Granivore (grain and seeds) 24.72 0.2 0.74 0.005 11.79 0.08 0.35 0.002 
156.8 Frugivore (fruit) 49.45 0.3 1.48 0.01 23.58 0.2 0.71 0.005 
156.8 Herbivore (short grass) 353.45 2.3 10.6 0.07 125.52 0.8 3.77 0.02 
156.8 Herbivore (long grass) 215.81 1.4 6.47 0.04 70.47 0.4 2.11 0.01 
156.8 Herbivore (broadleaf plants) 327.01 2.1 9.81 0.06 108.1 0.7 3.24 0.02 



Acute – 
least 



sensitive 
endpoint 



560 Insectivore 159.75 0.3 4.79 0.01 110.31 0.2 3.31 0.01 
560 Granivore (grain and seeds) 24.72 0.04 0.74 0.001 11.79 0.02 0.35 0.001 
560 Frugivore (fruit) 49.45 0.09 1.48 0.003 23.58 0.04 0.71 0.001 
560 Herbivore (short grass) 353.45 0.6 10.6 0.02 125.52 0.2 3.77 0.01 
560 Herbivore (long grass) 215.81 0.4 6.47 0.01 70.47 0.1 2.11 0.004 
560 Herbivore (broadleaf plants) 327.01 0.6 9.81 0.02 108.1 0.2 3.24 0.01 



Shaded cells and bold values indicate that the level of concern is exceeded (RQ > 1). 
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Table X.25 Further Characterization of Risks of Glyphosate Formulations to Wild Mammals – Single Application Rate 



      Maximum Nomogram Residues Mean Nomogram Residues 



  



Toxicity 
(mg 



a.e./kg 
bw/d) 



Food Guild (Food Item) 



On-field 
EDE (mg 



a.e./kg 
bw) 



RQ 



Off-field 
(3% 
drift) 



EDE (mg 
a.e./kg 



bw) 



RQ 



On-field 
EDE (mg 



a.e./kg 
bw) 



RQ 



Off-field 
(3% 
drift) 



EDE (mg 
a.e./kg 



bw) 



RQ 



Small Mammal (0.015 kg) 
Acute – 



most 
sensitive 
endpoint 



35.7 Insectivore 202.25 5.7 6.07 0.2 139.65 3.9 4.19 0.1 
35.7 Granivore (grain and seeds) 31.3 0.9 0.94 0.03 14.93 0.4 0.45 0.01 
35.7 Frugivore (fruit) 62.6 1.7 1.88 0.05 29.86 0.8 0.9 0.03 



Acute – 
least 



sensitive 
endpoint  



> 400.00 Insectivore 202.25 < 0.5 6.07 < 0.02 139.65 < 0.35 4.19 < 0.01 
> 400.00 Granivore (grain and seeds) 31.3 < 0.08 0.94 < 0.002 14.93 < 0.04 0.45 < 0.001 
> 400.00 Frugivore (fruit) 62.6 < 0.2 1.88 < 0.005 29.86 < 0.07 0.9 < 0.002 



Medium-Sized Mammal (0.035 kg) 



Acute – 
most 



sensitive 
endpoint 



35.7 Insectivore 177.29 5 5.32 0.1 122.42 3.4 3.67 0.1 
35.7 Granivore (grain and seeds) 27.44 0.8 0.82 0.02 13.09 0.4 0.39 0.01 
35.7 Frugivore (fruit) 54.88 1.5 1.65 0.05 26.17 0.7 0.79 0.02 
35.7 Herbivore (short grass) 392.25 11 11.77 0.3 139.3 3.9 4.18 0.1 
35.7 Herbivore (long grass) 239.5 6.7 7.19 0.2 78.2 2.2 2.35 0.07 
35.7 Herbivore (broadleaf plants) 362.92 10.2 10.89 0.3 119.97 3.4 3.6 0.1 



Acute – 
least 



sensitive 
endpoint 



> 400.00 Insectivore 177.29 < 0.4 5.32 < 0.01 122.42 < 0.3 3.67 < 0.01 
> 400.00 Granivore (grain and seeds) 27.44 < 0.07 0.82 < 0.002 13.09 < 0.03 0.39 < 0.001 
> 400.00 Frugivore (fruit) 54.88 < 0.1 1.65 < 0.004 26.17 < 0.07 0.79 < 0.002 
> 400.00 Herbivore (short grass) 392.25 <0.98 11.77 < 0.03 139.3 < 0.4 4.18 < 0.01 
> 400.00 Herbivore (long grass) 239.5 < 0.6 7.19 <0.02 78.2 < 0.2 2.35 < 0.01 
> 400.00 Herbivore (broadleaf plants) 362.92 < 0.9 10.89 <0.03 119.97 < 0.3 3.6 < 0.01 
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      Maximum Nomogram Residues Mean Nomogram Residues 



  



Toxicity 
(mg 



a.e./kg 
bw/d) 



Food Guild (Food Item) 



On-field 
EDE (mg 



a.e./kg 
bw) 



RQ 



Off-field 
(3% 
drift) 



EDE (mg 
a.e./kg 



bw) 



RQ 



On-field 
EDE (mg 



a.e./kg 
bw) 



RQ 



Off-field 
(3% 
drift) 



EDE (mg 
a.e./kg 



bw) 



RQ 



Large-Sized Mammal (1 kg) 



Acute – 
most 



sensitive 
endpoint 



35.7 Insectivore 94.73 2.6 2.84 0.08 65.41 1.8 1.96 0.06 
35.7 Granivore (grain and seeds) 14.66 0.4 0.44 0.01 6.99 0.2 0.21 0.006 
35.7 Frugivore (fruit) 29.32 0.8 0.88 0.02 13.98 0.4 0.42 0.01 
35.7 Herbivore (short grass) 209.59 5.9 6.29 0.2 74.44 2.1 2.23 0.06 
35.7 Herbivore (long grass) 127.97 3.6 3.84 0.1 41.79 1.2 1.25 0.04 
35.7 Herbivore (broadleaf plants) 193.92 5.4 5.82 0.2 64.11 1.8 1.92 0.05 



Acute – 
least 



sensitive 
endpoint 



> 400.00 Insectivore 94.73 < 0.2 2.84 < 0.01 65.41 < 0.2 1.96 < 0.005 
> 400.00 Granivore (grain and seeds) 14.66 < 0.04 0.44 < 0.001 6.99 < 0.02 0.21 < 0.001 
> 400.00 Frugivore (fruit) 29.32 < 0.07 0.88 < 0.002 13.98 < 0.03 0.42 < 0.001 
> 400.00 Herbivore (short grass) 209.59 < 0.5 6.29 < 0.02 74.44 < 0.2 2.23 < 0.01 
> 400.00 Herbivore (long grass) 127.97 < 0.3 3.84 < 0.01 41.79 < 0.1 1.25 < 0.003 
> 400.00 Herbivore (broadleaf plants) 193.92 < 0.5 5.82 < 0.01 64.11 < 0.2 1.92 < 0.005 



1EDE = Estimated dietary exposure; is calculated using the following formula: (FIR/BW) × EEC, where: FIR: Food Ingestion Rate (Nagy, 1987). For mammals, 
the “all mammals” equation was used: FIR (g dry weight/day) = 0.235(BW in g) 0.822. 
BW: Generic Body Weight ; EEC: Concentration of pesticide on food item based on Hoerger and Kenaga (1972) and Kenaga (1973) and modified according to 
Fletcher et al. (1994). At the screening level, relevant food items representing the most conservative EEC are used. 
Shaded cells and bold values indicate that the level of concern is exceeded (RQ > 1). 
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Table X.26 Risk Assessment (In-field and Off-field) and Risk Quotients for Terrestrial Vascular Plants (Seedling 
Emergence and Vegetative Vigour) at the Maximum Rate of Application for Glyphosate in Different Crop 
Productions 



Organism Exposure Endpoint Value Crop EEC RQ1 



Vascular 
Plants 



Seedling 
emergence EC50: 3.25 kg a.e./ha 



Apple 
In-field: 9.55 kg a.e./ha 2.9 
Off-field (ground application, 3% drift): 0.287 kg 
a.e./ha 0.09 



Canola 



In-field: 7.812 kg a.e./ha 2.4 
Off-field (ground application, 3% drift): 0.234 kg 
a.e./ha 0.07 



Off-field (aerial application, 17% drift): 1.328 kg 
a.e./ha 0.4 



Corn 
In-field: 7.528 kg a.e./ha 2.3 
Off-field (ground application, 3% drift): 0.226 kg 
a.e./ha 0.07 



Potato 
In-field: 4.32 kg a.e./ha 1.3 
Off-field (ground application, 3% drift): 0.13 kg 
a.e./ha 0.04 



Vegetative 
vigour – 



formulations 
without POEA 



EC50 value: 
0.014 kg a.e./ha  



Apple 
 



In-field: 7.285 kg a.e./ha 520.4 
Off-field (ground application, 3% drift): 0.219 kg 
a.e./ha 15.6 



Canola 



In-field: 6.99 kg a.e./ha 499.3 
Off-field (ground application, 3% drift): 0.21 kg 
a.e./ha 15.0 



Off-field (aerial application, 17% drift): 1.19 kg 
a.e./ha 85.0 



Corn 
In-field: 6.522 kg a.e./ha 465.9 
Off-field (ground application, 3% drift): 0.196 kg 
a.e./ha 14.0 



Potato 
In-field: 4.32 kg a.e./ha 308.6 
Off-field (ground application, 3% drift): 0.13 kg 
a.e./ha 9.3 



Vegetative 
vigour – 



formulations 



HC5 of SSD for 2 × EC25 
values:  



0.069 kg a.e./ha 
Apple 



In-field: 7.285 kg a.e./ha 105.6 
Off-field (ground application, 3% drift): 0.219 kg 
a.e./ha 3.2 
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Organism Exposure Endpoint Value Crop EEC RQ1 



with POEA 



Canola 



In-field: 6.99 kg a.e./ha 101.3  
Off-field (ground application, 3% drift): 0.21 kg 
a.e./ha 3.0 



Off-field (aerial application, 17% drift): 1.19 kg 
a.e./ha 17.2 



Corn 
In-field: 6.522 kg a.e./ha 94.5 
Off-field (ground application, 3% drift): 0.196 kg 
a.e./ha 2.8 



Potato 
In-field: 4.32 kg a.e./ha 62.6 
Off-field (ground application, 3% drift): 0.13 kg 
a.e./ha 1.9 



1 Shaded cells and bold values indicate that the level of concern is exceeded (RQ > 1). 
 
Table X.27 Screening Level Risk Assessment of Glyphosate Technical, Glyphoate Formulations, the Transformation 



Product AMPA and the Formulant POEA to Aquatic Organisms Following Ground Boom Application in 
Different Crop Productions 



Test Material Exposure Endpoint Value  
(mg a.e./L)  Crop Application Rate/Interval Depth 



(cm) 



EEC  
(mg 



a.e./L) 
RQ1 



Freshwater Invertebrates 
Technical 
grade active 
ingredient 



Acute HC5: 16.9  



Apple 4320 g a.e./ha × 2 + 3960 g a.e./ha 
at 14 d 



80 



1.5 



0.09 



Chronic NOEC: 7.14  0.2 



EUP Non-
POEA 



Acute HC5: 30.5 0.05 
Chronic ½ EC50: 21.9 0.07 



EUP With 
POEA 



Acute HC5: 0.19  Apple 4320 g a.e./ha × 2 + 3960 g a.e./ha 
at 14 d 7.9  



Potato 4320 g a.e./ha 0.5 2.6 



Chronic NOEC: 0.27  Apple 4320 g a.e./ha × 2 + 3960 g a.e./ha 
at 14 d 1.5 5.6 



Potato 4320 g a.e./ha 0.5 1.9 
POEA  Acute HC5: 0.0041 Apple 1967 g a.e./ha × 2 + 1803 g a.e./ha 0.51 124 
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Test Material Exposure Endpoint Value  
(mg a.e./L)  Crop Application Rate/Interval Depth 



(cm) 



EEC  
(mg 



a.e./L) 
RQ1 



mg/L at 14 d 
Potato 1967 g a.e./ha 0.25 61 



Chronic ½ EC50: 0.85 
mg/L 



Apple 1967 g a.e./ha × 2 + 1803 g a.e./ha 
at 14 d 0.51 0.6 



Potato 1967 g a.e./ha 0.25 0.29  



AMPA Acute ½ EC50: 204 
mg/L Apple 2837 g a.e./ha × 2 + 2600 g a.e./ha 



at 14 d 0.9 0.004 



Snails 
Technical 
grade active 
ingredient 



Chronic NOEC: 1000  
Apple 4320 g a.e./ha × 2 + 3960 g a.e./ha 



at 14 d 



15 



8.2 



0.01 



EUP Non-
POEA Chronic NOEC: 29.6  0.28 



EUP With 
POEA 



Acute ½ LC50: 1.15  Apple 4320 g a.e./ha × 2 + 3960 g a.e./ha 
at 14 d 7.1 



Potato 4320 g a.e./ha 2.88 2.5 



Chronic NOEC: 8.6  Apple 4320 g a.e./ha × 2 + 3960 g a.e./ha 
at 14 d 8.2 0.95 



Freshwater Fish 
Technical 
grade active 
ingredient 



Acute  HC5: 80.4 Apple 



4320 g a.e./ha × 2 + 3960 g a.e./ha 
at 14 d 



80  



  
  



1.5 
  
  



0.02 



Chronic NOEC: 25.7 Apple 0.06 



EUP Non-
POEA Acute  1/10 LC50: 12.2 Apple 0.12 



EUP With 
POEA 



Acute  HC5: 1.74 Apple 0.86 



Chronic NOEC: 0.36 Apple 4.2 
Potato 4320 g a.e./ha 0.5 1.4 



POEA  Acute HC5: 0.26 Apple 1967 g a.e./ha × 2 + 1803 g a.e./ha 
at 14 d 0.51 2 



AMPA Acute 1/10 LC50: 29.7 Apple 2837 g a.e./ha × 2 + 2600 g a.e./ha 
at 14 d 0.9 0.03 
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Test Material Exposure Endpoint Value  
(mg a.e./L)  Crop Application Rate/Interval Depth 



(cm) 



EEC  
(mg 



a.e./L) 
RQ1 



Freshwater Algae 
Technical 
grade active 
ingredient 



Acute  HC5: 6.6 
Apple 4320 g a.e./ha × 2 + 3960 g a.e./ha 



at 14 d 



80 



1.5 
0.23 



Chronic HC5: 118 0.01 



EUP Non-
POEA Acute  ½ EC50: 0.06 Apple 4320 g a.e./ha × 2 + 3960 g a.e./ha 



at 14 d 1.5 25 



Potato 4320 g a.e./ha 0.5 8.3 



EUP With 
POEA 



Acute  ½ EC50: 4.6 Apple 4320 g a.e./ha × 2 + 3960 g a.e./ha 
at 14 d 1.5 0.32 



Chronic HC5: 0.42 Apple 4320 g a.e./ha × 2 + 3960 g a.e./ha 
at 14 d 1.5 3.6 



Potato 4320 g a.e./ha 0.5 1.2  
POEA 
ALONE Acute ½ EC50: 1.7 Apple 1967 g a.e./ha × 2 + 1803 g a.e./ha 



at 14 d 0.51 0.3 



AMPA Acute  ½ EC50: 71.5 Apple 2837 g a.e./ha × 2 + 2600 g a.e./ha 
at 14 d 0.9 0.01 



Freshwater Plants 
Technical 
grade active 
ingredient 



Acute  ½ EC50: 10.6 Apple 4320 g a.e./ha × 2 + 3960 g a.e./ha 
at 14 d 



80 



1.5 0.14 



EUP Non-
POEA Acute  ½ EC50: 3.85 Apple 4320 g a.e./ha × 2 + 3960 g a.e./ha 



at 14 d 1.5 0.39 



EUP With 
POEA Acute  HC5: 0.003 Apple 4320 g a.e./ha × 2 + 3960 g a.e./ha 



at 14 d 1.5 500 



Potato 4320 g a.e./ha 0.5 167 
Amphibians Lab Data 



Technical 
grade active 
ingredient 



Acute HC5: 15  Apple 4320 g a.e./ha × 2 + 3960 g a.e./ha 
at 14 d 



15 



8.2 0.55 



Chronic 42-d NOEC: 1.8  Apple 4320 g a.e./ha × 2 + 3960 g a.e./ha 
at 14 d 8.2 4.6 



Potato 4320 g a.e./ha 2.9 1.6 
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Test Material Exposure Endpoint Value  
(mg a.e./L)  Crop Application Rate/Interval Depth 



(cm) 



EEC  
(mg 



a.e./L) 
RQ1 



EUP Non-
POEA Acute HC5: 18 Apple 4320 g a.e./ha × 2 + 3960 g a.e./ha 



at 14 d 8.2 0.46 



EUP With 
POEA 



Acute HC5: 0.93 Apple 4320 g a.e./ha × 2 + 3960 g a.e./ha 
at 14 d 8.2 8.8 



Potato 4320 g a.e./ha 2.9 3.1 



Chronic HC5: 0.86 Apple 4320 g a.e./ha × 2 + 3960 g a.e./ha 
at 14 d 8.2 9.5 



Potato 4320 g a.e./ha 2.9 3.4 
Amphibian Field Mesocosm Data 



EUP With 
POEA 



Acute HC5: 2.29  Apple 4320 g a.e./ha × 2 + 3960 g a.e./ha 
at 14 d 



15 



8.2 3.6 



Potato 4320 g a.e./ha 2.9 1.3 



Chronic HC5 : 1.36  Apple 4320 g a.e./ha × 2 + 3960 g a.e./ha 
at 14 d 8.2 6.0 



Potato 4320 g a.e./ha 2.9 2.1 
Marine/Estuarine Invertebrates 
Technical 
grade active 
ingredient 



Acute HC5: 0.3  Apple 4320 g a.e./ha × 2 + 3960 g a.e./ha 
at 14 d 



80 



1.5 5 



Potato 4320 g a.e./ha 0.5 1.7 
EUP Non-
POEA Acute ½ EC50: 11.6 Apple 4320 g a.e./ha × 2 + 3960 g a.e./ha 



at 14 d 1.5 0.13 



EUP With 
POEA Acute HC5: 0.01 Apple 4320 g a.e./ha × 2 + 3960 g a.e./ha 



at 14 d 1.5 150 



Potato 4320 g a.e./ha 0.5 50  



POEA  Acute ½ EC50: 0.3 Apple 1967 g a.e./ha × 2 + 1803 g a.e./ha 
at 14 d 0.51 1.7 



Potato 1967 g a.e./ha 0.25 0.83 



AMPA Acute ½ EC50: > 48.5 Apple 2837 g a.e./ha × 2 + 2600 g a.e./ha 
at 14 d 0.9 < 0.02 
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Test Material Exposure Endpoint Value  
(mg a.e./L)  Crop Application Rate/Interval Depth 



(cm) 



EEC  
(mg 



a.e./L) 
RQ1 



Marine/Estuarine Fish 



Technical 
grade active 
ingredient 



Acute HC5: 23  Apple 4320 g a.e./ha × 2 + 3960 g a.e./ha 
at 14 d 



80 



1.5 0.06 



Chronic NOEC: 0.1 Apple 4320 g a.e./ha × 2 + 3960 g a.e./ha 
at 14 d 1.5 15 



Potato 4320 g a.e./ha 0.5 5 
EUP Non-
POEA Acute 1/10 LC50: 14  Apple 4320 g a.e./ha × 2 + 3960 g a.e./ha 



at 14 d 1.5 0.11 



EUP With 
POEA Acute HC5: 3.0 Apple 4320 g a.e./ha × 2 + 3960 g a.e./ha 



at 14 d 1.5 0.5 



Potato 4320 g a.e./ha 0.5 0.17 



POEA  Acute HC5: 2.1 Apple 1967 g a.e./ha × 2 + 1803 g a.e./ha 
at 14 d 0.51 0.24 



Potato 1967 g a.e./ha 0.25 0.12 
Marine/Estuarine Algae 



Technical 
grade active 
ingredient 



Acute ½ EC50: 1.6  Apple 4320 g a.e./ha × 2 + 3960 g a.e./ha 
at 14 d 



80 



1.5 0.94 



Chronic HC5: 28.4 Apple 4320 g a.e./ha × 2 + 3960 g a.e./ha 
at 14 d 1.5 0.05  



EUP With 
POEA 



Acute ½ EC50: 1.7 Apple 4320 g a.e./ha × 2 + 3960 g a.e./ha 
at 14 d 1.5 0.88 



Chronic HC5: 0.33 Apple 4320 g a.e./ha × 2 + 3960 g a.e./ha 
at 14 d 1.5 4.4 



Potato 4320 g a.e./ha 0.5 2.9 



POEA  Acute ½ EC50: 0.93 Apple 1967 g a.e./ha × 2 + 1803 g a.e./ha 
at 14 d 0.51 0.55 



1Shaded cells and bold values indicate that the level of concern is exceeded (RQ > 1). 
 
Refined Risk Assessment on Non-Target Aquatic Species 
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Table X.28 Further Risk Characterization of Glyphosate Technical, Glyphosate Formulations, Transformation Product 
AMPA and the Formulant POEA Exposed to Aquatic Organisms Following Drift from Ground Boom or Aerial 
Applications in Different Crop Productions  



 



Test Material Exposure 
Endpoint 



Value  
(mg ae/L) 



Use Scenario Application Rate  
(g ae/ha) 



EEC 



(mg a.e/L) RQ LOC 
Exceeded 



Freshwater Invertebrates 



EUP With POEA 
Acute HC5: 0.19 



Aerial (canola) 4320 + 4320 + 902 at 10 d 0.2 1.1 Yes 
Ground (potato) 4320 0.02 0.11 No 



Chronic NOEC :0.27 Aerial (canola) 4320 + 4320 + 902 at 10 d 0.2 0.74 No 
Ground (potato) 4320 0.02 0.07 No 



POEA Acute HC5: 0.0041 Aerial (canola) 1967 + 1967 + 411 at 10 d 0.066 16.1 Yes 
Ground (potato) 1967 0.0075  1.8 Yes 



Freshwater Snails 



EUP With POEA Acute ½ LC50: 1.15 Aerial (canola) 4320 + 4320 + 902 at 10 d 1.06 0.92 No 
Ground (potato) 4320 0.09 0.08 No 



Freshwater Fish 



EUP With POEA Chronic NOEC :0.36 Aerial (canola) 4320 + 4320 + 902 at 10 d 0.2 0.56 No 
Ground (potato) 4320 0.02 0.06 No 



POEA  Acute HC5: 0.26 Aerial (canola) 1967 + 1967 + 411 at 10 d 0.066 0.25 No 
Amphibian Laboratory Data 



Technical grade active ingredient Chronic NOEC: 1.8 
Aerial (canola) 4320 + 4320 + 902 at 10 d 1.06 0.59 No 
Ground (potato) 4320 0.09 0.05 No 



EUP With POEA 
Acute HC5: 0.93 Aerial (canola) 4320 + 4320 + 902 at 10 d 1.06 1.1 Yes 



Ground (potato) 4320 0.09 0.1 No 



Chronic HC5: 0.86 Aerial (canola) 4320 + 4320 + 902 at 10 d 1.06 1.2 Yes 
Ground (potato) 4320 0.09 0.1 No 



Amphibian Field Mesocosm Data 



EUP With POEA 
Acute HC5: 2.29 



Aerial (canola) 4320 + 4320 + 902 at 10 d 1.06 0.5 No 
Ground (potato) 4320 0.09 0.04 No 



Chronic HC5: 1.36 Aerial (canola) 4320 + 4320 + 902 at 10 d 1.06 0.8 No 
Ground (potato) 4320 0.09 0.07 No 
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Test Material Exposure 
Endpoint 



Value  
(mg ae/L) 



Use Scenario Application Rate  
(g ae/ha) 



EEC 



(mg a.e/L) RQ LOC 
Exceeded 



Freshwater Algae 



EUP Non-POEA Acute ½ EC50: 0.06 Aerial (canola) 4320 + 4320 + 902 at 10 d 0.2 3.3 Yes 
Ground (potato) 4320 0.02 0.33 No 



EUP With POEA Chronic HC5: 0.42 Aerial (canola) 4320 + 4320 + 902 at 10 d 0.2 0.48 No 
Ground (potato) 4320 0.02 0.05 No  



Freshwater Plants 



EUP With POEA Acute HC5:0.003 Aerial (canola) 4320 + 4320 + 902 at 10 d 0.2 67 Yes 
Ground (potato) 4320 0.02 6.7 Yes 



Marine/Estuarine Invertebrates 



Technical grade active ingredient Acute HC5: 0.3 Aerial (canola) 4320 + 4320 + 902 at 10 d 0.2 0.67 No 
Ground (potato) 4320 0.02 0.07 No 



EUP With POEA Acute HC5: 0.01 
Aerial (canola) 4320 + 4320 + 902 at 10 d 0.2 20 Yes 
Ground (potato) 4320 0.02 2 Yes 



POEA  Acute ½ EC50: 0.3 Aerial (canola) 1967 + 1967 + 411 at 10 d 0.066 0.22 No 
Ground (potato) 1967 0.008 0.03 No 



Marine/Estuarine Fish 



Technical grade active ingredient Chronic NOEC: 0.1 Aerial (canola) 4320 + 4320 + 902 at 10 d 0.2 2 Yes 
Ground (potato) 4320 0.02 0.2 No 



Marine/Estuarine Algae 



EUP With POEA Chronic HC5: 0.33 Aerial (canola) 4320 + 4320 + 902 at 10 d 0.2 0.6 No 
Ground (potato) 4320 0.02 0.12 No 



Shaded cells and bold values indicate that the level of concern is exceeded (RQ > 1). 
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Table X.29 Further Risk Characterization of Glyphosate Technical and Glyphosate Formulations Exposed to Aquatic 
Organisms Following Runoff in Different Crop Productions 



Test Material Exposure Endpoint Value  
(mg ag/L)  



Crop-Region  
(Use Rate g a.e./ha, Application 



Interval) 



EEC  
(mg a.e./L)  RQ LOC  



Exceeded 



Freshwater Organisms 
Freshwater Invertebrates 



EUP With POEA Acute HC5: 0.19 Potato – PEI (4320) 0.096 0.51 No 
Chronic NOEC: 0.27 0.078 0.29 No 



Freshwater Snails 
EUP With POEA Acute ½ EC50: 1.15  Potato – PEI (4320) 0.096 0.08 No 
Freshwater Fish 



EUP With POEA Chronic NOEC: 0.36 Potato – PEI (4320) 0.091 0.25 No 
Apple – BC (2 × 4320 +3960, 14 d) 0.003 0.01 No 



Freshwater Amphibians 



EUP With POEA 



Laboratory Data 



Acute HC5: 0.93 Potato – PEI (4320) 0.159 0.17 No 
Apple – BC (2 × 4320 +3960, 14 d) 0.006 0.01 No 



Chronic HC5: 0.86 Potato- PEI (4320) 0.102 0.12 No 
Apple – BC (2 × 4320 +3960, 14 d) 0.002 < 0.01 No 



Field Mesocosm Data 
Chronic HC5: 1.36 Potato – PEI (4320) 0.102 0.08 No 



Freshwater Algae 



EUP Non-POEA Acute HC5: 0.06 Potato – PEI (4320) 0.096 1.6 Yes 
Apple – BC (2 × 4320 +3960, 14 d) 0.003 0.05 No 



EUP With POEA Chronic HC5: 0.42  Potato – PEI (4320) 0.078 0.19 No 
Freshwater Plants 



EUP With POEA Acute HC5: 0.003  Potato – PEI (4320) 0.078 26 Yes 
Apple – BC (2 × 4320 +3960, 14 d) 0.002 0.67 No 



Marine/Estuarine Organisms 
Marine/Estuarine Invertebrates 



EUP With POEA Acute HC5: 0.01 
Potato – PEI (4320) 0.096 9.6 Yes 



Apple – BC (2 × 4320 +3960, 14 d) 0.003 0.3 No 
Marine/Estuarine Fish 
Technical grade active 
ingredient Chronic NOEC: 0.1 Potato – PEI (4320) 0.078 0.78 No 



  
 



Proposed Re-evaluation Decision – PRVD2015-01 
Page 226 











Appendix X 



Test Material Exposure Endpoint Value  
(mg ag/L)  



Crop-Region  
(Use Rate g a.e./ha, Application 



Interval) 



EEC  
(mg a.e./L)  RQ LOC  



Exceeded 



Marine/estuarine algae 
EUP With POEA Chronic HC5: 0.33  Potato – PEI (4320) 0.078 0.23 No 



Shaded cells and bold values indicate that the level of concern is exceeded (RQ > 1). 
 
Table X.30 Further Risk Characterization of Glyphosate Technical, Glyphosate Formulations, Transformation Product 



AMPA and the Formulant POEA Exposed to Aquatic Organisms Using Freshwater Monitoring Data in 
Different Crop Productions 



Test Material Exposure Endpoint Value  
(mg ae/L) 



EEC  
(mg a.e./L) RQ LOC Exceeded 



Freshwater Invertebrate 



EUP With POEA 
Acute  HC5: 0.19 0.041 0.22 No 



Chronic NOEC: 0.27 0.041 0.15 No 
Freshwater Snails 
EUP With POEA Acute ½ EC50: 1.15 0.041 0.04 No 
Freshwater Fish 
EUP With POEA Chronic NOEC: 0.36 0.041 0.11 No 
Freshwater Amphibians 



EUP With POEA 
Acute HC5: 0.93 0.041 0.04 No 



Chronic HC5: 0.86 0.041 0.05 No 
Freshwater Algae 
EUP Non-POEA Acute HC5: 0.06 0.041 0.68 No 
EUP With POEA Chronic HC5: 0.42 0.041 0.1 No 
Freshwater Plants 
EUP With POEA Chronic HC5: 0.003 0.041 14 Yes  



Shaded cells and bold values indicate that the level of concern is exceeded (RQ > 1). No monitoring data were available for marine/estuarine environment. 
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Appendix XI Glyphosate Aquatic Ecoscenario and Drinking Water 
Assessment 



 
Modelling Results 
 
Aquatic Ecoscenario Assessment: Level 1 Modelling 
 
For Level 1 aquatic ecoscenario assessment, estimated environmental concentrations (EECs) of 
glyphosate from runoff into a receiving water body were simulated using the PRZM/EXAMS 
models. The PRZM/EXAMS models simulate pesticide runoff from a treated field into an 
adjacent water body and the fate of a pesticide within that water body. For the Level 1 
assessment, the water body consists of a 1 ha wetland with an average depth of 0.8 m and a 
drainage area of 10 ha. A seasonal water body was also used to assess the risk to amphibians, as 
a risk was identified at the screening level. This water body is essentially a scaled-down version 
of the permanent water body noted above, but having a water depth of 0.15 m. EECs for 
glyphosate in pore water were also generated in a water body with an average depth of 0.8 m. 
  
A number of initial application dates between April and November were modelled. Table 2  
lists the application information and the main environmental fate characteristics used in the 
simulations. The EECs are for the portion of the pesticide that enters the water body via runoff 
only; deposition from spray drift is not included. The models were run for 50 years for all 
scenarios. The major groundwater and surface water model inputs for level 1 assessment  
used the combined residues of glyphosate and its transformation product AMPA as the most 
conservative values in potential sources of drinking water. The major input parameters for the 
model are summarized in TableXI.1. 
 
The EECs are calculated from the model output from each run as follows. For each year of  
the simulation, PRZM/EXAMS calculates peak (or daily maximum) and time-averaged 
concentrations. The time-averaged concentrations are calculated by averaging the daily 
concentrations over five time periods (96-hour, 21-day, 60-day, 90-day, and 1 year). The  
90th percentiles over each averaging period are reported as the EECs for that period.  
 
The largest EECs of all selected runs of a given use pattern/regional scenario are reported in 
Tables XI.3-5, Appendix XI.  
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Table XI.1 Major Groundwater and Surface Water Model Inputs for Level 1 
Assessment of Glyphosate and AMPA (Combined Residues) 



Type of Input Parameter Value 



Application 
Information 



Crop(s) to be treated Apple, potato, wheat, canola, corn, soybean, 
turf and sod, and other crops 



Maximum allowable 
application rate per year  
(g a.i./ha) 



12600 for apple 
10445 for corn 
9542 for canola, wheat and soybean 
4320 for potato and other crops 



Maximum rate each application 
(g a.i./ha) 4320 for all crops 



Maximum number of 
applications per year 



3 for apple, canola, wheat and soybean 
4 for corn 
1 for potato and other crops 



Minimum interval between 
applications (days) 



14 for apple and corn 
10 for canola, wheat and soybean 



Method of application 
Aerial and ground for drinking water 
modelling 
ground for ecological modelling 



Environmental 
Fate 
Characteristics 
 



Hydrolysis half-life at pH 7 
(days) 



Stable for the combined residue 
1627 for parent glyphosate 



Photolysis half-life in water 
(days) 216 



Adsorption KOC (mL/g) 



30 (20th percentile of 11 Kd values for 
“AMPA”) for drinking water modelling 
48.8 (20th percentile of 10 Kd values for 
“glyphosate”) for ecological modelling 



Aerobic soil biotransformation 
half-life (days) 



135.3 (90th percentile confidence bound on 
mean of 4 half-life values adjusted to 25ºC 
for the combined residue for drinking water 
modelling) 
32.6 (90th percentile confidence bound on 
mean of 7 half-life values adjusted to 25ºC 
for glyphosate for ecological modelling) 



Aerobic aquatic 
biotransformation half-life 
(days) 



637 (80th percentile of 3 half-life values for 
the combined residue for drinking water 
modelling)  
413.6 (80th percentile of 3 half-life values for 
glyphosate for ecological modelling) 



Anaerobic aquatic 
biotransformation half-life 
(days) 



617 (the only half-life value available for the 
combined residue for drinking water 
modelling)  
273 (the only half-life value available for 
glyphosate for ecological modelling) 
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Table XI.2 Crops, Rates Modelled at Level 1 Ecoscenario Modelling 



Region Crop Rate in kg a.e./ha; Application 
Interval in Days Scenario 



British Columbia Apple 12.6 (2 × 4.32 + 3.96; 14) Apple – BC 
Canola 9.542 (2 × 4.32 + 0.902; 10) Barley – AB 



Prairie 



Canola, wheat, 
soybean 



9.542 (2 × 4.32 + 0.902; 10) Wheat – MB 



Canola, wheat, 
soybean 



9.542 (2 × 4.32 + 0.902; 10) Wheat – SK 



Ontario Apple 12.6 (2 × 4.32 + 3.96; 14) Apple – ON 
Corn 10.445 (2 × 4.32 + 2x0.903; 14) Corn – ON 



Québec Apple 12.6 (2 × 4.32 + 3.96; 14) Apple – QC 
 
Table XI.3 Level 1 Aquatic Ecoscenario Modelling EECs (µg a.e./L) in Water Column 



for Glyphosate in a Water Body 0.8 m Deep, Excluding Spray Drift 



Crop – Region 
EEC (µg a.i./L) 



Peak 96-
Hour 



21-
Day 



60-Day 90-Day Yearly 



Apple – British Columbia 3.4 2.8 1.9 1.4 1.4 1.0 
Canola – British Columbia 38 33 24 23 23 19 
Canola, wheat, soybean – Manitoba 66 58 41 34 34 27 
Canola, wheat, soybean – 
Saskatchewan 



57 47 30 26 24 19 



Apple – Ontario 51 42 27 23 22 18 
Corn – Ontario 67 56 37 34 34 29 
Apple – Québec 38 32 21 20 19 13 
Corn – Québec 50 44 37 34 34 30 
Potato, soybean and others –  
Prince Edward Island 



96 91 78 73 70 58 



Maximum 96 91 78 73 70 58 
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Table XI.4 Level 1 Aquatic Ecoscenario Modelling EECs (µg a.e./L) in Water Column 
for Glyphosate in a Water Body 0.15 m Deep, Excluding Spray Drift 



Crop – Region 
EEC (µg a.i./L) 



Peak 96-
Hour 



21-
Day 



60-
Day 



90-
Day 



Yearly 



Apple – British Columbia 15 5.9 2.4 1.7 1.7 1.3 
Canola – British Columbia 160 68 31 28 28 23 
Canola, wheat, soybean – Manitoba 234 105 54 42 41 33 
Canola, wheat, soybean – 
Saskatchewan 



192 87 39 32 30 23 



Apple – Ontario 216 86 35 28 26 22 
Corn – Ontario 234 101 50 42 41 34 
Apple – Québec 170 65 27 24 23 16 
Corn – Québec 160 78 49 42 41 36 
Potato, soybean and others –  
Prince Edward Island 



255 159 102 89 85 70 



Maximum 255 159 102 89 85 70 
 
Table XI.5 Level 1 Aquatic Ecoscenario Modelling EECs (µg a.e./L) in Pore Water for 



Glyphosate in a Water Body 0.8 m Deep, Excluding Spray Drift 



Crop – Region 
EEC (µg a.i./L) 



Peak 96-
Hour 



21-
Day 



60-
Day 



90-
Day Yearly 



Apple – British Columbia 1.3 1.3 1.3 1.2 1.2 1.0 
Canola – British Columbia 21 21 21 20 20 19 
Canola, wheat, soybean – Manitoba 34 34 34 34 34 25 
Canola, wheat, soybean  – 
Saskatchewan 



22 22 22 22 22 19 



Apple – Ontario 21 21 21 21 21 18 
Corn – Ontario 32 32 32 32 32 28 
Apple – Québec 17 17 17 17 16 13 
Corn – Québec 33 33 33 33 32 29 
Potato, soybean and others –  
Prince Edward Island 



67 67 67 66 65 57 



Maximum 67 67 67 66 65 57 
 
Estimated Concentrations in Drinking Water Sources: Level 1 and Level 2 Modelling 
 
A Level 1 drinking water assessment was conducted using conservative assumptions with respect 
to environmental fate, application rate and timing, and geographic scenario.  The Level 1 EEC 
estimate is expected to allow for future use expansion into other crops at this application rate.  
Table 1 lists the application information and main environmental fate characteristics used in the 
simulations.  
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A number of initial application dates between March and November were modelled. The model 
was run for 50 years for all scenarios. The largest EECs of all selected runs are reported in  
Table XI.6 below. 
 
Table XI.6 Level 1 Estimated Environmental Concentrations of the Combined Residue 



(Glyphosate and AMPA) in Potential Drinking Water 



Compound 
 



Groundwater EEC 
(µg a.i./L) 



Surface Water EEC 
(µg a.i./L) 



Reservoir Dugout 
Daily1 Yearly2 Daily3 Yearly4 Daily3 Yearly4 



Glyphosate and 
AMPA 0 0 299 136 1647 1538 



  
1 90th percentile of daily average concentrations. 
2 90th percentile of yearly average concentrations. 
3 90th percentile of yearly peak concentrations. 
4 90th percentile of yearly average concentrations. 



 
A Level 2 drinking water assessment was conducted using conservative assumptions with  
respect to environmental fate, but using crop specific application rate and timing, and geographic 
scenario.  The Level 2 EEC estimates are therefore not expected to allow for future use 
expansion into other crops.  
 
A number of initial application dates between March and November were modelled. The model 
was run for 50 years for all scenarios. The largest EECs of all selected runs are reported in 
Table 7 that follows. 
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Table XI.7 Level 2 Estimated Environmental Concentrations of the Combined Residue 
(Glyphosate and AMPA) in Potential Drinking Water 



Crop Groundwater EEC 
(µg a.i./L) 



Surface Water EEC 
(µg a.i./L) 



Reservoir Dugout 
Daily1 Yearly2 Daily3 Yearly4 Daily3 Yearly4  



Apple 
 



NM5 NM5 150 105 
 



NM5 NM5 
 



Corn 
 



NM5 NM5 131 71 
 



NM5 NM5 
 
Wheat, canola 
and soybean 



 
NM5 NM5 



 
267 



 
197 



 
843 780 



 
Potato and 
other crops 



 
NM5 NM5 68 44 



 
NM5 NM5 



 
1 90th percentile of daily average concentrations. 
2 90th percentile of yearly average concentrations. 
3 90th percentile of yearly peak concentrations. 
4 90th percentile of yearly average concentrations. 
5 NM – not modelled. 



 
Water Monitoring Data 
 
Glyphosate is registered for use in agriculture, forestry and some domestic uses across Canada. 
The major environmental transformation product of glyphosate is AMPA (aminomethyl 
phosphonic acid). Polyoxyethyleneamine (POEA) is used as a surfactant in some end-use 
products containing glyphosate. POEA has been found to be toxic to aquatic organisms. 
 
A search for water monitoring data on glyphosate, AMPA and POEA was conducted. Canadian 
water monitoring data on glyphosate and AMPA were available from various relevant regions  
in several provinces across the country. No Canadian monitoring data were available for the 
surfactant POEA. 
 
United States databases were also searched for monitoring of glyphosate, AMPA and POEA in 
water. Data on residues present in water samples taken in the United States are important to 
consider in the Canadian water assessment given the extensive monitoring programs that exist  
in the United States. Local weather patterns, runoff events, circumstantial hydrogeology as well 
as testing and reporting methods are probably more important influences on residue data than 
Northern versus Southern climate. Regarding climate, if temperatures are cooler, residues may 
break down more slowly. Alternatively, if temperatures are warmer, growing seasons may be 
longer and pesticide inputs may be more numerous and frequent. 
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In the United States, monitoring data were available from the US Geological Survey National 
Water Quality Assessment program (NAWQA) database, the US Environmental Protection 
Agency’s Storage and Retrieval (STORET) data warehouse, the California Department of 
Pesticide Regulation database, and some published literature. Neither glyphosate nor AMPA 
were part of the analyte lists in the US Department of Agriculture Pesticide Data Program 
(USDA, PDP) and the US Geological Survey National Stream Quality Accounting Network 
(NASQAN) program. No monitoring data were available for the surfactant POEA in any of the 
US sources searched. 
 



For the purposes of the drinking water assessment, information was extracted from the 
available sources, tabulated and sorted into categories as follows: 



1. Residues in known drinking water sources (both surface and groundwater). 
2. Residues in ambient water that may serve as a drinking water source (both surface and 



groundwater). 
3. Residues in ambient water that are unlikely to serve as a drinking water source. 



 
Discussions and Conclusions  
 
Overall, available data indicate that glyphosate and AMPA are monitored routinely in 
groundwater and surface waters in many use areas of Canada and the United States.  
 
Glyphosate and AMPA are seldom detected in groundwater. This is expected as both compounds 
have high Kd and Koc values, and low groundwater ubiquity score (GUS) scores indicating that 
they bind tightly to soils and do not have a strong propensity to leach into groundwater. 
 
Glyphosate and AMPA are often detected in surface water. This is expected near areas where 
glyphosate is used as it can easily reach water bodies through drift, runoff (likely sorbed to soil 
particles), and irrigation canal discharges. Glyphosate is readily soluble in water and is stable  
to hydrolysis at environmentally relevant pHs. Glyphosate is also not subject to photochemical 
degradation. The duration of glyphosate and AMPA exposure in water can vary based on several 
factors, including the amount of organic carbon present in the water body. 
 
The predicted daily and yearly exposure values from the models represent high-end exposure 
estimates for drinking water that should be considered in the human health dietary risk 
assessment for acute and chronic exposures, respectively. The highest concentrations detected in 
surface water samples from sources that may be used as drinking water sources (29 µg/L of 
glyphosate, 3.8 µg/L of AMPA, or 32.8 µg/L combined) can also be considered in the acute 
assessment. For the chronic assessment for human health, the yearly concentrations estimated via 
modelling represent reasonable high-end exposure estimates for drinking water and should be 
considered in the human health dietary risk assessment. Monitoring data indicate that glyphosate 
and AMPA are often detected in surface water but at relatively low levels. 
 
For the aquatic risk assessment, the highest detection of glyphosate in surface water (40.8 µg/L) 
is higher than the peak concentrations predicted by modelling in some scenarios run in water 
bodies 80 cm and 15 cm deep. As such, this monitoring value (40.8 µg/L) should be considered 
along with the modelling numbers in the acute assessment for aquatic organisms (both 15 cm and 
80 cm depths). The value of 3100 µg/L from the prospective monitoring study could also be 
considered in the amphibian risk assessment, as a conservative short-term exposure estimate. For 
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longer term exposures, the concentrations estimated via modelling represent reasonable high-end 
exposure estimates for aquatic habitats. Monitoring data indicate that glyphosate and AMPA are 
frequently detected in surface water but not at levels that meet or exceed the most sensitive HC5 
from species sensitivity distributions (Amphibians, HC5 of NOEC from chronic studies: 1800 
µg/L). 
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Appendix XII Proposed Label Amendments for Products Containing 
Glyphosate 



 
The label amendments presented below do not include all label requirements for individual 
products, such as first aid statements, disposal statements, precautionary statements and 
supplementary protective equipment. Information on labels of currently registered products 
should not be removed unless it contradicts the following label statements. 
______________________________________________________________________ 
 



A) Label Amendments for Glyphosate Technical Products 
 
 The following label amendments are required on the Glyphosate Technical labels: 
 



1) Add to the primary panel of the Technical product labels: 
 



The signal words “DANGER – EYE IRRITANT”, and accompanying glyphs.  
 



2) Before STORAGE section, Add the title “ENVIRONMENTAL HAZARDS” and the 
following statement: 



 
• TOXIC to non-target terrestrial plants 
• TOXIC to aquatic organisms 



 
3) Remove the following statement under the “DISPOSAL AND 



DECONTAMINATION”  
 



“Canadian formulators of this technical should dispose of unwanted active and containers 
in accordance with municipal or provincial regulations. For information on disposal of 
unused, unwanted product, contact the manufacturer or the provincial regulatory agency. 
Contact the manufacturer and the provincial regulatory agency in the case of a spill, and 
for clean-up of spills.” 



 
and replace it with the following statement: 



 
“Canadian manufacturers should dispose of unwanted active ingredients and containers in 
accordance with municipal or provincial regulations. For additional details and clean up 
of spills, contact the manufacturer or the provincial regulatory agency.”  



 
B) For Commercial and Agricultural Class Products Containing 



Glyphosate 
 



1) Add to DIRECTIONS FOR USE: 
 
Restricted Entry Intervals  



 
“The restricted entry interval is 12 hours after application for all agricultural uses.” 
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2) Add to Use Precautions 
 



“Apply only when the potential for drift to areas of human habitation or areas of human 
activity such as houses, cottages, schools and recreational areas is minimal. Take into 
consideration wind speed, wind direction, temperature inversions, application equipment 
and sprayer settings.” 



 
3) Add the following to ENVIRONMENTAL HAZARDS:  



 
• TOXIC to non-target terrestrial plants. Observe buffer zones specified under 



DIRECTIONS FOR USE.  
 



• TOXIC to aquatic organisms. Observe buffer zones specified under 
DIRECTIONS FOR USE.  
 



• To reduce runoff from treated areas into aquatic habitats, avoid application to 
areas with a moderate to steep slope, compacted soil or clay.  



 
• Avoid application when heavy rain is forecast.  



 
• Contamination of aquatic areas as a result of runoff may be reduced by including 



a vegetative strip between the treated area and the edge of the water body. 
 



4) Add to DIRECTIONS FOR USE 
 



The following statement is required for all agricultural and commercial pesticide products: 
 



• As this product is not registered for the control of pests in aquatic systems, 
DO NOT use to control aquatic pests 



 
• DO NOT contaminate irrigation or drinking water supplies or aquatic 



habitats by cleaning of equipment or disposal of wastes. 
 



5) Add to DIRECTIONS FOR USE 
 



For field applications using conventional boom sprayers (agricultural or commercial 
products), the following statements are required:  



 
Field sprayer application: DO NOT apply during periods of dead calm. Avoid 
application of this product when winds are gusty. DO NOT apply with spray droplets 
smaller than the American Society of Agricultural Engineers (ASAE) medium 
classification. Boom height must be 60 cm or less above the crop or ground. 



 
For airblast applications (agricultural or commercial products), the following statements 
are required:  
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 Airblast application: DO NOT apply during periods of dead calm. Avoid application of 
this product when winds are gusty. DO NOT direct spray above plants to be treated. Turn 
off outward pointing nozzles at row ends and outer rows. DO NOT apply when wind 
speed is greater than 16 km/h at the application site as measured outside of the treatment 
area on the upwind side.  



 
For aerial applications (agricultural or commercial products) the following statements 
are required: 



 
 Aerial application: DO NOT apply during periods of dead calm. Avoid application  



of this product when winds are gusty. DO NOT apply when wind speed is greater than 
16 km/h at flying height at the site of application. DO NOT apply with spray droplets 
smaller than the American Society of Agricultural Engineers (ASAE S572.1) coarse 
classification. To reduce drift caused by turbulent wingtip vortices, the nozzle 
distribution along the spray boom length MUST NOT exceed 65% of the wing | 
or rotorspan.  



 
Buffer Zones 



 
Use of the following spray methods or equipment DO NOT require a buffer zone:  
hand-held or backpack sprayer and spot treatment. 



 
The buffer zones specified in Tables 1 and 2 that follow are required between the point of 
direct application and the closest downwind edge of sensitive estuarine/marine habitats.  
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Table 1 Buffer Zones for the Protection of Aquatic Organisms and Terrestrial Plants from Spray Drift of Glyphosate 
Products Formulated with POEA 



 
 



Method of Application 



 
 



Crop 



Buffer Zones (Metres) Required for the Protection of 



Freshwater Habitat of 
Depths 



Estuarine/Marine 
Habitats of Depths 



  



Terrestrial Habitat 
Less than 



1 m 
Greater than 



1 m 
Less than 



1 m  
Greater 
than 1 m 



Field Sprayer Forest and Woodlands (for sites greater than 500 
ha) and Woodland Management (for sites less 
than 500 ha): Conifer release for Douglas fir, fir, 
hemlock, pine, spruce. 



Woodland management: Deciduous release 
(ground only) for (partial list) ash, walnut, linden 
or basswood, cherry, oak, elm, poplar . 



Site preparation (ground only, including sites 
greater than 500 ha).  



Forest roadside (ground only).  



Ground Forest tree planting nurseries (ground 
only).  



Established deciduous plantings of ash, caragana, 
cherry, elm, lilac, maple, mountain ash, poplar, 
Russian olive, and willow.  



Prior to or in established conifer plantings of fir, 
juniper, pine, spruce, and yew.       



Shelterbelts.  



Nursery stock.  



Woody ornamentals including forest tree nursery 
and Christmas tree plantations. 



Deciduous (ash, caragana, cherry, elm, lilac, 
maple, mountain ash, poplar, Russian olive, 
willow) and coniferous (fir, juniper, pine, spruce 
and yew). 



Forest (Short rotation intensive culture (SRIC) 
poplar).  



 



1 0 0 0 NR 
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Rye, Ginseng – New gardens 1 1 1 0 1 
Ginseng – Established gardens 2 1 1 0 1 
Filberts or Hazelnut, Cranberry 
Pasture  
Summer fallow 
Sugar beets (Roundup Ready only) 



3 1 1 1 2 



Highbush blueberry 4 2 1 1 3 
Canola (glyphosate tolerant)  
Corn (glyphosate tolerant)  
Forage grasses and legume including seed     
production 
Corn  
Sugar beet 
Strawberry, 
Lowbush blueberry, Walnut,  
Soybean (Glyphosate tolerant, Or Roundup Ready 
soybean varieties, or Roundup Ready 2 Yield 
soybean varieties), Turf grass (Prior to 
establishment or renovation)  
Wheat  
Barley  
Oats  
Soybean  
Corn – Sweet (Roundup Ready 2 Technology), 
Canola  
Peas  
Dry beans  
Flax (including low linoleic acid varieties) 
Lentils,  
Chickpea,  
Lupin (dried) 
Fava bean (dried), 
Mustard (yellow/white, brown, oriental) 
Pearl millet 
Sorghum (grain) (not for use as a forage crop) 
Asparagus 



5 3 1 1 4 
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Apple 
Apricot  
Cherry (sweet/sour) 
Peaches 
Pears  
Plums  
Grapes, 
Filberts or Hazelnut (pre-seeding) 
  
Non-cropland and industrial uses: Industrial and  
rights of way areas*: railroad, pipelines, highway, 
telephone and power rights-of-way; petroleum 
tank farms, pumping installations, roadsides, 
storage areas; lumberyards; fence rows, and 
industrial plant sites.  
 
Recreational and public areas such as parking 
areas, school yards, parks, golf courses, other 
public areas, airports and similar industrial or 
non-crop areas. 



10 4 1 1 5 



Airblast or Mistblowers Forest, Woodlands and woodland management,  
Conifer release for Douglas fir, fir, hemlock, pine, 
spruce  
Deciduous release (ground only) for (partial list) 
ash, walnut, linden or basswood, cherry, oak, elm, 
poplar 
Ground for sites  > 500 ha (forest use)  
Woodland management 
Site preparation (Ground only) 
 Forest roadside (Ground only)   
Forest tree planting, nurseries (ground only) 
Established deciduous plantings of ash, caragana 
cherry, elm, lilac, maple, mountain ash, poplar, 
Russian olive and willow.  
Prior to or in established conifer plantings of fir, 
juniper, pine, spruce and yew. 



2 0 0 0 NR 



Forest and Woodlands, Site preparation for sites  
>  500 ha  4 0 0 0 NR 



Pasture 40 30 5 2 35 
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Non-crop land and industrial uses:  
Industrial and  rights of way areas*: railroad, 
pipelines, highway, telephone and power rights-
of-way; petroleum tank farms, pumping 
installations, roadsides, storage areas; 
lumberyards; fence rows,  industrial plant sites 
Recreational and public areas such as  parking 
areas, school yards, parks, golf courses, other 
public areas, airports and similar industrial or 
non-crop areas. 



45 35 10 3 40 



Turf grass (prior to establishment or renovation) 45 35 10 4 40 



Aerial Rye  
Corn  
Corn – Sweet 
(Roundup 
Ready 2 
Technology) 
Chickpea 
Lupin (dried) 
Fava bean 
(dried) 
Mustard 
(yellow/white, 
brown, 
oriental) 
Pearl millet 
Sorghum 
(grain) (not for 
use as a forage 
crop) 
Sugar beet 



Fixed wing 15 10 0 0 40 



Rotary wing 15 10 0 0 40 



Forest and 
Woodlands 
(for sites > 500 
ha): Conifer 
release – 
Aerial strip 
thinning of 
conifers  



Fixed wing 30 0 0 0 NR 



Rotary wing 20 0 0 0 NR 



Woodland 
management Fixed wing 25 0 0 0 NR 
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(for sites  
< 500 ha): 
Conifer release 
for Douglas 
fir, fir, 
hemlock, pine, 
spruce 



Rotary wing 15 0 0 0 NR 



Forest and 
Woodlands 
(for sites  
> 500 ha): Site 
preparation  



Fixed wing 60 0 0 0 NR 



Rotary wing 40 0 0 0 NR 



Woodland 
management 
(for sites  
< 500 ha): Site 
preparation 



Fixed wing 50 0 0 0 NR 



Rotary wing 35 0 0 0 NR 



Sugar beets 
(Roundup 
Ready only) 
Wheat 
Barley 
Oats 
Soybean 
Canola 
Peas 
Dry beans 
 Flax 
(including low 
linoleic acid 
varieties) 
Lentils 



Fixed wing 40 15 0 0 60 



Rotary wing 30 15 0 0 50 



Forage grasses 
and legume 
including seed 
production 



Fixed wing 45 15 0 0 65 



Rotary wing 30 15 0 0 55 



Summer 
fallow 



Fixed wing 55 15 0 0 75 
Rotary wing 35 15 0 0 60 



Canola 
(glyphosate 
tolerant) 



Fixed wing 60 20 0 0 65 



Rotary wing 45 15 0 0 55 



Soybean 
(Glyphosate Fixed wing 70 20 0 0 70 
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tolerant, or 
Roundup 
Ready soybean 
varieties, or 
Roundup 
Ready 2 Yield 
soybean 
varieties) 



Rotary wing 45 15 0 0 60 



Corn 
(glyphosate 
tolerant) 



Fixed wing 70 20 0 0 85 



Rotary wing 45 15 0 0 65 



Pasture Fixed wing 90 40 0 0 125 
Rotary wing 60 25 0 0 85 



Non-cropland 
and industrial 
uses: Industrial 
and  rights of 
way areas*: 
railroad, 
pipelines, 
highway, 
telephone and 
power rights-
of-way; 
petroleum tank 
farms, 
pumping 
installations, 
roadsides, 
storage areas; 
lumberyards; 
fence rows,  
industrial plant 
sites. 
Recreational 
and public 
areas- such as  
parking areas, 
school yards, 
parks, golf 
courses, other 
public areas, 
airports and 
similar 
industrial or 
non-crop areas 



Fixed wing 350 200 30 15 300 



Rotary wing 150 80 20 4 150 
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* Buffer zones for the protection of terrestrial habitats are not required for use on rights-of-way including railroad ballast, rail and hydro rights-of-way, 
utility easements, roads, and training grounds and firing ranges on military bases. 
NR = Buffer zones for the protection of terrestrial habitats are not required for forestry uses. 



 
Table 2.  Buffer Zones for the Protection of Aquatic Organisms and Terrestrial Plants from Spray Drift of Glyphosate 



Products without POEA  



 
 



Method of 
Application 



 
 



Crop 



Buffer Zones (Metres) Required for the Protection of  



Freshwater Habitat of Depths  Terrestrial Habitat 



Less than 1 m Greater than 1 m 



Field Sprayer Ginseng – New garden  



Rye 



1 0 1 



Sugar beets (Roundup ready only) 



Ginseng – Established garden  



Filberts or Hazelnut – Established 



1 1 1 



Wheat, barley, oats 



Soybean  



Corn-Sweet (Roundup-Ready 2 Technology)  



Canola,  



Canola (glyphosate tolerant) 



Peas  



Dry beans  



Flax (including low linoleic acid varieties)  



Lentils  



Chickpea 



Lupin (dried) 



Fava bean (dried) 



Mustard (yellow/white, brown, oriental) 



Pearl millet 



Sorghum (grain) (not for use as a forage crop)   



Asparagus  



1 1 4 
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Method of 
Application 



 
 



Crop 



Buffer Zones (Metres) Required for the Protection of  



Freshwater Habitat of Depths  Terrestrial Habitat 



Less than 1 m Greater than 1 m 



Highbush blueberry  



Cranberry  



Pasture, Summer fallow 



 Apple 



Apricot, Cherry (Sweet/Sour) 



Peaches 



Pears 



Plums  



Grapes  



Filberts or Hazelnut – pre-seeding 



Soybean (Glyphosate tolerant, or Roundup-Ready 
soybean varieties, or Roundup-Ready 2 Yield soybean 
varieties) 



Turf grass (Prior to establishment or renovation) 



Corn (glyphosate tolerant) 



Forage grasses and legumes including seed production 



Corn  



Sugar beet  



Strawberry  



Lowbush blueberry 



Walnut   



Non-cropland and industrial uses: Industrial and  rights of 
way areas*: railroad, pipelines, highway, telephone and 
power rights-of-way; petroleum tank farms, pumping 
installations, roadsides, storage areas; lumberyards; fence 
rows,  industrial plant sites.  



Recreational and public areas- such as  parking areas, 
school yards, parks, golf courses, other public areas, 
airports and similar industrial or non-crop areas 



1 1 5 
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Method of 
Application 



 
 



Crop 



Buffer Zones (Metres) Required for the Protection of  



Freshwater Habitat of Depths  Terrestrial Habitat 



Less than 1 m Greater than 1 m 



Airblast or 
Mistblower 



Pasture   10 3 35 



Turf grass (Prior to establishment or renovation) 15 5 40 



Non-crop land and industrial uses: Industrial and  rights of 
way areas*: railroad, pipelines, highway, telephone and 
power rights-of-way; petroleum tank farms, pumping 
installations, roadsides, storage areas; lumberyards; fence 
rows,  industrial plant sites 



Recreational and public areas such as  parking areas, 
school yards, parks, golf courses, other public areas, 
airports and similar industrial or non-crop areas. 



15 5 40 



Aerial Rye, Corn, Corn-Sweet 
(Roundup Ready 2 Technology),  



Chickpea, Lupin (dried), Fava 
bean (dried)  



Mustard (yellow/white, brown, 
oriental) 



Pearl millet, Sorghum (grain) 
(not for use as a forage crop)  



Sugar beet 



Fixed wing 0 0 40 



 Rotary wing 0 0 40 



Sugar beets (Roundup Ready 
only) 



Wheat, Barley, Oats, Soybean  



Canola  



Peas, Dry beans 



Flax (including low linoleic acid 
varieties) 



Lentils 



Fixed wing 0 0 60 



Rotary wing 0 0 50 



Canola (glyphosate-tolerant)  



Forage grasses and legume 
including seed production 



Fixed wing 0 0 65 



Rotary wing 0 0 55 
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Method of 
Application 



 
 



Crop 



Buffer Zones (Metres) Required for the Protection of  



Freshwater Habitat of Depths  Terrestrial Habitat 



Less than 1 m Greater than 1 m 



Corn (glyphosate tolerant)  



Soybean (Glyphosate tolerant, 
Or Roundup Ready soybean 
varieties, or Roundup Ready 2 
Yield soybean varieties) 



Summer fallow 



Fixed wing 0 0 85 



Rotary wing 0 0 65 



Pasture Fixed wing 0 0 125 



Rotary wing 0 0 185 



Non-crop land and industrial 
uses: Industrial and  rights of 
way areas*: railroad, pipelines, 
highway, telephone and power 
rights-of-way; petroleum tank 
farms, pumping installations, 
roadsides, storage areas; 
lumberyards; fence rows,  
industrial plant sites 



Recreational and public areas 
such as parking areas, school 
yards, parks, golf courses, other 
public areas, airports and similar 
industrial or non-crop areas. 



Fixed wing 40 25 300 



Rotary wing 25 15 150 



 
* Buffer zones for the protection of terrestrial habitats are not required for use on rights-of-way including railroad ballast, rail and hydro rights-of-way, 
utility easements, roads, and training grounds and firing ranges on military bases. 



 
For tank mixes, consult the labels of the tank-mix partners and observe the largest (most restrictive) buffer zone of the products 
involved in the tank mixture and apply using the coarsest spray (ASAE) category indicated on the labels for those tank mix partners. 
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1545002 Manufacturing Method for the TGAI, DACO: 2.11.1 
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1545004 Detailed Production Process Description, DACO: 2.11.3  
1545048 Manufacturing Summary, DACO: 2.11.1 
1545050 Detailed Production Process Description, DACO: 2.11.3  
1552037 Technical Chemistry file GPS-CNV-1. Cheminova Agro Glyphosate. Lab No. 92335 and 



93107, DACO: 0.8,2.0 
1585825 Methods, Specifications, Quality Control Methods, Analytical Method, [CBI Removed], 



Chemical and Physical Properties. Include 
1614745 2008, NAFST-08-054 GF-1547 Group A Report, DACO: 2.11,2.12,2.13.1,2.13.2 CBI 



1614745 2008, NAFST-08-054 GF-1547 Group A Report, DACO: 2.11,2.12,2.13.1,2.13.2 CBI 



1620962 2008, Group A: Product Identity and Composition, Description of Materials Used to 
Produce the Product, Description of Manufacturing Process, Discussion of Formation of 
Impurities, Preliminary Analysis, Certified Limits and Enforcement Analytical Methods 



1620962 2008, Group A: Product Identity and Composition, Description of Materials Used to 
Produce the Product, Description of Manufacturing Process, Discussion of Formation of 
Impurities, Preliminary Analysis, Certified Limits and Enforcement Analytical Methods 
for Glyphosate Technical (GF-1548-JG) 



1622151 2008, 28857  5-Batch Analysis [CBI Removed], DACO: 2.13.3 CBI 
1622152 2008, 28857  5-Batch Analysis [CBI Removed], DACO: 2.13.3 CBI 
1622155 2008, NUP 07163 Product Identity and Composition [CBI Removed], DACO: 



2.11.1,2.11.2,2.11.4,2.12.1,3.4.1 CBI 
1622156 2008, NUP 07169 Product Identity and Composition [CBI Removed], DACO: 



2.11.1,2.11.2,2.11.4,2.12.1,3.4.1 CBI 
1623665 Chemistry Requirements for the Registration of Technical Grade Active Ingredient 



(TGAI) or Integrated System Products: Product Identification, DACO: 
2.1,2.11.1,2.11.2,2.11.3,2.11.4, 2.12.1,2.13.2,2.2,2.3,2.3.1,2.4,2.5,2.6,2.7,2.8,2.9 CBI 



1623694 Identification and Determination of Active Ingredient Glyphosate (CAS No. 1071-83-6) 
and Impurities in Five Samples of Glyphosate Technical, Batch Nos.: 200707001, 
200707030, 200707038, 200707069 and 200708032, DACO: 2.13.3 CBI 



1629264 2008, 2006 Production data from the [CBI Removed] , DACO: 2.13.3 CBI 
1629265 2008, Additional Production data from the [CBI Removed], DACO: 2.13.3 CBI 
1639244 2008, Description of the Manufacturing Process of [CBI Removed] Glyphosate Tech, 



DACO: 2.11.1,2.11.3,2.2 CBI 
1639245 2008, Raw Material of [CBI Removed] Glyphosate Tech, DACO: 2.11.2 CBI 
1639249 2008, Purity Profile for 5 batches of Glyphosate Technical, DACO: 2.12.1,2.13.2,2.13.3 



CBI 
1651365 2008, 28857  5-Batch Analysis, DACO: 2.13.3 CBI 
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1651367 2008, NUP 07164 Product Identity and Composition [CBI Removed], DACO: 
2.11.1,2.11.2,2.11.4,2.12.1,3.4.1 CBI 



1652570 2008, Identification and Determination of the [CBI Removed] in Five Batches of 
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1674967 2008, Glyphosate, DACO: 2.11.2,2.11.3,2.11.4 CBI 
1674968 2008, Determination of Active Content and Impurity Profile of Glyphosate, DACO: 



2.12.1,2.13.1,2.13.2,2.13.3,2.13.4 CBI 
1687773 2008, TOUCHDOWN Technical Herbicide- TGAI Starting Materials, DACO: 2.11.2 



CBI 
1687774 2008, TOUCHDOWN Technical Herbicide- Detailed Production Process Description, 



DACO: 2.11.3 CBI 
1687781 2007, TOUCHDOWN Technical Herbicide- Detailed Analysis of Technical Materials 



Representative of Large Scale Production [CBI Removed] Final Report, DACO: 
2.13.3,2.13.4 CBI 



1687782 2007, TOUCHDOWN Technical Herbicide- Glyphosate- Analysis of 5 Samples of 
Technical Glyphosate, representative of Large-Scale Production [CBI Removed] Final 
Report, DACO: 2.13.3,2.13.4 CBI 



1738926 Identification and determination of the relevant impurities [CBI Removed] in five 
batches of Glyphosate Technical, Batch Nos. RFYP1089, RFYP1090, RFYP1091, 
RFYP1092 AND RFYP1093, DACO: 2. 



1741346 Second Amendment to Report: Glyphosate: Batch Analysis Validation of Analytical 
Method for the Determination of Various Contents of Impurities in Glyphosate, DACO: 
2.13.3 CBI 



1760388 Glyphosate Technical Manufacturing Process and Synthesis Pathway, DACO: 
2.11.3,2.11.4 CBI 



1784115 2009, MEY Glyphosate [CBI Removed] Technical Chemistry Process Description for 
PMRA, DACO: 
2.1,2.11.1,2.11.2,2.11.3,2.11.4,2.12,2.12.1,2.13.1,2.13.2,2.13.4,2.14.1,2.14.10, 
2.14.11,2.14.12,2.14.13,2.14.14,2.14.2,2.14.3,2.14.4,2.14.5,2.14.6,2.14.7,2.14.8,2.14.9,2. 



1784120 Batch Data, DACO: 2.13.3 CBI 
1793612 2009, TOUCHDOWN Technical- 2008-5897 clarifax - Response to Clarifax from Aug 



21 2009 (Lin to Wall), DACO: 2.11.3,2.12.2,2.13.4 CBI  
1793613 2007, TOUCHDOWN Technical- 2008-5897 clarifax – [CBI Removed] Fact Sheet, 



DACO: 2.11.3 CBI 
1793615 2008, TOUCHDOWN Technical- 2008-5897 clarifax - MSDS [CBI Removed], DACO: 



2.11.3 CBI 
1793616 2007, TOUCHDOWN Technical- 2008-5897 clarifax -Analysis of Samples of Tehcnical 



Glyphosate, Representative of Large-scale Production [CBI Removed], DACO: 2.13.4 
CBI 
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1804171 2008, Glyphosate Acid Product Identity and Composition; Description of Material Used 
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to Produce the Product; Description of Manufacturing Process; and Discussion of 
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1852368 2008, Production Process for Glyphosate Technical, DACO: 2.11.2 CBI 
1874188 2009, Glyphosate Technical Herbicide - Product Identity, Composition, and Analysis 



(Group A), DACO: 
2.11.1,2.11.2,2.11.3,2.11.4,2.12.1,2.13.2,2.2,2.3,2.4,2.5,2.6,2.7,2.8,2.9 CBI 
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1885532 2008, Purity Profile for 5 Batches of Glyphosate Technical [CBI Removed], DACO: 
2.12.1,2.13.1,2.13.3 CBI 



1885538 2009, Amendment to Purity Profile for 5 Batches of Glyphosate Technical [CBI 
Removed], DACO: 2.12.1,2.13.1,2.13.3 



1935666 2008, Determination of [CBI removed] Content in 5 Representative Production Batches 
of Glyphosate Technical, DACO: 2.13.3 CBI 



1977501 2010, Summary of Chemistry, DACO: 2.0,2.1,2.14,2.2,2.3,2.4,2.5,2.6,2.7,2.8,2.9 CBI 
1977502 2010, Summary of Manufacturing Process and Request to Waive data package, DACO: 



2.11,2.11.1 CBI 
1977503 2008, Quantification and Identification of the Active Ingredient and impurities in five 



batches by validated methods, DACO: 2.13,2.13.1,2.13.2,2.13.3,2.13.4 CBI 
1977506 2008, Glyphosate Technical: Determination of the [CBI Removed] Content in Five 



Batch Samples, DACO: 2.13.4 CBI 
1977509 2009, Preliminary Analysis of Five Representative Batches of Glyphosate Acid 



Technical Grade Active Ingredient (TGAI) to Determine % Glyphosate and to Quantify 
its Associated Impurities, DACO: 2.13,2.13.1,2.13.2,2.13.3,2.13.4 CBI 



1977512 2009, Determination of [CBI Removed] Content in Five Representative Production 
Batches of Glyphosate Acid Technical, DACO: 2.13,2.13.3,2.13.4 CBI 



1977515 2010, Summary of Source of Starting Materials, DACO: 2.11.2 CBI 
1984238 Manufacturing Process, DACO: 2.11.1,2.11.2,2.11.3,2.11.4 CBI 
1984240 2008, Determination of Active Content and Impurity Profile of Glyphosate, DACO: 



2.13.1,2.13.2,2.13.3 CBI 
2004622 2009, Study Report Five Batch Analysis of Glyphosate, DACO: 2.13.3,2.13.4 CBI 
2004622 2009, Study Report Five Batch Analysis of Glyphosate, DACO: 2.13.3,2.13.4 CBI 
2037535 Amended Final Report, DACO: 2.13.1 CBI 
2072231 2011, Manufacturing Method, DACO: 2.11 CBI 
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2072232 2011, Manufacturing Method, DACO: 2.11 CBI 
 
B. Studies Considered for the Toxicological Hazard Assessment 
 
LIST OF STUDIES/INFORMATION SUBMITTED BY REGISTRANT 
 
PMRA 
Document 
Number 



 
Reference 



1126881 1991, One month feeding study of AMPA administered by capsule to beagle dogs, 
DACO: 4.7 



1126892 1991, 90 Day oral toxicity study of AMPA in dogs, DACO: 4.7 
1126903 1993, A developmental toxicity study of AMPA in rats, DACO: 4.5.2 
1126905 1991, An evaluation of the potential of AMPA to induce unscheduled DNA 



synthesis in the in vitro hepatocyte DNA repair assay using the male F-344 rat, 
DACO: 4.5.4 



1149395 1993, Correspondence: re- 90 day dog study with AMPA, DACO: 4.7 
1149396 1991, 90-day oral (capsule) toxicity study in dogs with AMPA. Missing pages 



requested as per letter dated October 4,1993, DACO: 4.7 
1149397 1991, Results of the stability analyses of AMPA (aminomethyl phosphonic acid) 



test material used in a 90 day dog study at Wil laboratories, DACO: 4.7 
1156204 1994, A mouse micronucleus study of AMPA, DACO: 4.5.4 
1161752 1991, Assessment of acute oral toxicity of (n-methyl-n-phosphonomethyl)glycine 



to rats  (glyphosate), DACO: 4.2.1 
1161753 1993, AMPA: acute oral toxicity (limit) test in rats, DACO: 4.2.1 
1161755 1993, AMPA: acute dermal toxicity (limit) test in rats, DACO: 4.2.2 
1161756 1989, Glyphosate technical: acute dermal toxicity (limit) test in rats, DACO: 4.2.2 
1161758 1989, Glyphosate technical acute inhalation toxicity study in rats (limit test), 



DACO: 4.2.3 
1161760 1989, Glyphosate technical: primary eye irritation test in rabbits, DACO: 4.2.4 
1161761 1989, Compound No.3607: primary eye irritation test in rabbits (glyphosate), 



DACO: 4.2.4 
1161763 1989, Glyphosate technical: primary skin irritation test in rabbits, DACO: 4.2.5 
1161765 1989, Glyphosate technical: Magnusson-Kligman maximisation test in guinea 



pigs, DACO: 4.2.6 
1161766 1992, AMPA: Magnusson-Kligman maximisation test in guinea pigs, DACO: 



4.2.6 
1161768 1989, Glyphosate 4 week dietary toxicity study in rats, DACO: 4.3.1 
1161769 1993, AMPA 13 week toxicity study in rats with administration by gavage, 



DACO: 4.3.1 
1161775 1991, Assessment of acute oral toxicity of "glyphosate technical" to mice, DACO: 



4.2.1 
1161777 1989, Glyphosate 13 week dietary toxicity study in rats, DACO: 4.3.1 
1161778 1991, The effect of glyphosate on pregnancy of the rat (incorporates preliminary 



investigation), DACO: 4.5.2 
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1161779 1991, The effect of glyphosate on pregnancy of the rabbit (incorporates 
preliminary investigation), DACO: 4.5.2 



1161780 1993, Mutagenicity test: in vitro mammalian cell gene mutation test performed 
with mouse lymphoma cells (L5178Y) test compound: AMPA, DACO: 4.5.4 



1161781 1991, Mutagenicity test: in vitro mammalian cell gene mutation test with 
glyphosate, DACO: 4.5.4 



1161782 1993, Mutagenicity test: Ames salmonella test with AMPA, DACO: 4.5.4 
1161783 1993, Mutagenicity test: micronucleus test with AMPA, DACO: 4.5.4 
1161784 1991, Mutagenicity test: micronucleus test with glyphosate, DACO: 4.5.4 
1161785 1991, Mutagenicity test: Ames salmonella assay with glyphosate, DACO: 4.5.4 
1161786 1993, Glyphosate 104 week dietary carcinogenicity study in mice, DACO: 



4.4.1,4.4.2 
1161787 1989, Glyphosate 13 week dietary toxicity study in mice, DACO: 4.3.1 
1161788 1990, Glyphosate 52 week oral toxicity study in dogs, DACO: 4.3.1 
1161790 1993, Glyphosate 3 week toxicity study in rats with dermal administration, 



DACO: 4.3.4 
1161791 1993, AMPA 4 week dose range finding study in rats with administration by 



gavage, DACO: 4.3.8 
1161793 1992, The effect of dietary administration of glyphosate on reproductive function 



of two generations in the rat. Volumes I and II, DACO: 4.5.1 
1161794 1992, AMPA teratogenicity study in rats, DACO: 4.5.2 
1161795 1993, Glyphosate 104 week dietary carcinogenicity study in mice. DACO: 



4.4.1,4.4.2 
1161796 1993, Glyphosate 104 week combined chronic feeding/oncogenicity study in rats 



with 52 week interim kill.(results after 104 weeks), DACO: 4.4.1, 4.4.2 
1161797 1993, Glyphosate 104 week combined chronic feeding/oncogenicity study in rats 



with 52 week interim kill.(results after 104 weeks), DACO: 4.4.1, 4.4.2 
1161798 1993, Glyphosate 104 week combined chronic feeding/oncogenicity study in rats 



with 52 week interim kill. (Results after 52 weeks) + addendum individual body 
weight (g) and food consumption per cage of rats: males and females, DACO: 
4.4.1, 4.4.2 



1182530 1973, The dynamics of accumulation and depletion of orally ingested n-
phosphonomethylglycine-14C, DACO: 4.5.9 



1184695 1972, Acute oral toxicity study with CP67573 in albino rabbits, DACO: 4.2.1 
1184722 1979, Ninety-day subacute toxicity test with aminomethylphosphonic acid 



CP50435 in rats, DACO: 4.3.1 
1184726 1980, Technical glyphosate: teratology study in rats, DACO: 4.5.2 
1184727 1980, Technical glyphosate: teratology study in rabbits, DACO: 4.5.3  
1184728 1980, Technical glyphosate: dominant lethal study in mice, DACO: 4.5.4  
1184795 1972, Ninety-day subacute oral toxicity study with CP67573 in beagle dogs, 



DACO: 4.7  
1184837 1981, A lifetime feeding study of glyphosate (roundup technical) in rats, DACO: 



4.4.1, 4.4.2   
1184838 1981, A lifetime feeding study of glyphosate (roundup technical) in rats, DACO: 



4.4.1, 4.4.2  
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1184839 1981, A lifetime feeding study of glyphosate (roundup technical) in rats, DACO: 
4.4.1, 4.4.2  



1184851 1978, Acute oral toxicity study in rats. Compound: glyphosate technical, DACO: 
4.2.1   



1184852 1979, Acute dermal toxicity study LD50 in rabbits. Compound: glyphosate 
technical, DACO: 4.2.2   



1184853 1979, Rabbit eye irritation study. Compound: glyphosate technical, DACO: 4.2.4   
1184879 1982, A chronic feeding study of glyphosate (roundup technical) in mice, DACO: 



4.4.1, 4.4.2  
1184946 1973, Final report on CP67573 residue and metabolism, part 13: the dynamics of 



accumulation and depletion of orally ingested n-phosphonomethylglycine-14C, 
DACO: 4.5.9  



1184958 1973, Final report on CP67573 residue and metabolism, part 8: the gross 
metabolism of n-phosphonomethylglycine-14C (cp67573-14C) in the laboratory rat 
following a single dose, DACO: 4.5.9 



1184959 1973, Final report on CP67573 residue and metabolism, part 9: the gross 
distribution of n-phosphonomethylglycine-14C (cp67573-14C) in the rabbit, 
DACO: 4.5.9  



1184960 1973, Final report on CP67573 residue and metabolism, part 11: the metabolism 
of aminomethylphosphonic acid-14C (CP50435-14C) in the laboratory rat, DACO: 
4.5.9 



1184961 1973, Final report on CP67573 residue and metabolism, part 12: the isolation and 
identification of the metabolites of CP67573-14C excreted by the laboratory rat, 
DACO: 4.5.9 



1202148 1985, Twelve month study of glyphosate administered by gelatin capsule to beagle 
dogs.  DACO: 4.4.1 



1211998 1996, Glyphosate acid: acute oral toxicity study in rats, DACO: 4.2.1 
1211999 1996, Glyphosate acid: acute dermal toxicity study in the rat, DACO: 4.2.2 
1212000 1996, Glyphosate acid: 4-hour acute inhalation toxicity study in rats, DACO: 4.2.3 
1212001 1997, Glyphosate acid: eye irritation to the rabbit, DACO: 4.2.4 
1212002 1996, Glyphosate acid: skin irritation to the rabbit, DACO: 4.2.5 
1212003 1996, Glyphosate acid: skin sensitisation to the guinea pig, DACO: 4.2.6 
1212004 1996, First revision to glyphosate acid: 90 day feeding study in rats, DACO: 4.3.1 
1212005 1996, First revision to glyphosate acid: 90 day oral toxicity study in dogs, DACO: 



4.3.2 
1212006 1996, Glyphosate acid: 1 year dietary toxicity study in dogs, DACO: 4.3.2 
1212007 1996, Glyphosate acid: 21 day dermal toxicity study in rats, DACO: 4.3.5 
1212011 2001, Glyphosate acid: two year dietary toxicity and oncogenicity study in rats.  



[Part 1 of 3], DACO: 4.4.4 
1212012 2001, Glyphosate acid: two year dietary toxicity and oncogenicity study in rats.  



[part 2 of 3], DACO: 4.4.4 
1212013 2001, Glyphosate acid: two year dietary toxicity and oncogenicity study in rats.  



[part 3 of 3], DACO: 4.4.4 
1212014 2000, Glyphosate acid: multigeneration reproduction toxicity study in rats. [Part 1 



of 2], DACO: 4.5.1 
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1212015 2000, Glyphosate Acid: multigeneration reproduction toxicity study in Rats. [Part 
2 of 2], DACO: 4.5.1 



1212016 1996, Glyphosate acid: developmental toxicity study in the rat, DACO: 4.5.2 
1212017 1996, Glyphosate acid: developmental toxicity study in the rabbit, DACO: 4.5.3 
1212018 1988, Aminomethyl phosphonic acid - an evaluation of mutagenic potential using 



S. typhimurium and E. coli, DACO: 4.5.4 
1212019 1988, Glyphosate acid: mutagenicity evaluation in Salmonella typhimurium, 



DACO: 4.5.4 
1212020 1982, Mutagenicity evaluation in mouse lymphoma multiple endpoint test:  a 



forward mutation assay, DACO: 4.5.6 
1212021 1998, Glyphosate acid: in vitro cytogenetic assay in human lymphocyte, DACO: 



4.5.6 
1212022 1996, Glyphosate acid: an evaluation of mutagenic potential using S. typhimurium 



and E. coli, DACO: 4.5.6 
1212023 1996, Glyphosate acid: L5178Y TK+/- mouse lymphoma gene mutation assay, 



DACO: 4.5.6 
1212024 1996, Glyphosate acid: mouse bone marrow micronucleus test, DACO: 4.5.7 
1212025 1984, Mutagenicity evaluation in Chinese hamster ovary cytogenetic assay, 



DACO: 4.5.8 
1212026 1996, Glyphosate acid: whole body autoradiography in the rat (10mg/kg), DACO: 



4.5.9 
1212027 1996, Glyphosate acid: excretion and tissue retention of a single oral dose 



(10mg/kg) in the rat, DACO: 4.5.9 
1212028 1996, Glyphosate acid: excretion and tissue retention of a single oral dose 



(10mg/kg) in the rat following repeat dosing, DACO: 4.5.9 
1212029 1996, Glyphosate acid: biotransformation in the rat, DACO: 4.5.9 
1212031 2000, Glyphosate acid: excretion of a single oral dose (10 mg/kg) in the fasted and 



non-fasted rat, DACO: 4.5.9 
1212032 1996, Glyphosate acid: excretion and tissue retention of a single intravenous dose 



(10mg/kg) in the rat, DACO: 4.5.9 
1212033 1996, glyphosate acid: excretion and tissue retention of a single oral dose 



(1000mg/kg) in the rat, DACO: 4.5.9 
1212034 1996, Glyphosate acid: acute neurotoxicity study in rats, DACO: 4.5.12 
1212035 1988, Aminomethyl phosphonic acid: acute oral toxicity to the rat, DACO: 4.5.12 
1212037 1996, Glyphosate acid: subchronic neurotoxicity study in rats, DACO: 4.5.13 
1212038 1996, Glyphosate acid: comparison of salivary gland effects in three strains of rat, 



DACO: 4.8 
1212041 2002, Glyphosate acid: 28 day feeding study in rats, DACO: 4.8 
1213949 1987, Residue determination of glyphosate and AMPA in laying hen tissues & 



eggs following a 28-day feeding study, DACO: 4.3.1,7.5 
1235214 1990, Chronic study of glyphosate administered in feed to albino rats, DACO: 



4.4.1, 4.4.2 
1235215 1990, Chronic study of glyphosate administered in feed to albino rats, DACO: 



4.4.1, 4.4.2 
1235339 1990, Two generation reproductive feeding study with glyphosate in Sprague-
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Dawley rats, DACO: 4.5.1 
1410983 2007, Glyphosate acid technical response to clarifax, DACO: 4.3.1 
1411000 2007, Glyphosate acid technical response to clarifax, DACO: 4.5.3 
1874174 2008, Acute oral toxicity study of glyphosate technical in rats, DACO: 4.2.1 
1874176 2009, Acute dermal toxicity study of glyphosate technical in rats, DACO: 4.2.2 
1874177 2009, Acute inhalation toxicity study of glyphosate technical in rats, DACO: 4.2.3 
1874178 2009, Acute eye irritation study of glyphosate technical in rabbits, DACO: 4.2.4 
1874186 2009, Acute dermal irritation study of glyphosate technical in rabbits, DACO 4.2.5 
1874187 2009, Skin sensitization study of glyphosate technical in guinea pigs (guinea pig 



maximization test), DACO: 4.2.6 
2223081 2012, Glyphosate - a 28-day oral (dietary) immunotoxicity study in female 



B6C3F1 mice, DACO: 4.8 
 
ADDITIONAL PUBLISHED INFORMATION 
Note: Only published studies that are cited in the PRVD are listed below; a full list of 
published information considered in the re-evaluation is available upon request.  
 
PMRA 
Document 
Number 



 
Reference 



2391577 2009, Toxicokinetics of glyphosate and its metabolite aminomethyl phosphonic 
acid in rats, DACO: 4.8 



2391578 1987, An evaluation of the genotoxic potential of glyphosate, DACO 4.8 
2391579 1992, NTP technical report on toxicity studies of glyphosate administered in dosed 



feed to F344/N rats and B6C3F1 mice, DACO 4.8 
2391580 2004, Pesticide residues in food – 2004 – joint FAO/WHO meeting on pesticide 



residues – part II, DACO: 12.5.4 
2391581 2009, Reasoned opinion – modification of the residue definition of glyphosate in 



genetically modified maize grain and soybeans, and in products of animal origin – 
summary, DACO: 12.5.4  



2391582 2012, Evaluation of developmental toxicity studies of glyphosate with attention to 
cardiovascular development, DACO: 12.5.4 



2391583 2005, Cancer incidence among glyphosate-exposed pesticide applicators in the 
agricultural health study, DACO: 12.5.4 



 
C. Studies Considered for the Occupational Risk Assessment 
 
STUDIES/INFORMATION SUBMITTED BY REGISTRANT  
 
PMRA 
Document 
Number 



 
Reference 



1212030 2001, Glyphosate: In vivo Dermal Penetration Study in the Rat. Central 
Toxicology Laboratory, Alderley Park, Cheshire, UK #UR0644. Unpublished. 
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OTHER UNPUBLISHED INFORMATION 
 
PMRA 
Document 
Number 



Reference 



1414011 1995, Chlorothalonil Worker Exposure during Application of Daconil 2787 
Flowable Funigicide in Greenhouses: Lab Project Number: 5968-94-0104-CR-
001: 94-0104: SDS-2787. Unpublished study prepared by Ricerca, Inc. AH605. 
EPA MRID # 43623202 (U.S. EPA Residential SOPs: Sections 3 & 4) 



1560575 1997, Carbaryl Mixer/Loader/Applicator Exposure Study during Application of 
RP-2 Liquid (21%), Sevin Ready to Use Insect Spray or Sevin 10 Dust to Home 
Garden Vegetables. ORETF OMA006. EPA MRID # 44459801 (U.S. EPA 
Residential SOP: Sections 3 & 4) 



1563670 1999, Integrated Report on Evaluation of Potential Exposure to Homeowners 
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Executive Summary 



Health Canada’s primary objective in regulating pesticides is to protect Canadians’ health and 
their environment. Pesticides must be registered by Health Canada’s Pest Management 
Regulatory Agency (PMRA) before they can be imported, sold, or used in Canada. Pesticides 
must go through rigorous science-based assessments before being approved for sale in Canada. 



All registered pesticides must be re-evaluated by the PMRA on a cyclical basis to make sure they 
continue to meet modern health and environment safety standards and continue to have value. In 
2015, the PMRA published the outcome of its extensive re-examination of glyphosate for public 
comment (PRVD2015-01), which concluded that the products containing glyphosate do not 
present unacceptable risks to human health or the environment when used according to the 
revised product label directions. 



During this re-examination, the PMRA assessed the potential human health risk of glyphosate 
from drinking water, food, occupational and bystander exposure, as well as the environmental 
risk to non-target organisms. Both the active ingredient and formulated products were included 
in the re-evaluation. The assessment was carried out based on available information provided by 
the manufacturer of the pesticide, as well as a large volume of published scientific literature, 
monitoring information (for example, ground water and surface water) and reviews conducted by 
other regulatory authorities. 



The overall finding from the re-examination of glyphosate is highlighted as follows: 
• Glyphosate is not genotoxic and is unlikely to pose a human cancer risk. 
• Dietary (food and drinking water) exposure associated with the use of glyphosate is not 



expected to pose a risk of concern to human health.  
• Occupational and residential risks associated with the use of glyphosate are not of 



concern, provided that updated label instructions are followed. 
• The environmental assessment concluded that spray buffer zones are necessary to 



mitigate potential risks to non-target species (for example, vegetation near treated areas, 
aquatic invertebrates and fish) from spray drift. 



• When used according to revised label directions, glyphosate products are not expected to 
pose risks of concern to the environment. 



• All registered glyphosate uses have value for weed control in agriculture and non-
agricultural land management. 



All comments received during the consultation process were taken into consideration. These 
comments and new data/information resulted in only minor revisions to the proposed regulatory 
decision described in PRVD2015-01. Therefore, the PMRA is granting continued registration of 
products containing glyphosate with requirements of additional label updates to further protect 
human health and the environment. 



To comply with this decision, the required label changes must be implemented on all product 
labels sold by registrants no later than 24 months after the publication date of this document.  
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Re-evaluation Decision for Glyphosate 



After a re-evaluation of the herbicide glyphosate, Health Canada’s Pest Management Regulatory 
Agency (PMRA), under the authority of the Pest Control Products Act and Regulations, is 
granting continued registration of products containing glyphosate for sale and use in Canada. 



An evaluation of available scientific information found that products containing glyphosate do 
not present risks of concern to human health or the environment when used according to 
the revised label directions. As a requirement for the continued registration of glyphosate uses, 
new risk reduction measures are required for the end-use products registered in Canada. No 
additional data are being requested at this time.  



Findings of the re-evaluation of glyphosate were first presented for public consultation in the 
Proposed Re-evaluation Decision PRVD2015-01, Glyphosate,1 whereas this Re-evaluation 
Decision (RVD2017-01)2 summarizes the Agency’s final decision on the re-evaluation of 
glyphosate and the reasons for it. 



Comments received during the consultation period were taken into consideration. These 
comments and new data/information resulted in revisions to some parts of the risk assessments, 
however, they did not result in substantial changes to the proposed regulatory decision as 
described in PRVD2015-01. Appendix I of this document summarizes the comments received 
and provides the PMRA's response. 



To comply with this decision, the required mitigation measures must be implemented on all 
product labels sold by registrants no later than 24 months after the publication date of this 
document. Registrants of the products containing glyphosate will be informed of the specific 
requirements affecting their product registration(s) and of the regulatory options available to 
them. 



What Does Health Canada Consider When Making a Re-evaluation Decision? 



Health Canada’s pesticide re-evaluation program considers potential risks3 as well as the value4 
of pesticide products to ensure they meet modern standards established to protect human health 
and the environment. Re-evaluation draws on data from registrants, published scientific reports, 
information from other regulatory agencies and any other relevant information. 



                                                           
1  “Consultation statement” as required by subsection 28(2) of the Pest Control Products Act. 
2  “Decision statement” as required by subsection 28(5) of the Pest Control Products Act. 
3  “Acceptable risks” as defined by subsection 2(2) of the Pest Control Products Act. 
4   “Value” as defined by subsection 2(1) of the Pest Control Products Act: “…the product’s actual or 



potential contribution to pest management, taking into account its conditions or proposed conditions of 
registration, and includes the product’s (a) efficacy; (b) effect on host organisms in connection with which 
it is intended to be used; and (c) health, safety and environmental benefits and social and economic 
impact”. 
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In 2010, Health Canada published a re-evaluation work plan for glyphosate (REV2010-02) 
outlining the focus of this re-evaluation and indicating that the PMRA is working cooperatively 
with the United States Environmental Protection Agency. As part of this re-evaluation, the effect 
of Polyethoxylated Tallow Amines (POEA) and the metabolite and transformation product 
Aminomethylphosphonic acid (AMPA) are also included. 



What Is Glyphosate? 



Glyphosate is a broad-spectrum, non-selective herbicide. It controls many annual weeds, 
perennial weeds, woody brush and weedy trees. It is registered for use on a wide variety of sites 
including terrestrial feed and food crops, terrestrial non-food, non-feed and fibre crops, and for 
non-agricultural, industrial and residential weed management for non-food sites, forests and 
woodlots, outdoor ornamentals and turf. 



Glyphosate is present as the free acid or as a salt in formulated end use products. Glyphosate 
products are formulated as solutions, pastes or tablets and can be applied using ground or aerial 
application equipment. Other application techniques are also used to apply glyphosate, such as 
with a wiper or wick applicator, cut stump or stem injection treatment. The rate of application 
ranges from 0.25 to 4.32 kg a.e./ha, depending on weed species (for example, annual vs. 
perennial) and use site. All products containing glyphosate currently registered under the 
authority of the Pest Control Products Act are listed in Appendix II. 



Health Considerations 



Can Approved Uses of Glyphosate Affect Human Health? 



Products containing glyphosate are unlikely to affect your health when used according to 
label directions. 



Potential exposure to glyphosate may occur through diet (food and water), or when handling and 
applying the product, or by entering treated sites. When assessing health risks, two key factors 
are considered: the levels at which no health effects occur in animal testing and the levels to 
which people may be exposed. The dose levels used to assess risks are established to protect the 
most sensitive human population (for example, children and nursing mothers). Only those uses 
where exposure is well below levels that cause no effects in animal testing are considered 
acceptable for registration. 



Glyphosate is of low acute oral, dermal and inhalation toxicity. It is severely irritating to the 
eyes, non-irritating to skin and does not cause an allergic skin reaction. 



Registrant-supplied short and long term (lifetime) animal toxicity tests, as well as numerous 
peer-reviewed studies from the published scientific literature were assessed for the potential of 
glyphosate to cause neurotoxicity, immunotoxicity, chronic toxicity, cancer, reproductive and 
developmental toxicity, and various other effects.  
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The most sensitive endpoints for risk assessment were clinical signs of toxicity, developmental 
effects, and changes in body weight. The young were more sensitive than the adult animals. 
However, the risk assessment approach ensures that the level of exposure to humans is well 
below the lowest dose at which these effects occurred in animal tests. 



Residues in Food and Water 



Dietary risks from food and water are not of concern. 



Reference doses define levels to which an individual can be exposed over a single day (acute) or 
lifetime (chronic) and expect no adverse health effects. Generally, dietary exposure from food 
and water is acceptable if it is less than 100% of the acute reference dose or chronic reference 
dose (acceptable daily intake). An acceptable daily intake is an estimate of the level of daily 
exposure to a pesticide residue that, over a lifetime, is believed to have no significant harmful 
effects. 



Potential acute and chronic dietary exposures to glyphosate were estimated from residues of 
glyphosate and relevant metabolites in both treated crops and drinking water. Exposure to 
different subpopulations, including children and women of reproductive age, were considered. 
The acute dietary exposure estimate from food and drinking water at the 95th percentile 
represents 31% of the acute reference dose (ARfD) for females 13-49 years of age, and ranges 
from 12% to 45% of the ARfD for all other population subgroups. The chronic dietary exposure 
estimate for the general population represents 30% of the acceptable daily intake (ADI). 
Exposure estimates for population subgroups range from 20% of the ADI (for adults aged 
50 years or older) to 70% of the ADI (for children 1-2 years old). Thus, acute and chronic dietary 
risks are not of concern. 



The Food and Drugs Act prohibits the sale of adulterated food; that is, food containing a 
pesticide residue that exceeds the established maximum residue limit (MRL). Pesticide MRLs 
are established for Food and Drugs Act purposes through the evaluation of scientific data under 
the Pest Control Products Act. Each MRL value defines the maximum concentration in parts per 
million (ppm) of a pesticide allowed in or on certain foods. Food containing a pesticide residue 
that does not exceed the established MRL does not pose a health risk concern. 



Canadian MRLs for glyphosate are currently specified for a wide range of commodities (MRL 
database http://pr-rp.hc-sc.gc.ca/mrl-lrm/index-eng.php). Residues in all other agricultural 
commodities, including those approved for treatment in Canada but without a specific MRL, are 
regulated under Subsection B.15.002(1) of the Food and Drug Regulations, which requires that 
residues do not exceed 0.1 ppm. Separate MRLs have been established for the 
trimethylsulfonium (TMS) cation, the major metabolite of the glyphosate-TMS salt, in/on a 
variety of commodities. Given that all glyphosate-TMS-containing products have been 
discontinued in Canada, all MRLs for the TMS cation will be revoked. 
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Risks in Residential and Other Non-Occupational Environments 



Non-occupational risks are not of concern when used according to label directions. 



Residential exposure may occur from the application of products containing glyphosate to 
residential lawns, and turf (including golf courses), gardens and trees. Residential handler 
exposure could occur from mixing, loading and applying domestic-class glyphosate products. 
These products can be applied as a liquid by a manually pressurized handwand, backpack, 
sprinkler can and ready-to-use sprayer. 



Residential postapplication exposure may occur for persons performing activities on treated 
areas. This includes areas treated by residential handlers as well as residential areas treated by 
commercial applicators. Exposure is predominantly dermal. Incidental oral exposure may also 
occur for children (1 to <2 years old) playing in treated areas. 



For all domestic class products, the target dermal and inhalation margins of exposure (MOE) 
were met for adults applying glyphosate and are not of concern. Residential postapplication 
activities also met the target dermal MOE for all populations (including golfers) and are not of 
concern. For incidental oral exposure, the target oral MOEs were met for children (1 to <2 years 
old) and are not of concern. 



Non-occupational scenarios were aggregated with background (chronic) dietary exposure (food 
and drinking water). The resulting aggregate risk estimates reached the target MOE for all uses 
and are not of concern. 



Non-occupational risks from bystander dermal exposure are not of concern. 



Bystander exposure may occur when the general public enter non-cropland areas (for example, 
hiking through forests or parks) that have recently been treated with glyphosate. The resulting 
risk estimates associated with bystander dermal exposure met the target MOE for all populations 
and are not of concern. 



Occupational Risks from Handling Glyphosate 



Occupational risks to handlers are not of concern when used according to label directions. 



Risks to handlers are not of concern for all scenarios. Based on the precautions and directions for 
use on product labels reviewed for this re-evaluation, risk estimates associated with mixing, 
loading and applying activities met the target dermal and inhalation MOEs and are not of 
concern. 
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Postapplication risks are not of concern for all uses. 



Postapplication occupational risk assessments consider exposures to workers entering treated 
sites in agriculture. Based on the current use pattern for agricultural scenarios reviewed for this 
re-evaluation, postapplication risks to workers performing activities, such as scouting, met the 
target dermal MOEs and are not of concern. A minimum restricted entry interval of 12 hours is 
required for agricultural sites. 



Polyethoxylated Tallow Amines (POEA) 



POEA is a family of several compounds that are used as surfactants in many glyphosate products 
registered in Canada. No human health risks of concern were identified for these end-use 
products, provided that they contain no more than 20% POEA by weight. All of the currently 
registered glyphosate end-use products in Canada meet this limit. 



Environmental Considerations 



What Happens When Glyphosate Is Introduced Into the Environment? 



When used according to revised label directions, glyphosate products are not expected to 
pose risks of concern to the environment. Labelled risk-reduction measures mitigate 
potential risks posed by glyphosate formulations to non-target plants and 
freshwater/marine/estuarine organisms. 



When glyphosate is released into the environment, it can enter soil and surface water. Glyphosate 
breaks down in soil and water and is not expected to remain for long periods of time. Glyphosate 
produces one major break down product in soil and water, aminomethyl phosphonic acid 
(AMPA), which can last in the environment. Carryover of glyphosate and AMPA into the next 
growing season is not expected to be significant. Glyphosate and AMPA are not expected to 
move downward through the soil and are unlikely to enter groundwater. 



Glyphosate dissolves readily in water but is expected to move into sediments in aquatic 
environments. Glyphosate is not expected to enter the atmosphere. Glyphosate and AMPA are 
unlikely to accumulate in animal tissues. 



Certain glyphosate formulations include a surfactant composed of POEA compounds. At high 
enough concentrations, POEA is toxic to aquatic organisms but is not expected to remain in the 
environment. While, in general, glyphosate formulations that contain POEA are more toxic to 
freshwater and marine/estuarine organisms than formulations that do not contain POEA, they do 
not pose risks of concern to the environment when used as directed on the label. 



In the terrestrial environment the only risk identified was for terrestrial plants, therefore, spray 
buffer zones are required to reduce exposure to sensitive terrestrial plants. 
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Glyphosate formulations pose a negligible risk to freshwater fish and amphibians, but may pose 
a risk to freshwater algae, freshwater plants, marine/estuarine invertebrates and marine fish if 
exposed to high enough concentrations. Hazard statements and mitigation measures (spray buffer 
zones) are required on product labels to protect aquatic organisms. 



Glyphosate, AMPA and POEA do not meet all Toxic Substances Management Policy (TSMP) 
Track 1 criteria and are not considered Track 1 substances. Other than incident reports of damage 
to plants and one exceptional incident regarding fish in a river (PRVD2015-01, Section 4.2.3), 
there are currently no environmental incident reports involving glyphosate in Canada. 



Value Considerations 



What is the Value of Glyphosate? 



Glyphosate plays an important role in Canadian weed management in both agricultural 
production and non-agricultural land management and is the most widely used herbicide 
in Canada. 



Glyphosate is an important herbicide for Canadian agriculture: 



• Due largely to its broad and flexible use pattern and its wide weed-control spectrum, it is 
the most widely used herbicide in several major crops grown in Canada, such as canola, 
soybean, field corn and wheat. It is also one of only a few herbicides regularly used in 
fruit orchards, such as apple. 



• It is the essential herbicide for use on glyphosate tolerant crops (GTCs), including canola, 
soybean, corn, sweet corn and sugar beet. The combination of GTCs and glyphosate has 
been adopted as an important agricultural production practice in Canada. 



• It has a wide application window ranging from pre-seeding to after seeding (prior to crop 
emergence), in-crop, pre-harvest or post-harvest, providing a flexible and effective weed 
management program. 



• It is one of a few herbicides that can also be used as a harvest management and 
desiccation treatment. 



• Post-harvest stubble treatment with glyphosate allows reduced or zero tillage, which has 
facilitated the adoption of conservation agriculture that results in improved soil quality. 



Glyphosate is also an important weed management tool and is widely used for weed control in 
non-agricultural land management, such as forestry, industrial areas, and along rights-of-way. It 
is an effective tool for control of many invasive weed species and is also used in the control of 
toxic plants, such as poison ivy. 



Measures to Minimize Risk 



Labels of registered pesticide products include specific instructions for use. Directions include 
risk-reduction measures to protect human health and the environment. These directions must be 
followed by law. As a result of the re-evaluation of glyphosate, the PMRA is requiring further 
risk-reduction measures in addition to those already listed on glyphosate product labels. 
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Additional risk-reduction measures are discussed below. Label amendments to be implemented 
are found in Appendix IV. 



Human Health 



• To protect commercial and residential applicators: glyphosate is not to be applied using 
hand-wicking or hand-daubing methods. 



• To protect workers entering treated sites: a restricted-entry interval (REI) of 12 hours is 
required for agricultural uses. 



• To protect bystanders: a statement is required indicating that the product is to be applied 
only when the potential for drift to areas of human habitation or areas of human activity, 
such as houses, cottages, schools and recreational areas, is minimal. 



Environment  



• Environmental hazard statements are added to inform users of toxicity to non-target 
species. 



• Spray buffer zones to protect non-target terrestrial and aquatic habitats are required. 
• To reduce the potential for runoff of glyphosate to adjacent aquatic habitats, 



precautionary statements for sites with characteristics that may be conducive to runoff 
and when heavy rain is forecasted are required. In addition, a vegetative strip between the 
treatment area and the edge of a water body is recommended to reduce runoff of 
glyphosate to aquatic areas. 



What Additional Scientific Information is Being Requested? 



There are no additional data requirements proposed as a condition of continued registration of 
glyphosate products. 



International Regulatory Status and Updates on Glyphosate 



The PMRA routinely works collaboratively with other member countries within the Organisation 
for Economic Co-operation and Development (OECD) on the regulation of pesticides. As part of 
the re-evaluation of an active ingredient, the PMRA takes into consideration recent 
developments and new information on the status of a pesticide in other jurisdictions. Glyphosate 
is currently acceptable for use in other OECD countries, including the United States, Australia 
and the European Union. As of 8 March 2017, no decision by an OECD member country to 
prohibit all uses of glyphosate for health or environmental reasons has been identified. 
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In March, 2015, the World Health Organization's (WHO) International Agency for Research on 
Cancer (IARC) published a summary of results of their hazard classification of five pesticides, 
including glyphosate. IARC classified glyphosate as probably carcinogenic to humans. It is 
important to note that the IARC classification is a hazard classification and not a health risk 
assessment. This means that the level of human exposure, which determines the actual risk, was 
not taken into account by IARC. 



In November, 2015, the European Food Safety Authority (EFSA) finalized their re-assessment of 
glyphosate, concluding that glyphosate is unlikely to pose a carcinogenic hazard to humans. The 
EU also set an acute reference dose, which is the same as that set by the PMRA (PRVD2015-01). 
In May 2016, the Joint FAO/WHO Meeting on Pesticide Residues (JMPR) concluded that 
glyphosate is unlikely to be genotoxic at anticipated dietary exposures and that it is unlikely to 
pose a carcinogenic risk to humans from exposure through the diet. In March, 2017, the 
European Chemical Agency (ECHA) and the Australian Pesticides and Veterinary Medicines 
Authority (APVMA) released their determination that glyphosate is not a carcinogen. Currently, 
no pesticide regulatory authority, including Health Canada, considers glyphosate to be a 
carcinogenic risk of concern to humans. 



Canada and the USEPA have been collaborating on the re-evaluation of glyphosate. In December 
2016, the USEPA Scientific Advisory Panel (SAP) discussed the cancer potential of glyphosate, 
and Health Canada’s PMRA participated as an observer. The final SAP meeting report was 
posted on March 17, 2017. The PMRA is continuing to monitor regulatory activities from other 
regulatory organizations, including the USEPA’s review of the SAP recommendations and final 
determination regarding the potential carcinogenicity of glyphosate. 



Health Canada’s PMRA sets Maximum Residue Limits (MRLs) for pesticide residues on food, 
which is the maximum amount of residue that is expected to remain on food products when a 
pesticide is used according to label directions. These are set at levels well below the amount that 
could pose a health concern. In 2015, the Canadian Food Inspection Agency (CFIA) tested 
approximately 700 samples consisting of a variety of juice and juice blends, grains and grain 
products, beans, lentils, and a wide variety of fruit and vegetables. The CFIA also initiated a 
targeted survey of approximately 2,500 samples, looking at levels of glyphosate in bean, pea, 
lentil, chickpea and soy products, as well as less commonly consumed grains such as barley, 
buckwheat and quinoa. The results show a high degree of compliance with the MRLs established 
by the PMRA for glyphosate. The CFIA anticipates having the full analysis completed by Spring 
2017. 



Other Information 



Any person may file a notice of objection regarding this decision on glyphosate within 60 days 
from the date of publication of Re-evaluation Decision RVD2017-01, Glyphosate. For more 
information regarding the basis for objecting (which must be based on scientific grounds), please 
refer to the Pesticides and Pest Management portion of Health Canada's website (Request a 
Reconsideration of Decision), or contact the PMRA's Pest Management Information Service. 
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List of Abbreviations 



AD   administered dose  
ADI   allowable daily intake 
a.e.   acid equivalent 
AFC   antibody forming cells  
AHS   agricultural health study  
AMPA   aminomethylphosphonic acid 
APVMA   Australian Pesticide and Veterinary Medicines Authority 
ARfD   acute reference dose 
ASAE   American Society of Agricultural Engineers 
ATAE   phosphate ester, tallowamine, ethoxylated  
Atm   atmosphere 
BAF   bioaccumulation factor 
BCF   bioconcentration factor 
Bt   Bacillus thuringiensis 
BVL   The German Federal Office for Consumer Protection and Food Safety  
CARC   Cancer Assessment Review Committee  
CAS   Chemical Abstracts Service 
CFIA   Canadian Food Inspection Agency 
CHMS   Canadian Health Measures Survey 
Cm   centimeter 
DACO   Data Code  
DAR   Draft Assessment Report  
DIR   Directive  
DMTT   PMRA drift mitigation technical team 
DT50   time required for 50% dissipation of the initial concentration 
EC25    effective concentration on 25% of the population 
EC50    effective concentration on 50% of the population 
ECx    effective concentration on x (any number) % of the population 
ECHA   European Chemicals Agency  
EDSP   Endocrine Disruptor Screening Program 
EDSTAC   Endocrine Disruptor Screening and Testing Advisory Committee 
EDTA    Endocrine Disrupters Testing and Assessment 
EFSA   European Food Safety Authority 
EP    end-use product 
EU   European Union 
EUP   end-use product  
EUP + POEA  end-use products containing the surfactant POEA 
EUP NO POEA end-use products that do not contain POEA 
FA   fraction of species affected 
FAO   Food and Agriculture Organization of the United Nations 
FIFRA   Federal Insecticide, Fungicide, and Rodenticide Act  
GLP   Good Laboratory Practices 
GMO   genetically modified  
Ha   hectare(s) 
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HC5  hazardous concentration to five percent of species in a Species Sensitivity 
Distribution (SSD) 



HD5  hazardous dose to five percent of species in a Species Sensitivity 
Distribution (SSD) 



Hr   hour(s) 
HL   Hodgkin’s lymphoma  
IARC   International Agency for Research on Cancer  
ICH  International Council on Harmonization of Technical Requirements for 



Pharmaceuticals for Human Use  
IgM   Immunoglobulin M 
IPA salt   isopropylamine salt 
IPCS   International Programme on Chemical Safety  
IRIS   Integrated Risk Information System  
JGTF   Joint Glyphosate Task Force 
JMPR   Joint WHO/FAO Meeting on Pesticide Residues 
Kow    n-octanol-water partition coefficient 
L    litre 
Lab    laboratory 
LC50    lethal concentration on 50% of the population 
LCx    lethal concentration on x (any number) % of the population 
Log   logarithm 
LOAEL   lowest observed adverse effect level 
m3   meter cube 
mg   milligram 
mm   millimeter 
Mn   Manganese 
MOA   Mode of Action 
MOE   Margin of Exposure 
MRL   Maximum Residue Limit 
MWCF   Molecular Weight Conversion Factor 
N. bruchi   Neochetina bruchi 
Ng   nanogram 
NHL   Non-Hodgkin Lymphoma  
NOAEL   no observed adverse effect level 
NOEC    no-observed-effect-concentration 
NOEL    no-observed-effect-level 
NOI    notice of intent 
NPAFC   North Pacific Anadromous Fish Commission 
NTP   National Toxicology Program 
NZEPA   New Zealand Environmental Protection Authority  
OECD   Organization for Economic Co-operation and Development 
OPP   Office of Pesticides  
Pa   pascal 
PCPA   Pest Control Products Act  
PMRA   Pest Management Regulatory Agency 
POEA   Polyethoxylated tallow amines  
PPE   Personal Protective Equipment 
ppm   parts per million 
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PRVD   Proposed Re-evaluation Decision 
RAR   Renewal Assessment Report  
ROS   reactive oxygen species 
RD   Residue Definition 
RED   Reregistration Eligibility Decision  
REG   Regulatory Note  
REI   Restricted-Entry Interval  
REV   Re-evaluation Note  
RVD   Re-evaluation Decision  
SAP   Scientific Advisory Panel  
SPN   Science Policy Note  
spp.   species (plural) 
SSD   species sensitivity distribution 
Tech.   technical 
TGAI    technical grade active ingredient 
TSMP    toxic substances management policy 
TTR   Turf Transferable Residue 
UK    United Kingdom 
USEPA   United States Environmental Protection Agency 
USFDA   United States Food and Drug Administration 
VMG    Validation Management Groups 
WHO   World Health Organization 
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Appendix I Comments and Responses 



The PMRA received written comments from the technical registrants, the public and other 
stakeholders relating to the Proposed Re-evaluation Decision PRVD2015-01, Glyphosate. The 
comments and PMRA responses are summarized based on common scientific themes. 



1.0 Comments Related to the Health Risk Assessments 



1.1 Comments Related to Toxicology 



In addition to specific comments related to the toxicological evaluation of glyphosate, comments 
related to broader considerations, were also received. These broader comments included 
questions on the established paradigms for the toxicological evaluation of chemicals in general, 
comments on the Organization for Economic Co-operation and Development (OECD) guidelines 
for the testing of chemicals, concerns relating to the independence of the scientific findings, 
principles of Good Laboratory Practices (GLP), and other aspects of toxicological assessments. 
Although these broader types of comments were beyond the scope of the re-evaluation of 
glyphosate, every effort has been made to respond to the underlying concerns in the submitted 
comments as they relate to the toxicology review and health aspects of the glyphosate re-
evaluation in Canada. 



1.1.1 Salivary gland alterations and Acceptable Daily Intake (ADI) 



Comment 
The Joint Glyphosate Task Force (JGTF) proposed that the observation of cellular alterations in 
salivary glands results from oral irritation caused by dietary administration of glyphosate acid – a 
strong organic acid. New data was submitted to support this conclusion. In addition, it was noted 
that Canadian glyphosate formulations do not contain the technical acid, but instead contain 
neutral glyphosate salts (for example, potassium, ammonium, and isopropylamine). The JGTF 
requested that the PMRA consider the new data, re-assess the adversity of this finding, and base 
the ADI calculation on a more toxicologically relevant No Observed Adverse Effect Level 
(NOAEL). 
 
PMRA Response 
The newly submitted data consisted of a dose-range finding study and a non-guideline definitive 
study that examined the effects of citric acid administered to rats via gavage (to bypass direct 
oral exposure) or via diet, and trisodium citrate dihydrate given via diet for seven weeks. Rats 
treated with citric acid in their diet (a low pH diet) exhibited more pronounced changes in parotid 
glands (increased weight and histopathology severity) compared to rats receiving citric acid via 
gavage, or trisodium citrate dihydrate by diet (high pH diet). 
 
However, an acidic diet did not appear to be the only factor responsible for changes in parotid 
glands, since these changes (albeit less pronounced) were also observed in both the high pH diet 
and gavage-treated citric acid (low pH) groups. Also, other organizations have conducted studies 
examining different modes of action (MOAs) that might explain changes observed in salivary 
glands of animals fed glyphosate-treated diets.  
 











Appendix I 



  
 



Re-evaluation Decision – RVD2017-01 
Page 16 



For example, as discussed in PRVD2015-01, (page 12), studies by the National Toxicology 
Program (NTP) indicated that glyphosate may be a β-adrenergic receptor agonist, as histological 
similarities were noted in salivary glands of animals treated with glyphosate acid, or a β-
adrenergic receptor agonist (isoproterenol), and were reduced in severity by propranolol (a β-
adrenergic receptor antagonist). 
 
Additionally, the hazard assessment was based on the ‘active substance’ (glyphosate acid). 
Guideline toxicity data for “neutral” glyphosate salts, with particular attention to salivary gland 
examination in repeat-dose studies, were not available for selection of the toxicity endpoints. 
 
The toxicological evaluation relied on a number of co-critical studies, rather than one ‘key 
study’, to establish each endpoint. The ADI (PRVD2015-01, page 20) is based on a 2-year study 
in rats with a NOAEL of 32/34 mg/kg bw/day, the highest (combined) NOAEL for all 2-year rat 
studies. The lowest (combined) Lowest Observed Adverse Effect Level (LOAEL) is 100 mg/kg 
bw/day, based on decreased body weight and increased incidences and severity of cellular 
alterations in the parotid and submandibular glands in one of the two-year rat studies. This 
choice of NOAEL and LOAEL is further supported by the NOAEL of 30 and LOAEL of 100 
mg/kg bw/day, based on decreased body weight in three one-year dog studies. Thus, the selected 
ADI is based on two primary findings (decreased body weight as well as histological changes in 
the parotid salivary gland) observed in a number of different studies. No revision is required. 
 
1.1.2 Acute Reference Dose (ARfD) for females 13-49 years of age  



Comment 
The endpoint selected for the ARfD for females 13-49 years of age was considered by the JGTF 
to be based on a spurious finding that is not reflected across developmental toxicity studies of 
glyphosate in rabbits. The JGTF presented an evaluation of seven rabbit developmental toxicity 
studies conducted by Kimmel et al. (2013), which concluded that the body of data failed to 
support an increased incidence of interventricular septal defects in the fetuses resulting from 
treatment with glyphosate during gestation in rabbits. Overall, the JGTF requested that the ARfD 
for this subpopulation be aligned with the ARfD for the general population. 
 
PMRA Response 
As noted in PRVD2015-01, the PMRA considered the evaluation conducted by Kimmel et al. 
(2013) in detail, as well as other available information, and based its conclusion on the overall 
weight-of-evidence in establishing an ARfD for the subpopulation of females 13-49 years of age. 
 
Briefly, several limitations were noted in the analysis by Kimmel et al. (2013) including data 
tabulation errors and a lack of, or inadequately characterized, historical control data for key 
studies, including the study on which the PMRA based the ARfD. A re-analysis of this key study 
(Brooker et al. 1991, PMRA #1161779; PRVD2015-01) in conjunction with additional historical 
control data supplied by the JGTF resulted in the PMRA concluding that the incidence of cardiac 
malformations was increased relative to both concurrent and historical control data in high-dose 
animals, with an increase in variations at the mid-dose. The additional historical data provided by 
the JGTF did not alter the PMRA’s original conclusions, thus, the ARfD for females 13-49 years 
of age was not revised. 
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1.1.3 Cancer Risk Assessment  



Comments 
1.1.3.1 International Agency for Research on Cancer (IARC) Glyphosate Monograph5 
 
The majority of comments in relation to the 2015 IARC assessment, which classified glyphosate 
as ‘probably carcinogenic to humans’, requested that the PMRA review and re-assess the 
potential carcinogenicity of glyphosate, and restrict/ban its uses in Canada. Some comments 
noted that while the IARC assessment is a hazard classification, it also took into account the 
human exposure levels to glyphosate, largely by incorporating the epidemiological studies into 
the assessment. Some comments recommended that the PMRA apply the IARC classification in 
selecting a sensitive endpoint for occupational and bystander risk assessment in order to protect 
against the risk of developing non-Hodgkin’s lymphoma and/or other cancers. 
 
1.1.3.2 Ovarian Tubulostromal Tumours 
 
The JGTF noted that PRVD2015-01 reported an increased incidence of ovarian tubulostromal 
tumours. The JGTF stated that these neoplasms arise out of the germinal epithelium of the 
ovarian stroma, are similar to those seen in epithelial hyperplasia, and therefore, do not provide 
sufficient evidence for oncogenicity. They also provided historical control data relevant to the 
strain of mice used, and noted that the reported incidence was within the range of Charles River 
historical control data for this finding. The JGTF requested that PMRA consider this finding as 
not related to glyphosate treatment and revise the text on page 89 of PRVD2015-01 from 
“equivocal evidence of oncogenicity” to “no evidence of oncogenicity” 
 
1.1.3.3 Agricultural Health Study and Multiple Myeloma  
 
The JGTF requested that the PMRA reconsider the suggested association between multiple 
myeloma and glyphosate use that was reported by the Agricultural Health Study (AHS) 
publication (De Roos et al. 2005, PMRA#:2391583). The comments indicated that it has been 
over 10 years since the study was conducted and a follow-up study, noted by De Roos as being 
necessary, has not been performed. The JGTF also noted that in an effort to understand how the 
conclusion of ‘suggested association’ was reached in the AHS study, the data were analyzed by a 
third-party expert (Sorahan, 2015) who determined that De Roos et. al., 2005 had pared down the 
AHS data set to come to the conclusion of ‘suggested association’. When the full data set is 
analyzed, the risk ratio is 1.1, demonstrating no association between multiple myeloma and 
glyphosate use. Additionally, no association between multiple myeloma and glyphosate use was 
noted by the IARC review of glyphosate, which considered the Sorahan (2015) paper. 
 



                                                           
5  IARC (International Agency for Research on Cancer). IARC Monographs on the Evaluation of 



Carcinogenic Risks to Humans. Volume 112 (2015). Some Organophosphate Insecticides and Herbicides: 
Diazinon, Glyphosate, Malathion, Parathion, and Tetrachlorvinphos. Available online from 
http://monographs.iarc.fr/ENG/Monographs/vol112/mono112-09.pdf [last accessed June, 2016]  
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PMRA Response to Comments 1.1.3.1 – 1.1.3.3  
 
Background 
 
In March, 2015, the International Agency for Research on Cancer (IARC) published a summary 
of the basis for their hazard classifications of five pesticides, including glyphosate, which they 
classified as ‘probably carcinogenic to humans’. The PMRA’s position on the IARC’s hazard-
based classification was included in PRVD2015-01, published in April, 2015, however, the full 
IARC monograph only became available in July, 2015. The PMRA has since reviewed this 
document; a summary of the PMRA review is discussed below. 
 
The IARC Assessment 
 
The PMRA and IARC assessments of the carcinogenic potential of glyphosate were based on 
different datasets and considerations. As noted in Re-evaluation Note 2010 (REV2010-02), the 
PMRA collaborated with the United States Environmental Protection Agency (USEPA) on the 
re-evaluation of glyphosate, which included the examination of published scientific toxicity data 
according to the principles set out in USEPA guidance.6 Additionally, considerations laid out in 
a second USEPA guidance7 document were applied in the review of published epidemiology 
data. 
 
The carcinogenic potential of glyphosate acid, the technical active ingredient, was assessed by 
the PMRA using a weight-of-evidence approach. Many registrant-supplied studies are available 
on the carcinogenic potential of glyphosate, which include lifetime cancer bioassays, as well as 
in vitro and in vivo mutagenicity studies. In addition, published data as well as epidemiological 
data were available for consideration. Results were then integrated and weighed according to 
their reliability, relevance and consistency. Note that studies conducted with glyphosate alone 
were considered more relevant in characterizing its inherent toxicity than were studies on the 
formulated products reported in the scientific literature, as the latter contained a variety of other 
constituents that, in most cases, were not identified. The compositions of formulated products are 
considered proprietary data, and often differ between countries. However, the composition of the 
formulated products must be disclosed to regulatory authorities in the country of registration; 
(see Genotoxicity section below). Although it is argued that formulated glyphosate products are 
more representative of ‘real life’ conditions, it is important to keep in mind that many different 
products (pesticide and non-pesticide) share many of these same constituents. In order to fully 
characterize a pesticide active ingredient, it is necessary to understand its inherent toxicity, 
which can only be characterized in the absence of these other constituents.  



                                                           
6  EPA (U.S. Environmental Protection Agency), 2012, Guidance for Considering and Using Open Literature 



Toxicity Studies to Support Human Health Risk Assessment. Available online from 
http://www2.epa.gov/sites/production/files/2015-07/documents/lit-studies.pdf [last accessed February, 
2016] 



7  EPA (U.S. Environmental Protection Agency), 2010, February 2010 FIFRA SAP meeting minutes: Draft 
Framework and Case studies on Atrazine, Human Incidents, and the Agricultural Health Study: 
Incorporation of Epidemiology and Human Incident Data into Human Health Risk Assessment. Available 
online from https://www.regulations.gov/#!documentDetail;D=EPA-HQ-OPP-2010-0125-0079 [last 
accessed February 2016]  
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In addition, studies that complied with internationally accepted test guidelines were considered 
by the PMRA to be more relevant and reliable than published studies conducted with 
methodologies not recognized by regulatory agencies or organizations, such as the OECD. In 
total, the PMRA, in cooperation with the USEPA, assessed a much larger and more relevant 
body of scientific information than was considered by the IARC. 



Conversely, in its evaluation of the carcinogenic potential of glyphosate, the IARC considered 
only published sources of toxicology data, which included the scientific literature and certain 
documents published by regulatory agencies. The IARC did not directly consider, or did not 
consider at all, unpublished toxicology studies that were available to international regulatory 
agencies. It is the PMRA’s understanding that unpublished registrant-sponsored studies are not 
requested by the IARC for their deliberations. Furthermore, the IARC classifications of 
carcinogenic hazard are based on scientific consensus related to the evidence examined, but do 
not provide risk information or recommendations for regulation or legislation. The IARC 
assessment relied on many studies that did not characterize the composition of the tested 
mixtures (formulated products) and/or grouped all glyphosate formulated products, regardless of 
their composition. The composition of glyphosate formulated products differs around the world, 
even in those marketed under the same trade name. This difference in the evaluation approach 
used by the IARC and the PMRA is an important distinction because some studies, mostly in 
vitro, with glyphosate formulated products suggest that certain formulations are genotoxic, while 
studies examining the active substance alone do not show this effect. This may indicate that 
genotoxicity observed in these studies is related to other constituents in the formulated product 
rather than glyphosate acid. The constituents of all pest control products registered in Canada are 
disclosed to the PMRA, and toxicity data (as well as other data) are also required for each 
formulated product, which are examined during the pre-market review process. 



Genotoxicity  
 
The PMRA did not identify any genotoxic potential for the active ingredient glyphosate acid. 
Negative results for in vitro and in vivo gene mutation and chromosomal effect assays in 
mammalian cells contributed to the overall conclusion that the active ingredient glyphosate was 
not genotoxic. In vitro studies are generally conducted to predict a potential effect in animal (in 
vivo) studies. In vivo studies are weighted more than in vitro studies based on relevancy and 
integrated metabolism of the whole animal. 
 
A large battery of genotoxicity assays conducted according to the OECD test guidelines for 
glyphosate is available. Many studies have been replicated several times, and all indicated 
negative results for genotoxicity. The IARC assessment did not consider the majority of these 
studies. Instead, the IARC monograph reported mixed results for studies with glyphosate 
formulated products that examined DNA damage, gene mutation, and chromosomal aberrations, 
and included results from non-mammalian systems – for example fish, and plants, that are not 
considered relevant for human health hazard characterization. 
 
The IARC monograph also noted that in several cases, positive results occurred at very high or 
toxic dose levels only. It is important to characterize the relationship of genotoxic results in the 
context of observed cytotoxicity. Positive results at very high or toxic dose levels indicate that 
the genotoxic effects are due to cytotoxicity rather than direct DNA-acting properties of 
glyphosate formulated products. High-dose cytotoxicity was one factor in the weight-of-evidence 
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approach used by the PMRA when considering the genotoxic potential of glyphosate, and is 
consistent with international approaches (EFSA 2011,8 USEPA 1986,9 USFDA, ICH S2(R1)10). 
The observed cytotoxicity is likely associated with surfactants that are present in many 
formulated products. For example, polyethoxylated tallow amines (POEAs), which are typical 
surfactant components of many glyphosate products, were shown to produce cytotoxic effects 
such as perturbation/disruption of the mitochondrial membrane in cultured mammalian cells 
(Levine et al. 2007,11 Kier and Kirkland 201312). A number of negative genotoxicity studies 
were reported by Kier and Kirkland (2013), but not considered by the IARC. It should be noted 
that genotoxic effects resulting from cytotoxicity exhibit a threshold, and carefully selected 
reference doses protect against this effect. 
 
The IARC suggested other ‘mechanisms of action’ that might contribute to potential 
carcinogenicity, such as inflammation, immunosuppression, endocrine disrupting activity and 
oxidative stress, which were based mainly on in vitro studies. However, no evidence of 
glyphosate-induced immunosuppression was observed in a registrant-supplied guideline 
immunotoxicity study reviewed by the PMRA. In addition, no other studies in the extensive 
toxicity database suggested a concern for immunotoxicity, inflammation or oxidative stress. 
Glyphosate also showed no evidence of interaction with estrogen, androgen or thyroid endocrine 
pathways in studies conducted by the USEPA Endocrine Disruptor Screening Program (EDSP). 
 
Carcinogenicity  
 
1. Studies in Animals  
 
As reported in PRVD2015-01, the PMRA also assessed the carcinogenic potential of glyphosate 
in several long-term animal studies, which included two mouse studies and four rat studies, as 
well as studies in the published literature. Although, not all available carcinogenicity studies on 
glyphosate were submitted to the PMRA, reviews, evaluation reports, and committee meeting 
documents from international regulatory authorities (EFSA and USEPA) for these particular 
studies were considered by the PMRA. No evidence of carcinogenicity was identified in any of 
the rat studies reviewed by the PMRA, or in the additional rat studies reviewed by other 
regulatory authorities. 
 



                                                           
8  EFSA (European Food Safety Authority), 2011. Scientific opinion on genotoxicity testing strategies 



applicable to food and feed safety assessment. EFSA Scientific Committee, EFSA journal, 9, 2379 
9  EPA (U.S. Environmental Protection Agency), 1986. Guidelines for mutagenicity risk assessment. Fed. 



Register 51. 34006-34012.  
10  FDA (U.S. Food and Drug Administration), 2012. Guidance for Industry. S2(R1) Genotoxicity Testing and 



Data Interpretation for Pharmaceuticals Intended for Human Use. Available online from 
http://www.fda.gov/downloads/Drugs/Guidances/ucm074931.pdf [last accessed February, 2016]  



11  Levine SL, Han Z, Liu J, et al. (2007). Disrupting mitochondrial function with surfactants inhibits MA-10 
Leydig cell steroidogenesis. Cell Biology and Toxicology, 23, 385–400. Available online from 
http://link.springer.com/article/10.1007%2Fs10565-007-9001-6 [last accessed June, 2016]  



12  Larry D. Kier & David J. Kirkland (2013) Review of genotoxicity studies of glyphosate and glyphosate-
based formulations, Critical Reviews in Toxicology, 43:4, 283-315. Available online from 
http://www.tandfonline.com/doi/full/10.3109/10408444.2013.770820#.V2G7ZtJIiUk [last accessed June, 
2016] 
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The IARC assessed seven long term studies in rats and two studies in mice. Pancreatic islet cell 
adenomas were noted in male rats in two of the rat studies. However, these findings were not 
dose-related and/or occurred at the low dose only. The IARC also reported a statistically 
significant positive trend for hepatocellular adenomas in male rats only (with no evidence of pre-
neoplastic lesions or progression to carcinomas), and a statistically significant positive trend for 
thyroid C-cell adenomas in female rats only. None of these tumours were reproduced in other 
chronic studies in rats. 
 
PRVD2015-01 reported a marginal increase in the incidence of ovarian tubulostromal 
hyperplasia and adenomas in mice. However, since adenomas were observed at the limit dose of 
testing, they were not considered relevant for human health risk assessment. Furthermore, 
additional historical control data submitted during the PRVD comment period indicated that the 
incidence of ovarian adenomas was actually within the historical control range for the 
conducting laboratory, which increased the likelihood that these tumours were not treatment-
related. 
 
For the two mouse studies, the IARC identified a positive trend for renal tubule adenomas and 
carcinomas in male mice in one study, and a positive trend for hemangiosarcoma in males in the 
other study. However, these tumours were not reproduced in other mouse studies, which used 
similar and higher doses (1000-4000 mg/kg bw/day). 
 
Since the publication of PRVD2015-01, a review by Greim et al. (201513) of 14 long-term 
glyphosate toxicity/carcinogenicity studies in rodents included four additional studies in rats and 
three additional studies in mice, which were negative for carcinogenicity. These seven studies 
were not considered acceptable by the IARC due to insufficient reporting of the study methods 
and results by Greim et al. The PMRA had access to detailed information for these studies, 
which were considered acceptable for hazard characterization; and the USEPA and EFSA also 
considered these studies as part of their assessment of the carcinogenic potential of glyphosate. 
 
2. Epidemiological Studies  
 
The PMRA, USEPA and the European Food Safety Authority (EFSA14) have concluded that the 
currently available epidemiological database does not support a causal relationship between 
exposure to glyphosate and cancer outcomes. 
 
A general discussion of pivotal epidemiology studies, as identified in the IARC assessment, is 
presented below. 
 



                                                           
13  Helmut Greim, David Saltmiras, Volker Mostert & Christian Strupp, (2015), Evaluation of carcinogenic 



potential of the herbicide glyphosate, drawing on tumor incidence data from fourteen 
chronic/carcinogenicity rodent studies, Critical Reviews in Toxicology, 45:3, 185-208. Available online 
from http://dx.doi.org/10.3109/10408444.2014.1003423 [last accessed June, 2016]  



14  Ntzani EE, Chondrogiorgi M, Ntritsos G, Evangelou E, Tzoulaki I. Literature review on epidemiological 
studies linking exposure to pesticides and health effects. EFSA (European Food Safety Authority), EFSA 
supporting publication 2013:EN-497, 159 pp. Available online from 
http://www.efsa.europa.eu/en/supporting/pub/497e [Last accessed February, 2016] 
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Multiple Myeloma 
 
As a part of a larger study known as the Agricultural Health Study (AHS), a prospective cohort 
study examined cancer incidence in pesticide applicators in Iowa and North Carolina. As 
described in PRVD2015-01, the most relevant finding in this study was a non-statistically 
significant association between multiple myeloma and glyphosate exposure. The relative risk 
was 1.1 when adjusted for age (95% CI, 0.5-2.4; 32 cases; only 20 cases reported exposure to 
glyphosate), but was 2.6 (95% CI, 0.7-9.4) when adjusted for multiple confounders (age, 
smoking, other pesticides, alcohol consumption, family history of cancer, and education). 
Evidence for an exposure-response trend by duration or intensity of pesticide use was not 
observed during the relatively short period (enrollment in the study was 1993-1997 to end of 
2001) of follow-up (PMRA#:2391583). In a follow-up analysis of male participants in the same 
cohort, no correlation was observed between exposure to glyphosate and risk of a pre-malignant 
plasma disorder (monoclonal gammopathy of undetermined significance) that typically precedes 
the development of multiple myeloma (Landgren et al., 2009). In multiple re-analyses of the 
AHS data, including that of Sorahan (2015), no definitive association between glyphosate 
exposure and multiple myeloma was observed. 
 
Non-Hodgkin lymphoma (NHL) 
 
In many case-control studies, as reported by IARC, the USEPA and EFSA, some investigators 
observed a positive, but generally non-statistically significantly association between glyphosate 
use and NHL cases, while others reported no association. Variation in the quality of exposure 
assessment, study design and methods, in addition to a lack of available information on 
confounding variables may explain inconsistencies in the data. NHL is also not a specific 
disease, as mentioned by most authors of these studies, but consists of multiple types of 
lymphoma that are classified for convenience as not being Hodgkin’s lymphoma. For example, 
multiple myeloma can also be considered a type of NHL; however, the data on multiple 
myeloma was analysed separately by the IARC, instead of considering it with NHL studies. The 
World Health Organization has dismissed the dichotomous classification of lymphomas as 
NHL/HL (Hodgkin’s lymphoma); and 43 different types of lymphomas have been characterized 
(Berry 201015). Proper classification of the disease (for example, the type of cancer) is important 
in epidemiology studies in order to adequately link it with the exposure to a chemical. 
 
The interpretation of available epidemiological studies involving glyphosate is problematic due 
to a lack of adequate characterization of glyphosate exposures, the small number of cancer cases, 
and other confounding variables. For example, glyphosate exposure was analyzed with several 
other pesticides, exposure was generally based on questionnaires, classification of the type of 
cancer was not consistent, and the contribution of toxicity from formulants could not be assessed.  
 



                                                           
15  Berry, C.L. 2010. Relativism, regulation and the dangers of indifferent science. The Sir Roy Cameron 



lecture of the Royal College of Pathologists. Toxicology 267 (2010) 7-13. Available online from 
http://www.sciencedirect.com/science/article/pii/S0300483X09005812?np=y [Last accessed 
February 2016]  
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Only once an association is plausibly established can criteria, (such as Bradford Hill) be 
considered to determine whether a causal relationship exists16. Without a causal relationship, 
epidemiology data cannot be used to establish references doses or occupational endpoints. 
 
Finally, it is important to note that the experts convened by the IARC to assess the carcinogenic 
hazard of glyphosate concluded that there is limited evidence of glyphosate-related 
carcinogenicity in humans based on the available epidemiological studies. This conclusion is 
consistent with the limited utility of epidemiology studies in selecting reference doses to conduct 
a human health risk assessment for glyphosate. 
 
While epidemiology data have inherent limitations, reported findings have the advantage of 
being directly based on human exposures and population responses. Because of these 
advantages, epidemiological studies may provide valuable information in the Adverse Outcome 
Pathway framework17. The PMRA continues to support the conduct of well-designed 
epidemiological studies where exposure conditions are well characterized. 
 
Conclusion 
 
Overall, the IARC concluded that the evidence of carcinogenicity was limited in humans but 
sufficient in animals. This conclusion was reached based on statistically increased incidences of 
tumour findings in four chronic studies in rodents (two in rats and two in mice), as well results 
from genotoxicity (mostly in vitro) assays using formulated products. However, the IARC did 
not reflect the lack of dose-response relationships or other contextual information (for example, 
background/ historical control data, cytotoxicity) in their decision. 
 
Based on a weight-of-evidence analysis that utilized all available carcinogenicity studies in 
animals, together with other contextual information, the PMRA did not consider any of the 
observed tumours to be treatment-related. The main aspects of this weight-of-evidence analysis 
are highlighted below: 



• A clear dose-response was not observed for any of the noted tumours 
• The statistically significant findings via pairwise comparisons were weighed against the 



lack of dose-response relationships. 
• The statistically significant positive trend was weighed against the lack of consistency 



across several relevant studies from a total of fourteen long term toxicity/carcinogenicity 
studies in rodents. 



• Slightly increased tumour incidences at dose levels at or above the limit dose of testing 
(1000 mg/kg bw/day) were not considered relevant for human health risk assessment. 



                                                           
16  EPA (U.S. Environmental Protection Agency), 2010, February 2010 FIFRA SAP meeting minutes: Draft 



Framework and Case studies on Atrazine, Human Incidents, and the Agricultural Health Study: 
Incorporation of Epidemiology and Human Incident Data into Human Health Risk Assessment. Available 
online from https://www.regulations.gov/#!documentDetail;D=EPA-HQ-OPP-2010-0125-0079 [last 
accessed February, 2016] 



17  OECD, Organisation for Economic Co-operation and Development (OECD), 2012, Adverse Outcome 
Pathways, Molecular Screening and Toxicogenomincs. Available online from 
http://www.oecd.org/chemicalsafety/testing/adverse-outcome-pathways-molecular-screening-and-
toxicogenomics.htm [Last accessed February, 2016] 
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• Incidences fell within valid historical control data from the respective performing 
laboratories. 



• There was a lack of pre-neoplastic lesions (for example, foci, hypertrophy, and 
hyperplasia) and/or other biologically plausible evidence (for example, mode of action 
data) to relate the noted tumours to glyphosate treatment. 



• The weight-of-evidence from a wide range of assays, both in vitro and in vivo, that 
examined various endpoints such as gene mutation, chromosomal damage, DNA damage 
and repair, indicated no genotoxic concern for glyphosate. 



• The currently available epidemiology evidence does not support a causal relationship 
between exposure to glyphosate and cancer outcomes. 
 



The PMRA’s determination on the carcinogenic potential of glyphosate is consistent with the 
most recent conclusions of other international regulatory authorities and intergovernmental 
organizations (USEPA CARC Report,18 EFSA,19 JMPR,20 ECHA,21 and NZEPA22), which 
concluded that glyphosate is unlikely to be genotoxic or carcinogenic. Therefore, the PMRA’s 
conclusion with respect to the carcinogenicity of glyphosate acid, as outlined in PRVD2015-01, 
is unchanged. 
 
1.1.4 Immunotoxicity 



Comment 
The JGTF noted that no statistically significant increase in T-cell dependent antibody response or 
total activity in the immunotoxicity study was observed. The JGTF requested that the statement 
regarding “evidence of immunotoxicity” be corrected to “no evidence of immunotoxicity.” The 
JGTF also requested that additional wording be included to qualify PMRA’s conclusion of “an 
altered function of the immune system could not be ruled out” to provide further context to 
PRVD2015-01. 
 



                                                           
18  EPA (U.S Environmental Protection Agency), 2015, Cancer Assessment Document – Evaluation of the 



Carcinogenic Potential of Glyphosate. Final Report. Cancer Assessment Review Committee. Available 
online from http://src.bna.com/eAi [Last accessed June, 2016]  



19  EFSA (European Food Safety Authority), 2015. Conclusion on the peer review of the pesticide risk 
assessment of the active substance glyphosate. EFSA Journal 2015; 13(11):4302 [107 pp.] Available online 
from: https://www.efsa.europa.eu/en/efsajournal/pub/4302 [Last accessed June, 2016] 



20  Pesticides Residues in Food, 2016. Special Session of the Joint FAO/WHO Meeting on Pesticide Residues 
– Report 2016. ISSN 2070-2515. FAO Plant Production and Protection Paper 227. Available online from 
http://www.who.int/foodsafety/areas_work/chemical-risks/jmpr/en/ [last accessed June, 2016] 



21  ECHA (European Chemicals Agency). Public consultation on the harmonised classification and labelling 
proposal for Glyphosate. ECHA/NI/16/25. 2016. Available online from http://echa.europa.eu/view-article/-
/journal_content/title/public-consultation-on-the-harmonised-classification-and-labelling-proposal-for-
glyphosate [last accessed June, 2016] 



22  NZEPA (New Zealand Environmental Protection Authority). Review of the Evidence Relating to 
Glyphosate and Carcinogenicity. 2016. Available online from 
http://www.epa.govt.nz/Publications/EPA_glyphosate_review.pdf [last accessed August, 2016] 
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PMRA Response  
 
In the registrant-submitted immunotoxicity study, a dose-related increase in the T-cell dependent 
antibody response (IgM (Immunoglobulin M) AFC (Antibody Forming Cells)/106 spleen cells) 
was observed. The magnitude of increase was 10%, 18%, and 31% at 150, 449 and 1448 mg/kg 
bw/day, respectively, compared to the control group. The test guideline stated that a response of 
800-1,000 IgM AFC/106 spleen cells should be noted in the negative control mice for the strain 
used in the AFC assay. Examination of individual animal data for T-cell dependent antibody 
response revealed that seven, six and eight animals in low, mid- and high dose groups, 
respectively, had a response higher than 1000 IgM AFC/106 spleen cells, compared to four 
animals in the control group, which indicated a treatment-related effect. 
 
PRVD2015-01 also noted a dose-related increase in total spleen activity (IgM AFC/spleen x 
103). The magnitude of increase for this effect was 13%, 50% and 54% @ 150, 449 and 1448 
mg/kg bw/day, respectively, compared to the value of the vehicle control group. A non-dose-
related increase in spleen cellularity (spleen cells × 107) of 20% and 10% in the mid- and high 
dose animals, respectively was noted. This increased immune response in the AFC assay was 
considered potentially treatment-related. However, immune effects were not observed in the rest 
of the toxicity database, and ultimately, this finding did not impact the risk assessment. 
 
In summary, the PMRA examined trends (for example, dose-response relationships) as well as 
statistical significance in assessing the relevance of the above findings. Given that the variation 
(standard deviation) in the AFC assay data are generally large, key considerations other than 
statistical significance were important in developing an overall conclusion. The WHO (201223) 
recommends considering unintended immune system stimulation as a noteworthy finding, but 
one that may be difficult to characterize or unambiguously define as adverse. Similarly, the 
USFDA (200224) considers unintentional immunostimulation as a potentially adverse effect. 
 
1.1.5 Aggregate Endpoint  



Comment 
A number of comments contested the endpoint selected by the PMRA for aggregate risk 
assessment, indicating that the NOAEL of 32/34 mg/kg bw/day from a 2-year rat study was 
inappropriate. The comments recommended that the endpoint be based on a NOAEL of 
10 mg/kg bw/day due to an increased incidence of renal tubular dilation in F3b offspring at the 
LOAEL in a three-generation reproduction toxicity study, as identified by the USEPA Integrated 
Risk Information System (IRIS). 
 



                                                           
23  WHO (World Health Organization – International Programme on Chemical Safety), 2012. Guidance for 



Immunotoxicity Risk Assessment for Chemicals. Available online from 
http://www.inchem.org/documents/harmproj/harmproj/harmproj10.pdf [Last accessed June, 2016]  



24  FDA (U.S Food and Drug Administration), 2012, Guidance for Industry – Immunotoxicology Evaluation 
of Investigational New Drugs. Available online from 
http://www.fda.gov/downloads/drugs/guidancecomplianceregulatoryinformation/guidances/ucm079239.pdf 
[last accessed June, 2016]  
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PMRA Response 
 
Aggregate exposure is the total exposure to a single pesticide that may occur from food, drinking 
water, residential and other non-occupational sources, and from all known or plausible exposure 
routes (oral, dermal and inhalation). An initial step in performing an aggregate risk assessment is 
to review all available toxicity data and to identify the most appropriate toxicological endpoints 
of concern and their associated parameters (such as dose, duration, and route).25 
 
Since histological changes in the salivary glands were observed in many repeat-dose oral studies 
over various durations in two species (rats and mice), it was considered a common endpoint of 
concern for aggregate risk assessment (as indicated in PRVD2015-01, page 27), particularly for 
potential aggregate exposure from food, drinking water and residential scenarios. In addition, 
this was considered appropriate for all durations since the same effects were observed from very 
short term dosing (28-day) or chronic dosing (two-year) studies. In reconciling the dosing routes, 
it was indicated that dermal toxicity studies did not examine salivary glands histologically and 
repeat dose inhalation studies were not available. As such, effects on salivary glands are assumed 
to occur via inhalation or dermal routes in the absence of route-specific and convincing mode of 
action data to support route-specificity of these findings. 
 
Furthermore, the reproduction study in which renal tubular dilation was noted in the F3b 
offspring, was not considered acceptable due to many reporting limitations. It is also important to 
note that this finding was observed macroscopically in a few animals only, and was considered a 
spurious finding in the USEPA Office of Pesticides (OPP), JMPR and EFSA assessments. 
Additionally, this finding does not meet the criteria for determining an appropriate toxicology 
endpoint for aggregate risk assessment (SPN2003-0426). Therefore, the endpoint chosen for 
aggregate risk assessment in PRVD2015-01 remains unchanged. 
 
1.1.6 Cumulative Risk Assessment 



Comment 
A number of submitted comments recommended that PMRA conduct an assessment of the 
cumulative effects of the glyphosate pest control product and other pest control products that 
have a common mechanism of toxicity. 
 



                                                           
25  PMRA (Pest Management Regulatory Agency), 2003, General Principles for Performing Aggregate 



Exposure and Risk Assessments. Available online from http://www.hc-sc.gc.ca/cps-spc/alt_formats/pacrb-
dgapcr/pdf/pubs/pest/pol-guide/spn/spn2003-04-eng.pdf [Last accessed February, 2016] 



26  EPA (U.S. Environmental Protection Agency), 2001, General Principles for Performing Aggregate 
Exposure and Risk Assessments. Available online from http://www2.epa.gov/sites/production/files/2015-
07/documents/aggregate.pdf [Last accessed February, 2016] 
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PMRA Response 
 
The Pest Control Products Act requires that PMRA assess the cumulative effects of pesticides. A 
cumulative assessment evaluates the potential adverse health effects from being exposed to more 
than one pesticide at a time from the same pesticide “group”. These groups are created based on 
a common toxic effect that occurs by the same or similar mechanism. Glyphosate acid does not 
appear to share a common mode of toxicity with other pesticides. As such it does not belong to a 
‘pesticide group’ that requires assessment of cumulative effects. 
 
For more information and/or a description of the steps taken to determine a pesticide “group” for 
assessment of cumulative effects, refer to SPN2001-01.27 
 
1.1.7 The Pest Control Products Act (PCPA) Hazard Characterization  



Comment  
A number of comments recommended that the PMRA apply a 10-fold Pest Control Products Act 
factor for human health risk assessment, as required under the Pest Control Products Act. The 
comments indicated that there was evidence of sensitivity of infants and children to glyphosate in 
the studies discussed in PRVD2015-01. In two of the three reproduction toxicity studies, 
decreased body weight in rat pups was noted at non-maternally toxic doses. The PMRA was also 
referred to studies in the published literature that reported endocrine effects and toxicity in the 
young. 
 
PMRA Response 
 
For assessing risks from potential residues in food or from products used in or around homes or 
schools, the Pest Control Products Act requires the application of an additional 10-fold factor to 
threshold effects to take into account completeness of the data with respect to the exposure of, 
and toxicity to, infants and children, and potential pre- and postnatal toxicity. 
 
As indicated in PRVD2015-01 (page 17) with respect to the completeness of the toxicity 
database of glyphosate, many available guideline and non-guideline studies have investigated the 
potential developmental, reproductive, and endocrine effects of glyphosate. Recently, the 
USEPA completed an assessment of the results of their Endocrine Disrupting Screening Program 
(EDSP) Tier I testing and concluded that glyphosate showed no evidence of interaction with 
estrogen, androgen or thyroid endocrine pathways (USEPA, 2015). It is important to note that 
studies required in the EDSP program are of higher quality and reliability than certain studies 
available in the published scientific literature, including the in vitro assays cited in the comments 
received on PRVD2015-01. 
 
With respect to potential pre- and postnatal toxicity, the two-generation reproduction toxicity 
studies in rats provided no indication of increased sensitivity of the young. In these studies, 
although offspring toxicity typically consisted of decreased body weight at doses that did not 



                                                           
27  PMRA (Pest Management Regulatory Agency), 2001, Science Policy Notice (SPN2001-01) Guidance for 



Identifying Pesticides that have a Common Mechanism of Toxicity for Human Health Risk Assessment 
Available online from http://www.hc-sc.gc.ca/cps-spc/alt_formats/pacrb-dgapcr/pdf/pubs/pest/pol-
guide/spn/spn2001-01-eng.pdf [Last accessed June 2016] 
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appear to produce maternal toxicity, it was noted that these same dose levels produced toxicity in 
adult animals in other studies available in the glyphosate database, (PRVD2015-01, pages 14, 17, 
80, 81) lessening the level of concern for this finding. Additionally, the selected reference doses 
provide a sufficient margin (1000-fold) to the dose levels at which the pup bodyweights were 
affected. 
 
In summary, based on the completeness of the database with respect to developmental and 
reproductive toxicity, the10-fold Pest Control Products Act factor was reduced to 1-fold for most 
populations. However, a 3-fold Pest Control Products Act factor was retained for the ARfD for 
females 13-49 years of age, for reasons discussed in PRVD2015-01 (page 17) and Section 1.1.2 
of this document. For more information on the application of the Pest Control Products Act 
factor, please refer to SPN2008-01.28 
 
1.1.8 General Comments on Health Effects and Toxicology Review 



Comment 
A number of comments from various stakeholder organizations (for example, Canadian 
Association of Agri-Retailers, the Canola Council of Canada, and Central Kootenay Invasive 
Species Society) acknowledged and supported the proposed re-evaluation decision on the health 
aspects of glyphosate. These comments emphasized the importance of a science-based approach 
in reviewing glyphosate and agreed with the proposed regulatory label changes. 
 
PMRA Response 
 
The PMRA re-evaluation drew upon a large, comprehensive body of scientific information that 
included data from registrants, published scientific studies, as well as information from other 
regulatory authorities, which formed the basis of its conclusions. 
 
1.1.9 Glyphosate, GMOs (Genetically modified) and Health effects 



Comment 
A number of comments cited information from various non-governmental organizations or 
independent researchers, and requested that the PMRA use these sources of information as 
evidence for health risks of pest control products containing glyphosate in order to restrict or 
phase-out the uses of these products in Canada. 
 



                                                           
28  PMRA (Pest Management Regulatory Agency), 2008, Science Policy Note (SPN2008-01): The Application 



of Uncertainty Factors and the Pest Control Products Act Factor in the Human Health Risk Assessment of 
Pesticide. Available online from http://www.hc-sc.gc.ca/cps-spc/pubs/pest/_pol-guide/spn2008-01/index-
eng.php [Last accessed June, 2016] 
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PMRA Response 
 
As noted in previous responses, the PMRA conducted a weight-of-evidence assessment that 
considered all relevant, hazard/toxicity data for glyphosate, including data from registrants, 
published scientific studies, and information from other regulatory authorities. In the PMRA 
assessment, published scientific toxicity data was evaluated according to the principles set out in 
a published USEPA guidance document.29 
 
In contrast, while the documents/websites cited in these comments attempted to consolidate a 
wide range of sources of information, some of these studies were of low quality and reliability 
due to significant reporting limitations, and/or did not utilize accepted study methodologies, 
while others were anecdotal in nature. Also, as discussed in response to comments 1.1.3.1-
1.1.3.3, studies based on formulated products are considered less relevant to characterizing the 
potential inherent toxicity of glyphosate itself, due to multiple and often unidentified 
constituents. Thus, the submitted citations did not result in a change to the toxicity assessment 
for glyphosate. The studies cited in these comments that were considered by the PMRA are listed 
in the reference list section of this document. 
 
1.1.10 Glyphosate and Modern Diseases (such as Autism, and Celiac Disease) 



Comment 
A number of comments cited published articles that link glyphosate to various health problems 
such as autism, and celiac disease (for example, Samsel and Seneff 201330; 201531), and 
requested that PMRA restrict and/or phase-out the uses of pest control products containing 
glyphosate based on health effects reported in these articles. 
 
PMRA Response 
 
Correlations do not provide sufficient evidence of causation. These articles report disease 
frequencies in specific regions over several time periods. Although correlations were reported, 
these were difficult to interpret, as it could not be determined whether the health outcomes 
preceded or followed glyphosate application. These articles also lacked sufficient detail 
regarding the strength, consistency and specificity of the noted correlations. For example, in 
regions where glyphosate applications were low, it was not clear if the health outcomes occurred 
at lower incidences compared to those of the regions where glyphosate applications were at 
higher levels. Overall, due to the lack of adequate information regarding the amount, route or 
duration of exposure; or the timing between exposure and the onset of the symptoms, an 
association and/or causality relationship could not be assessed. 



                                                           
29  EPA (U.S. Environmental Protection Agency), 2012, Guidance for Considering and Using Open Literature 



Toxicity Studies to Support Human Health Risk Assessment. Available online from 
http://www2.epa.gov/sites/production/files/2015-07/documents/lit-studies.pdf [last accessed February, 
2016] 



30  Samsel A, and Seneff S. 2013. Glyphosate’s suppression of Cytochrome P450 enzymes and amino acid 
biosynthesis by the gut microbiome: pathways to modern diseases. Entropy. 15: 1416-1463. 



 
31  Samsel A, and Seneff S. 2015. Glyphosate, pathways to modern diseases III: Manganese, neurological 



diseases, and associated pathologies. Surgical Neurology International. 6 (45). 
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1.1.11 Health Effects on the Gastrointestinal Tract and its Microbiome 



Comment 
A number of comments cited published articles that report an impact of glyphosate on the human 
intestinal microbiome, producing gastrointestinal effects which, some propose, may ultimately 
affect human health. Some comments noted that glyphosate is patented as an antibiotic, and 
requested information on the long term effects of ingesting glyphosate, on the human gut 
microbiome. Overall, the comments claimed that the PMRA did not address the implications of 
the chelation activity and antimicrobial properties of glyphosate. 
 
PMRA Response 
 
Glyphosate targets an amino acid synthesis pathway in plants that is shared by certain types of 
bacteria, but not humans. There is very little scientific evidence to support the claim that 
glyphosate has any direct impact on human gut microflora, or has any subsequent health effect. 
Several reports32 33 postulate that environmental chemicals may potentially lead to changes in 
normal gut microbiota. However, information to date is based on in vitro studies, with in vivo 
evidence being very limited and inconclusive. 
 
The reference doses established by the PMRA, and documented in PRVD2015-01, include 
consideration of clinical signs of toxicity on the gastrointestinal tract and are considered 
protective of potential effects on the gastrointestinal tract. 
 
1.1.12 Endocrine Effects 



Comment 
A few comments referred the PMRA to articles that indicated glyphosate was an endocrine 
disruptor and requested that the PMRA use this evidence to phase-out pest control products 
containing glyphosate. 
 
PMRA Response 
 
The cited articles were generally studies that examined the effects of glyphosate formulations on 
a specific biochemical pathway in in vitro tests. These studies frequently did not provide test 
material composition.  
 
The PMRA considered multiple lines of evidence from various toxicity studies in assessing the 
potential for glyphosate to affect endocrine systems. Studies conducted by the NTP, guideline 
two-generation reproduction toxicity studies, as well as studies conducted under the US EDSP 
                                                           
 
32  Shehata AA, Shrödl W, Aldin AA, Hafez HM, Kürger M. 2013. The effect of glyphosate on potential 



pathogens and beneficial members of poultry microbiota in vitro. Current Microbiology 66(4): 350-358. 
Available online from http://link.springer.com/article/10.1007%2Fs00284-012-0277-2 [Last accessed 
June, 2016] 



33  Dietert, RR. The Microbiome in early life: self-completion and microbiota protection as health priorities. 
Birth Defects Research (Part B) 101: 333-340 (2014). Available online from 
http://onlinelibrary.wiley.com/doi/10.1002/bdrb.21116/abstract [last accessed June, 2016] 
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program (United States Endocrine Disruptor Screening Program), were considered. Glyphosate 
has not been shown to interact with any specific endocrine pathway and has no physical / 
chemical properties or structural similarity to other chemicals that are known to interact with the 
endocrine system. Finally, as noted in response to comment 1.7, the USEPA completed a weight-
of-evidence assessment on results obtained from the EDSP assays and concluded that glyphosate 
does not interact with estrogen, androgen, or thyroid pathways and that additional Tier 2 data 
was not triggered.  
 
Thus, there is no compelling evidence to suggest that glyphosate has any significant adverse 
effect on endocrine-related pathways. See also response to comment 2.2.7. 
 
1.1.13 Bioaccumulation  



Comment 
A few comments questioned whether glyphosate could accumulate in the body over time and 
how glyphosate is monitored to ensure levels do not go above acceptable limits that could cause 
health effects.  
 
PMRA Response 
 
No indication of glyphosate accumulation was reported in any of the toxicity studies, as 
summarized in PRVD2015-01. When animals received single or repeat doses (14 days), in each 
case, the administered dose (AD) was excreted within 7 days post-dosing and negligible levels 
(under 1% of AD) remained in the examined tissues. Overall, the metabolic studies indicated 
poor absorption from the gut, almost complete excretion, and very minor metabolism in animals. 
Published regulatory reports by EFSA and the USEPA confirm these results. In summary, 
glyphosate is not expected to accumulate in the body over time. Refer also to response 2.2.8. 
 
1.1.14 Use of Independent Scientific Studies  



Comment 
A number of comments stated that the PMRA, in its review of glyphosate, appeared to consider 
only “seller sponsored science”. The comments referred the PMRA to a number of published 
studies that link glyphosate to health effects. Overall, these comments emphasized support for 
the use of “third party” data in assessing the health effects and making the final re-evaluation 
decision for glyphosate, in lieu of manufacturer-supplied data. 
 
PMRA Response 
 
Regulatory authorities world-wide regard studies that are performed under conditions of good 
laboratory practices (GLP) and according to internationally agreed upon study designs, such as 
the OECD test guidelines, as the most reliable, reproducible, and scientifically sound. Studies 
conducted according to these guidelines are of sufficient statistical power to detect effects of 
concern, they investigate many potential endpoints of toxicological concern, and have detailed 
individual animal results that enable regulatory authorities to thoroughly evaluate and interpret 
the data in an independent manner. Adherence to these guidelines produces studies in which 
regulators have a high degree of confidence.  
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Studies conducted by academic laboratories often have lower statistical power due to the use of 
fewer animals, investigate far fewer toxicological endpoints, and lack sufficient detail in their 
published form. These limitations prevent regulatory authorities from performing an in-depth 
analysis of study results.  
 
As discussed in PRVD2015-01, the re-evaluation took into account all relevant sources of 
toxicity data in order to evaluate the potential health effects of glyphosate acid. This included an 
independent review of registrant-supplied data, which are required for the pesticide review and 
approval process in Canada, as well as consideration of scientific publications and information 
from other regulatory authorities. 
 
For more information on the toxicology data requirements for registration of pest control 
products in Canada, please consult Guidance for Developing Datasets for Conventional Pest Control 
Product Applications: Data Codes for Parts 1 - 7 and 1034 and/or ‘OECD Series on Principles of 
Good Laboratory Practice and Compliance Monitoring’.35 Refer also to comment 2.2.9.  
 
1.1.15 Health Effects of the Glyphosate Formulated Products  



Comment 
A number of comments questioned why glyphosate formulated products were not assessed for 
their health effects, stating that the health effects discussed in PRVD2015-01 were based on the 
active substance (glyphosate acid). 
 
PMRA Response 
 
Although the majority of mammalian toxicity studies for glyphosate were conducted using the 
active substance (glyphosate acid), toxicology studies that assess the acute hazard of formulated 
products are also examined. Individual formulated products are also used for other studies, such 
as in the generation of residue chemistry (field trial) data considered during the risk assessment 
phase. For more information on the data required for the active ingredient and formulated end 
use products for the registration of pest control products in Canada, please consult Guidance for 
Developing Datasets for Conventional Pest Control Product Applications: Data Codes for Parts 
1-7 and 10. 
 
In addition, as part of the glyphosate re-evaluation, an assessment was conducted on 
polyethoxylated tallow amines (POEA), which are a family of compounds often used as 
formulants in pest control products that function as surfactants. POEA substances (CAS no. 



                                                           
34  Guidance for Developing Datasets for Conventional Pest Control Product Applications: Data Codes for 



Parts 1, 2, 3, 4, 5, 6, 7 and 10. Available online from http://www.hc-sc.gc.ca/cps-spc/pubs/pest/_pol-
guide/data-guide-donnees/index-eng.php [Last accessed Dec, 2016] 



35  OECD (Organisation for Economic Co-operation and Development), 1997, OECD Series on Principles of 
Good Laboratory Practice and Compliance Monitoring – Number 1. OECD Principles on Good Laboratory 
Practice (as revised in 1997). Available online from 
http://www.oecd.org/officialdocuments/publicdisplaydocumentpdf/?cote=env/mc/chem(98)17&doclanguag
e=en [Last accessed June, 2016] 
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61791-26-2) are included on List 4B of PMRA’s list of Formulants (see REG2005-0136 page 
28). Currently, formulants are categorized into one of the five lists which rank them in 
descending order of concern. List 4B contains formulants are of minimal concern under specific 
conditions of use. For more details on the regulation of formulants in pest control products, refer 
to the PMRA Regulatory Directive DIR2006-02.37 
 
As indicated in PRVD2015-01, the USEPA completed a human health risk assessment for 
phosphate ester, tallowamine, ethoxylated (ATAE), which is a subfamily of POEA. The PMRA 
considered the USEPA review, and reviewed the available toxicity studies that made up the 
USEPA assessment, including the pivotal study used in endpoint selection, which was a 
combined repeat-dose rat toxicity study with a reproduction/developmental toxicity screening 
component. As noted in the USEPA assessment, glyphosate products that contain no more that 
20% POEA by weight are not of concern. Currently, all registered glyphosate products in Canada 
meet this limit. 
 
1.2 Comments Related to Occupational / Residential Exposure 



1.2.1 Bystanders 



Comment  
There were many general comments suggesting that the current level of non-dietary exposure to 
glyphosate is not safe for the general public (bystanders). 



PMRA Response 
Only those uses where human exposure to a pesticide is well below the level that cause effects in 
animal tests are considered acceptable for registration in Canada. This was confirmed with the 
re-evaluation of glyphosate  
 
During the re-evaluation of glyphosate, it was recognized that there is potential for short-term 
exposure when entering treated non-cropland areas (in other words, hiking through forests or 
parks that have recently been treated with glyphosate). Calculated MOEs for all lifestages met 
the target MOE and are therefore not of concern to human health. In the interest of promoting 
best management practices and to minimize human exposure the following label statement is 
required: 
 
“Apply only when the potential for drift to areas of human habitation or areas of human activity 
such as houses, cottages, schools and recreational areas is minimal. Take into consideration wind 
speed, wind direction, temperature inversions, application equipment and sprayer settings.” 



                                                           
36  PMRA (Pest Management Regulatory Agency), 2005. Regulatory Note: PMRA List of Formulants. 



Available online from http://publications.gc.ca/collections/Collection/H113-7-2005-1E.pdf [Last accessed 
February 2016] 



37  PMRA (Pest Management Regulatory Agency), 2006. Regulatory Directive: Formulants Policy and 
Implementation Guidance Document. Available online from http://www.hc-sc.gc.ca/cps-
spc/alt_formats/pacrb-dgapcr/pdf/pubs/pest/pol-guide/dir/dir2006-02-eng.pdf [Last accessed February, 
2016] 
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1.2.2 Restricted-Entry Interval 



Comment 
Comments questioned the basis for changing the “Restricted-Entry Interval” to 12 hours for 
commercial class products, when PRVD2015-01 states that postapplication risks are not of 
concern for all uses. Comments indicated that, in general, glyphosate dries on the plant very 
quickly and there are no residues that can be readily passed on to workers. It was recommended 
that the label not specify a time limit but should instead indicate that field entry is allowed once 
the herbicide application has dried. 
 
PMRA Response 
A restricted-entry interval (REI) is the period of time that agricultural workers, or anyone else, 
must not do hand labor in treated areas after a pesticide has been applied. This is to allow 
residues and vapours to dissipate to safe levels for work to be performed. Hand labour tasks 
involve substantial worker contact with treated surfaces such as plants, plant parts, or soil. 
 
All pest control products with agricultural uses require a minimum REI of 12 hours to protect 
workers, and others, from potential risks that may occur from both immediate and longer-term 
exposures to pesticide residues, vapors, and particulates. A minimum 12-hour REI allows 
residues to dry and vapors to dissipate, limiting potential effects such as irritation or allergic 
reactions. 
 
1.2.3 Personal Protective Equipment 



Comment  
It was noted that in the proposed label amendments for products containing glyphosate, as 
presented in Appendix XII of PRVD2015-01, there is no mention of proposed changes for 
protective clothing at the time of mixing and loading, application, clean-up and repair. For 
commercial formulations of glyphosate, the current label wording makes no requirement for use 
of personal protective equipment during application. The lack of proposed label changes for 
protective clothing is an important oversight, especially the lack of requirement for protective 
clothing during spraying. 
 
PMRA Response 
The exposure estimates for mixers, loaders, and applicators of glyphosate used in the agricultural 
exposure assessment presented in PRVD2015-01 were based on a baseline level of PPE (long 
pants, long sleeved shirts and chemical-resistant gloves). The calculated dermal, inhalation, and 
combined MOEs are greater than the target MOE for all mixing, loading, and applying activities 
and therefore are not of concern. As such, no additional requirements for protective clothing 
beyond the baseline level of PPE are needed, as the existing labels already include the 
appropriate PPE. 
 
1.2.4 Application Rates in Aggregate Exposure Assessment 



Comment  
In PRVD2015-01, all three aggregate exposure scenarios initially assumed 2 applications with a 
7 day interval at the highest rate. At that application rate, the calculated MOEs for adult and 
youth/children (6 to <11 years old) scenarios reached the target MOE of 100, but the MOE for 
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children (1 to <2 years old) for the post-application + incidental oral exposure + chronic dietary 
scenario did not. It was interpreted that the PMRA changed the aggregate assessment to one 
application of glyphosate with a seven-day time-weighted turf transferable residue average for 
the entire aggregate assessment for all populations. It was suggested to use the highest 
application rate and frequency of glyphosate use to assess the aggregate exposures, and, if safety 
margins (MOE) were not met, to propose meaningful and wide-ranging use restrictions to 
increase human health protection. 
 
PMRA Response 
When conducting the aggregate exposure assessment, 2 applications (with a 7 day interval) at the 
highest rate were assumed. All calculated MOEs reached the target MOE except for children (1 
to <2 years old) for the post-application + incidental oral exposure + chronic dietary scenario. 
Therefore, dietary and non-dietary exposure refinements were required. 
 
The dietary exposure assessment used US Tolerances or Codex MRLs for situations where these 
values were greater than Canadian MRLs. However, domestic production and import statistics 
indicated that barley, oats, and wheat consumed in Canada are almost totally produced in Canada 
(>99%), with <1% imported. Thus, it was considered reasonable to use Canadian MRLs for 
these crops as a refinement in the calculation of the chronic dietary exposure estimates for the 
purpose of aggregation with residential exposure only, rather than the US and Codex group 
tolerance of 30 ppm. The current Canadian MRLs in these cereal crops are as follows: barley 
(and barley flour) - 10 ppm, barley milling fractions (except flour) -15 ppm, oat (and oat flour) - 
15 ppm, oat milling fractions (except flour) - 35 ppm, wheat (and wheat flour) - 5 ppm, and 
wheat milling fraction (except flour) - 15 ppm. 
 
In addition, assuming 2 applications (with a 7 day interval) at the maximum application rate is a 
highly conservative exposure assumption, as it is unlikely that children would be exposed to turf 
residues of the highest rate, at the lowest interval of application immediately after application. 
Therefore, a refinement using 1 application of glyphosate along with a 7 day time-weighted TTR 
average was used (the average resides of glyphosate were calculated over a 7 day span) for the 
entire aggregate assessment for all populations. 
 
These refinements are health protective and all calculated MOEs met the target MOE and are not 
of concern to human health. 
 
1.3 Comments Related to Dietary Exposure 



1.3.1 Genetically Modified Crops 



Comment  
A number of comments expressed concern regarding the potential for higher residue levels of 
glyphosate in genetically modified (GM) crops, as reported in the article “Compositional 
differences in soybeans on the market: glyphosate accumulates in Roundup Ready GM Soybeans. 
Bohn, T. et al., Food Chem. 2014, 153: 207-215.” 
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PMRA Response 
The residue chemistry of glyphosate, i.e. the nature and magnitude of residues of glyphosate in 
conventional (non-GM) crops, as well as in GM crops, is well understood and extensively 
documented. PMRA has received and reviewed all the metabolism studies required as per the 
PMRA Residue Chemistry Guidelines (Dir98-0238). The residue definition (RD) in plant 
commodities is based on scientifically sound metabolism studies conducted specifically in both 
types of crops. Whenever a new variant of GM crop is introduced on the market, the residue 
definition is reassessed based on mandatory supporting metabolism studies in that particular GM 
crop variant. The residue definition in animal commodities (resulting from feeding of the GM 
crop) is adjusted accordingly. 



Currently there are three types of soybeans on the market: conventional (non-GM) soybean, 
EPSPS-GM soybean (containing the EPSPS gene) and GAT-GM soybean (containing the GAT 
gene). Based on metabolism studies in the respective crops, the RD in conventional and EPSPS 
soybeans are defined as the sum of glyphosate and its metabolite aminomethylphosphonic acid 
(AMPA). The RD in GAT soybean includes additional metabolites (acetylated glyphosate and 
acetylated AMPA) resulting from the specific biotransformation of glyphosate in GAT crops. As 
soybeans sold on the market cannot be distinguished with regards to whether they are 
conventional, EPSPS or GAT soybeans, the PMRA uses the most inclusive RD for soybeans, 
i.e., the RD in soybeans is the sum of glyphosate, AMPA and their acetylated counterparts. 



All the metabolites included in the RD were deemed toxicologically equivalent to glyphosate. 
Consequently, in terms of residues, all the metabolites are expressed as the stoichiometric 
equivalent of glyphosate by using the appropriate molecular weight conversion factor (MWCF). 
The MWCFs are 1.5 for AMPA, 1.1 for N-acetyl AMPA and 0.8 for N-acetyl glyphosate. This 
means that the residue of glyphosate in soybeans (and in canola and corn comprising similar GM 
variants) is calculated as the sum: glyphosate + 1.5 AMPA + 1.1 N-acetyl AMPA + 0.8 N-acetyl 
glyphosate. 



Residues of glyphosate (or any pesticide) in soybeans (or any crop) is a function of the 
agricultural practice by which they have been produced. GM soybeans are expected to have 
residue detects due to repeated spraying (in compliance with label directions) of plants 
throughout the production season. Conventional soybeans will contain lower residues levels 
because glyphosate is applied to weeds (before planting) and not on soybean plants. These facts 
are supported by field trial residue studies, which, as noted above, are required as per the PMRA 
Residue Chemistry Guidelines (Dir98-02). The field trial studies are conducted according to the 
petitioned-for use pattern and usage conditions (good agricultural practices) and constitute the 
basis for the registration and establishment of Maximum Residue Limits (MRLs). MRLs are 
established on the basis of worse case scenarios (maximum application rate, highest frequency of 
applications and shortest pre-harvest interval) within the agricultural practices. An MRL 
represents the maximum amount of residues that may remain on food when a pesticide is used 
according to label directions, and serves as a food safety standard. The results presented in the 
cited article did not exceed the established MRL of 20 mg/kg (20 ppm) for glyphosate in 
soybeans and confirm that current Canadian MRLs of glyphosate (including the metabolites) in 



                                                           
38  PMRA (Pest Management Regulatory Agency), 1998. Regulatory Directive: Residue Chemistry 



Guidelines. Can be requested online from http://www.hc-sc.gc.ca/cps-spc/pubs/pest/_pol-guide/dir98-
02/index-eng.php [Last accessed August 2016] 
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soybeans are adequate. These MRLs were used in the estimation of short term (acute) as well as 
long term (chronic) dietary exposures. No dietary risk concerns were identified, as the levels of 
exposure estimates were well below the reference doses set for dietary risk assessment (the 
ARfD and ADI). 



1.3.2 Mitigation Measures 



Comment 
A question was raised regarding a general (introductory) statement in Section 3.2 of 
PRVD2015-01 (Dietary Exposure and Risk Assessment) which reads: “In situations where the 
need to mitigate dietary exposure has been identified, the following options are considered. 
Dietary exposure from Canadian agricultural uses can be mitigated through changes in the use 
pattern.” The comment indicated that this statement implies that there are concerns with the 
glyphosate use pattern and, therefore, requested clarity on what mitigation measures were 
proposed. 



PMRA Response  
This is a general statement which would apply to any pesticide presenting dietary risk concerns. 
As no dietary risk concerns were identified for glyphosate, no mitigation measures were 
required. 



1.3.3 Food Labelling 



Comment  
A comment requested that “glyphosate content” be added to all food labels (in grocery stores) so 
that consumers could decide whether they want to buy food containing glyphosate residues or 
not.  



PMRA Response 
Although Health Canada and the Canadian Food Inspection Agency (CFIA) share the 
responsibility for food labelling policies under the Food and Drugs Act, food labelling does not 
fall within the mandate of the PMRA or the Pest Control Products Act (PCPA). Other areas of 
Health Canada are responsible for developing policy and setting standards related to the health 
and safety aspects of labelling under the Food and Drugs Act and Regulations, whereas the 
CFIA applies these policies and enforces the regulations. The CFIA also has the mandate to 
develop general food labelling policies and regulations not related to health and safety. In 
particular, the CFIA is responsible for protecting consumers from misrepresentation and fraud 
with respect to food labelling, packaging and advertising, and for prescribing basic food labelling 
and advertising requirements. 



With respect to glyphosate residues in foods, the CFIA is responsible for monitoring the 
Canadian food supply for pesticide residues and the determination of compliance with MRLs 
specified by Health Canada. In addition, both Canadian and international producers are aware of 
these MRLs and must comply with them in order to sell their produce in Canada or export to 
other countries that also have MRLs established. Therefore, it is expected that foods with 
residues higher than the MRL would not be present in the Canadian food supply. 
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For more details, please visit the CFIA Website at 
http://www.inspection.gc.ca/food/labelling/food-labelling-for-industry/method-of-production-
claims/genetically-engineered-foods/eng/1333373177199/1333373638071 



1.3.4 Glyphosate Used as Desiccant and Residue 



Comment  
Comments expressed concern about the use of glyphosate for pre-harvest desiccation on 
conventional crops, the level of residues left on desiccated crops at harvest and the resulting 
long-term dietary exposure. 



PMRA Response 
Glyphosate is registered for pre-harvest use (desiccation) on a number of conventional crops 
including wheat, barley, oats, canola, flax, lentils, peas, dry beans, and soybeans. To support this 
use, field trial residue studies were required to determine the level of residues resulting from the 
pre-harvest desiccation conducted according to the requested use pattern. Maximum residue 
limits (MRLs) for these crops were established on the basis of the submitted studies. Those 
MRLs were included in the estimation of short term (acute) as well as long term (chronic) dietary 
exposures. During PMRA’s assessment, no dietary risk concerns were identified, as the levels of 
exposure estimates were well below the reference doses set for dietary risk assessment (the 
ARfD and ADI). 



1.3.5 Safety of GMO Crops 



Comment  
There were general questions as to whether GM crops are safe for human consumption. 



PMRA Response 
Health Canada conducts a rigorous and thorough science-based assessment of all GM food 
products before they are allowed to enter the Canadian marketplace. The assessments are 
conducted under the Food and Drug Regulations, which prohibit manufacturers of these 
products from selling them in Canada until Health Canada has completed a full safety assessment 
and has found them to be as safe and nutritious as conventional foods. 



The approach taken by Health Canada in the safety assessment of GM foods is based upon 
scientific principles developed through expert international consultation over the last twenty 
years with agencies such as the World Health Organization (WHO), the Food and Agriculture 
Organization of the United Nations (FAO) and the Organization for Economic Co-operation and 
Development (OECD). This same approach is currently applied by regulatory authorities around 
the world in countries such as the European Union, Australia/New Zealand, Japan and the United 
States. For more details, please visit the Health Canada Website at http://www.hc-sc.gc.ca/fn-
an/gmf-agm/index-eng.php. 



1.3.6 Acceptable Level of Exposure 



Comment  
Comments included the question: “What is considered as acceptable level of exposure and how 
is that monitored to be sure that levels do not become unacceptable?” 
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PMRA Response 
When assessing pesticide related health risks, two key factors are considered: the dose levels at 
which no health effects occur in animal testing (basis for the establishment of toxicological 
reference doses for humans) and the levels to which people may be exposed through diet, when 
handling and applying the pesticide, or by entering treated sites (in other words, level of 
exposure). The dose levels used to assess risks (in other words, toxicological reference doses) are 
established to protect the most sensitive human population (for example, children and nursing 
mothers). Only pesticide uses for which the level of exposure (through diet for example) is well 
below levels that cause no effects in animal testing are considered acceptable for registration. 



Reference doses define levels to which an individual can be exposed to a pesticide residue over a 
single day (acute) or lifetime (chronic) and expect no adverse health effects. Generally, dietary 
exposure from food and water is acceptable if it is less than 100% of the acute reference dose or 
chronic reference dose (also known as acceptable daily intake).  



The amount of pesticide to which an individual is exposed (in other words, exposure) is 
determined by determining the amount of pesticide that is in or on the food (in other words, 
residue levels) and combining that with the amount and type of foods that people eat (in other 
words, food consumption). Risk is then estimated by comparing the level of exposure to the 
reference doses described above. As previously noted, if the estimated intake is less than the 
reference dose, there are no dietary risks of concern.  



In addition, inherent to pesticide registration is the establishment of maximum residue limits 
(MRLs) of the pesticide in/on foods on which the pesticide has been applied. An MRL represents 
the maximum amount of residues that may remain on food when a pesticide is used according to 
label directions, and serves as a food safety standard. The MRLs are calculated from residue data 
obtained from field trials that are conducted using the maximum application rate and the shortest 
pre-harvest interval. These MRLs, or field trial residue values, are used to estimate the level of 
dietary exposure at the time of pesticide registration. A pesticide is registered only if the 
calculated level of exposure is acceptable (in other words, exposure does not exceed the 
toxicological reference dose). The Canadian Food Inspection Agency (CFIA) is responsible for 
monitoring the Canadian food supply for pesticide residues and work very closely with Health 
Canada (PMRA) to ensure that the foods available on the Canadian market are compliant with 
the MRLs. In 2015, the Canadian Food Inspection Agency (CFIA) tested approximately 700 
samples consisting of a variety of juice and juice blends, grains and grain products, beans, lentils, 
and a wide variety of fruit and vegetables. The CFIA also initiated a targeted survey of 
approximately 2,500 samples, looking at levels of glyphosate in bean, pea, lentil, chickpea and 
soy products, as well as less commonly consumed grains such as barley, buckwheat and quinoa. 
The results show a high degree of compliance with the MRLs established by the PMRA for 
glyphosate. The CFIA anticipates having their full analysis completed by Spring 2017.  



1.3.7 Monitoring of Glyphosate Residue  



Comment  
Several comments noted: 1) the necessity to monitor amounts of glyphosate applied on fields, 
especially where resistant weeds have emerged; 2) the necessity to measure glyphosate residues 
resulting from ordinary field applications (field trial residue data); 3) the necessity to obtain 
glyphosate residue data that are reflective of foods as consumed through monitoring programs in 
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which food samples down the chain of commerce are sampled and analysed; 4) further 
information on maximum residue levels of glyphosate in food; and 5) the necessity to monitor 
glyphosate residues in body fluids and tissues (biomonitoring); as they are not included in the 
Third Report on Biomonitoring of Environmental Chemicals in Canada. 



PMRA Response 
As noted in response to comment 1.3.6, glyphosate residues on foods have been measured in 
field trial studies that are required to register a pesticide for specific uses, as per PMRA Residue 
Chemistry Guidelines (Dir98-02). These field trial data were used for the establishment of 
maximum residue limits (MRLs) for glyphosate, that is, the maximum legally allowed amount of 
glyphosate residue that may remain on foods when glyphosate is used according to label 
directions. The MRLs are enforced by law, and, the conditions of registration must be observed 
in all circumstances, regardless of whether resistant weeds have emerged or not. In cases of weed 
resistance, a higher rate than what is currently on the labels cannot be used, as this could lead to 
MRL exceedance and would be in violation of the Food and Drugs Act. The Food and Drugs Act 
prohibits the sale of adulterated food; that is, food containing a pesticide residue that exceeds the 
specified MRL.  



The Canadian Food Inspection Agency (CFIA) is responsible for monitoring the Canadian food 
supply for pesticide residues and the determination of compliance with MRLs specified by 
Health Canada. As noted in response to comment 1.3.6, in 2015, the Canadian Food Inspection 
Agency (CFIA) tested approximately 700 samples consisting of a variety of juice and juice 
blends, grains and grain products, beans, lentils, and a wide variety of fruit and vegetables. The 
CFIA also initiated a targeted survey of approximately 2,500 samples, looking at levels of 
glyphosate in bean, pea, lentil, chickpea and soy products, as well as less commonly consumed 
grains such as barley, buckwheat and quinoa. The results show a high degree of compliance with 
the MRLs established by the PMRA for glyphosate. The CFIA anticipates having the full 
analysis completed by spring 2017. A complete list of MRLs specified in Canada can be found 
on the PMRA’s MRL Database, an online query application that allows users to search for 
specified MRLs, regulated under the Pest Control Products Act, for pesticides, including 
glyphosate, or food commodities (http://pr-rp.hc-sc.gc.ca/mrl-lrm/index-eng.php). For details on 
CFIA’s monitoring program, please visit the CFIA website at 
http://www.inspection.gc.ca/food/fresh-fruits-and-vegetables/food-safety/chemical-
residues/overview/eng/1374514433922/1374514696857. 



Biomonitoring is a key tool used as an indicator and quantitative measure of exposure to 
chemicals in the environment. Human biomonitoring data contribute to our understanding of 
exposure and provide information to inform the management of the health risks posed by 
chemicals. The Canadian Health Measures Survey (CHMS) is an ongoing national biomonitoring 
survey led by Statistics Canada, in partnership with Health Canada and the Public Health Agency 
of Canada. Biomonitoring data have been reported for Cycle 1 (2007-2009), Cycle 2 (2009-
2011) and Cycle 3 (2012-2013). Cycle 4 is currently underway, with data collection for this 
cycle having taken place from 2014 to 2015. These cycles are complementary, meaning that not 
all environmental chemicals (including pesticides) are included in a given cycle. For example, 
55% of the chemicals measured in Cycle 2 were not included in Cycle 1 and about 31% of the 
chemicals measured in Cycle 3 were not included in previous cycles. Specific 
chemicals/pesticides are added to the list of measured chemicals in different cycles. Glyphosate, 
like many other pesticides, is being considered for inclusion in forthcoming cycles. For details on 
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the Canadian Health Measures Survey, please visit the Health Canada Website at http://www.hc-
sc.gc.ca/ewh-semt/contaminants/human-humaine/chms-ecms-eng.php. 



1.3.8 Glyphosate Use on Forest Vegetation and Effect on Health 



Comment  
One Aboriginal group provided the following comments: 



I. Health Canada's glyphosate PRVD is based on dietary and occupational exposures that 
do not correspond with Anishinabek use of the territories for food, medicine and water; 



II. Laboratory toxicological studies are based on reference values that do not conform to 
their own standards of risk, and do not take into account the cumulative effects of the 
environmental contaminants to which they are exposed; 



III. They are concerned about the combined toxicity of glyphosate and the surfactants, 
solvents, and other additives. 



PMRA Response  
While the dietary risk assessment conducted by the PMRA does not directly assess the 
anticipated residues of glyphosate in edible forest vegetation, nor is the dietary burden to wild 
game specifically determined, based on assessments available, the PMRA does not expect that 
glyphosate residues from these foods would be of concern when ingested. This is because, in the 
dietary assessment that was conducted, residues in farm animal commodities were estimated and 
maximum residue limits (MRLs) were established by assuming the worst case scenario where 
the animal diet is considered to be comprised of 100% glyphosate-treated feedstuff, treated at the 
maximum application rate. This results in high-end residue estimates. For the same reason, 
residues in/on edible forest vegetation are expected to be low compared to MRLs established on 
conventional crops. These MRLs are established based on the worst case scenario, in other 
words, maximum application rate, shortest preharvest interval and maximum allowed number of 
applications per season. As noted in PRVD2015-01, using the above scenarios, there were no 
risk concerns from dietary exposure to glyphosate. The acute dietary exposure estimate (from 
food and drinking water) at the 95th percentile was 31% of the acute reference dose (ARfD) for 
females 13-49 years of age and ranged from 12% to 45% of the ARfD for all other population 
subgroups. The chronic dietary exposure estimate for the general population was 30% of the 
acceptable daily intake (ADI). Exposure estimates for population subgroups ranged from 20% of 
the ADI (for adults aged 50 years or older) to 70% of the ADI (for children 1-2 years old). 
Exposures less than 100% of the ARfD and ADI are not of concern. In the case of glyphosate, 
even when high-end (worst case) exposure estimates were used, no risk concerns to human 
health were identified. 



The PMRA also conducted a health risk assessment for hikers walking through the forest 
immediately after application. The populations considered were adults, youths and children aged 
6 to 10 years. From these estimates, no risk concerns were identified. As well, when exposures 
were aggregated (in other words, dietary exposure including from drinking water + non-dietary 
exposures as would occur from hiking in the forest), risks were also not of concern for the 
various population groups. Refer also to responses on environmental risk in Sections 2.2 and 2.4. 
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Regarding the cumulative effects of pesticides, please refer to the response to comments in 
Section comment 1.1.6 Cumulative Risk Assessment. 



Regarding the combined toxicity of glyphosate and the surfactants, solvents and other additives, 
please refer to the response to comments in Section 1.1.15 Health Effects of the Glyphosate 
Formulated Products.  



2.0 Comments Related to the Environmental Risk Assessments 



2.1 Environmental Fate 



2.1.1 Surficial and groundwater pollution and monitoring 



Comment 
Comments suggested or were concerned that glyphosate has the potential to leach to 
groundwater and natural areas, polluting water.  



PMRA Response 
In soil and water, glyphosate has been shown to break down quickly to aminomethylphosphonic 
acid (AMPA) through microbial processes and is considered to be non-persistent to moderately 
persistent. Glyphosate has low mobility in soil, giving it a low potential to contaminate 
groundwater systems, especially aquifers with low water hardness (Jayasumana et al. 2014). 
Glyphosate can enter surface waters when applied near water bodies or when carried in runoff, 
such as during a rain event on a steep slope. Glyphosate (without surfactant) and AMPA have 
comparable toxicological and ecotoxicological profiles, with both being considered to have low 
toxicity in general. According to the WHO (2004), the presence of glyphosate and AMPA at 
levels expected to be found in drinking water does not pose a risk to human health. Monitoring 
studies conducted throughout Canada indicate that glyphosate is rarely detected in groundwater. 
Although glyphosate is often detected in surface water, the concentrations detected are at 
relatively low levels that do not pose a risk of concern. 



2.1.2 Glyphosate and AMPA persistence in soils and waters 



Comment  
Comments noted that glyphosate soil half-life values vary widely in terrestrial field dissipation 
studies in North America and that it may be more persistent than previously thought. Glyphosate 
may build up in soils and long-term negative effects are expected to occur. Glyphosate and 
AMPA are both frequently detected in soil and water in field dissipation studies from the United 
States (Battaglin et al. 2014). 
 
PMRA Response 
Glyphosate use per hectare in Canada is much lower compared to the US. Aquatic field studies 
conducted in Canada, including water monitoring studies, demonstrate glyphosate is detected 
less frequently and at lower concentrations than those reported in the US (Glozier et al. 2012, 
Hurley et al. 2012). The use of US field data for interpretation of the fate of glyphosate in 
Canada is challenging as the countries share only a few ecoregions, with climate and soil being 
different in much of the US where glyphosate is used as compared to Canada.  
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Terrestrial field dissipation studies 
Laboratory studies conducted with glyphosate applied on different soils have DT50 (half-life) 
values ranging from 1 to 19.3 days, which classifies glyphosate as non-persistent to slightly 
persistent and indicates biotransformation by micro-organisms is effective.  
 
Canadian terrestrial field dissipation studies show DT50 values ranging from 6 to 155 days for 
agricultural soils (average of less than 45 days) and from 24 to 82 days for forest soils (average 
of less than 55 days), similarly, in the US, DT50 values range from 1 to 174 days for agricultural 
soils (average of 41 days) and from <1 to 40.2 days for forest soils. The biotransformation of 
glyphosate is faster in forest ecosystems. In both environments, the compound is generally found 
in the upper soil horizons (0-15 cm depth) indicating overall that leaching to groundwater under 
field conditions is limited. The field data suggests glyphosate is non persistent to moderately 
persistent under field conditions and is not expected to carry over to the next year. 
 
The wide range of dissipation rates, mainly in agricultural ecosystems, is likely a result of 
variation among soils, especially when considering foreign ecoregions (de Jonge et al. 2001; 
Vereecken, 2005, Borggaard and Gimsing, 2008, Farenhorst et al. 2009). Soil microbial activity 
may not always be efficient at transforming glyphosate or there may be other physical and 
chemical processes involved, reducing the rate of breakdown. Rapid adsorption to soil particles 
may play a role in preventing the transformation of glyphosate even in upper soil horizons where 
microbial activity is normally high and also when upper soil levels are not saturated with 
phosphate fertilizers (Helander et al. 2012). Preferential flow may play an important role, where 
root channels created by the death and decay of non-crop plants following glyphosate 
applications lead to the transport of glyphosate to lower soil horizons, however, leaching of 
glyphosate to deep soil horizons appears to be minimal. 
 
Aquatic field dissipation studies 
In general, aquatic field dissipation studies conducted in agricultural and forestry ecosystems in 
Canada and in the US indicate that glyphosate is non-persistent in natural waters (DT50 values 
ranging between ≤ 0.4 and 11.2 days). 
 
Aquatic field dissipation studies conducted by Battaglin et al. (2014) and Battaglin and Koloc, 
(2014), show that glyphosate is readily transformed to AMPA by micro-organisms. Glyphosate 
was detected without AMPA in only 2.3% of samples, whereas AMPA was detected without 
glyphosate in 17.9% of samples. Both compounds were reported to be detected frequently in US 
soils and sediment, ditches and drains, precipitation, rivers, and streams, but less frequently in 
lakes, ponds, wetlands, soil water and groundwater. The study authors indicated that all 
concentrations of glyphosate measured were below the levels of concern for human and wildlife 
safety. 
 
2.1.3 Runoff and aerial transport of glyphosate 



Comment 
Comments noted that the results of a runoff event studied in Argentina (Peruzzo et al. 2008) raise 
concerns about levels of glyphosate transported by runoff to aquatic environments. Glyphosate 
has been found in air and rain as demonstrated in a study conducted in Mississippi, USA (Chang 
et al. 2011, PMRA 2459642). 
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PMRA Response 
The study of Peruzzo et al. 2008 suggests that rain events play an important role in transporting 
glyphosate present in the soil to stream water through runoff. In general, in the absence of 
mitigation measures to limit the run-off, especially when the ground is bare early in the season, 
this is not disputed. However, among all pesticides used in crop production in Argentina and 
elsewhere in the world, including Canada, glyphosate is among those that bind most strongly to 
soil. Despite glyphosate’s high affinity for adsorption to soil particles, many studies have shown 
that the compound can find its way into water bodies, including studies from Italy (Screpanti et 
al., 2005; PMRA 2460734, Capri and Vicari, 2010; PMRA 2460735), the United States 
(Battaglin et al. 2005, PMRA 2423832, Scribner et al. 2007; PMRA 2460747, Newton et al. 
1984; PMRA 1155371, Edwards et al. 1980; PMRA 2462226), Europe (Coupe et al. 2011; 
PMRA 2460748, Gregoire et al. 2010; PMRA 2462223, Siimes et al. 2006; PMRA 2462224), 
South America (Aparicio et al. 2013; PMRA 2462258) and Canada (Roy et al. 1989; PMRA 
2460737, Struger et al. 2008; PMRA 1739313). 



Many of the studies reported in the literature, including the one of Peruzzo et al. 2008, were 
conducted in ecoregions that are not equivalent to any Canadian ecoregions, meaning the soil 
and climatic conditions in study locations may not be relevant to conditions in Canada.  
 
The amount of glyphosate applied in agricultural and forestry systems has increased since its first 
registration (about 40 years ago) and this is a factor in its frequent detection in surface waters 
and, more recently, in groundwaters of other countries outside North America (Sanchis et al. 
2011, PMRA 2460750).  
 
Examination of the factors controlling the transport of glyphosate to surface waters on a 
watershed scale is needed to determine which factors are important in this process and how these 
factors may change in importance, both spatially and temporally (Coupe et al. 2011, PMRA 
2460748). The strong sorption of glyphosate to soil indicates that it expected to be poorly 
mobile. Recent studies on surface waters, both in Europe and in the Americas (North and South), 
suggest glyphosate could be transported to surface waters sorbed on soil particles. Detection in 
water may not only be a result of runoff, with drift, soil erosion, precipitation, and other 
processes having a role. In addition, the saturation of soils with phosphorus may play a role in 
reducing the sorption of glyphosate to soil particles, potentially increasing the amount carried in 
runoff.  
 
Over the last two decades, Canadian growers have adopted best management practices on their 
farms (such as hedgerow, riparian strip, grass farm road, implementation of no till techniques 
leaving more plant biomass on the ground for runoff interception as well as the use of buffer 
zones) to avoid soil, fertilizer and pesticide losses from fields.  
 
Runoff events can be difficult to predict and the presence of glyphosate in water as a result of 
runoff or spray drift is expected. Proper application timing and runoff/spray drift mitigation 
measures can reduce potential impacts. 
 
Monitoring studies conducted throughout Canada indicate that glyphosate is rarely detected in 
groundwater. Although glyphosate is often detected in surface water, the concentrations detected 
are at relatively low levels that do not pose a risk of concern. 
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Glyphosate in the atmosphere 



Available information indicates that limited amounts of glyphosate may enter the atmosphere at 
the time of spray application.  
 
Glyphosate was not reported (among 49 compounds) in air or rain along the Mississippi river 
valley following an air survey campaign in 1995 (Foreman et al. 2000 and Majewski et al. 2000) 
but was recently reported to be frequently detected in air particles and rain from three 
agricultural areas of the Midwestern USA (Mississippi, Iowa and Indiana) with detection 
frequency ranging from 60 to 100% in air and rain in 2007 (Chang et al. 2011, PMRA 2459642 
and Majewski et al. 2014). Glyphosate occurred at concentrations equal to or greater than the 
concentrations of other high-use herbicides previously studied in the Midwest (Waite et al. 
2005). Unlike many other pesticides, the presence of glyphosate in air is reported to be due either 
to spray drift or wind erosion, because it is not volatile according to its low vapour pressure (1.3 
× 10-7 Pa), Henry’s law constant (2.1 × 10-9 Pa m3/mole or 2.07 x 1014 atm. m3/mole) and ionic 
character in moist soils (binding effect). Glyphosate was not measured or detected in the 
Canadian atmosphere during the Canadian Pesticide Air Sampling Campaign of 2003 (Yao et al. 
2006). 
 
In most studies, the maximum concentrations of glyphosate in air and rain correspond to the 
period of application and ranged from <0.01 to 9.1 ng/m3 and from <0.1 to 2.5mg/L in air and 
rain samples, respectively. However, during a 2007 air survey by Majewski et al. (2000 and 
2014) detectable concentrations of glyphosate were collected over the entire growing season, not 
just in spring as in previous years (before GMO’s introduction around 1995), which is reported 
to be consistent with how glyphosate is now used on genetically modified crops for post-
emergent weed control during the growing season. According to Chang et al. (2011), it is not 
known what percentage of the applied glyphosate was introduced into the air in 2007, but it is 
estimated that an average of 97% of the glyphosate in the air is removed by a weekly rainfall 
≥30 mm. Based on the physical chemistry of glyphosate and the fact that the scale of use is lower 
in Canada as compared with the US, especially in the corn belt, the concentration of glyphosate 
in air is not expected to be of concern in Canada. 



2.2 Ecotoxicological reviews 



2.2.1 Beneficial insects impacted by the use of glyphosate 



Comment 
Comments noted that glyphosate negatively affects pollinator species (especially bees) and 
beneficial insect populations. GMO crops resistant to glyphosate, such as rapeseed crops or other 
GMO crops that include an insecticidal protein (for example, Bt) may have significant 
concentrations of these compounds in their flower pollen and nectar during the growing season 
following several applications of the herbicide. Bees foraging on these flowers may then transfer 
the glyphosate (with or without the insecticidal protein) through contaminated nectar and pollen 
when they feed young bees, which may have negative impact. 
 
PMRA Response 
The re-evaluation of glyphosate included a detailed analysis of studies to determine risks 
glyphosate may pose to pollinators and beneficial insects. 
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Acute oral and acute contact exposure of honey bees, and honey bee brood to technical 
glyphosate and glyphosate formulations obtained from the registrant did not result in mortality in 
laboratory studies. All acute oral and acute contact LD50 values were greater than the highest 
concentrations tested. The results of the studies indicate that glyphosate formulations and 
technical glyphosate are relatively non-toxic to bees. The use of glyphosate is expected to pose a 
negligible acute contact and oral risk to bees.  
 
Direct exposure of bees to glyphosate through oral and contact tests represents a conservative 
exposure scenario as compared to the exposure bees receive from foraging on flowering rapeseed 
during a very specific time during the growing season. 
 
A honey bee brood field study (Thompson, 2012) was reviewed by EFSA, 2015. Study results 
were also published in 2014 (Thompson et al. 2014), where the potential for glyphosate toxicity 
to developing honey bee larvae and pupae (tested with the Technical IPA salt and a glyphosate 
formulation (MON 52276)) when fed directly to honey bee colonies, showed a NOAEL (No 
Observed Adverse Effect Level) for brood development of honey bee colonies of 301 mg 
glyphosate a.e./L sucrose solution, the highest dose tested. EFSA concluded that glyphosate 
formulations (with POEA and without POEA) are relatively non-toxic to bees in terms of acute 
contact and acute oral routes to bees and honey bee brood. 
 
Study results of Jadhav et al. 2008 showed no direct detrimental effects of glyphosate 
formulation with POEA on two water hyacinth biocontrol agents, Neochetina eichhorniae and N. 
bruchi. Jackson and Pitre (2004) demonstrated that the Roundup Ready soybean system, 
including applications of glyphosate, had no detrimental effects on pest and beneficial insects 
(Cerotoma trifurcate (Forster), Spissistilus festinus (Say), Hypena scabra (F.), and Anticarsia 
gemmatalis (Hübner) in wide-row soybean plantings. Study results of Hendrix and Parmelee 
(1985) showed that decomposition and microarthropod densities in glyphosate-treated grass litter 
(Sorghum halepense) were higher than untreated controls. Haughton et al. (2001a and 2001b) 
demonstrated that glyphosate spray applications were non-toxic to non-target spiders 
Lepthyphantes tenuis but that the loss of habitat was responsible for the reduction in abundance 
of the species. Similar observations and conclusions were found in tests carried out on the spider 
Gonatium rubens by Haughton et al. (1999). 
 
Results of acute and chronic laboratory studies examining the toxicity of glyphosate formulations 
to the springtail Folsomia candida indicated that glyphosate formulations were not toxic to adult 
springtails up to the highest concentrations tested (Santos et al. 2012, PMRA 2469288). Results 
of acute and chronic laboratory studies examining the toxicity of glyphosate formulations to 
various other beneficial terrestrial arthropods on glass plates, leaf substrate and on artificial soil 
substrate generally indicate that glyphosate formulations were not toxic to the predatory mite 
(Euseius victoriensis) (Bernard et al. 2010; PMRA 2462245), the lacewing (Chrysoperla carnea) 
(SERA, 2010; PMRA 2469282), the hoverfly (Episyrphus balteatus) (Kedwards and Travis, 
2001; PMRA 1213236), the carabid beetle (Poecilus cupreus) (Walker et al. 2000; PMRA 
1213231) or the Staphylinid beetle (Aleochara bilineata) (Hermann, 2001; PMRA 1213232) up 
to the highest concentrations tested. Based on the weight of evidence, the risk to beneficial 
arthropods from the use of glyphosate is not expected to be of concern. 
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A study conducted by Murray et al. (2009) show that 50% of all wild bee species nest in a 
burrow in the ground. The intensification of agriculture may be contributing to the loss of 
foraging habitats and nesting sites for wild bees. 
 
Studies by Duan et al. (2008) and Malone and Burgess (2009) show no adverse effects of 
glyphosate resistant Bt crops on exposed bees. These results are corroborated by Morandin and 
Winston (2003), Malone et al. (2007) and Babendreier et al. (2008), who looked at bumblebee 
colony exposure to Bt. 
 
2.2.2 The Monarch Butterfly 



Comment 
Comments noted that the Monarch Butterfly is at risk due to the destruction of milkweed habitat 
resulting from the use of glyphosate. 
 
PMRA Response 
Monarch butterflies (Danaus plexippus) rely completely on plants in the milkweed family, 
especially the common milkweed (Asclepias syriaca) for both reproduction and larval food. 
Until recently, this plant was readily found in the Midwestern Corn Belt of the US and southern 
latitudes of Canada. 
 
Monarch habitat has been documented to be in decline for the last 20 years in North America 
(Pleasants and Oberhauser, 2012, Brower et al. 2012, Bhowmik, 1994). Before the introduction 
of GMO crops, glyphosate was applied in spring at the pre-emergence stage of crops and had 
limited impact on the survival of the common milkweed (Waldecker and Wyse, 1985, Doll 
1998). But recent introduction of GMO crops resistant to glyphosate enables herbicide 
treatments to be done very late in the growing season (Carpenter and Gianessi, 1999 and Duke 
and Powles, 2008), impacting the last emerged shoots of the common milkweed, and thus, 
compromising its survival. 
 
For the monarch, the decline in milkweed represents a threat since the plant is now incapable of 
re-colonizing fields after GMO crop harvest, especially in the corn belt of the USA and now in 
the low latitude fields of Canada. The discussion is open as to what the grower should do 
regarding the competition of the milkweed and other weeds against his own crop within a 
specific field and/or the protection of the milkweed within the same field. 
 
In fact, glyphosate is not meant to destroy monarch habitats outside of field limits. This is why 
buffer strips along agricultural fields close to hedgerows and other terrestrial and aquatic habitats 
exist, and why buffer zones are required to mitigate the impact of drift on non-target organisms 
located in aquatic and terrestrial habitats. In addition to agricultural pressures, Monarch habitat is 
also threatened by natural disasters (fire, drought, flood, etc.) and urbanization. 
 
Canada is working with the US and Mexico to coordinate Monarch conservation efforts and is a 
member of the Trinational Monarch Science Partnership; the government of Canada’s 
participation is led by Environment and Climate Change Canada. Domestically, the federal 
government has posted its proposed management plan for Monarch on the Species at Risk Public 
Registry, is funding research on Monarch habitat, and is using its Species at Risk funding 
programs to support Monarch and pollinator conservation. 
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2.2.3 Effect of glyphosate and its different formulations on soil microbes 



Comment 
Comments noted that PRVD 2015-01 did not address serious concerns related to glyphosate’s 
chelation activity and antimicrobial (and antibiotic) properties. Recent published articles have 
reported that glyphosate and genetically modified (GM) crops can impact soil microbial 
populations (Fernandez et al. 2009). Glyphosate, like an antibiotic, may kill fungi in the soil, 
preventing soil microbes from delivering nutrients (minerals in particular) to plants and may 
increase plant diseases. Glyphosate may act on the shikimate pathway of gut bacteria. Research 
methods used in studies are not sensitive enough to properly determine the impact glyphosate has 
on soil microbial populations. 
 
PMRA Response 
Although the PMRA is aware that interactions between soil bacteria, fungi and plant root 
systems can improve plant health, the PMRA does not assess risks to soil microorganisms. 
Negative impacts have been observed on specific soil microbe strains, but overall, evidence 
suggests glyphosate end-use products have a low impact on deleterious and beneficial soil 
microbes following application. Glyphosate contributes to sustainable agricultural systems by 
reducing the need for cultivation (for example, no-till technique), increasing plant biomass on the 
ground, increasing the soil organic matter content, improving soil structure and reducing soil 
erosion and run-off. The fact that glyphosate use has been increasing since its first registration in 
Canada in 1976 demonstrates that growers have adopted the use of glyphosate and in turn the use 
of glyphosate-resistant crops very rapidly. If glyphosate had a meaningful negative impact on 
soil microbial activity over this 40 year use history, growers would not have been so quick to 
adopt and continue to use the product. The effects on soil microflora would have the strongest 
impact on crops grown on the fields. Areas away from the site of application are not likely to be 
negatively impacted. 
  
2.2.4 Birds and mammals exposed to glyphosate and its formulations containing 



polyethoxylated tallow amine (POEA) 



Comment  
Comments noted that glyphosate has negative effects on non-target animals. Studies from the 
United Kingdom demonstrate that glyphosate contributes to a decline in bird species and is also 
believed to be responsible for increased livestock diseases, such as infertility, nutrient 
deficiencies (connected to Mn deficiencies), stillbirths, birth defects and abnormal bone 
formation. Glyphosate, in combination with surfactants used in glyphosate end use products (for 
example, POEA), is also more toxic to non-target organisms (animals and plants) than 
glyphosate alone. 



PMRA Response 
Birds 
As presented in the PRVD2015-01, several oral, dietary and chronic toxicity studies were 
conducted with glyphosate technical and formulations on the bobwhite quail, Colinus 
virginianus, and the mallard duck, Anas platyrhynchos. Toxicity studies were also available for 
the canary, Serinus canaria (acute oral exposure with technical glyphosate) and the chicken (21-
day dietary exposure with a glyphosate formulation). Glyphosate technical was not toxic to birds 
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on an acute oral, dietary or reproductive basis up to the highest concentrations or doses tested 
(PRVD2015-01). Similarly, glyphosate formulations are not particularly toxic to birds on an 
acute oral and dietary basis (reproduction tests were not available with glyphosate formulations). 
While acute oral exposure to glyphosate formulations resulted in bird mortality at high doses, 
glyphosate formulations were not toxic to birds up to the highest concentrations tested when 
exposure occurred through the diet. There is no indication that glyphosate formulations 
containing the surfactant POEA are more toxic to birds than formulations without it. Endpoints 
and risk quotients calculated using these studies are conservative as none of the toxicity studies 
conducted with technical glyphosate resulted in measured toxic effects in birds. 
 
Although bird toxicity studies indicate that acute oral exposure to high doses of wet, unaltered, 
glyphosate formulations can result in effects, these effects are not observed when exposure 
occurs from dried residues of the formulation in the diet. Exposure to glyphosate formulations 
through the consumption of contaminated food items is a more relevant route of exposure for the 
environmental assessment than acute oral exposure to the wet formulation. The time period 
during which wet unaltered formulated product would be present on food items is very limited. 
Exposure is likely to be mostly from ingestion of dried residues on food items. It is noted that 
exposure via preening, which may be a relevant exposure route for wet formulation, is not 
considered in the current assessments. Thus, more weight is given to conclusions of the dietary 
assessment than to the acute oral assessment. The risk to birds from acute oral, dietary and 
reproduction exposure to glyphosate and its formulations is expected to be low. 
 
One comment also reported the study of Newton (2004) as evidence of major farmland bird 
declines in the UK in connection with herbicide uses (not specifically glyphosate) and 
agricultural practices that would be responsible for the reduction of habitat and/or food available 
to many species. 
 
Other studies indicate minimal impacts or even the absence of negative impacts on bird 
community structure and densities following glyphosate treatments in forests and vegetative 
changes after clearcuts (Morrison and Meslow, 1984; Mackinnon and Freedman, 1993). Other 
studies (Linz et al. 1992, Linz et al. 1994, Linz et al.1995, Linz et al. 1996a, Linz et al. 1996b, 
and Solberg and Higgins, 1993) show that glyphosate treatment in wetlands to control invasive 
species such as cattails (Typha spp.) was efficient and had positive impacts by restoring bird 
habitats (open water) and by increasing original population and diversity. 



A review by Sullivan and Sullivan (2003; PMRA 2469318) reported that species richness and 
diversity of songbirds and small mammals were little affected by glyphosate-induced habitat 
alteration. Some species declined rapidly following treatment, whereas others increased in 
abundance. The effect of glyphosate on large mammalian herbivores was measured by the 
abundance of animals and food plants and by habitat use. Hares and deer were little affected, 
whereas reductions in plant biomass and related moose forage and habitat use generally occurred 
for the first few years after treatment, but not thereafter. 
 
Studies in North America have identified habitat loss as the major cause of bird declines over the 
last 25 years (Santillo et al. 1989 and Hardy and Desgranges, 1990). 
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Mammals 
Numerous acute oral toxicity studies on mammals were available for glyphosate technical and 
various glyphosate formulations. There is no indication that formulations containing the 
surfactant POEA are more toxic to mammals than formulations without POEA. Six multi-
generation reproduction studies with exposure through the diet were available for technical 
glyphosate. No reproduction studies with glyphosate formulations were available.  
  
Most mammalian toxicity studies show that exposure to high levels of glyphosate technical or its 
formulations does not result in toxic effects on mammals. Based on 60 acute oral studies, toxic 
effects were observed at high doses only in three studies conducted with glyphosate technical, 
and eight studies with glyphosate formulations. The majority of the available data indicate that 
risks to mammals following acute oral exposure to glyphosate and its formulations are low. 
Acute risks to mammals would be restricted to on-field exposure of only a few guilds (herbivores 
and insectivores). No reproductive risks to mammals are expected from the use of glyphosate. In 
addition, there are no incident reports for mammals related to the use of glyphosate. 
 
2.2.5 Risk to Amphibians  



Comment 
Comments noted that glyphosate contributes to the decline of frog abundance. Glyphosate alone 
(Paganelli et al. 2010), and in combination with POEA, poses risks to amphibians according to 
studies of Relyea (2005a, 2005b and 2005c) and review of Annett et al. 2014. 
 
PMRA Response 
Toxicity data were available for 32 species of amphibians at various stages of development. As is 
shown with invertebrates and fish, the toxicity of technical glyphosate and its salts and 
glyphosate formulations containing non-POEA surfactants to amphibians is relatively low (acute 
LC50 = >17.9–7297 mg a.e./L) compared with glyphosate formulations containing POEA (acute 
LC50 = 0.8–51.8 mg a.e./L). Similarly, the results from subchronic and chronic laboratory studies 
and outdoor mesocosm studies with amphibians demonstrate that exposure to glyphosate 
formulations containing POEA elicit lethal and sublethal effects (for example, reduced body size, 
abnormal development, decreased time to metamorphosis) at relatively low concentrations 
(LC50 = 1.0–22.8 mg a.e./L, NOEC = 0.006 - >1.8 mg a.e./L).  



Although acute studies showed no negative impacts on amphibians from glyphosate TGAI and 
formulations that do not contain POEA, a refined risk assessment conducted on amphibians 
(including frogs) exposed to glyphosate formulations containing POEA (lab tests) indicated that 
the level of concern was slightly exceeded (RQ = 1.1-1.2) for end-use products containing the 
surfactant POEA and tested in lab. Level of concern was not exceeded for refined mesocosm 
studies. Relyea (2005a and b) demonstrated a glyphosate formulation containing the surfactant 
POEA was responsible for the kill of 68-86% of juvenile amphibians exposed. This study, along 
with other amphibian studies, was considered in the re-evaluation of glyphosate and used to 
determine an HC5 endpoint value from an SSD analysis. Results revealed an acute and chronic 
HC5 of 0.93 and 0.86 mg a.e./L, respectively for glyphosate formulations containing the POEA 
surfactant that were used in the refined risk assessment. As a result, mitigation measures, in the 
form of no spray buffer zones, are identified on product labels and are required to protect 
amphibians. Risks to amphibians are not of concern if labelled spray buffer zone requirements 
are followed. 
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Annett et al. (2014), in their review, report the mode of action of different glyphosate 
formulations and their potential negative impact related to the inhibition of the enzyme 
acetylcholisesterase of some aquatic species as well as the oxidative stress due to Reactive 
Oxygen Species (ROS) causing damage to nucleic acid, lipids and proteins in aquatic species 
such as amphibian and fish that can lead to cell death. Studies reviewed, and reported by Annett 
et al. (2014) were also reviewed by the PMRA, with many of the reported endpoints being used 
by the PMRA in the risk assessment of glyphosate. 
 
While there is evidence from laboratory studies suggesting that glyphosate products containing 
POEA are more toxic to amphibians than glyphosate alone, when considered in the context of all 
the studies available, particularly field studies conducted under actual use conditions, there is no 
compelling or credible evidence that gives rise to a serious possibility that glyphosate products 
containing POEA may cause an unacceptable environmental risk. In addition, while lower tier 
studies conducted in a laboratory showed potential for effects, a field study conducted under 
operational conditions (Thompson et al. 2004, PMRA 2032071) showed no significant adverse 
effects on amphibians. Moreover, glyphosate products containing POEA are used in forestry to 
prepare the site for reforestation which requires that the products be applied only once per 
silviculture cycle; typically equating to once every 50 to 80 years. As such, the potential for 
amphibian exposure to glyphosate products is limited in silviculture. Based on these findings, the 
PMRA concluded that there were no reasonable grounds to believe that the environmental risk to 
amphibians in small ephemeral forest wetlands from the spraying of glyphosate products was 
unacceptable. 
 
2.2.6 Other Aquatic organisms 



Comment 
Comments noted that the following studies were not taken into account in the re-evaluation of 
glyphosate: Vera et al. 2010 (periphyton), Fairchild et al. 2002 (Atlantic salmon), and Sihtmae et 
al. 2013 (aquatic invertebrates). 
 
PMRA Response 
Periphyton 
The study of Vera et al. 2010 entitled ‘’New evidence of Roundup impact on the aquatic 
periphyton community and the quality of freshwater ecosystems’’ (Ecotoxicology 19:710-721) 
was in fact considered qualitatively in the re-evaluation, but no endpoints were available in the 
study to be used as part of the SSD analysis. The study of Bonnineau et al. 2012 (PMRA# 
2462244) on periphyton was preferred and the freshwater algae acute 6hr-EC50 endpoint of 
8.7 mg a.e./L was used in the re-evaluation of glyphosate and presented in PRVD2015-01. 
 
Atlantic salmon 
The study of Fairchild et al. 2002, entitled “Effects of freshwater contaminants on marine 
survival in Atlantic salmon” (NPAFC Tech Report No. 4) was examined and it was determined 
that the study is related to the active atrazine and does not report on glyphosate. 
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Aquatic invertebrates 
The study of Sihtmae et al. 2013 entitled “Ecotoxicological effects of different glyphosate 
formulations’’ (Applied Soil Ecology 72:215-224) was indeed used in the re-evaluation of 
glyphopsate. The freshwater invertebrate endpoint values reported by Sihtmae et al. 2013 
(PMRA 2574468) were used in the determination of HC5 values from a SSD analysis. Refer to 
response 2.3.2 below. 



2.2.7 Endocrine disruption 



Comment 
Comments noted that the PMRA should phase out the use of products containing glyphosate 
based on articles that have identified glyphosate as an endocrine disruptor. 



PMRA Response 
The USEPA’s Endocrine Disruptor Screening Program (EDSP) is currently working to validate 
the assays proposed by the Endocrine Disruptor Screening and Testing Advisory Committee 
(EDSTAC), many of which are being validated in coordination with the OECD through the 
Endocrine Disrupters Testing and Assessment (EDTA) and the Validation Management Groups 
(VMGs). The results of screening tests for glyphosate are available on the following website: 
(http://www2.epa.gov/sites/production/files/2015-06/documents/glyphosate-417300_2015-06-
29_txr0057175.pdf). 



Although the study by Antoniou et al. 2012 raised concerns regarding the potential impact of 
glyphosate as an endocrine disruptor, the conclusion is that glyphosate demonstrates no 
convincing evidence of potential interaction with the estrogen, androgen or thyroid pathways in 
mammals or wildlife. Based on weight of evidence considerations, mammalian or wildlife EDSP 
Tier 2 testing is not recommended for glyphosate. Also refer to response to comment 1.1.12. 
 
2.2.8 Bioaccumulation 



Comment  
Comments questioned if glyphosate can accumulate in the body over time and how levels of 
glyphosate are monitored to ensure that it does not go above acceptable limits that could cause 
detrimental health effects to animals? 
 
PMRA Response 
Information available on the bioaccumulation potential of glyphosate is presented in the PRVD 
2015-01. Glyphosate is not expected to bioaccumulate due to its high polarity (log Kow = -2.8 
to -0.67) and anionic character (Mensink and Janseen, 1994, PMRA 2462253 and Villeneuve, J., 
2012 (PMRA 2203372)). A maximum bioconcentration factor (BCF) of 1.6 was reported for 
bluegill sunfish exposed to 0.6 mg/L for 28 days (Wang et al. 1994b; PMRA 2460743 and 
Takacs et al. 2002; PMRA 2462252). BCF values of 12 to 35.4 and 10 to 42.3 for tilapia and 
carp, respectively were also reported by Wang et al. 1994b (PMRA 2460743). Channel catfish, 
largemouth bass and rainbow trout exposed to 10 mg/L glyphosate for 14 d had BAFs of 0.18, 
0.04, and 0.03, respectively (Kramer and Beasley, 1975, PMRA 1182548). 
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2.2.9 Science based approach and the use of independent scientific studies in the 
environmental risk assessment. 



Comment 
Various stakeholder organizations emphasized the importance of a science-based approach and 
agreed with the proposed regulatory label changes. Other commenters encouraged to use a 
number of different sources of information that claim glyphosate poses an environmental risk. 
Sources of information from various non-governmental organizations or independent researchers 
were provided. In addition to registrant submitted studies, work done by third parties 
(independent research) should be used in assessing the environmental effects of glyphosate and 
in making the final re-evaluation decision. 
 
Some commenters believe that the environmental risk assessment for glyphosate was conducted 
using only studies provided by the registrants and that there has not been enough long-term 
testing of glyphosate done by independent scientists. Reviewing studies conducted and provided 
by the company that is seeking registration of the product is perceived as a conflict of interest 
and highly biased as these studies are not peer reviewed by the scientific community. Reference 
was provided to a number of published scientific studies that link glyphosate to environmental 
and agronomic effects. 
 
PMRA Response 
The environmental risk assessment of glyphosate was conducted using a science-based approach 
and included consideration of a large volume of literature. In addition to registrant supplied data, 
more than 1500 scientific articles related to glyphosate were examined, with approximately 250 
of these studies being deemed relevant and useful for consideration in the environmental risk 
assessment. Values obtained from the public literature were used in combination with the 
registrant data set in order to strengthen the environmental risk assessment. Due to the 
tremendous amount of endpoint data available for different aquatic and terrestrial organisms, 
SSD analysis was employed to determine HC5 and HD5 values that were used in the risk 
assessment. Also refer to response to comment 1.1.14. 
 
2.2.10 Assessment of formulations 



Comment 
Commenters questioned why the formulations of glyphosate products are not assessed for their 
environmental effects. Environmental effects discussed in the PRVD2015-01 were based 
primarily on the active substance (in other words, glyphosate).  
 
PMRA Response 
PRVD2015-01 includes risk assessments for not only the technical active ingredient, but also the 
various formulations, including those that contain POEA. Endpoints using values from EUPs 
were used to derive HD5/HC5 values from SSD calculations when possible. The risk assessment 
includes a comparison of the exposure of terrestrial and aquatic organisms to technical 
glyphosate and the formulations. 
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2.3 Risk assessment and methodology 



2.3.1 Endpoint selection 



Comment 
Some endpoints used in the terrestrial and aquatic plant risk assessment as well as the risk 
assessment for aquatic organisms were inappropriate. The quality of some of the data used in the 
risk assessment was not clear and was questionable. Specific studies that were at issue were 
identified for the PMRA to reconsider. The process used to review and ensure the quality of open 
literature studies used in the risk assessment needs to be more transparent. 
 
PMRA Response 
Endpoints derived from unpublished registrant/applicant submitted data follow guidelines set by 
regulatory bodies and are subject to good laboratory practice standards. These studies have clear 
objectives, scientific and analytical protocols, and the data has been subject to appropriate 
statistical analysis. On the other hand, published scientific papers are written in a concise way in 
order to bring enough information and details for the reader to accept or reject the conclusion of 
the author(s). Although published scientific articles are subject to a scientific peer review that 
strengthens their validity, information in published studies must have sufficient detail so that the 
scientific methods (protocol) and the results obtained are reproducable. Unfortunately, many 
published scientific studies lack sufficient detail, reducing confidence in the conclusion reached 
by the author(s). As a result, some published scientific papers are rejected when reviewed by the 
PMRA during the re-evaluation process. (Refer also to response to comment 1.1.14). 
 
That said, as a result of comments received during the comment period for the PRVD2015-01, 
endpoints questioned in the comments have been re-examined and changes to the risk assessment 
have been made based on a revised assessment of their validity. References associated with 
endpoint values are presented in the tables found in (Appendix III). 
 
2.3.2 SSD model 



Comment 
The methodology for deriving Species Sensitivity Distributions (SSDs) is not fully described in 
the PRVD and the requirements for inclusion of endpoints is not discussed. The use of a 
combination of terrestrial plant EC25 and EC50 endpoints for vegetative vigour in SSD 
calculations should be reconsidered. 
 
PMRA Response 
The toxicity data analysis includes the determination of HC5 or HD5 values using an SSD or 
species sensitivity distribution. An SSD is a plot of all species’ toxicity endpoints within a 
taxonomic group against a cumulative density function. An SSD is determined by fitting a 
theoretical distribution to the data set, such as a log-normal distribution, and allows the 
derivation of community level threshold concentrations such as the HC5. The hazardous 
concentration (HC5) or dose (HD5) to five percent of species is calculated for acute and chronic 
data sets separately, using the acute LC50/EC50 values and chronic NOEC/NOEL values, 
respectively. An SSD is constructed for acute and chronic effects for every taxonomic group 
where sufficient toxicity data are available. Acute toxicity data generally refers to short term 
studies, with the endpoints (LCX or ECx) being derived from effects on survival or other 
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endpoints considered to affect survival. Chronic and sub-chronic studies generally aim to 
determine sublethal effects and the associated NOEC or NOEL concentration. Different 
endpoints can also be used in SSDs such as the EC25 for terrestrial plants or other ECX value 
such as an EC5/10 may be considered relevant and appropriate to the assessment. If SSDs cannot 
be calculated, the most sensitive endpoints with an appropriate uncertainty factor are used in risk 
assessment.  
 
The software program ETX 2.1 is used with the log-normal model to generate SSDs where 
sufficient toxicity endpoints are available for different taxonomic groups. The median HC5 
values are reported for SSDs. The variability in the data sets is indicated not only by the upper 
and lower bound HC5 estimates but also the confidence limit of the fraction of species affected 
(FA), which indicates the theoretical minimum and maximum percent of species that could be 
affected based on the available data when the population is exposed to the HC5 concentration. 
 
SSDs were determined for glyphosate herbicide for the following taxonomic groups (results are 
reported in Appendix III Tables 1 to 3): 
 



• Freshwater organisms: invertebrates, fish, algae, amphibians, aquatic plants 
• Marine organisms: fish, invertebrates and algae 
• Terrestrial organisms: plants (crop and non-crop) 



Where an HC5 value cannot be determined due to insufficient species data or lack of model fit, 
etc., the most sensitive species endpoint is reported in summary tables without the use of 
uncertainty factors. Where multiple data points are available for one species, a geometric mean 
value is used to represent the species’ sensitivity. The treatment of toxicity data is such that it 
allows quantitative comparisons and predictions including consistency of exposure concentration 
units, ecological relevance and comparability of measurement endpoints, and types of test 
chemicals, or duration of exposure. 
 
All data sets were grouped by test material type including technical grade active ingredient 
(TGAI, includes all forms of glyphosate actives), end-use products containing the surfactant 
POEA (EUP + POEA), end-use products which do not contain POEA (EUP NO POEA), POEA 
alone and the glyphosate transformation product AMPA. All toxicity values were normalised to 
acid equivalent (a.e.). 
 
Results of SSD analysis:  
Glyphosate shows equal toxicity to many aquatic taxonomic groups, both acutely and 
chronically. The most acutely sensitive aquatic taxonomic groups are freshwater plant (overspray 
on aquatic macrophyte; Er50 of 38 g a.e/ha), freshwater and marine invertebrates, and freshwater 
algae (HC5 = 0.1mg a.e./L). The lowest chronic toxicity threshold values were determined for 
freshwater and marine fish (NOEC = 0.28 and 0.1 mg a.e./L, respectively) and freshwater plants 
(chronic EC50 = 0.11 mg a.e./L). The most sensitive terrestrial plant endpoint for crops and non-
crops is the HD5 of EC50 value of 0.0658 kg a.e./ha for EUPs that contain, or do not contain 
POEA, based on plant vegetative vigor endpoints.  
 











Appendix I 



  
 



Re-evaluation Decision – RVD2017-01 
Page 56 



As observed for amphibian in previous section 2.2.5, it is noted that the formulated products of 
glyphosate are generally more toxic to some organisms than the active ingredient, as in the case 
of freshwater invertebrates which are two orders of magnitude (100x) more sensitive to 
formulations containing POEA vs. the active ingredient. Freshwater fish and plants are also more 
sensitive to EUPs. Marine fish on the other hand are most sensitive, on an acute basis, to the 
parent chemical. 
 
Therefore the SSD analysis results indicate that the most sensitive population level aquatic 
toxicity threshold value (HC5) is 0.1 mg a.e./L, based on acute and chronic endpoints for several 
taxanomic groups including freshwater and marine invertebrates, aquatic plants (except 
overspray), algae and fish. While the most sensitive population level terrestrial toxicity threshold 
value (HD5 of EC50) is 0.0658 mg Kg a.e./ha, based on acute toxicity to plants (crops + non-
crops exposed to glyphosate formulations containing POEA + glyphosate formulations without 
POEA). 
 
2.3.3 Buffer zone calculations 



Comment 
Comments noted that the buffer zone sizes should be recalculated based on reconsideration of 
acceptability of endpoints. Buffer zone sizes should be set based on scientific evidence and valid 
endpoints and no increase should be implemented if no such evidence exists. Please explain why 
buffer zones are different for treated areas of more than 500 ha and those that are less than 
500 ha. 
 
PMRA Response 
The PMRA agrees with the fact that buffer zone sizes should be set based on scientific evidence 
and valid endpoints and no increase or decrease should be implemented if no such evidence 
exists. The methodology used by the PMRA to calculated buffer zones is based on scientific 
evidence and valid endpoints. 
 
Endpoints were reconsidered following identification of questionable studies, which lead to 
changes in the endpoints included in the SSDs and the determination of HC5 values, especially 
for aquatic organisms. Buffer zones have been recalculated as a result of the changes in the SSD 
calculations. 
 
The reason why buffer zones are different for treated areas of more than 500 ha and those that 
are less than 500 ha. is the following: 
 
The AGDISP software model (version 8.21) used by the PMRA to calculate aerial buffer zones 
takes into account the cumulative downwind drift associated with the number of flightlines made 
over a treated surface area with an aircraft. A forest surface area of more than 500 ha is 
considered as ‘woodland’ and is modelled using 50 flightlines as a realistic scenario. A forest 
surface area of less than 500 ha is considered as ‘woodlot’ and requires only 10 flightlines. As 
such, cumulative drift may be more significant in woodlands than in woodlots and consequently 
buffer zones may be larger in woodlands than in woodlots. Updated buffer zone tables are 
reported in Appendix IV, Tables 1 and 2. 
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2.4 Aerial spraying of forests 



Comment 
One Aboriginal group commented that aerial spraying of forests with glyphosate impacts the 
environment. 
 
PMRA Response 
As noted in response to comment 2.2.5, glyphosate is used for forest site preparation and plant 
release (conifers and deciduous trees) after trees are harvest. This use is expected to occur once 
every 50-80 years. As such, glyphosate exposure to forest is extremely low. In addition, 
glyphosate does not persist in the terrestrial environment, with DT50s ranging from 24 to 
82 days in forest soils (average of less than 55 days). 
 
For the protection of aquatic habitats, no spray buffer zones of 1 to 10 meters are required when 
glyphosate formulations that contain POEA are applied for forest site preparation and plant 
release by air. A buffer zone is defined as the distance between the point of direct pesticide 
application and the nearest downwind boundary of a sensitive habitat. Glyphosate does not 
persist in water (DT50s range from 0.4–11.2 days). 
 
3.0 Comments Related to the Value Considerations 



3.1 Glyphosate has value in contributing to Canadian agriculture and non-agricultural 
land management 



Summary of Comments 
• glyphosate is an important and cost effective weed management tool in crop production 



in that it can be applied at varying points of the cropping cycle from preplant to post-
harvest. 



• the application of glyphosate prior to harvest is important in terms of advancing the 
maturity and/or uniformly desiccating the crop and to control late season weeds that can 
interfere with harvesting operations and reduce crop quality. 



• glyphosate with its unique mode of action remains an important tool for broad spectrum 
weed control, including of perennial, invasive and noxious weeds 



• it allows the Canadian agricultural sector to remain competitive with those of its trading 
partners 



• it remains an important tool for advancing conservation tillage, such as no-tillage and 
reduced tillage systems, that reduce soil erosion and increase soil organic matter 



• it is used to control invasive plants to foster biodiversity by allowing native plant 
communities including those containing endangered or rare species, to be preserved or re-
established. 



 
PMRA Response 
As stated in the PRVD2015-01, the PMRA acknowledges that glyphosate plays an important role 
in weed management in both Canadian agriculture and non-agricultural land management 
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3.2 Glyphosate has no value considering the risks to the environment and human 
health. 



PMRA Response 
The value of glyphosate to Canadian agriculture and non-agricultural land management is a 
result of this product’s unique mode of action, diverse use pattern, and broad spectrum of weed 
control. As indicated in PRVD2015-01, based on a review of the science, the PMRA has 
concluded that this product is unlikely to affect human health or pose an unacceptable risk to the 
environment when used in accordance with label directions. 



4.0 Other Comments Related to the Use of Glyphosate 



4.1 Weed resistance 



Comment 
Comments noted that repeated use of glyphosate and heavy reliance on glyphosate to control 
weeds in today’s agriculture practices increase weed resistance. PMRA has not addressed the 
issue of weed resistance in its re-evaluation of glyphosate. There is no mention of glyphosate-
resistant weeds anywhere in the Environmental Considerations of the PMRA's Proposed Re-
evaluation decision for glyphosate. A report recently published by the Canadian Biotechnology 
Action Network (CBAN) reveals that “there are five species of glyphosate-resistant weeds now 
found in Canada”. An online survey of farmers from 2013 estimated that more than one million 
acres of Canadian farmland had glyphosate resistant weeds. 
 
PMRA Response 
The PMRA is aware of the fact that the current agricultural production system relies heavily on 
glyphosate, resulting in more and more occurrences of glyphosate-resistant weeds. Kochia, 
Canada fleabane, giant ragweed and common ragweed are examples of such resistant weeds 
reported in Canada. These glyphosate-resistant weeds are increasingly becoming challenge to the 
agricultural production system. In order to prevent or delay the development of glyphosate-
resistant weeds, it is crucial to maintain diversity in weed management practices. From the 
regulatory perspective, the PMRA developed the resistance-management labelling program in 
1999 with an aim to mitigate the risks for resistance development. Participation in this program 
is on a voluntary basis, but registrants are encouraged to add the resistance-management 
grouping symbols and resistance management statements to both new and existing product labels 
(Regulatory Directive DIR2013-04, Pesticide Resistance Management Labelling Based on 
Target Site/Mode of Action). To date, the majority (about 95%) of labels for products containing 
glyphosate comply with the resistance-management labelling. Other organizations are more 
closely involved with improvements to agricultural practices. 
 
4.2 Invasive species 



Comment 
Comments noted that herbicide treatments such as glyphosate are needed to control invasive 
species in standing water, such as Phragmites australis (2015 Resolution of the Canadian 
Federation of Agriculture Annual General Meeting). 
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PMRA Response 
Before a pesticide is approved for use in Canada, it must undergo a thorough pre-market science-
based risk assessment and meet strict health and environmental standards, and the product must 
have value. The use of glyphosate to control invasive species in standing water was not 
registered in Canada, and therefore was not considered during the re-evaluation.  
 
The PMRA is aware of the rise of Phragmites in Canadian wetlands, and has been working with 
provincial partners to find solutions such as emergency registration where needed. An 
emergency use will be considered only if the product is efficacious and risks deemed acceptable. 



4.3 Treaty rights and the duty to consult First Nations 



Comment 



One Aboriginal group commented that aerial spraying on traditional lands is a violation of treaty 
rights and it is a constitutional obligation for Health Canada to consult. The PMRA is obligated 
to hear oral testimony in their territory as a form of evidence. 



PMRA Response 



Concerns expressed by the aboriginal group in their written submission and in subsequent 
conversations, were identified as being related more to forest management practices and not 
specific to the use of this particular herbicide.  



Following harvest, Canadian forests are either allowed to regenerate naturally or are re-planted 
with a crop tree species as part of a forest management plan. Glyphosate, or other herbicides, can 
be applied in a managed forest to control naturally occurring vegetation that could out compete 
newly planted crop tree seedling (for example, pine or spruce trees) for nutrients, light and space. 
Herbicides are also used in clearing logging roads and rights of way. As with other land 
management uses of pesticides such as agriculture, the use of herbicides in forestry operations 
can reduce biodiversity (for example, loss of grasses, raspberry and non-crop tree species, such 
as birch or aspen) in the application areas for a period of time.  



Except on federal lands, the management of natural resources, such as forests, is the 
responsibility of provincial governments. Provincial ministries of natural resources are better 
informed about the local conditions and are generally responsible for approving sustainable 
forest-management plans. These plans indicate which land will be allowed to regenerate 
naturally and which will be re-planted and managed (with or without herbicides). If a herbicide is 
to be used, it must a product that is authorized by Health Canada’s Pest management Regulatory 
Agency for forestry application. It the product is to be applied by air, permits are required, 
generally from provincial ministries of the environment, prior to application. Consultations with 
the aboriginal community on herbicide use in forestry can be most effectively done by 
considering forest management plans and the local land use requirements. It is recommended that 
the group continue to raise their concerns with the appropriate provincial authorities 



Other concerns that were raised by this group regarding the impact of glyphosate use on human 
health and the environment were addressed under responses 1.3.8 and 2.4. 
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Appendix II Registered Products Containing Glyphosate in Canada as of 
16 September 2016 



 



Registrant Name 
Registration 
Number Product Name 



Guarantee1  
(g a.e./L) Formulation 



Marketing 
Class2 



ADAMA 
AGRICULTURAL 
SOLUTIONS CANADA 
LTD. 29219 



GLYPHOGAN PLUS 
LIQUID HERBICIDE GPI-356;  SN-SOLUTION C+R 



ALBAUGH LLC 
28322 



CLEAROUT 41 PLUS 
HERBICIDE SOLUTION GPI-360;  SN-SOLUTION C 



31913 GLYPHOSATE 480 GPI-480;  SN-SOLUTION C 



ALLIGARE, LLC 30093 
ALLIGARE 
GLYPHOSATE 4+ GPI-360;  SN-SOLUTION C 



AGROMARKETING CO. 
INC. 30721 NASA 36 GPI-360;  SN-SOLUTION C+R 
AGRI STAR CANADA 
ULC.* 29995 CRUSH'R PLUS GPI-360;  SN-SOLUTION C 



32181 CRUSH'R 480 GPI-480;  SN-SOLUTION C 



31655 
AGRI STAR CRUSHR 
540 GPP-540;  SN-SOLUTION C 



DOW AGROSCIENCES 
CANADA INC. 30958 



ENLIST DUO 
HERBICIDE 



GPX-204; 
DXJ-194;  SN-SOLUTION C 



30960 
GF-2726 TSOY 
HERBICIDE 



GPX-204; 
DXJ-194;  SN-SOLUTION C 



27394 



PREPASS B HERBICIDE 
(A COMPONENT OF 
PREPASS HERBICIDE) GPI-360;  SN-SOLUTION C 



27615 
VANTAGE PLUS MAX 
HERBICIDE SOLUTION GPI-480;  SN-SOLUTION C 



28245 
MAVERICK II 
HERBICIDE SOLUTION GPI-480;  SN-SOLUTION C 



28540 
ECLIPSE II B 
HERBICIDE GPI-480;  SN-SOLUTION C 



28977 
MAVERICK III 
HERBICIDE GPX-480;  SN-SOLUTION C 



29033 
ECLIPSE III B 
HERBICIDE GPX-480;  SN-SOLUTION C 



29652 



PREPASS XC B 
HERBICIDE (A 
COMPONENT OF 
PREPASS XC 
HERBICIDE) GPX-480;  SN-SOLUTION C 



29994 
VANTAGE XRT 
HERBICIDE GPX-480;  SN-SOLUTION C 



26171 
VANTAGE PLUS 
HERBICIDE SOLUTION GPI-360;  SN-SOLUTION C+R 



26172 
VANTAGE HERBICIDE 
SOLUTION GPI-356;  SN-SOLUTION C+R 



26884 
VANTAGE FORESTRY 
HERBICIDE GPI-356;  SN-SOLUTION C+R 



29588 GF-772 HERBICIDE GPI-360;  SN-SOLUTION C+R 



29773 
DEPOSE HERBICIDE 
SOLUTION GPI-356;  SN-SOLUTION C+R 



30516 
VANTAGE MAX 
HERBICIDE GPS-480;  SN-SOLUTION C+R 



28840 VP480 HERBICIDE GPX-480;  SN-SOLUTION C+R 



29774 DURANGO HERBICIDE GPX-480;  SN-SOLUTION C+R 



30423 PREPASS 480 GPX-480;  SN-SOLUTION C+R 
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Registrant Name 
Registration 
Number Product Name 



Guarantee1  
(g a.e./L) Formulation 



Marketing 
Class2 



HERBICIDE 



32314 GF-2018 HERBICIDE GPX-480;  SN-SOLUTION C+R 



EZJECT, INC. 21262 
DIAMONDBACK 
HERBICIDE SHELLS GPI-0.15;  PA-PASTE C 



FMC CORPORATION 



27287 



GLYFOS AU SOLUBLE 
CONCENTRATE 
HERBICIDE GPI-360;  SN-SOLUTION C 



28925 
CHEMINOVA 
GLYPHOSATE (TM) II GPI-356;  SN-SOLUTION C 



29363 
GLYFOS BIO 
HERBICIDE GPI-360;  SN-SOLUTION C 



29364 
GLYFOS BIO 450 
HERBICIDE GPI-450;  SN-SOLUTION C 



30234 



FORZA BIO 
SILVICULTURAL 
HERBICIDE GPI-360;  SN-SOLUTION C 



30235 



FORZA BIO 450 
SILVICULTURAL 
HERBICIDE GPI-450;  SN-SOLUTION C 



24359 



GLYFOS SOLUBLE 
CONCENTRATE 
HERBICIDE GPI-360;  SN-SOLUTION C+R 



26401 



FORZA 
SILVICULTURAL 
HERBICIDE GPI-360;  SN-SOLUTION C+R 



28924 



GLYFOS SOLUBLE 
CONCENTRATE 
HERBICIDE II GPI-360;  SN-SOLUTION C+R 



INTERPROVINCIAL 
COOPERATIVE 
LIMITED 



26846 



GLYPHOSATE 
HERBICIDE - 
AGRICULTURAL & 
INDUSTRIAL GPI-360;  SN-SOLUTION C 



29216 
GLYPHOSATE WATER 
SOLUBLE HERBICIDE 



GPI-
309(+51);  SN-SOLUTION C 



27988 
IPCO FACTOR 540 
LIQUID HERBICIDE GPP-540;  SN-SOLUTION C+R 



31199 
FORTRAN 540 LIQUID 
HERBICIDE GPP-540;  SN-SOLUTION C+R 



31598 
CO-OP VECTOR 540 
LIQUID HERBICIDE GPP-540;  SN-SOLUTION C+R 



29775 
MATRIX HERBICIDE 
SOLUTION GPX-480;  SN-SOLUTION C+R 



30319 
VECTOR HERBICIDE 
SOLUTION GPX-480;  SN-SOLUTION C+R 



31090 RIVET HERBICIDE GPX-480;  SN-SOLUTION C+R 
JOINT GLYPHOSATE 
TASK FORCE, LLC 30678 



JGTF GLYPHOSATE 
HERBICIDE GPI-360;  SN-SOLUTION C+R 



LOVELAND 
PRODUCTS CANADA 
INC. 30076 MAD DOG PLUS GPI-360;  SN-SOLUTION C+R 
MEY CANADA 
CORPORATION 29126 



WISE UP HERBICIDE 
SOLUTION GPI-360;  SN-SOLUTION C 



MONSANTO CANADA 
INC. 20423 



MOCAN 943 WATER 
SOLUBLE HERBICIDE 



GPI-120; 
DIC-86;  SN-SOLUTION C 



21572 
RUSTLER FALLOW 
LIQUID HERBICIDE 



GPI-132; 
DIC-60;  SN-SOLUTION C 



27200 
RUSTLER LIQUID 
HERBICIDE 



GPI-194; 
DIC-46;  SN-SOLUTION C 
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Registrant Name 
Registration 
Number Product Name 



Guarantee1  
(g a.e./L) Formulation 



Marketing 
Class2 



32274 



ROUNDUP XTEND 
WITH VAPORGRIP 
TECHNOLOGY 
HERBICIDE 



GPI-240; 
DIC-120;  SN-SOLUTION C 



19536 



RUSTLER 
SUMMERFALLOW 
HERBICIDE 



GPI-108; 
DXB-182;  SN-SOLUTION C 



25898 MON 77790 HERBICIDE 
GPI-132; 
DXB-82;  SN-SOLUTION C 



25604 



ROUNDUP FAST 
FORWARD 
PREHARVEST 
HERBICIDE 



GPI-300; 
GLG-16;  SN-SOLUTION C 



25795 



ROUNDUP 
FASTFORWARD 
PRESEED 



GPI-300; 
GLG-10;  SN-SOLUTION C 



25918 
MON 77759 WATER 
SOLUBLE HERBICIDE 



GPI-300; 
GLG-36;  SN-SOLUTION C 



26625 
MON 78027 WATER 
SOLUBLE HERBICIDE 



GPI-180; 
GLG-131;  SN-SOLUTION C 



26920 



ROUNDUP TRANSORB 
MAX LIQUID 
HERBICIDE GPI-480;  SN-SOLUTION C 



29841 
MON 76431 LIQUID 
HERBICIDE GPP-540;  SN-SOLUTION C 



29868 
MON 76429 LIQUID 
HERBICIDE GPP-540;  SN-SOLUTION C 



19899 
VISION SILVICULTURE 
HERBICIDE GPI-356;  SN-SOLUTION C+R 



25344 
ROUNDUP TRANSORB 
LIQUID HERBICIDE GPI-360;  SN-SOLUTION C+R 



27487 



ROUNDUP 
WEATHERMAX WITH 
TRANSORB 2 
TECHNOLOGY LIQUID 
HERBICIDE GPP-540;  SN-SOLUTION C+R 



27736 



VISIONMAX 
SILVICULTURE 
HERBICIDE GPP-540;  SN-SOLUTION C+R 



27764 
ROUNDUP ULTRA 
LIQUID HERBICIDE GPP-540;  SN-SOLUTION C+R 



27946 
RENEGADE HC LIQUID 
HERBICIDE GPP-540;  SN-SOLUTION C+R 



28198 
ROUNDUP TRANSORB 
HC LIQUID HERBICIDE GPP-540;  SN-SOLUTION C+R 



28486 
ROUNDUP ULTRA 2 
LIQUID HERBICIDE GPP-540;  SN-SOLUTION C+R 



28487 
RT/540 LIQUID 
HERBICIDE GPP-540;  SN-SOLUTION C+R 



28608 
MON 79828 LIQUID 
HERBICIDE GPP-540;  SN-SOLUTION C+R 



28609 
MON 79791 LIQUID 
HERBICIDE GPP-540;  SN-SOLUTION C+R 



29498 START UP HERBICIDE GPP-540;  SN-SOLUTION C+R 



30104 MON 76669 GPP-540;  SN-SOLUTION C+R 



32209 
POWERMAX 
HERBICIDE GPP-540;  SN-SOLUTION C+R 



32356 



ROUNDUP CUSTOM 
FOR AQUATIC AND 
TERRESTRIAL USE GPI-;  SN-SOLUTION R 











Appendix II 



  
 



Re-evaluation Decision – RVD2017-01 
Page 64 



Registrant Name 
Registration 
Number Product Name 



Guarantee1  
(g a.e./L) Formulation 



Marketing 
Class2 



LIQUID HERBICIDE 



NEWAGCO INC 29290 
MPOWER 
GLYPHOSATE GPI-356;  SN-SOLUTION C 



NUFARM 
AGRICULTURE INC. 30870 



GLYKAMBA 
HERBICIDE 



GPI-194; 
DIC-46;  SN-SOLUTION C 



25866 
NUFARM CREDIT 
LIQUID HERBICIDE GPI-356;  SN-SOLUTION C 



27950 
CREDIT PLUS LIQUID 
HERBICIDE GPI-360;  SN-SOLUTION C 



29124 CREDIT 45 HERBICIDE GPI-450;  SN-SOLUTION C 



29125 
NUFARM CREDIT 360 
LIQUID HERBICIDE GPI-360;  SN-SOLUTION C 



29470 NUGLO HERBICIDE GPI-450;  SN-SOLUTION C 



29479 POLARIS GPI-360;  SN-SOLUTION C 



29480 
NUFARM GLYPHOSATE 
360 HERBICIDE GPI-360;  SN-SOLUTION C 



29888 
CREDIT XTREME 
HERBICIDE GPO-540;  SN-SOLUTION C 



31316 
CARNIVAL 540 
HERBICIDE GPO-540;  SN-SOLUTION C 



PRODUCTIERRA 31063 
SMOKE 41% 
GLYPHOSATE GPI-360;  SN-SOLUTION C 



RACK PETROLEUM 
LTD. 30442 



THE RACK 
GLYPHOSATE GPI-360;  SN-SOLUTION C 



31314 RACKETEER GPI-360;  SN-SOLUTION C 
SHARDA CROPCHEM 
LIMITED 31493 



SHARDA GLYPHOSATE 
360 GPI-360;  SN-SOLUTION C 



32122 
GLYFO SILVI 
HERBICIDE GPI-360;  SN-SOLUTION C+R 



SYNGENTA CANADA 
INC. 



29341 HALEX GT HERBICIDE 



MER-25; 
GPP-250; 
AME-250;  SN-SOLUTION C 



29552 TAKKLE HERBICIDE 
GPI-140; 
DIC-70;  SN-SOLUTION C 



30412 
FLEXSTAR GT 
HERBICIDE 



GPM-271; 
FOF-67;  SN-SOLUTION C 



28802 CYCLE HERBICIDE GPP-500;  SN-SOLUTION C 



31711 
CALLISTO GT 
HERBICIDE 



MER-45.5; 
GPP-455;  



SU-
SUSPENSION C 



27192 
TOUCHDOWN IQ 
LIQUID HERBICIDE GPM-360;  SN-SOLUTION C+R 



28072 
TOUCHDOWN TOTAL 
HERBICIDE GPP-500;  SN-SOLUTION C+R 



29201 TRAXION HERBICIDE GPP-500;  SN-SOLUTION C+R 
TERAGRO INC 



29022 



WEED-MASTER 
GLYPHOSATE 41 
HERBICIDE GPS-356;  SN-SOLUTION C 



29009 



WEED-MASTER 
GLYPHOSATE 
FORESTRY HERBICIDE GPI-356;  SN-SOLUTION C+R 



UNITED PHOSPHORUS 
INC. 30366 GLYPHO 41 HERBICIDE GPI-356;  SN-SOLUTION C+R 
UNIVAR CANADA 
LTD. 32228 



GUARDSMAN 
GLYPHOSATE GPO-540;  SN-SOLUTION C 



DOW AGROSCIENCES 
CANADA INC. 



27351 



GLYPHOSATE 18% 
HERBICIDE SOLUTION 
CONCENTRATE GPI-143;  SN-SOLUTION D 
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Registrant Name 
Registration 
Number Product Name 



Guarantee1  
(g a.e./L) Formulation 



Marketing 
Class2 



27352 



GLYPHOSATE 0.96% 
HERBICIDE READY-TO-
USE GPI-7;  SN-SOLUTION D 



FMC CORPORATION 
26609 



GLYFOS HERBICIDE 
143 CONCENTRATE GPI-143;  SN-SOLUTION D 



26610 
GLYFOS HERBICIDE 7 
READY-TO-USE GPI-7;  SN-SOLUTION D 



26827 



GLYFOS 
CONCENTRATE 356 
HERBICIDE GPI-356;  SN-SOLUTION D 



MONSANTO CANADA 
INC. 



22627 



ROUNDUP 
CONCENTRATE NON-
SELECTIVE HERBICIDE GPI-143;  SN-SOLUTION D 



22759 



ROUNDUP SUPER 
CONCENTRATE GRASS 
& WEED CONTROL GPI-356;  SN-SOLUTION D 



22807 



ROUNDUP READY TO 
USE NON-SELECTIVE 
HERBICIDE WITH 
FASTACT FOAM GPI-7;  SN-SOLUTION D 



24299 



ROUNDUP READY-TO-
USE GRASS & WEED 
CONTROL WITH 
FASTACT FOAM GPI-7;  SN-SOLUTION D 



26263 



ROUNDUP READY-TO-
USE WITH FASTACT 
FOAM PULL'N SPRAY 
NON-SELECTIVE 
HERBICIDE GPI-7;  SN-SOLUTION D 



27460 



ROUNDUP READY-TO-
USE NON-SELECTIVE 
HERBICIDE GPI-7.2;  SN-SOLUTION D 



27506 



ROUNDUP READY-TO-
USE PULL'N SPRAY 
NON-SELECTIVE 
HERBICIDE GPI-14.0;  SN-SOLUTION D 



27507 



ROUNDUP READY-TO-
USE PULL'N SPRAY 
TOUGH BRUSH & 
POISON IVY CONTROL 
NON-SELECTIVE 
HERBICIDE GPI-14.0;  SN-SOLUTION D 



28974 ROUNDUP PUMP 'N GO GPI-7;  SN-SOLUTION D 



29003 



ROUNDUP READY-TO-
USE POISON IVY & 
BRUSH CONTROL NON-
SELECTIVE HERBICIDE GPI-14;  SN-SOLUTION D 



29034 



ROUNDUP READY-TO-
USE POISON IVY & 
BRUSH CONTROL 
WITH QUICK CONNECT 
SPRAYER GPI-14;  SN-SOLUTION D 



31153 



REFILL FOR ROUNDUP 
READY-TO-USE WITH 
WAND APPLICATOR GPI-7.0;  SN-SOLUTION D 



31154 



ROUNDUP READY-TO-
USE WITH WAND 
APPLICATOR GPI-7.0;  SN-SOLUTION D 



31514 
ROUNDUP READY-TO-
USE REFILL GPI-7;  SN-SOLUTION D 
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Registrant Name 
Registration 
Number Product Name 



Guarantee1  
(g a.e./L) Formulation 



Marketing 
Class2 



31997 



ROUNDUP READY-TO-
USE TOUGH BRUSH & 
POISON IVY CONTROL 
WITH WAND 
APPLICATOR GPI-14.0;  SN-SOLUTION D 



32041 



REFILL FOR ROUNDUP 
READY-TO-USE TOUGH 
BRUSH & POISON IVY 
CONTROL WITH WAND 
APPLICATOR GPI-14;  SN-SOLUTION D 



23786 



ROUNDUP QUIK STIK 
NON-SELECTIVE 
HERBICIDE TABLETS GPS-60;  TA-TABLET  D 



LES PRODUITS DE 
CONTROLE 
SUPERIEUR 
INC/SUPERIOR 
CONTROL PRODUCTS 
INC 



28464 



TOTALEX 
CONCENTRATE 
BRUSH, GRASS & 
WEED KILLER HOME 
GARDENER GPI-143;  SN-SOLUTION D 



28467 



BYEBYE WEED 
CONCENTRATE 
BRUSH, GRASS & 
WEED KILLER GPI-143;  SN-SOLUTION D 



28469 



BYEBYE WEED 
READY-TO-USE 
BRUSH, GRASS & 
WEED KILLER GPI-7;  SN-SOLUTION D 



28470 



TOTALEX READY-TO-
USE BRUSH, GRASS & 
WEED KILLER HOME 
GARDENER GPI-7;  SN-SOLUTION D 



28471 



TOTALEX SUPER 
CONCENTRATE 
BRUSH, GRASS & 
WEED KILLER HOME 
GARDENER GPI-356;  SN-SOLUTION D 



28472 



BYEBYE WEED SUPER 
CONCENTRATE 
BRUSH, GRASS & 
WEED KILLER GPI-356;  SN-SOLUTION D 



28574 



TOTALEX RTU BRUSH, 
GRASS & WEED 
KILLER WITH 1 TOUCH 
POWER SPRAYER 
HOME GPI-7.0;  SN-SOLUTION D 



28575 



BYEBYE WEED RTU 
BRUSH, GRASS & 
WEED KILLER WITH 1 
TOUCH POWER 
SPRAYER GPI-7.0;  SN-SOLUTION D 



28576 



TOTALEX EXTRA 
STRENGTH RTU 
BRUSH, GRASS & 
WEED KILLER WITH 1 
TOUCH POWER 
SPRAYER HOME 
GARDENER GPI-14;  SN-SOLUTION D 



28577 



TOTALEX EXTRA 
STRENGTH RTU 
BRUSH, GRASS & 
WEED KILLER WITH 1 
TOUCH POWER GPI-14;  SN-SOLUTION D 
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Registrant Name 
Registration 
Number Product Name 



Guarantee1  
(g a.e./L) Formulation 



Marketing 
Class2 



SPRAYER VIRTERRA 
SURE-GRO IP INC. 



27013 



WILSON TOTAL 
WIPEOUT MAX GRASS 
& WEED KILLER 
READY TO USE GPI-7;  SN-SOLUTION D 



27014 



WILSON TOTAL 
WIPEOUT MAX GRASS 
& WEED KILLER 
CONCENTRATE GPI-143;  SN-SOLUTION D 



27015 



LATER'S GRASS & 
WEED KILLER SUPER 
CONCENTRATE GPI-356;  SN-SOLUTION D 



29580 



WILSON TOTAL 
WIPEOUT MAX GRASS 
& WEED KILLER 
READY TO USE 
BATTERY POWERED GPI-7;  SN-SOLUTION D 



31023 
SMARTONES WIPEOUT 
MAX GPI-7.0;  SN-SOLUTION D 



32090 



WILSON TOTAL 
WIPEOUT MAX GRASS 
& WEED KILLER 
REFILL GPI-7;  SN-SOLUTION D 



DOW AGROSCIENCES 
CANADA INC. 



26449 



GLYPHOSATE 62% 
SOLUTION 
MANUFACTURING 
CONCENTRATE GPI-46;  SN-SOLUTION M 



27074 



VANTAGE HERBICIDE 
SOLUTION 
MANUFACTURING 
CONCENTRATE GPI-356;  SN-SOLUTION M 



27075 



VANTAGE PLUS 
HERBICIDE SOLUTION 
MANUFACTURING 
CONCENTRATE GPI-360;  SN-SOLUTION M 



28963 



GLYPHOSATE 85% 
MANUFACTURING 
CONCENTRATE GPS-85;  SN-SOLUTION M 



28783 



GF-1667 HERBICIDE 
MANUFACTURING 
CONCENTRATE GPX-49;  SN-SOLUTION M 



FMC CORPORATION 



25600 



GLYPHOSATE 
CONCENTRATE 
HERBICIDE GPI-46.3;  SN-SOLUTION M 



27497 GLYFOS 356 MUC GPI-356;  SN-SOLUTION M 
MONSANTO CANADA 
INC. 



21061 



MON 0139 SOLUTION 
HERBICIDE 
MANUFACTURING 
CONCENTRATE GPI-46.0;  SN-SOLUTION M 



26919 



MON 77945 HERBICIDE 
MANUFACTURING 
CONCENTRATE 
SOLUTION GPI-46;  SN-SOLUTION M 



28625 



MON 78087 HERBICIDE 
MANUFACTURING 
CONCENTRATE GPI-356;  SN-SOLUTION M 



32273 



GLY 135EA HERBICIDE 
MANUFACTURING 
CONCENTRATE GPI-45.6;  SN-SOLUTION M 
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Registrant Name 
Registration 
Number Product Name 



Guarantee1  
(g a.e./L) Formulation 



Marketing 
Class2 



27485 



MON 78623 HERBICIDE 
MANUFACTURING 
CONCENTRATE GPP-47.3;  SN-SOLUTION M 



28603 



MON 79380 HERBICIDE 
MANUFACTURING 
CONCENTRATE GPP-540;  SN-SOLUTION M 



28604 



MON 79582 HERBICIDE 
MANUFACTURING 
CONCENTRATE GPP-540;  SN-SOLUTION M 



28605 



MON 79544 HERBICIDE 
MANUFACTURING 
CONCENTRATE GPP-540;  SN-SOLUTION M 



27183 



MON 77973 HERBICIDE 
MANUFACTURING 
CONCENTRATE GPS-85;  SN-SOLUTION M 



NUA 29123 



NUFARM GLYPHOSATE 
IPA MANUFACTURING 
CONCENTRATE GPI-46;  SN-SOLUTION M 



SYNGENTA CANADA 
INC. 27871 



GLYPHOSATE 600 SL 
MANUFACTURING 
CONCENTRATE GPS-600;  SN-SOLUTION M 



WMW 29719 



TERAGRO 
GLYPHOSATE 
MANUFACTURING 
CONCENTRATE GPI-46;  SN-SOLUTION M 



ALBAUGH LLC 28321 



CLEAROUT 
GLYPHOSATE 
TECHNICAL GPS-94.8;  SO-SOLID T 



AGROMARKETING CO. 
INC. 29645 



NASA GLYPHOSATE 
TECHNICAL GPS-96.37;  SO-SOLID T 



CONSUS CHEMICALS, 
LLC. 31728 



CONSUS GLYPHOSATE 
TECHNICAL GPS-96.7;  SO-SOLID T 



DOW AGROSCIENCES 
CANADA INC. 



26450 



GLYPHOSATE 
TECHNICAL 
HERBICIDE GPS-96.3;  SO-SOLID T 



28967 



TECHNICAL 
GLYPHOSATE 
HERBICIDE GPS-96.2;  SO-SOLID T 



FMC CORPORATION 
24337 



GLYPHOSATE 
TECHNICAL GPS-85.8;  SO-SOLID T 



29143 



GLYFOS SOLUBLE 
CONCENTRATE 
HERBICIDE 2 GPS-97.9;  SO-SOLID T 



29326 



CHEMINOVA 
GLYPHOSATE 
TECHNICAL II GPS-95.7;  SO-SOLID T 



29530 



CHEMINOVA 
GLYPHOSATE 
TECHNICAL III GPS-98.2;  SO-SOLID T 



JOINT GLYPHOSATE 
TASK FORCE, LLC 30638 



JOINT GLYPHOSATE 
TECHNICAL GPS-96.3;  SO-SOLID T 



LIBERTAS NOW INC. 29265 KNOCKOUT TECH GPS-98.1;  SO-SOLID T 
MEY CORPORATION 



29799 



MEY CORP 
GLYPHOSATE 
TECHNICAL GPS-98.5;  SO-SOLID T 



30099 
MGT GLYPHOSATE 
TECHNICAL GPS-96.4;  SO-SOLID T 



30617 
MEY GLYPHOSATE 
SHANRG TECHNICAL GPS-97.59;  SO-SOLID T 
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Registrant Name 
Registration 
Number Product Name 



Guarantee1  
(g a.e./L) Formulation 



Marketing 
Class2 



MONSANTO CANADA 
INC. 19535 



GLYPHOSATE 
TECHNICAL GRADE GPS-96.3;  SO-SOLID T 



NEWAGCO INC 29381 



NEWAGCO 
GLYPHOSATE 
TECHNICAL GPS-96.0;  SO-SOLID T 



NUFARM 
AGRICULTURE INC. 28857 



NUFARM GLYPHOSATE 
TECHNICAL ACID GPS-96.5;  SO-SOLID T 



PRODUCTIERRA 31062 



PRODUCTIERRA 
GLYPHOSATE 
TECHNICAL GPS-98.0;  SO-SOLID T 



SHARDA CROPCHEM 
LIMITED 29980 



SHARDA GLYPHOSATE 
TECHNICAL 
HERBICIDE GPS-96.2;  SO-SOLID T 



SYNGENTA CANADA 
INC. 



28983 



TECHNICAL 
TOUCHDOWN 
HERBICIDE GPS-97.1;  SO-SOLID T 



29540 



TOUCHDOWN 
TECHNICAL 
HERBICIDE GPS-99;  SO-SOLID T 



UPI GLYPHOSATE 
TECHNICAL 
HERBICIDE 30634 



UPI GLYPHOSATE 
TECHNICAL 
HERBICIDE GPS-97.7;  SO-SOLID T 



TERAGRO INC 28882 



GLYPHOSATE 
TECHNICAL 
HERBICIDE GPS-97.5;  SO-SOLID T 



 
1 GPS = glyphosate acid, GPI = glyphosate isopropylamine or ethnolamine salt, GPM = glyphosate mono-ammonium or diammonium salt, GPP = 
glyphosate potassium salt, GPX = glyphosate dimethylsulfonium salt, and GPO = GPI + GPP. Note that GPT (glyphosate trimethylsulfonium 
salt) has been voluntarily discontinued by the registrant Syngenta Canada Inc. 
2 C = Commercial Class, C+R = Commercial and Restricted Class, D = Domestic Class, M = Manufacturing Concentrate, T = Technical grade 
active ingredient. 
3 AME = s-metolachlor, DIC = dicamba, DIQ = diquat, DXB = 2,4-D (isomer specific), FOF = fomesafen, GLG = glufosinate ammonium and 
MER = mesotrione. 
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Appendix III Summary of Species sensitivity Distribution Toxicity Data 
 
Table 1 Revised summary of Species Sensitivity Distribution (SSDs) toxicity data 



analysis for glyphosate herbicide: HC5 1 or the most sensitive endpoints are 
listed by taxonomic group for Fish, Aquatic Invertebrates and Amphibians * 



 



Test 
material 



Exposure 
Freshwater 



invertebrates 
(mg a.e./L)B 



Freshwater 
fish 
(mg 



a.e./L)C 



Marine 
fish 
(mg 



a.e./L)C 



Marine 
invertebrates 
(mg a.e./L)B 



Amphibians 
(mg a.e./L)C 



Amphibians 
Mesocosm/field 



(mg a.e./L)C 



TGAI 
Acute  HC5: 15.9 HC5: 70 HC5: 19.9 HC5: 4.7 HC5: 14.9 - 



Chronic NOEC: 13.0 NOEC: 
22.4 



NOEC: 0.1 - - - 



EUP 
NON 
POEA 



Acute  HC5: 24.4 HC5: 2.3 LC50: 114.6 EC50: 23.2 HC5: 13.9 - 



Chronic EC50: 44.0 - - - - - 



EUP 
WITH 
POEA 



Acute  HC5: 0.1 HC5: 2.2 HC5: 3.0 HC5: 0.1 HC5: 0.73 
HC5: 3.7 
HC5: 3.3 



(kg a.e/ha) 



Chronic NOEC: 0.2 
NOEC: 



0.28 
- - HC5: 0.43 HC5: 1.9 



AMPA 
Acute  LC50: 316.0 LC50: 274.0 - EC50: 97.0 - - 
Chronic - - - -  - 



POEA 
Acute  HC5: 0.004 HC5: 0.2 HC5: 2.0 EC50: 0.6 HC5: 0.3 - 
Chronic - - - - - - 



*Where SSDs could not be determined, the most sensitive species endpoint value is reported; 1Hazardous concentration to 5% of 
species; POEA is a formulant, POEA concentrations cannot be directly compared to other data as the concentration in a 
formulation varies and not specified; B HC5 is derived from EC50 values; C HC5 is derived from LC50 values. 
TGAI = Technical grade active ingredient, EUP NON POEA = End-use product that does not contain polyethoxylated tallow 
amine compound in their formulation, EUP WITH POEA = End-use product that does contain polyethoxylated tallow amine 
compound in their formulation, AMPA = aminmethylphosphonic acid compound, POEA = polyethoxylated tallow amine 
 
Table 2 Revised summary of Species Sensitivity Distribution (SSDs) toxicity data 



analysis for glyphosate herbicide: HC5 1 or the most sensitive endpoints are 
listed by taxonomic group for Aquatic Plants, Algae, Terrestrial Plants * 



 



Test material Exposure 
Freshwater 



Algae 
(mg a.e./L)B 



Freshwater 
Plants 



(mg a.e./L) 



Marine Algae 
(mg a.e./L) 



Snails 
(mg a.e./L) 



TGAI 
Acute  



HC5: 6.6 
EC50: 10.1 



EC50: 17.3 
Er50: 0.38 kg 



a.e./ha 
EC50: 3.35 - 



Chronic HC5:21.6 - EC50:101.5 NOEC: 1000 



EUP NON POEA 



Acute  EC50: 37 - - - 



Chronic - - - 
NOEC: 29.7  
NOEC: 219 



(mg a.e./kg soil) 



EUP WITH POEA 
Acute  HC5: 0.1 EC50: 2.1 EC50: 0.43 LC50: 2.3 
Chronic HC5:0.3  EC50: 8.3 NOEC: 8.55 



EUP NON POEA and 
WITH POEA 



Acute - - - - 
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Test material Exposure 
Freshwater 



Algae 
(mg a.e./L)B 



Freshwater 
Plants 



(mg a.e./L) 



Marine Algae 
(mg a.e./L) 



Snails 
(mg a.e./L) 



AMPA 
Acute  EC50: 73 - - - 
Chronic - - - - 



POEA Acute  EC50: 4 - EC50: 3.4 - 
*Where SSDs could not be determined, the most sensitive species endpoint value is reported; 1Hazardous concentration to 5% of 
species; POEA is a formulant, POEA concentrations cannot be directly compared to other data as the concentration in a 
formulation varies and not specified; B HC5 is derived from EC50 values; C HC5 is derived from LC50 values;  
TGAI = Technical grade active ingredient, EUP NON POEA = End-use product that does not contain polyethoxylated tallow 
amine compound in their formulation, EUP WITH POEA = End-use product that does contain polyethoxylated tallow amine 
compound in their formulation, AMPA = aminmethylphosphonic acid compound, POEA = polyethoxylated tallow amine 
 
Table 3 Revised summary of Species Sensitivity Distribution (SSDs) toxicity data 



analysis for glyphosate herbicide: HC5 1 or the most sensitive endpoints are 
listed by taxonomic group for Terrestrial Plants and Terrestrial 
Invertebrates. 



 



Test material Exposure 
Terrestrial Plants 



(SE) EC50 
(kg a.e/ha) 



Terrestrial plants 
EC25



 



MixedD  
(kg a.e/ha) 



Terrestrial plants 
EC50 



MixedD  
(kg a.e/ha) 



Earthworms 
(mg a.e./kg soil) 



TGAI 
Acute EC50: 0.07 -  690 



Chronic - -  - 



EUP NON POEA 
Acute EC50: 4.48 -  - 
Chronic - -  - 



EUP WITH 
POEA 



Acute -  HD5 = 0.035  0.253 



Chronic - -  - 
EUP NON POEA 
and WITH POEA 



Acute 
- 



HD5 = 0.037 HD5 = 0.0658 - 



(SE) = seedling emergence, (VV) = vegetative vigor; *Where SSDs could not be determined, the most sensitive species endpoint 
value is reported; 1Hazardous concentration to 5% of species; POEA is a formulant, POEA concentrations cannot be directly 
compared to other data as the concentration in a formulation varies and not specified; B HC5 is derived from EC50 values; C HC5 is 
derived from LC50 values; DMixed = Crop and non-crop plants combined. Yellow highlight: most sensitive acute and chronic 
endpoint.  
TGAI = Technical grade active ingredient, EUP NON POEA = End-use product that does not contain polyethoxylated tallow 
amine compound in their formulation, EUP WITH POEA = End-use product that does contain polyethoxylated tallow amine 
compound in their formulation, AMPA = aminmethylphosphonic acid compound, POEA = polyethoxylated tallow amine 
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Appendix IV Label Amendments for Products Containing Glyphosate 
 
The label amendments presented below do not include all label requirements for individual 
products, such as first aid statements, disposal statements, precautionary statements and 
supplementary protective equipment. Information on labels of currently registered products 
should not be removed unless it contradicts the following label statements. 
______________________________________________________________________ 
 



A) Label Amendments for Glyphosate Technical Products 
 
 The following label amendments are required on the Glyphosate Technical labels: 
 



1) Add to the primary panel of the Technical product labels: 
 



The signal words “DANGER – EYE IRRITANT”, and accompanying glyphs.  
 



2) Before STORAGE section, Add the title “ENVIRONMENTAL HAZARDS” and the 
following statement: 



 
• TOXIC to non-target terrestrial plants 
• TOXIC to aquatic organisms 



 
3) Remove the following statement under the “DISPOSAL AND 



DECONTAMINATION”  
 



“Canadian formulators of this technical should dispose of unwanted active and containers 
in accordance with municipal or provincial regulations. For information on disposal of 
unused, unwanted product, contact the manufacturer or the provincial regulatory agency. 
Contact the manufacturer and the provincial regulatory agency in the case of a spill, and 
for clean-up of spills.” 



 
and replace it with the following statement: 



 
“Canadian manufacturers should dispose of unwanted active ingredients and containers in 
accordance with municipal or provincial regulations. For additional details and clean up 
of spills, contact the manufacturer or the provincial regulatory agency.”  



 
B) For Domestic Products Containing Glyphosate 



 
 For all end-use products, the following statement is required: 
 
 “Glyphosate is not to be applied using hand-wicking or hand-daubing methods.” 
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C) For Commercial and Agricultural Class Products Containing 
Glyphosate 



 



1) Add to DIRECTIONS FOR USE: 
 



 For all end-use products, the following statement is required: 
 
 “Glyphosate is not to be applied using hand-wicking or hand-daubing methods.” 



 
Restricted Entry Intervals  



 
“The restricted entry interval is 12 hours after application for all agricultural uses.” 



 
2) Add to Use Precautions 



 
“Apply only when the potential for drift to areas of human habitation or areas of human 
activity such as houses, cottages, schools and recreational areas is minimal. Take into 
consideration wind speed, wind direction, temperature inversions, application equipment 
and sprayer settings.” 



 
3) Add the following to ENVIRONMENTAL HAZARDS:  



 
• TOXIC to aquatic organisms and non-target terrestrial plants. Observe buffer 



zones specified under DIRECTIONS FOR USE.  
 



• To reduce runoff from treated areas into aquatic habitats, avoid application to 
areas with a moderate to steep slope, compacted soil or clay.  



 
• Avoid application when heavy rain is forecast.  



 
• Contamination of aquatic areas as a result of runoff may be reduced by including 



a vegetative strip between the treated area and the edge of the water body. 
 



4) Add to DIRECTIONS FOR USE 
 



The following statement is required for all agricultural and commercial pesticide products: 
 



• As this product is not registered for the control of pests in aquatic systems, 
DO NOT use to control aquatic pests 



 
• DO NOT contaminate irrigation or drinking water supplies or aquatic 



habitats by cleaning of equipment or disposal of wastes. 
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5) Add to DIRECTIONS FOR USE 
 



Field sprayer application: DO NOT apply during periods of dead calm. Avoid 
application of this product when winds are gusty. DO NOT apply with spray droplets 
smaller than the American Society of Agricultural Engineers (ASAE S572.1) coarse 
classification. Boom height must be 60 cm or less above the crop or ground. 



 
Airblast or mist blower application: DO NOT apply during periods of dead calm. Avoid 
application of this product when winds are gusty. DO NOT direct spray above plants to 
be treated. DO NOT apply when wind speed is greater than 16 km/h at the application 
site as measured outside of the treatment area on the upwind side. For airblast 
applications, turn off outward pointing nozzles at row ends and outer rows. 



 
 Aerial application: DO NOT apply during periods of dead calm. Avoid application of 



this product when winds are gusty. DO NOT apply when wind speed is greater than 16 
km/h at flying height at the site of application. DO NOT apply with spray droplets 
smaller than the American Society of Agricultural Engineers (ASAE S572.1) coarse 
classification. To reduce drift caused by turbulent wingtip vortices, the nozzle 
distribution along the spray boom length MUST NOT exceed 65% of the wing- or 
rotorspan. 



 
Buffer zones: 



 
Use of the following spray methods or equipment DO NOT require a buffer zone: hand-
held or backpack sprayer and spot treatment, inter-row hooded sprayer, low-clearance 
hooded or shielded sprayers that ensure spray drift does not come in contact with orchard 
crop fruit or foliage, soil drench and soil incorporation. 



 
For application to rights-of-way and for forestry uses, buffer zones for protection of 
sensitive terrestrial habitats are not required; however, the best available application 
strategies which minimize off-site drift, including meteorological conditions (for 
example, wind direction, low wind speed) and spray equipment (for example, coarse 
droplet sizes, minimizing height above canopy), should be used. Applicators must, 
however, observe the specified buffer zones for protection of sensitive aquatic habitats. 



 
The buffer zones specified in the table below are required between the point of direct 
application and the closest downwind edge of sensitive terrestrial habitats (such as 
grasslands, forested areas, shelter belts, woodlots, hedgerows, riparian areas and 
shrublands) and sensitive aquatic habitats (such as lakes, rivers, sloughs, ponds, prairie 
potholes, creeks, marshes, streams, reservoirs, wetlands and estuarine/marine water 
bodies). 
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Table 1 Buffer Zones for the Protection of Aquatic and Terrestrial Habitats from 
Spray Drift of Glyphosate Products Formulated with POEA  



 



Agricultural, forestry and non-cropland systems 
Maximum 
number of 



applications 



Buffer Zones (metres) 
Required for the 



Protection of: 
Aquatic 
habitats 



Terrestrial 
habitats 



Agricultural crop system and ground boom application method    
Rye, cranberry, pasture, summer fallow, all other crops for pre-seeding 
treatments only, filberts or hazelnut at pre-seeding only, ginseng new 
garden 



1 1 1 



Ginseng - existing established garden, Canola – Roundup Ready hybrid for 
seed production 2 1 1 



Filberts or hazelnut, sugar beets (glyphosate tolerant varieties) 4 1 1 
Corn (glyphosate non-tolerant varieties including grain, silage and 
ornamental types), sugar beet (glyphosate non-tolerant varieties), 
strawberry, blueberry highbush and lowbush, walnut, chestnut, Japanese 
heartnut, Turf grass (prior to establishment or renovation) 



2 1 2 



Wheat, barley, oats, soybean (glyphosate non-tolerant varieties), corn-sweet 
(glyphosate tolerant varieties), canola (glyphosate non-tolerant varieties), 
peas, dry beans, flax (including low linoleic acid varieties), lentils, 
chickpea, lupin (dried), fava bean (dried), mustard (yellow/white, brown, 
oriental), pearl millet, sorghum (grain) (not for use as a forage crop), 
asparagus, corn (glyphosate tolerant varieties), forage grasses and legume 
including seed production 



3 1 2 



Canola (glyphosate tolerant varieties), soybean (glyphosate tolerant 
varieties) 4 1 2 



Apple, apricot, cherry (sweet/sour), peaches, pears, plums, grapes 3 1 3 
Agricultural crop system and airblast application method (including 
mist blower)    



Pasture 1 20 30 
Turfgrass (Prior to establishment or renovation) 2 25 35 
Forest plant system and ground boom application method    
Forest and woodlands > 500 ha 
Site preparation 2 1 NR 



Forest plant system and airblast application method (including mist 
blower)    



Forest and woodlands > 500 ha 
Site preparation 2 1 NR 



Non-cropland system and ground boom application method    
Non-crop land and industrial uses:  
Industrial and rights of way areas, Recreational and public areas 3 1 3* 



Non-cropland system and airblast application method (including mist 
blower)    



Non-crop land and industrial uses:  
Industrial and rights of way areas, Recreational and public areas 3 1 30* 



Agricultural crop system and aerial application method Wing 
type    



Rye, corn (glyphosate non-tolerant varieties), corn-sweet 
(glyphosate tolerant varieties), chickpea, lupin (dried), fava 
bean (dried), mustard (yellow/white, brown, oriental), pearl 
millet , sorghum (grain) (not for use as a forage crop), sugar 
beet (glyphosate non-tolerant varieties), all other crops for pre-
seeding treatments only 



Fixed 
and 



rotary 
wing 



1 15 20 
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Agricultural, forestry and non-cropland systems 
Maximum 
number of 



applications 



Buffer Zones (metres) 
Required for the 



Protection of: 
Aquatic 
habitats 



Terrestrial 
habitats 



Canola (glyphosate tolerant varieties) 



Fixed 
and 



rotary 
wing 



3 20 40 



Sugar beets (glyphosate tolerant varieties) 



Fixed 
wing 2 20 30 



Rotary 
wing 2 15 30 



Wheat, barley, oats, soybean (glyphosate non-tolerant varieties), 
canola (glyphosate non-tolerant varieties), peas, dry beans, flax 
(including low linoleic acid varieties), lentils 



Fixed 
wing 2 20 35 



Rotary 
wing 2 20 30 



Forage grasses and legume including seed production 



Fixed 
and 



rotary 
wing 



1 20 40 



Soybean (glyphosate tolerant varieties) 



Fixed 
wing 3 20 45 



Rotary 
wing 3 20 40 



Summer fallow 



Fixed 
wing 1 20 45 



Rotary 
wing 1 20 40 



Corn (glyphosate tolerant varieties) 



Fixed 
wing 2 20 50 



Rotary 
wing 2 20 45 



Pasture 



Fixed 
wing 1 30 70 



Rotary 
wing 1 30 55 



Forestry system and aerial application method     
Forest and woodlands >500 ha 
Site preparation  



Fixed 
wing 2 10 NR 



Rotary 
wing 2 1 NR 



Forest and woodlands <500 ha 
Site preparation 



Fixed 
wing 2 5 NR 



Rotary 
wing 2 1 NR 



Non-cropland system and aerial application method     



Non-crop land and industrial uses: rights-of way areas only 



Fixed 
wing 3 100 NR 



Rotary 
wing 3 60 NR 



* Buffer zones for the protection of terrestrial habitats are not required for forestry uses or for use on rights-of-way 
including railroad ballast, rail and hydro rights-of-way, utility easements, roads, and training grounds and firing 
ranges on military bases. 
NR = Buffer zones for the protection of terrestrial habitats are not required for forestry uses. 
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For tank mixes, consult the labels of the tank-mix partners and observe the largest (most 
restrictive) buffer zone of the products involved in the tank mixture and apply using the coarsest 
spray (ASAE) category indicated on the labels for those tank mix partners. 
 
The buffer zones for this product can be modified based on weather conditions and spray 
equipment configuration by accessing the Buffer Zone Calculator on the Pest Management 
Regulatory Agency web site.  
 
Table 2 Buffer Zones for the Protection of Aquatic and Terrestrial Habitats from 



Spray Drift of Glyphosate Products without POEA  
 



Agricultural and non-cropland systems 
Maximum 
number of 



applications 



Buffer Zones (metres) 
Required for the 



Protection of: 
Aquatic 
habitats 



Terrestrial 
habitats 



Agricultural crop system and ground boom application method 
Rye, cranberry, pasture, summer fallow, pasture, all other crops for pre-
seeding treatments only, filberts or hazelnut pre-seeding only, ginseng new 
garden 



1 1 1 



Ginseng - existing established garden, Canola – Roundup Ready hybrid for 
seed production 2 1 1 



Filberts or hazelnut, sugar beets (glyphosate tolerant varieties) 4 1 1 
Corn (glyphosate non-tolerant varieties including grain, silage and 
ornamental types), sugar beet (glyphosate non-tolerant varieties), 
strawberry, blueberry highbush and lowbush, walnut, chestnut, Japanese 
heartnut, Turf grass (prior to establishment or renovation) 



2 1 2 



Wheat, barley, oats, soybean (glyphosate non-tolerant varieties), corn-sweet 
(glyphosate tolerant varieties), canola (glyphosate non-tolerant varieties), 
peas, dry beans, flax (including low linoleic acid varieties), lentils, 
chickpea, lupin (dried), fava bean (dried), mustard (yellow/white, brown, 
oriental), pearl millet, sorghum (grain) (not for use as a forage crop), 
asparagus, corn (glyphosate tolerant varieties), forage grasses and legume 
including seed production 



3 1 2 



Canola (glyphosate tolerant varieties), soybean (glyphosate tolerant 
varieties) 4 1 2 



Apple, apricot, cherry (sweet/sour), peaches, pears, plums, grapes 3 1 3 
Agricultural crop system and airblast application method (including mist blower)  
Pasture 1 20 30 
Turfgrass (Prior to establishment or renovation) 2 25 35 
Non-cropland system and ground boom application method 
Non-crop land and industrial uses: Industrial and rights of way areas, 
Recreational and public areas 3 1 3 



Non-cropland system and airblast application method (including mist blower) 
Non-crop land and industrial uses: Industrial and rights of way areas, 
Recreational and public areas 3 20 30 



Agricultural crop system and aerial application method 
Rye, corn (glyphosate non-tolerant varieties), corn-sweet 
(glyphosate tolerant varieties), chickpea, lupin (dried), 
fava bean (dried), mustard (yellow/white, brown, oriental), 
pearl millet , sorghum (grain) (not for use as a forage 
crop), sugar beet (glyphosate non-tolerant varieties), all 
other crops for pre-seeding treatments only 



Fixed and 
rotary wing 1 15 20 
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Agricultural and non-cropland systems 
Maximum 
number of 



applications 



Buffer Zones (metres) 
Required for the 



Protection of: 
Aquatic 
habitats 



Terrestrial 
habitats 



Sugar beets (glyphosate tolerant varieties) Fixed wing 2 20 30 
Rotary wing 2 15 30 



Wheat, barley, oats, soybean (glyphosate non-tolerant 
varieties), canola (glyphosate non-tolerant varieties), peas, 
dry beans, flax (including low linoleic acid varieties), 
lentils 



Fixed wing 2 20 35 



Rotary wing 2 20 30 



Forage grasses and legume including seed production Fixed and 
rotary wing 1 20 40 



Canola (glyphosate tolerant varieties)  Fixed and 
rotary wing 3 20 40 



Soybean (glyphosate tolerant varieties) Fixed wing 3 20 45 
Rotary wing 3 20 40 



Summer fallow Fixed wing 1 20 45 
Rotary wing 1 20 40 



Corn (glyphosate tolerant varieties) Fixed wing 2 20 50 
Rotary wing 2 20 45 



Pasture Fixed wing 1 30 70 
Rotary wing 1 30 55 



Non-cropland system and aerial application method     
Non-crop land and industrial uses: rights-of way areas 
only 



Fixed wing 3 100 NR 
Rotary wing 3 60 NR 



 * Buffer zones for the protection of terrestrial habitats are not required for use on rights-of-way including railroad 
ballast, rail and hydro rights-of-way, utility easements, roads, and training grounds and firing ranges on military 
bases. 
NR = Buffer zones for the protection of terrestrial habitats are not required for forestry uses. 
 
For tank mixes, consult the labels of the tank-mix partners and observe the largest (most 
restrictive) buffer zone of the products involved in the tank mixture and apply using the coarsest 
spray (ASAE) category indicated on the labels for those tank mix partners. 



 
The buffer zones for this product can be modified based on weather conditions and spray 
equipment configuration by accessing the Buffer Zone Calculator on the Pest Management 
Regulatory Agency web site. 
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2007, Surfactant 8184-92, acute dermal toxicity study in rats, DACO: 4.6.2 
 



1817835 2007, Surfactant, 8184-92, acute inhalation toxicity study in rats, DACO: 4.6.3 
 



1817836 2007, Surfactant, 8184-92, skin sensitization study in guinea pigs, DACO: 4.6.6 
 



1817838 2007, Surfactant, 8184-92, acute eye irritation study in rabbits, DACO: 4.6.4 
 



1817839 2008, Combined repeated dose toxicity study with the reproduction/developmental 
toxicity screening test in rats for experimental surfactant 8184-92, DACO: 4.7.7 
 



1817840 2007, Surfactant 8184-92, acute oral toxicity study (UDP) in rats, DACO: 4.6.5  
 



1817841 2007, Surfactant 8184-92, acute dermal irritation study in rabbits, DACO: 4.6. 
 



2550453 2008, An 8 week oral (diet and gavage) toxicity study of citric acid in male rats, 
DACO: 4.8 
 



2550454 2009, Citric Citrate 7 day palatability report, DACO: 4.8 
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Acquavella JF, Garabrant D, Marsh G, Sorahan T, and Weed DL. 2016. Glyphosate 
epidemiology expert panel review: a weight of evidence systematic review of the relationship 
between glyphosate exposure and non-Hodgkin’s lymphoma or multiple myeloma. Critical 
Reviews in Toxicology, 46:sup1, 28-43.  
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current ongoing review of glyphosate by European regulatory authorities and will take
appropriate regulatory action, if warranted. For further details related to the status of
glyphosate in Europe, see link here: Glyphosate | European Food Safety Authority (europa.eu)
 This last link is to a status page for the EU evaluation where documents may become
available in the future. There are no document available at this time. 
 
We trust this information is helpful.
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From: Philip A Loring <phil.loring@uoguelph.ca> 
Sent: 2021-08-20 11:53 AM
To: PMRA Info / ARLA (HC/SC) <pmra.info-arla@hc-sc.gc.ca>
Subject: request about the most recent reevaluation of Glyphosate
 
Hello,
I’m hoping you can help me find information on the body of scientific evidence included in the re-
evaluation of glyphosate? I’m particularly interested in whether there is a bibliography or summary
of a systematic review, as well as the specific health endpoints that were considered. I’ve seen
cancer identified as a health endpoint that is considered, but can find no other information.
Thanks in advance for your time!
Be well,
Phil Loring
 
---
Philip A. Loring, PhD, CSP
Arrell Chair in Food, Policy, and Society
University of Guelph
 
Editorial Board, Fish and Fisheries
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