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Copyright notice 
 
KNOELL would like to inform you that for the use of study reports found during the literature search, legal 
copyright requirements were considered, irrespective of reports being publicly available as downloads (free 
or with costs). 
 
Customers may use search results from STN according to the “Usage Terms” only, published for each 
database on the STN website: 
 
http://www.stn-international.de/sum_sheets.html 
 
 
 
Disclaimer 
 
The information contained herein has been obtained from sources believed to be the most reliable. Every 
effort has been made to ensure completeness of data. However, no database search can be completely 
comprehensive, and it is possible that relevant documents have been omitted. 
 
All articles used within the glyphosate dossier have been purchased via Copyright Clearance Centre. 
In some cases, please note that the Copyright Clearance is not overtly visible, and in some instances is part 
of the article documents. Should the Copyright Clearance proof be required, this can be provided upon 
request. 
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1 Summary  

A literature search for glyphosate and its metabolites1 was conducted according to the requirements stated 
in the EFSA Guidance document EFSA Journal 2011;9(2):2092 “Submission of scientific peer-reviewed 
open literature for the approval of pesticide active substances under Regulation (EC) 1107/2009”. 
 
In addition, a recommendation by the Assessment Group on Glyphosate (AGG) on how to present the 
literature search in the dossier has been followed. Please refer to Appendix 1 (page 283) for more details.  
 
The objective of the literature search was to identify and assess scientific peer-reviewed open literature 
published within the 10 years prior to the dossier submission date for relevance in the risk assessment of 
glyphosate and its metabolites regarding toxicity, ecotoxicity, environmental and consumer risk as specified 
in Article 8(5) of Regulation (EC) No 1107/2009. 
 
The literature search was conducted accessing 11 bibliographic databases via the service provider STN. 
 
Due to a large amount of public literature available for glyphosate, the search has been divided into six 
parts. Please refer to Appendix 2 (page 284) to see the article selection process in detail. 
 
All six parts of the literature search were combined, and upon removal of duplicates 11,326 articles in total 
were identified. All 11,326 articles were subsequently assessed for their relevance at title/abstract level (via 
“rapid assessment” according to the procedure and requirements in the EFSA Guidance document EFSA 
Journal 2011;9(2):2092 “Submission of scientific peer-reviewed open literature for the approval of 
pesticide active substances under Regulation (EC) 1107/2009”).  
 
A total of 9,784 of the 11,326 articles were identified as “non-relevant” in the rapid assessment 
(e.g. publications dealing with chemical synthesis, efficacy, analytical methods etc.) and excluded from 
further evaluation. Due to the large quantity of data, and as agreed with the AGG, the list of articles and the 
justification for their non-relevance is provided in a standalone Literature Review Excel File.2 
 
For the remaining 1,542 articles, identified as potentially “relevant” or of “unclear relevance” in the rapid 
assessment, the full-text documents3 have been reviewed in detail (“detailed assessment”). 
 
Total of 852 articles of the 1,542 articles were identified as “non-relevant” in the detailed assessment and 
were excluded from further evaluation. The list of the articles and the justification for their non-relevance 
is provided in Table 38. 
 
The remaining 690 articles identified as “relevant” in the detailed assessment were classified according to 
the EFSA Guidance Document (Point 5.4.1). 
 
Category A) For articles, which appeared to be relevant after the detailed assessment and provided data 

for establishing or refining risk assessment parameters a reliability assessment has been 
performed. For articles identified as reliable or reliable with restrictions, summaries have 
been compiled and are presented in the MCA / MCP part of the respective dossier section 
(ecotoxicology, environmental fate, residues, toxicology). The list of these category A & 
reliable / reliable with restrictions articles can be found in Table 32 and Table 33 of this 
Literature Review Report document.  

 

                                                      
1 (aminomethyl)phosphonic acid (AMPA), N-acetyl-AMPA, N-acetyl-glyphosate, (hydroxymethyl)phosphonic acid (HMPA),  
N-methyl-AMPA, N-glyceryl-AMPA, N-malonyl-AMPA, methylphosphonic acid and N-methylglyphosate. 
2 Please note that the Literature Review Excel File will be submitted on the USB hard drive as a standalone document. 
3 All articles used within the glyphosate dossier have been purchased via Copyright Clearance Centre. In some cases, please note 
that the Copyright Clearance is not overtly visible, and in some instances is part of the article documents. Should the Copyright 
Clearance proof be required, this can be provided upon request. 
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Category B) For articles relevant to the data requirement but in opinion of the applicant providing only 
supplementary information that does not alter existing risk assessment a justification for 
such decision is provided. The list of these category B articles and the justifications can be 
found in Table 34 and Table 35 of this Literature Review Report document. 

 
Category C) For articles of an unclear relevance an explanation is provided why the relevance could not 

be determined. The list of these category C articles and the explanations can be found in 
Table 36 and Table 37 of this Literature Review Report document. 

 
The full outcome of the literature search for all technical sections is provided in Table 1. 
 
Table 1: Summary of the literature review  

Section Number of 
articles found 

Rapid assessment 
(title/abstract level) 

Detailed assessment 
(full-text level) 

non-relevant 
articles 

potentially 
relevant / unclear 

relevance 

non-relevant 
articles 

relevant articles 
(category A+B+C) 

Efficacy / 
Agronomy* 4324 4324 n.a. n.a. n.a. 

Analytical 
methods* 117 117 n.a. n.a. n.a. 

Others non-
relevant 
categories* 

2430 2430 n.a. n.a. n.a. 

Ecotoxicology 1464 918 546 398 148 
E-fate 1062 759 303 132 171 
Residues 475 405 70 30 40 
Toxicology 1454 831 623 292 331 
       
Total 11326 9784 1542 852 690 

*Efficacy / Agronomy (e.g. reporting desired effects on organisms to be controlled) and development of analytical methods 
(artificial measurements) do not provide information useful/required for the environmental or human safety risk assessment. The 
category "others non-relevant categories" covers a wide range of scientific publications which are not related to glyphosate or its 
metabolites or are not related to exposure of humans or the environment to glyphosate or its metabolites and thus not relevant for 
the risk assessments.  
 
The full outcome of the relevant articles after full-text assessment is provided in Table 2. 
 
Table 2: Relevant articles by full text level – according to the EFSA GD, Point 5.4.1 

 Relevant articles by full-text 
(EFSA GD, Point 5.4.1)* 

Section Category A* Category B* Category C* 

Ecotoxicology 10 135 3 
E-fate 97+1** 73 0 
Residues 11 19 10 
Toxicology 60 265 6 
       

Total 178+1** 492 19 
*Category A = relevant articles, Category B = relevant but supplementary articles, Category C = articles of unclear relevance.  
** One e-fate entry (+1) is an erratum to the respective e-fate article. 
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2 Introduction 

A literature search for glyphosate and its metabolites1 was conducted according to the requirements stated 
in the EFSA Guidance document EFSA Journal 2011;9(2):2092 “Submission of scientific peer-reviewed 
open literature for the approval of pesticide active substances under Regulation (EC) 1107/2009”. 
 
In addition, a recommendation by the Assessment Group on Glyphosate (AGG) on how to present the 
literature search in the dossier has been followed. Please refer to Appendix 1 (page 283) for more details.  
 
The objective of the literature search was to identify and assess scientific peer-reviewed open literature 
published within the 10 years prior to the dossier submission date for relevance in the risk assessment of 
glyphosate and its metabolites regarding toxicity, ecotoxicity, environmental and consumer risk as specified 
in Article 8(5) of Regulation (EC) No 1107/2009.  
 
The search has been conducted via the online service provider STN (www.stn-international.de) that 
provides access to a broad range of databases and to published research, journal literature, patents, 
structures, sequences, properties, and other data. 
 
To offer a comprehensive literature search covering the requirements of the EFSA Guidance Document 
eleven databases have been used: AGRICOLA, BIOSIS, CABA, CAPLUS, EMBASE, ESBIOBASE, 
MEDLINE, TOXCENTER, FSTA, PQSCITECH, and SCISEARCH. 
 
Due to a large amount of public literature available for the active substance glyphosate, the search has been 
divided into six parts. Please refer to Table 3 for more details on the six searches. 
 
Table 3: Overview of the searches conducted for glyphosate and its metabolites 

Search Performed for Covering publication 
period Conducted on 

Part 0 glyphosate, AMPA, N-acetyl-
AMPA and N-acetyl-glyphosate Jan 2010 – Dec 2011 28th Oct 2019 

Part 1 glyphosate, AMPA, N-acetyl-
AMPA and N-acetyl-glyphosate Jan 2012 – Dec 2017 08th Jun 2018. 

Part 2a glyphosate, AMPA, N-acetyl-
AMPA and N-acetyl-glyphosate 

Jan 2018 – Dec 2018 04th Jul 2019 

Part 2b Jan 2019 – Jun 2019 10th Jul 2019 

Part 3 glyphosate, AMPA, N-acetyl-
AMPA and N-acetyl-glyphosate Jul 2019 – Dec 2019 7th Jan 2020 

Part 4 HMPA Jan 2010 – Feb 2020 24th Feb 2020 

Part 5a N-methyl-AMPA, N-glyceryl-
AMPA, N-malonyl-AMPA Jan 2010 – Feb 2020 27th Feb 2020 

Part 5b methylphosphonic acid Jan 2010 – Feb 2020 27th Feb 2020 

Part 6 N-methylglyphosate Jan 2010 – April 2020 04th May 2020 
AMPA = (aminomethyl)phosphonic acid 
HMPA = (hydroxymethyl)phosphonic acid 
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As the number of records returned by a “single concept search”4 was extremely large for the searches Part 0, 
Part 1, Part 2, Part 3 and Part 5b a “focused search for grouped data requirements”5 have been performed 
(a combination of a substance search and “search filters” defined for the four relevant sections – 
ecotoxicology, toxicology, environmental fate, and residues).  
A “single concept search” was used for the searches Part 4, Part 5a and Part 6. 
 
Regarding details on the bibliographic databases used in the literature searches, please refer to Table 4 
below.  

Regarding the number of articles retrieved for all six searches, please refer to Table 5. 

For the full outcome of the literature search for the individual technical sections, please refer to Chapter 3 
(page 25). 
 
 

                                                      
 
4 Definition by the EFSA GD document: single concept search = using the active substance names and its synonyms. 
5 Citation from the EFSA GD: If the number of summary records returned by a single concept search is extremely large, focused 
searches for individual or grouped data requirements could be developed. Such searches could combine synonyms for the active 
substance (one concept) with terms and synonyms for characteristics of the data requirement (second concept). 
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2.2 Input parameters for the literature search 

The basic input parameters used in the literature search, e.g. IUPAC, chemical name or CAS number are 
provided in Table 6 - Table 15. 
 
Table 6: Input parameters – active substance Glyphosate 

Substance name  Glyphosate 
 
Salts: isopropylamine, potassium, ammonium, methylmethanamine 

IUPAC / CA name 2-(phosphonomethylamino)acetic acid 

CAS number(s) 1071-83-6 
 
Salts: 38641-94-0, 70901-12-1, 39600-42-5, 69200-57-3, 34494-04-7, 
114370-14-8, 40465-66-5, 69254-40-6 

 
Table 7: Input parameters – metabolite AMPA 

Substance name  AMPA 
IUPAC / CA name (aminomethyl)phosphonic acid 

CAS number(s) 1066-51-9 
 
Table 8: Input parameters – metabolite N-acetyl glyphosate 

Substance name  N-acetyl glyphosate 
IUPAC / CA name N-acetyl-N-(phosphonomethyl)glycine 

CAS number(s) 129660-96-4 
 
Table 9: Input parameters – metabolite N-acetyl AMPA 

Substance name  N-acetyl AMPA 
IUPAC / CA name [(acetylamino)methyl]phosphonic acid 

CAS number(s) 57637-97-5 
 
Table 10: Input parameters – metabolite HMPA 

Substance name  HMPA 
IUPAC / CA name (hydroxymethyl)phosphonic acid 

CAS number(s) 2617-47-2 
 
Table 11: Input parameters – metabolite N-methyl AMPA 

Substance name  N-methyl AMPA 
IUPAC / CA name [(methylamino)methyl]phosphonic acid 

CAS number(s) 35404-71-8 
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Table 12: Input parameters – metabolite N-glyceryl AMPA 

Substance name  N-glyceryl AMPA 
IUPAC / CA name (2,3-dihydroxypropanoylamino)methylphosphonic acid 

CAS number(s) No data 
 
Table 13: Input parameters – metabolite N-malonyl AMPA 

Substance name  N-malonyl AMPA 
IUPAC / CA name 3-oxo-3-(phosphonomethylamino)propanoic acid 

CAS number(s) no data 
 
Table 14: Input parameters – metabolite methylphosphonic acid 

Substance name  methylphosphonic acid 
IUPAC / CA name methylphosphonic acid 

CAS number(s) 993-13-5 
 
Table 15: Input parameters – metabolite N-methylglyphosate 

Substance name  N-methylglyphosate 
IUPAC / CA name 2-[methyl(phosphonomethyl)amino]acetic acid 

CAS number(s) 24569-83-3 
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2.3 Endpoint specific search terms 

The approach used for the searches was either the “single concept search”6 (in searches Part 4, 5a and 6) or the 
“focused search for grouped data requirements”7 (in searches Part 0, 1, 2, 3, 5b), which combines the active 
substance / metabolites keywords with the search filters used in the technical sections. Please refer to Table 16 
for more details on the keywords used and to Table 17 - Table 20 for the search filters.  
 
Table 16: Keywords used for the active substance glyphosate and its metabolites 

Gly1: Glyphosate and AMPA 

glyphosat? OR glifosat? OR glyfosat? OR 1071-83-6 OR 38641-94-0 OR 
70901-12-1 OR 39600-42-5 OR 69200-57-3 OR 34494-04-7 OR 114370-14-8 
OR 40465-66-5 OR 69254-40-6 OR aminomethyl phosphonic OR 
aminomethylphosphonic OR 1066-51-9 

Gly2: N-acetyl glyphosate and 
N-acetyl AMPA 

2 acetyl phosphonomethyl amino acetic acid OR n acetyl glyphosate OR n 
acetylglyphosate OR n acetyl n phosphonomethyl glycine OR 129660-96-4 
OR n acetyl ampa OR acetylamino methyl phosphonic acid OR 
acetylaminomethyl phosphonic acid OR 57637-97-5 

HMPA 

2617-47-2 OR hydroxymethanephosphonic acid OR hydroxymethyl 
phosphonate OR hydroxymethylphosphonate OR hydroxymethyl phosphonic 
acid OR hydroxymethylphosphonic acid OR methanehydroxyphosphonic acid 
OR phosphonic acid(1w)hydroxymethyl OR phosphonomethanol 

N-methyl AMPA 

35404-71-8 OR methylamino methyl phosphonic acid OR 
methylaminomethyl phosphonic acid OR methylaminomethylphosphonic acid 
OR n methyl ampa OR nsc 244826 OR phosphonic acid methylamino methyl 
OR phosphonic acid p methylamino methyl 

N-glyceryl AMPA 
2 3 dihydroxy 1 oxopropyl aminomethyl phosphonic acid OR 2 3 dihydroxy 1 
oxopropyl aminomethylphosphonic acid OR n glyceryl ampa 

N-malonyl AMPA 
3 oxo 3 phosphonomethyl amino propanoic acid or 3 oxo 3 phosphonomethyl 
aminopropanoic acid or n malonyl ampa 

methylphosphonic acid 
993-13-5 OR dihydrogen methylphosphonate OR methanephosphonic acid 
OR methyl phosphonic acid OR methylphosphonic acid OR nsc 119358 OR 
phosphonic acid methyl OR phosphonic acid p methyl 

N-methylglyphosate (NMG) 

24569-83-3 OR 2 methyl phosphonomethyl amino acetic acid OR 2 methyl 
phosphonomethyl aminoacetic acid OR acetic acid 2 n methyl n 
phosphonatomethyl amino OR glycine n methyl n phosphonomethyl OR 
glyphosate n methyl OR methyl glyphosate OR methyl phosphonomethyl 
amino acetic acid OR methyl phosphonomethyl aminoacetic acid OR n methyl 
n phosphonomethyl glycine OR n methylglyphosate OR n phosphonomethyl n 
methyl glycine OR n phosphonomethyl n methylglycine 

(1w) = proximity operator (this order, up to 1 word between) 
  

                                                      
6 Definition by the EFSA GD document: single concept search = using the active substance names and its synonyms. 
7 Citation from the EFSA GD: If the number of summary records returned by a single concept search is extremely large, focused 
searches for individual or grouped data requirements could be developed. Such searches could combine synonyms for the active 
substance (one concept) with terms and synonyms for characteristics of the data requirement (second concept). 
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Table 17: Search filters related to the technical section toxicology 

Toxicology 
Gly1 OR Gly2 AND the following search filters;  

methyl phosphonic acid AND the following search filters 
tox? OR hazard? OR adverse OR health OR NOAEL OR NOEL OR LOAEL OR LOEL OR BMD? OR in 
vivo OR in vitro OR invivo OR invitro OR mode of action OR skin? OR eye? OR irrit? OR sensi? OR 
allerg? OR rat OR rats OR dog? OR rabbit? OR guinea pig? OR mouse OR mice OR metabolism OR 
metabolite? OR metabolic OR distribution OR adsorption OR excretion OR elimination OR kinetic OR 
cytochrome OR enzym? OR gen? OR muta? OR chromos? OR clastogen? OR DNA OR carcino? OR 
cancer? OR tumor? OR tumour? OR oncog? OR oncol? OR malign? OR immun? OR neur? OR endocrin? 
OR hormon? OR gonad? OR disrupt? OR reproduct? OR development? OR malform? OR anomal? OR 
fertil? OR foet? OR fet? OR matern? OR pregnan? OR embryo? OR epidem? OR medical? OR poison? OR 
exposure OR operator? OR bystander? OR resident? OR worker? OR occupat? biomonitoring OR human 
exposure OR microbiome OR oxidative stress OR apoptosis OR necrosis OR cytotoxicity OR 
Polyoxyethyleneamine OR POEA OR surfactant OR risk assessment? 

 
Table 18: Search filters related to the technical section residues 

Residues 
Gly1 OR Gly2 AND the following search filters; 

methyl phosphonic acid AND the following search filters 

uptake OR translocation OR rumen OR storage stability OR storage OR stability OR metabolic OR 
metabolism OR breakdown OR nature of residues OR residue? OR magnitude of residues OR process? OR 
effects of processing OR dessicant OR preharvest OR preemerg? OR ?resistant? OR ?toleran? OR transgenic 
OR hydroly? OR rotation? OR succeed? OR plant? OR crop? OR feed? OR animal? OR livestock? OR hen 
OR cattle OR ruminant? OR goat? OR cow? OR pig? OR dietary OR assessment OR risk assessment OR 
consum? OR exposure 

 
Table 19: Search filters related to the technical section environmental fate 

Environmental fate 
Gly1 OR Gly 2 AND the following search filters; 

methyl phosphonic acid AND the following search filters 

soil OR water OR sediment OR degradat? OR photo? OR soil residues OR soil accumulat? OR soil 
contaminat? OR mobility OR sorption OR column leaching OR aged residue OR leach? OR lysimeter OR 
groundwater OR contaminat? OR microb? OR exudation OR rhizosphere OR dissipation OR saturated zone 
OR hydrolysis OR drift OR run-off  OR runoff OR drainage OR volat? OR atmosphere OR long-range 
transport OR short-range transport OR transport OR micronutrient OR phosphate OR iron OR manganese 
OR half-life OR halflife OR half-lives OR halflives OR DT50 OR kinetics OR off-site movement OR 
removal  OR drinking water OR water treatment processes OR atmospheric deposition OR tile-drains OR 
surface water OR monitoring data OR disinfectant OR ozone OR tillage OR infiltration OR hard surface 
OR rainwater OR rain water OR chelat? OR complex? OR mineralization OR persistence OR ligand 
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Table 20: Search filters related to the technical section ecotoxicology 

Ecotoxicology 
Gly1 or Gly 2 AND the following search filters; 

methyl phosphonic acid AND the following search filters 

tox? OR ecotox? OR ?toxic OR ?toxicity OR hazard OR adverse OR endocrine disrupt? OR bioaccumulate? 
OR biomagnifi? OR bioconcentration OR poison OR effect OR indirect effect? OR direct effect?  OR 
biodivers? OR protection goals OR eco? OR impact OR population OR OR community OR wildlife OR 
incident OR wildlife OR incident OR pest OR bird? OR acute OR chronic OR long-term OR mallard OR 
duck OR quail OR bobwhite OR Anas? OR Colinus? OR wild OR dietary OR aquatic OR fish OR daphni? 
OR alg? OR chiron? OR sediment dwell? OR benthic OR lemna OR marin? OR estuarine OR crusta? OR 
gastropod? OR insect OR mollusc OR reptile OR amphib? OR plant AND submerge? OR emerge? OR bee? 
OR apis OR apidae OR bumble? OR colony OR hive OR pollinator OR solitary OR alg? OR aquatic OR 
freshwater OR vertebrat? OR mammal? OR rat OR mouse OR mice OR rabbit OR hare OR protection OR 
model? OR vole OR pest OR arthropod? OR beneficials OR typhlodromus OR aphidius OR parasitoid OR 
predator OR chrysoperla OR Orius OR spider OR worm? OR ?worm OR Eisenia OR soil OR collembol? 
OR macro organism OR folsomia OR springtail OR decompos? OR micro organisms OR microorganisms 
OR microbial OR carbon OR nitrogen OR plant? OR vegetative vigo? OR seedling OR germination OR 
monocot? OR dicot? OR sewage OR activated sludge OR biodegrad? OR bioaccumulation? OR amphib? 
OR reptile? OR aquatic plant OR beneficial 
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8 Reviews have been partly evaluated on full text level as well – case by case decision. 

non-EU monitoring etc.).
Publications not dealing with EU representative uses / conditions (e.g. field locations, soil properties,

Findings not related to ecotoxicology, toxicology, metabolism, environmental fate.

regulatory purposes.
Study design, test system, species tested, exposure routes etc. are not relevant for the European

a substance of concern (e.g. mixture toxicity).
Observations caused by mixture of compounds / potentially causal factors and thus not attributable to

Articles dealing with political / socio / economic analysis.

Secondary information including scientific and regulatory reviews8.

Publications where glyphosate or a relevant metabolite were not the focus of the paper.

glyphosate evaluation (e.g. crop compositional analysis, gene flow, protein characterization).
Publications focusing on genetically modified organisms / transgenic crops; no data directly relevant to

risk assessment.
Abstracts referring to a conference contribution that does not contain sufficient data / information for

Wastewater treatment.

Patents.

(organic / inorganic) chemistry.
Publications describing new methods of synthesis (discovery / developments) or other aspects of basic

Publications dealing with analytical methods / development.

physiology / micro / molecular biology).
agricultural / biological research (crop science, breeding, fertilization, tillage, fundamental plant
Publications related to efficacy (resistance related articles, new uses of control of pest/crops) or to

articles were excluded from further evaluation.
Articles identified as “non-relevant” in the rapid assessment belong to one of the following categories. These

2.4.1.1 Criteria applied for “non-relevance” at “title / abstract” level

2.4.1 Relevance assessment at “title / abstract” level

excluded in the rapid assessment, full-text documents were reviewed (detailed assessment, see 2.4.2 and 2.4.3).
as “non-relevant” in the rapid assessment were excluded from further evaluation. For articles that were not
relevance at title / abstract level (so-called rapid assessment, see 2.4.1 and 2.4.3). Articles that were identified
After combination of all six searches and removal of duplicates, the remaining articles were assessed for their

2.4 Relevance assessment
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2.4.2 Relevance assessment at “full-text” level 

For articles that were not excluded in the rapid assessment, full-text documents have been reviewed (detailed 
assessment).  

2.4.2.1 Criteria applied for “non-relevance” at “full-text” level 
 
Articles that have been identified as “non-relevant” in the detailed assessment belong to one of the following 
categories: 
 

 Publications dealing with a Roundup formulation that is not the representative formulation for the AIR5 
dossier in Europe. 

 Publications dealing with general pesticide exposures (not glyphosate specific). 

 The presented endpoints are not relatable to the EU level risk assessment. 

 Opinion articles where no new data is provided that can be used for risk assessment. 

 Findings based on cellular and molecular level that cannot be related to the risk assessment. 

 Criteria outlined in Section 2.4.1.1, that needed the full text document to determine. 
 

2.4.3 Selection and review processs for articles on the health and exposure of glyphosate 

The scientific literature on the health effects of glyphosate can be subdivided in two main parts:  

 Articles containing data on glyphosate acid and salts and on the reference glyphosate formulation 
MON 52276, and 

 Articles only containing data on glyphosate formulations and/or co-formulants that have a composition 
different from that of the reference formulation MON 52276.  

 
In the case of articles only relating to glyphosate formulations in vitro testing with the exception of cell/tissue 
systems9 that are likely to come in direct contact with formulations and glyphosate formulations containing 
other active ingredients are excluded. The reason for the exclusion of in vitro testing of formulations to assess 
health effects as a result of systemic exposure is the presence of surfactants which produce cell toxicity based 
on the destabilization of the cell membrane and the mitochondrial membrane thus masking the specific toxicity 
of glyphosate. The toxicity of the co-formulants in combination with glyphosate is dependent on the 
concentration and the nature of the co-formulants and can be addressed on a case-by-case basis during the 
registration process of specific formulations. 
 
In the relevance of glyphosate data, those articles have been considered as not relevant (and reliable) for the 
assessment for systemic toxicity when only in vitro results are presented with glyphosate concentrations 
beyond 1 mM. This is because it is physiologically not possible to attain such concentrations in standard 
regulatory in vivo testing due to the limited oral bioavailability (approx. 20%), very low dermal absorption, 
and rapid systemic elimination of glyphosate in in vivo test systems. It thus makes no sense to include such 
data in the risk assessment of glyphosate. Exceptions can be made in the event of direct contact with 
formulations resulting in localized effects, but then there is the contribution of the toxicity of the co-formulants 
which can be better addressed in the evaluation of formulations on an ad-hoc basis through Zonal and Member 
State formulation registrations.  

                                                      
9 Glyphosate-based herbicides (GBH) contain surfactants that destabilize the cell membrane and the mitochondrial membrane and thus 
produce a toxicity that is not representative for glyphosate (see Levine S. L. et al, Cell Biol. Toxicol. (2007) 23:385-400). This has been 
clearly demonstrated in the scientific literature and also in some papers reviewed for this submission where in vitro glyphosate toxicity 
is compared against that of GBH and surfactants. 
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The limit of 1 mM has been based on the single dose oral pharmacokinetic data of a formulation containing 
71.7% w/w glyphosate where an oral dose of 1,430 mg/kg bw in the rat gives plasma levels of 38.1 μg/mL or 
0.225 mM after 2 hours. When extrapolated linearly (which is possible for glyphosate because it is not subject 
to hepatic metabolism) this gives plasma levels of 53.3 μg/mL or 0.315 mM at 2 hours after oral intake of 
2,000 mg/kg bw and 107 μg/mL or 0.630 mM at 2 hours after oral intake of 4,000 mg/kg bw. A systemic 
concentration of glyphosate of 1 mM would then represent an oral dose of more than 6,000 mg/kg bw which 
is completely unreasonable for repeat dose experimental in vivo testing under today’s OECD test guidelines. 
The ADI for glyphosate of 0.5 mg/kg bw/day corresponds with a daily systemic concentration of 0.17 μg/mL 
or 1 μM when a 60 kg person with 36 L extracellular fluid is considered with a glyphosate oral bioavailability 
of 20%. The daily systemic dose of glyphosate on the day of application (i.e. highest exposure day), based on 
the geometric mean of 3.2 μg/L in urine, of glyphosate applicators in the US is approx. 0.0001 mg/kg bw/day 
(Acquavella, 200410) which is 1000 times less than the systemic dose (0.1 mg/kg bw) corresponding with the 
ADI oral dose of 0.5 mg/kg bw with 20% oral bioavailability. 
 
Many articles that have been considered relevant for the risk assessment of glyphosate and have been assessed 
for reliability on full text basis contain experimental data as well on glyphosate as such as on formulations 
(different from MON 52276) and co-formulants. In such case only the toxicology data pertinent to glyphosate 
and to the reference formulation (if that can be clearly stated by the author of the article) are summarized and 
discussed. In the case of articles on exposure monitoring and epidemiology, exposure to glyphosate 
formulations are considered.  
 

2.4.4 Categorization of “relevant” articles at full text level 

Articles that have been identified as “relevant” in the rapid assessment have been categorized as recommended 
in the EFSA GD 2011; 9(2):2092, Point 5.4.1. 
 
Category (a) Studies that provide data for establishing or refining risk assessment parameters. These studies 

should be summarised in detail following the subsequent steps of the OECD Guidance 
documents (OECD, 2005; 2006) and should be considered for reliability.  

 
Category (b) Studies that are relevant to the data requirement, but in the opinion of the applicant provide only 

supplementary information that does not alter existing risk assessment parameters. After expert 
judgement, essential reliability parameters affect the full reliability of the study. A justification 
for such a decision should be provided. 

 
Category (c) Studies for which relevance cannot be clearly determined. For each of these studies the 

applicants should provide an explanation of why the relevance of such studies could not be 
definitively determined. 

 
The list of category A articles can be found in Table 32 and Table 33. The list of category B articles and the 
justifications can be found in Table 34 and Table 35. The list of category C articles and the explanations can be 
found in Table 36 and Table 37. 
  

                                                      
10 Acquavella J. F. et al. (2004), Environmental Health Perspectives, 112(3), 321-326. 
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2.5 Reliability assessment 

For articles, which have been identified as category A, under the Point 5.4.1 of the EFSA GD document, 
a reliability assessment has been performed. The reliability criteria for each technical section are summarized 
in Table 21 - Table 23. 
 
For articles (category A) that have been identified as reliable or reliable with restrictions, summaries have been 
compiled. These summaries are presented in the MCA / MCP parts of the respective dossier section. 
Articles of category A which have been identified as non-reliable were downgraded to articles of category B 
(relevant but supplementary). 
 
Table 21: Reliability criteria for ecotoxicology, environmental fate and residues 

Applied for Reliability criteria 

Ecotoxicology, Environmental 
Fate, Residues 

For guideline-compliant studies (GLP studies): OECD, OPPTS, ISO, and others. 
The validity/quality criteria listed in the corresponding guidelines are met.  

Ecotoxicology, Environmental 
Fate, Residues (No) previous exposure to other chemicals is documented (where relevant). 

Ecotoxicology 
For aquatic studies, the test substance is dissolved in water or where a carrier is 
required, it is appropriate (non-toxic) and a carrier control / positive control is 
considered in the test design. 

Environmental Fate, Residues The test substance is dissolved in water or non-toxic solvent. 
Ecotoxicology, Environmental 
Fate, Residues 

Test item is sufficiently documented, and reported (i.e. purity, source, content, 
storage conditions). 

Ecotoxicology For tests including vertebrates, compliance of the batches used in toxicity studies 
compared to the technical specification. 

Ecotoxicology 

Species used in the experiment are clearly reported, including source, experimental 
conditions (where relevant): strain, adequate age/life stage, body weight, 
acclimatization, temperature, pH, oxygen (dissolved oxygen for aquatic tests) 
content, housing, light conditions, humidity (terrestrial species) incubation 
conditions, feeding. 

Ecotoxicology 
The validity criteria from relevant test guidelines can be extrapolated across 
different species but not necessarily across different test designs. If different, then 
the nature of the difference and impact should ideally be discussed. 

Ecotoxicology, Environmental 
Fate, Residues 

Only glyphosate or its metabolites is the test substance (excluding mixture), and 
information on application of the test substance is described.  

Ecotoxicology, Environmental 
Fate, Residues 

The endpoint measured can be considered a consequence of glyphosate (or a 
glyphosate metabolite). 

Ecotoxicology, Environmental 
Fate, Residues 

Study design / test system is well described, including when relevant: concentration 
in exposure media (dose rates, volume applied, etc.), dilution/mixture of test item 
(solvent, vehicle) where relevant.  

Ecotoxicology, Environmental 
Fate, Residues 

Analytical verifications performed in test media (concentration) / collected samples, 
stability of the test substance in test medium should be documented. 

Ecotoxicology The test has been performed in several dose levels (at least 3) including a positive / 
negative control where relevant. 

Ecotoxicology Suitable exposure throughout the whole exposure period was demonstrated and 
reported. 

Ecotoxicology A clear concentration response relationship is reported – in studies where the dose 
response test design is employed. 

Ecotoxicology 
A sufficient number of animals per group to facilitate statistical analysis reported: 
mortality in control groups reported, observations/findings in positive/negative 
control clearly reported (where relevant). 

Ecotoxicology, Environmental 
Fate, Residues Assessment of the statistical power of the assay is possible with reported data. 

Ecotoxicology, Environmental 
Fate, Residues 

Statistical methodology is reported (e.g., checking the plots and confidence 
intervals). 



Annex to Regulation 283/2013 Glyphosate and metabolites - Literature Review Report KCA 9
Page 22 of 308

 

Glyphosate Renewal Group AIR 5 – June 2020  108689-CA9-GRG_Jun_2020 

Applied for Reliability criteria 

Ecotoxicology Description of the observations (including time-points), examinations, and analyses 
performed, with (where relevant) dissections being well documented. 

Ecotoxicology 
For terrestrial ecotoxicological studies in the laboratory or the field, the substrates 
used should be adequately described e.g. nature of substrate i.e. species of leaf or 
soil type.  

Ecotoxicology, Environmental 
Fate, Residues Field locations relevant / comparable to European conditions. 

Ecotoxicology, Environmental 
Fate, Residues 

Characterization of soil: texture (sandy loam, silty loam, loam, loamy sand), pH 
(5.5-8.0), cation exchange capacity, organic carbon (0.5-2-5%), bulk density, water 
retention, microbial biomass (~1% of organic carbon). 

Ecotoxicology, Environmental 
Fate 

Other soils where information on characterization by the parameters: pH, texture, 
CEC, organic carbon, bulk density, water holding capacity, microbial biomass. 

Ecotoxicology, Environmental 
Fate, Residues 

For tests including agricultural soils, they should not have been treated with test 
substance or similar substances for a minimum of 1 year. 

Ecotoxicology, Environmental 
Fate 

For soil samples, sampling from A-horizon, top 20 cm layers; soils freshly from 
field preferred (storage max 3 months at 4 +/- 2°C). 

Ecotoxicology, Environmental 
Fate, Residues Data on precipitation is recorded. 

Environmental Fate The temperature was in the range between 20-25°C and the moisture was reported. 

Environmental Fate The presence of glyphosate identified in samples were collected from European 
groundwater, soil, surface waters, sediments or air. 

Ecotoxicology 
For lab terrestrial studies, the temperature was appropriate to the species being 
tested and generally should fall within the range between 20-25°C and soil moisture 
/ relative humidity was reported. 

Ecotoxicology For bee studies, temperature of the study should be appropriate to species. 

Ecotoxicology 

For lab aquatic studies: 
The source and / or composition of the media used should be described. 
The temperature of the water should be appropriate to the species being tested and 
generally fall within the 15-25ºC. 

Ecotoxicology, Residues 
The residue data can be linked to a clearly described GAP table, appropriate in the 
context of the renewal of approval of glyphosate (crop, application method, doses, 
intervals, PHI). 

Ecotoxicology, Environmental 
Fate, Residues 

Analytical results present residues measurements which can be correlated with the 
existing residues definition of glyphosate, and where relevant its metabolites. 

Ecotoxicology, Environmental 
Fate, Residues 

Analytical methods are clearly described; and adequate statement of specificity and 
sensitivity of the analytical methods is included. 

Ecotoxicology 
Assessment of the ECX for the width of the confidence interval around the median 
value; and the certainty on the level of protection offered by the median ECX is 
reported. 

Environmental Fate Radiolabel characterization:  purity, specific activity, location of label is reported. 

Environmental Fate If degradation kinetics are included: data tables / model description / statistical 
parameters for kinetic fit to be provided. 

Environmental Fate, Residues Monitoring data: description of matrix analysed, and analytical methods to be fully 
described. 

Environmental Fate Clear description of application rate and relevance to approved uses.   
  
 
Overall assessment: Reliable / Reliable with restrictions / Not reliable 
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Table 22: Reliability criteria for toxicology – epidemiology and exposure studies 

Reliability criteria – toxicology  

Epidemiology studies Exposure studies 

Guideline-specific Guideline-specific 
Study in accordance to valid internationally accepted 
testing guidelines/practices 

Study in accordance to valid internationally accepted 
testing guidelines/practices 

Study completely described and conducted following 
scientifically acceptable standards Study performed according to GLP 

 Study completely described and conducted following 
scientifically acceptable  standards 

Test substance Test substance 
Exposure to formulations with only glyphosate as a.i. Exposure to formulations with only glyphosate as a.i. 
Exposure to formulations with glyphosate combined 
with other a.i. 

Exposure to formulations with glyphosate combined 
with other a.i. 

Exposure to various formulations of pesticides Exposure to various formulations of pesticides 
Study Study 
Study design – epidemiological method followed Study design clearly described 
Description of population investigated Population investigated sufficiently described 
Description of exposure circumstances Exposure circumstances sufficiently described  
Description of results Sampling scheme sufficiently documented 
Have confounding factors been considered Analytical method described in detail 
Statistical analysis Validation of analytical method reported 
 Monitoring results reported 
  
 
Overall assessment: Reliable / Reliable with restrictions / Not reliable 
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Table 23: Reliability criteria for toxicology – in vitro and in vivo studies 

Reliability criteria – toxicology and metabolism  

In vitro studies In vivo studies 

Guideline-specific Guideline-specific 
Study in accordance to valid internationally accepted 
testing guidelines  

Study in accordance to valid internationally accepted 
testing guidelines.   

Study performed according to GLP Study performed according to GLP 
Study completely described and conducted following 
scientifically acceptable standards 

Study completely described and conducted following 
scientifically acceptable standards 

Test substance Test substance 
Test material (Glyphosate) is sufficiently documented 
and reported (i.e. purity, source, content, storage 
conditions)  

Test material (Glyphosate) is sufficiently documented 
and reported (i.e. purity, source, content, storage 
conditions)  

Only glyphosate acid or one of its salts is the tested 
substance  

Only glyphosate acid or one of its salts is the tested 
substance  

AMPA is the tested substance AMPA is the tested substance 
Study Study 
Test system clearly and completely described Test species clearly and completely described 
Test conditions clearly and completely described Test conditions clearly and completely described 
Metabolic activation system clearly and completely 
described Route and mode of administration described 

Test concentrations in physiologically acceptable range 
(< 1 mM) Dose levels reported 

Cytotoxicity tests reported Number of animals used per dose level reported  
Positive and negative controls Method of analysis described for analysis test media 
Complete reporting of effects observed Validation of the analytical method 
Statistical methods described  Analytical verifications of test media  
Historical negative and positive control data reported Complete reporting of effects observed 
Dose-effect relationship reported Statistical methods described  
 Historical control data of the laboratory reported 
 Dose-effect relationship reported 
  
 
Overall assessment: Reliable / Reliable with restrictions / Not reliable 
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3 SEARCH RESULTS 

The full outcome of the literature search is provided below. 
 
Table 24: Summary of the literature review – all technical sections 

 Number Justification 
Total number of articles retrieved from all searches. a) 39482 n.a. 
Total number of articles after removal of duplicates within all databases. 13707 n.a. 
Total number of articles after merge of all searches a) and removal of 
duplicates. b) 11326 n.a. 

Number of articles excluded after rapid assessment (title / abstract). 9784 See the Literature 
Review Excel File. 

Total number of full-text documents assessed in detail. 1542 n.a. 
Number of articles excluded after detailed assessment (i.e. not relevant). 852 See Table 38 
Number of articles not excluded after detailed assessment. c) 690 See Table 32-Table 37 
Number of summaries presented in the dossier. d) 178+1 e) See Table 32, Table 33 

a) After all searches: Part 0, 1, 2, 3, 4, 5a&b, 6. 
b) Additional duplicates occurred due to different update frequencies within each database and entries of publications ahead of print. 
c) All articles belonging to the category A, B, C of the Point 5.4.1 (as stated in the EFSA GD document). 
d) Summaries presented in the dossier: articles classified as relevant (EFSA GD, Point 5.4.1, category A) & reliable or relevant 

(EFSA GD, Point 5.4.1, category A) & reliable with restrictions. 
e) One e-fate entry (+1) is an erratum to the respective article; no summary was compiled for the erratum, however to keep the 

statistics clear, the erratum is also mentioned here. 
 
Table 25: Results of the article selection process for ecotoxicology 

 Number Justification 
Total number of records after merge of all searches a) and removal of 
duplicates. 1464 n.a. 

Number of articles excluded after rapid assessment (title / abstract). 918 See the Literature 
Review Excel File. 

Total number of full-text documents assessed in detail. 546 n.a. 
Number of articles excluded after detailed assessment (i.e. not relevant). 398 See Table 38 
Number of articles not excluded after detailed assessment. b) 148 See Table 32-Table 37 
Number of summaries presented in the dossier. c) 10 See Table 32, Table 33 

a) After all searches: Part 0, 1, 2, 3, 4, 5a&b, 6. 
b) All articles belonging to the category A, B, C of the Point 5.4.1 (as stated in the EFSA GD document). 
c) Summaries presented in the dossier: articles classified as relevant (EFSA GD, Point 5.4.1, category A) & reliable or relevant 

(EFSA GD, Point 5.4.1, category A) & reliable with restrictions. 
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Table 26: Results of the article selection process for environmental fate 

 Number Justification 
Total number of records after merge of all searches a) and removal of 
duplicates. 1062 n.a. 

Number of articles excluded after rapid assessment (title / abstract). 759 See the Literature 
Review Excel File. 

Total number of full-text documents assessed in detail. 303 n.a. 
Number of articles excluded after detailed assessment (i.e. not relevant). 132 See Table 38 
Number of articles not excluded after detailed assessment. b) 171 See Table 32-Table 37 
Number of summaries presented in the dossier. c) 97+1 d) See Table 32, Table 33 

a) After all searches: Part 0, 1, 2, 3, 4, 5a&b, 6. 
b) All articles belonging to the category A, B, C of the Point 5.4.1 (as stated in the EFSA GD document). 
c) Summaries presented in the dossier: articles classified as relevant (EFSA GD, Point 5.4.1, category A) & reliable or relevant 

(EFSA GD, Point 5.4.1, category A) & reliable with restrictions. 
d) One e-fate entry (+1) is an erratum to the respective article; no summary was compiled for the erratum, however to keep the 

statistics clear, the erratum is also mentioned here. 
 
Table 27: Results of the article selection process for residues 

 Number Justification 
Total number of records after merge of all searches a) and removal of 
duplicates. 475 n.a. 

Number of articles excluded after rapid assessment (title / abstract). 405 See the Literature 
Review Excel File. 

Total number of full-text documents assessed in detail. 70 n.a. 
Number of articles excluded after detailed assessment (i.e. not relevant). 30 See Table 38 
Number of articles not excluded after detailed assessment. b) 40 See Table 32-Table 37 
Number of summaries presented in the dossier. c) 11 See Table 32, Table 33 

a) After all searches: Part 0, 1, 2, 3, 4, 5a&b, 6. 
b) All articles belonging to the category A, B, C of the Point 5.4.1 (as stated in the EFSA GD document). 
c) Summaries presented in the dossier: articles classified as relevant (EFSA GD, Point 5.4.1, category A) & reliable or relevant 

(EFSA GD, Point 5.4.1, category A) & reliable with restrictions. 
 
Table 28: Results of the article selection process for toxicology 

 Number Justification 
Total number of records after merge of all searches a) and removal of 
duplicates. 1454 n.a. 

Number of articles excluded after rapid assessment (title / abstract). 831 See the Literature 
Review Excel File. 

Total number of full-text documents assessed in detail. 623 n.a. 
Number of articles excluded after detailed assessment (i.e. not relevant). 292 See Table 38 
Number of articles not excluded after detailed assessment. b) 331 See Table 32-Table 37 
Number of summaries presented in the dossier. c) 60 See Table 32, Table 33 

a) After all searches: Part 0, 1, 2, 3, 4, 5a&b, 6. 
b) All articles belonging to the category A, B, C of the Point 5.4.1 (as stated in the EFSA GD document). 
c) Summaries presented in the dossier: articles classified as relevant (EFSA GD, Point 5.4.1, category A) & reliable or relevant 

(EFSA GD, Point 5.4.1, category A) & reliable with restrictions. 
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Table 29: Results of the article selection process for analytical methods 

 Number Justification 
Total number of records after merge of all searches a) and removal of 
duplicates. 117 n.a. 

Number of articles excluded after rapid assessment (title / abstract). 117 See the Literature 
Review Excel File. 

Total number of full-text documents assessed in detail. n.a. n.a. 
Number of articles excluded after detailed assessment (i.e. not relevant). n.a. n.a. 
Number of articles not excluded after detailed assessment. b) n.a. n.a. 
Number of summaries presented in the dossier. c) n.a. n.a. 

a) After all searches: Part 0, 1, 2, 3, 4, 5a&b, 6. 
b) All articles belonging to the category A, B, C of the Point 5.4.1 (as stated in the EFSA GD document). 
c) Summaries presented in the dossier: articles classified as relevant (EFSA GD, Point 5.4.1, category A) & reliable or relevant 

(EFSA GD, Point 5.4.1, category A) & reliable with restrictions. 
 
Table 30: Results of the article selection process for efficacy / agronomy 

 Number Justification 
Total number of records after merge of all searches a) and removal of 
duplicates. 4324 n.a. 

Number of articles excluded after rapid assessment (title / abstract). 4324 See the Literature 
Review Excel File. 

Total number of full-text documents assessed in detail. n.a. n.a. 
Number of articles excluded after detailed assessment (i.e. not relevant). n.a. n.a. 
Number of articles not excluded after detailed assessment. b) n.a. n.a. 
Number of summaries presented in the dossier. c) n.a. n.a. 

a) After all searches: Part 0, 1, 2, 3, 4, 5a&b, 6. 
b) All articles belonging to the category A, B, C of the Point 5.4.1 (as stated in the EFSA GD document). 
c) Summaries presented in the dossier: articles classified as relevant (EFSA GD, Point 5.4.1, category A) & reliable or relevant 

(EFSA GD, Point 5.4.1, category A) & reliable with restrictions. 
 
Table 31: Results of the article selection process for “others” (e.g. synthesis, chemistry etc.) 

 Number Justification 
Total number of records after merge of all searches a) and removal of 
duplicates. 2430 n.a. 

Number of articles excluded after rapid assessment (title / abstract). 2430 See the Literature 
Review Excel File. 

Total number of full-text documents assessed in detail. n.a. n.a. 
Number of articles excluded after detailed assessment (i.e. not relevant). n.a. n.a. 
Number of articles not excluded after detailed assessment. b) n.a. n.a. 
Number of summaries presented in the dossier. c) n.a. n.a. 

a) After all searches: Part 0, 1, 2, 3, 4, 5a&b, 6. 
b) All articles belonging to the category A, B, C of the Point 5.4.1 (as stated in the EFSA GD document). 
c) Summaries presented in the dossier: articles classified as relevant (EFSA GD, Point 5.4.1, category A) & reliable or relevant 

(EFSA GD, Point 5.4.1, category A) & reliable with restrictions. 
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