Superior
Health Council

GLYPHOSATE AND
GLYPHOSATE-CONTAINING FORMULATIONS

JANUARY 2020
SHC № 9561

COPYRIGHT
Federal Public Service Health, Food Chain Safety
and Environment
Superior Health Council
Place Victor Horta 40 bte 10
B-1060 Bruxelles
Tel.: 02/524 97 97
E-mail: info.hgr-css@health.belgium.be
All rights reserved.
Please cite this document as follows:
Superior Health Council. Glyphosate and glyphosate-containing
formulations. Brussels: SHC; 2020. Report 9561
Public advisory reports as well as booklets may be consulted
in full on the Superior Health Council website:
www.css-hgr.be

This publication cannot be sold.

PUBLICATION OF THE SUPERIOR HEALTH COUNCIL No. 9561
Glyphosate and glyphosate-containing formulations
In this scientific advisory report on public health policy, the Superior Health Council of Belgium
provides guidance to public health policy-makers with respect to the use of glyphosate and
glyphosate containing formulations.
This report aims at providing
stakeholders with recommendations contributing to the decision making process on the further
use of pesticides in general and glyphosate in particular.
This version was validated by the Board in
08 january 20201

EXECUTIVE SUMMARY
The use of the herbicide glyphosate has been permitted in the EU with some restrictions for another
five years, lasting until 15 December 2022. This decision was taken notwithstanding firm resistance
from a number of parties and the ongoing debate around glyphosate’s toxicity in general, and
carcinogenicity in particular, in social media, press, and scientific literature. In short, the US
Environmental Protection Agency (EPA), the European Food and Safety Authority (EFSA), and a
number of national and international organizations do not claim that glyphosate is carcinogenic to
humans, while the International Agency for Research on Cancer (IARC) judges glyphosate to be
probably carcinogenic to humans. This prompted the European Parliament on 6 February 2018 to
instigate a special committee, referred to as the PEST Committee, to investigate pesticide
authorization procedures in the EU. This Committee finished its report on 18 December 2018, and
the text was approved by the EU parliament on 16 January 2019. According to the PEST
Committee, the restrictions on the further use of glyphosate, as imposed in the renewal procedure,
have been confirmed: the adjuvant tallow amine should be banned from formulations and
glyphosate should not be used in public places. A number of recommendations have been
formulated, including that there is a need to search for alternatives and that the precautionary
principle should be applied with great care. The PEST Committee stressed that the individual
member states of the EU can decide on the use of the formulation.
In summary, and related to the carcinogenicity of glyphosate, it is clear that the difference between
the EPA and EFSA on the one hand and IARC on the other is partly due to the use of different sets
of biological and epidemiological data. Not surprisingly, different conclusions are likely to occur.
The most important difference in approach is whether the hazard or the risk is considered. Hazard
refers to the intrinsic malignant properties, toxicological in general and carcinogenic in particular,
of a product, compound, preparation, situation, machine, or so on; risk is the expression of any
1
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possible negative consequence for human beings and equals hazard times exposure. From a
scientific public-health point of view, a risk assessment is more appropriate. From a biomechanistic
point of view, the hazard is what should be considered. According to the documents delivered by
the organizations, IARC mainly studies hazard, whereas the EPA and EFSA concentrated on risk.
To a neutral observer, the conclusion is that the carcinogenicity of glyphosate cannot be excluded
from a biomechanical point of view, but that the risk of negative health effects on the population is
low; glyphosate is considered as a weak carcinogen. However, this conclusion is challenged by
many papers and opinions making claims of carcinogenicity or non-carcinogenicity. Furthermore,
there is compelling evidence that the discussion has been compromised by fraud, distrust, and very
significant conflicts of interest, both on the part of individuals and of organizations.
The Belgian Superior Health Council (SHC) is concerned about the use of pesticides in general,
and of glyphosate in particular, and considers that the release of the conclusion of the PEST
committee represents an opportunity to express its concern. In particular, the SHC takes note of
the current polarization of the debate between those who absolutely insist that glyphosate is
carcinogenic and those who absolutely insist that it is not; apparently the two sides are not willing
to alter their points of view, even in light of new, relevant information.
The SHC suggests banning glyphosate in Belgium at the earliest possible time, which is in 2022
under the conditions as stipulated in the running permission. The option to ban glyphosate should
be accompanied by a number of collateral measures, including the following: (1) the current
remainder of the period of approval should be used to set up appropriate experiments to solve the
carcinogenicity riddle, (2) all stakeholders should demonstrate absolute guarantees of
transparency and no conflicts of interest, (3) glyphosate’s approval period should be used to study
alternative methods of weed control. Finally, when considering a ban on glyphosate, the balance
between short-term economic considerations and the precautionary principle of safeguarding
human and environmental health, and avoiding long-term economic losses, should be made with
great care and in accordance with the SHC advice 9404 (SHC, 2019).
In addition, although the carcinogenicity of glyphosate is the most visible issue, other possible toxic
effects of glyphosate beyond carcinogenicity are of importance, such as its effect on the gut
microbiome of humans and of pollinators and including endocrine-disrupting and epigenetic
transgenerational effects. The SHC notices that the controversy obscuring the carcinogenicity
debate is less pronounced in the debates on other toxicity parameters of the preparation.
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I.

INTRODUCTION AND ISSUES

1. Aim of the document
The issue of glyphosate3 is complex for a number of reasons: its large-scale worldwide use, its
beneficial role in agriculture, its enormous economic importance and its reputation as a carcinogen.
IARC’s suggestion that glyphosate may cause cancer - in contrast to the earlier reassuring view of
EFSA (subsequently confirmed by the European Chemical Agency (ECHA)) - was and remains
highly alarming to the scientific community, to the media and to society as a whole. Aside from its
complexity, the debate is highly polarized into those absolutely for and those absolutely against the
further use of glyphosate, with participants seemingly reluctant to alter their positions. It is clear
that these divergent opinions interfere with reason and hamper the drawing of a considered
conclusion. In addition to the inherent difficulty of judging its toxicity and carcinogenicity to human
health, there are also collateral problems - such as the economic consequences of whatever
decision is made on its further use, improvements in agricultural techniques and, not least, the
global increasing demand for food.
In view of these problems associated with glyphosate and, by extrapolation, with pesticides in
general, the European Parliament established the PEST Committee to examine the issue, bearing
the health of the entire European population in mind. The mandate of the PEST Committee was to
review the pesticide authorization procedure in the EU. An overview of historical and ongoing EU
activities relating to glyphosate and pesticides is presented in table form in Appendix 1.
In Belgium, the SHC - in view of its role and mission in preserving human health - wishes to express
its point of view on the subject. However, it is not the aim of this document to examine the basic
scientific data in an attempt to draw a conclusion on the health problems associated with
glyphosate. This has been done many times before by experts, and an additional opinion would
not significantly contribute to the debate. It is instead the intention here to develop a bird’s eye view
of the available information, in order to understand some of the fundamental questions regarding
the use of glyphosate in particular, and the use of herbicides and pesticides in general, and their
contribution to toxicology. The key questions are: (1) What are the arguments for the
carcinogenicity of glyphosate, and what is the weight of evidence for and against this
carcinogenicity? (2) What are the reasons for the complexity of the issue and for the polarization of
the debate? (3) What is an acceptable position on the further use of glyphosate, and what are the
acceptable conditions to 2022 and (eventually) beyond this date?
It would be naive to assume that this document will present the ultimate answers to these questions.
It is also almost certain that the opinion presented in this text will be contradicted by other
documents in a very short time. The glyphosate debate has triggered many reactions from
individuals and national and international bodies involved in the issue and, by extension, in the
problem of pesticides for crop protection - not to mention both short-term and long-term economic
impact of any conclusion. The aim of this document is to determine as deeply as possible the
answers to the above questions using the available information, without prejudice, from five angles:
the descriptive, the scientific, the economical, the ecological, and the human health approach.
Although these five points of view are all important in the final evaluation of glyphosate, the
concerns of this SHC opinion are in first order related to the evaluation of the human health risks.

Referring to formulations of glyphosate, the term “Roundup®” will be used frequently, although many other
commercially available formulations exist. Furthermore, Roundup® contains tallow amine, which will be
discussed separately. Roundup® containing pelargonic (nonanoic) acid as an active ingredient is also
available, but is not discussed here.
3
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2. Identity of the molecule and its use in real-life conditions
Glyphosate, N-(phosphonomethyl)glycine (CAS 1071-83-6), is a relatively simple molecule with a
free phosphorus group and an adjacent nitrogen. The molecule is derived from glycine, an essential
amino acid.

glyphosate

glycine

AMPA

The molecule exists in an acid form (pKa1 = 2.34) and in various salt forms, such as its
isopropylamine and ammonium salts. The salt forms are 10 to 50 times more soluble in water than
the free acid. A full description of the chemical properties of glyphosate is given in
https://pubchem.ncbi.nlm.nih.gov/compound/glyphosate.
Absorption, distribution, metabolism, and excretion studies of glyphosate indicate that the chemical
is 30–36 % absorbed in various animal species after oral ingestion, whereas dermal absorption is
estimated to be only about 2 %, even at high doses. Upon ingestion, glyphosate is mostly recovered
in the gastrointestinal tract (more than 50 % of the dose), and approximately 5 % of the dose is
recovered in bone. Glyphosate is excreted unchanged in the feces, and to a minor extent in urine.
Its main metabolite is aminomethylphosphonic acid (AMPA), but the extent of metabolism is very
low, including in humans, as found after accidental or suicidal oral intake (Henderson et al., 2010).
The relation of the effects of AMPA to glyphosate use is not well documented, as AMPA is also
present as an impurity in many phosphorous-containing detergents. Since the focus is on
glyphosate, and as AMPA is only found in very low concentrations in body fluids, we do not discuss
this further in this text.
The acute oral toxicity of glyphosate and of its isopropylamine salt in rats, mice, and goats is low,
with the LD50 (lethal dose, 50 %) exceeding 5000 mg/kg. Dermal toxicity was not detected in rats
and rabbits; no irritation was found in human male or female skin experiments. The inhalation
toxicity was very low with LD50 > 4.43 mg/l for rats. Acute poisoning symptoms in humans after
suicide attempts with massive doses of glyphosate-based herbicide formulations were restricted to
gastric discomfort and occasional mild eye and skin irritation.
For the environmental fate of glyphosate in soil, water, air, and plants, consult Henderson et al.,
2010.
Glyphosate interferes with the shikimic acid pathway (Figure 1, Tiwari et al., 2019) which is specific
to plants and some lower microorganisms, including (gut) bacteria. Glyphosate inhibits
5-enolpyruvylshikimate-3-phosphate synthase (EPSPS), blocking the synthesis of chorismic acid
(chorismate), which subsequently blocks the biosynthesis of amino acids, leading to the death of
the organism. Glyphosate is thus only active in growing plants. Some authors claim that the
herbicidal activity of glyphosate is due to a defective uptake of CO 2 from the air following the
inhibition of EPSPS, which would better explain the long-time delay between the application of
glyphosate and the death of the herb (O’Duke and Powles, 2008). The shikimic pathway is also
responsible for the production of aromatic amino acids, such as tryptophane, which play a crucial
role in human gut microbiome metabolism. Moreover, metabolic interactions between the human
host and the gut microbiome involving tryptophane result in the modulation of gut-brain axis
processes: this encompasses the production of serotonin, a crucial element in neuronal
interactions.
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Figure 1. Shikimic acid pathway (taken from Tiware et al., 2019)

Whatever the precise mechanism, glyphosate has proven to be an excellent weed-control
herbicide, which explains its extensive worldwide use.
Glyphosate has become the most important herbicide globally, being used twice as much as the
second most heavily sprayed pesticide, atrazine (Myers et al., 2016). It has a unique and highly
efficient toxic activity on herbs. It is taken up after foliar spraying by the leaf and transported to the
root. There it inhibits the root system, causing it to die, and with it also the above-ground foliage
and root outliers. Other herbicides (such as diquat) kill only the above-ground plant parts but allow
the roots to regrow. Yet other herbicides (such as simazin) can only be absorbed by the roots
through preventive soil treatment. Using other molecules, the effects of glyphosate can thus only
be achieved through combined applications of two or more active substances with different modes
of action and a safe (eco)toxic profile. This is dealt with in Section III 1.5.
Glyphosate is not merely used as a herbicide during crop growth, but also as a preharvest
desiccator in a variety of crops, including corn, peas, soybeans, flax, rye, lentils, triticale,
buckwheat, canola, millet, potatoes, sugar beet, soybeans, and other edible legumes. This type of
application is troublesome, as glyphosate is applied just before harvest and consumption.
−8−
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(https://ensia.com/features/glyphosate-drying/). This practice, which originated in Scotland in the
1980s, involves applying the herbicide to a standing crop toward the end of the growing season
with the express purpose of expediting the natural process by which the crop slowly dies and dries
in the field. The glyphosate kills the crop so it will be sufficiently dry to harvest sooner than if left to
die naturally. This allows the farmer to clear the field before the onset of unfavorable weather. Grain
crops are usually held long in storage, so it is crucial that moisture levels are sufficiently low to
prevent molds. The practice has since gained significant traction in North America, particularly in
the northern regions of the Great Plains and the grain belt of midwestern and western Canada,
where cold, wet weather comes early.
Glyphosate-induced preharvest crop desiccation provides a couple of other advantages for
farmers. The accelerated drying process reduces potential postharvest energy inputs, such as the
need to use a grain dryer. The practice also generates a physiological “last gasp” response in less
mature plants that expedites ripening, helping them “catch up” with their companions, ensuring
more consistent yields. This in turn allows successive crops to be sowed earlier and improves weed
control.
Roundup® contains glyphosate as an active ingredient, as well as adjuvants - of which
polyethoxylated tallow amine is the most important from a toxicological point of view. Tallow amine
is a nonionic surfactant used as a wetting agent for agrochemical formulations; recent formulations
of Roundup®, however, no longer contain it.
We refer to the Material Safety Data Sheets for details on the physicochemical properties of the
compound and its formulations; information on toxicity, and more specifically on carcinogenicity,
are discussed hereafter.
The use of glyphosate worldwide is presently estimated at over 900,000 kg/year (see Figure 2), of
which about 20 % is used in the US (Benbrook, 2016 and references herein). Less than 10 % is
used by nonprofessionals.

Figure 2. Global use of glyphosate, 1995–2014 (from Environmental Sciences Europe 28.3)
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TAKE-HOME MESSAGE
Glyphosate is a well-described, well-known simple chemical compound.
It has an acidic character and its salts are readily soluble in water.
The target for its herbicidal activity is the shikiminic acid pathway in plants; this cycle is absent from
higher organisms.
Glyphosate is the most frequently used pesticide worldwide; 90 % is used by professionals.

3. History of glyphosate and Roundup®: registration procedure in Europe
The glyphosate molecule was first synthetized in 1950 by the pharmaceutical company Cilag. The
compound was first patented in the US in 1961 as a descaling agent, due to its strong metal
chelating properties. In the seventies, its herbicidal activities were discovered. Subsequently, the
molecule was patented in 1970 for use in Monsanto’s Roundup®. It was brought to market in 1974
and first used in the UK for wheat herbicidal control and in the US for industrial non-crop use.
The use of glyphosate exponentially increased from 1996, when Monsanto brought genetically
manipulated glyphosate-resistant crops on the market. This enhanced the level of herbicidal control
provided by glyphosate to a maximum, in one application killing the non-resistant weed while
preserving the resistant crops. Although of importance, the use of genetically modified crops will
not be discussed in this document.
The US patent expired in 2 000, and since then a large number of companies have produced
glyphosate with very different commercial names. In Europe, it is estimated that over 2 000 plant
protection products related to glyphosate have been registered.
To gain an understanding of the situation within the EU, the current pesticide registration procedure
has been summarized (Szekacs and Darvas, 2018) and explained in detail by the EU
(https://ec.europa.eu/food/plant/pesticides/authorisation_of_ppp/pppams_en). The process is
schematized hereafter (Figure 3, Storck et al., 2017).
In the authorization procedure, the pesticides unit of EFSA plays a pivotal role. This is explained in
full detail by EFSA
(https://www.efsa.europa.eu/sites/default/files/corporate_publications/files/Pesticides-ebook180424.pdf).
In addition to EFSA, ECHA, which is responsible for classification, labeling, and packaging (CLP)
regulations, was requested to express its point of view. The scientific backbone of ECHA is its
Committee for Risk Assessment (CfRA) (https://echa.europa.eu/about-us).
It is important to note that registration in the EU is a zonal procedure. Europe is divided in three
zones: north, central, and south, with respectively Sweden, Germany, and France as
representatives. These zones relate to the differing climates, cultural aspects, soil composition, and
agriculture. Approval for the use of herbicides in one zone does not automatically lead to approval
in the other zones, although extrapolation from one zone to another is possible.
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Figure 3. Pesticide authorization procedure in Europe (Storck et al., 2017)

The main events of glyphosate’s registration and reregistration saga in Europe are given now; a
more complete overview is presented in appendix 1.
1. Glyphosate was first reviewed for registration at EU level in 1995 by Germany as the
member state rapporteur (MR). The registration came into force in 2002, following directive
2001/99/EC. Prior to that, each individual member state authorized the use of glyphosate.
2. The authorization expired in 2012 and the reregistration process was begun, this time taking
into account Regulation 1107/2009, which had been adopted in the interim. The applicant
submitted the necessary documents, the rapporteur member state - once again Germany
(through its Bundesinstitut für Risiskobewertung) - reviewed the documents and submitted
its conclusion to EFSA and the Commission.
3. It took EFSA about three years to publish its conclusion on glyphosate. This finally
happened in October 2015, with the report mentioning that glyphosate was “…unlikely to
pose a carcinogenic hazard to humans”
https://www.efsa.europa.eu/en/efsajournal/pub/4302.
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4. On 20 March 2015, IARC published its conclusion on the carcinogenicity of glyphosate, and
the European Commission ordered EFSA to review these findings. EFSA’s draft review was
submitted to the Commission on 30 October 2015 and sent to the Standing Committee on
Plants, Animals, Food and Feed (further referred to as the Standing Committee or PAFF).
5. The Standing Committee concluded by consensus that “on the basis of the information
currently available, no hazard classification for carcinogenicity is justified for glyphosate”.
6. The Commission asked EFSA to consider new information on the endocrine effects of
glyphosate, which had been available since October 2015. The Authority’s conclusions
were that “…the weight of evidence indicates that glyphosate does not have endocrine
disrupting properties”.
7. ECHA’s CfRA classified glyphosate as a substance that could cause eye damage and is
toxic to aquatic life, but found no evidence of carcinogenic, mutagenic, or reproductive
toxicity. This opinion was submitted to the European Commission on 15 July 2017.
8. The Commission decided that there are no arguments in favor of banning glyphosate from
the market, in line with regulation 1107/2009; a qualified majority (not a consensus!) was in
favor of renewing approval for five years.
9. In February 2018, the Commission set up the PEST Committee to study the authorization
procedure for pesticides in the EU. The rapporteurs presented their report and the PEST
Committee accepted it by majority on 18 December 2018. This report was presented to the
European Parliament on 16 January 2019 and adopted by a majority vote (526 votes in
favor, 66 against, 72 abstentions).
Both this summary and the table in appendix 1 illustrate that the history of glyphosate on the level
of the EU is complex, and the complexity since 2015 has essentially been due to the difference in
opinion between IARC and EFSA on the carcinogenicity of glyphosate. Furthermore, we have
witnessed an almost exponential increase in papers, opinions, editorials, public political
statements, letters, and so on, which is beneficial for better scientific insight. However we have
witnessed numerous papers which have frequently obscured facts and figures. As mentioned
before, the whole debate is highly disturbed by the huge financial importance of glyphosate.
Finally, although the EU took a standpoint on glyphosate (the active herbicide in Roundup® which,
almost intuitively is considered to be the relevant component of the formulation for the
carcinogenicity debate), it is up to each member state of the Union to allow the use of the
formulation. This is amply illustrated by the French court that canceled the permit for glyphosatebased weed killers. Six European member states, including Belgium, have written to the European
Commission to request strict rules on the use of glyphosate. The use of glyphosate in Belgium is
forbidden for non-professionals by the Royal Decree of 16 September 2018. France will outlaw the
use of glyphosate in 2021. On 4 September 2019, Germany decided to ban glyphosate from the
end of 2023. In July 2019 Austria planned to ban glyphosate in 2020.
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TAKE-HOME MESSAGE
The first approval for the use of glyphosate in the EU dates back to 1995.
Since then, a new Regulation on the EU level (1107/2009) was introduced; all approval renewals
have to be according to these new rules.
Approval for use in the EU is a zonal procedure, with three distinct zones (North, Central, and
South). Each zone decides whether to approve or not; approval in one zone can be extrapolated
to another zone, but this is not necessarily the case.
The current permit came into force in 2017 and expires in 2022.
Although the EU approved the use of glyphosate, the member states can decide on whether
formulations are used.
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II.

METHODOLOGICAL APPROACH

In view of the PEST Committee established by the European Parliament, the standing working
group on chemical agents of the SHC decided that it would be useful and desirable if in the context
of the societal debate on glyphosate and glyphosate containing formulations the SHC expresses
its point of view.
The group decided to treat the subject internally with the expert-members of the group and with the
input of external reviewers.
After analyzing the project proposal, the Board and the chair of the area chemical agents appointed
a rapporteur.
The participating experts of the standing working group chemical agents provided a general and
an ad hoc declaration of interests and the Committee on Deontology assessed the potential risk of
conflicts of interest.
This advisory report is based on a review of the scientific literature published in both scientific
journals and reports from national and international organizations competent in this field (peerreviewed), as well as on the opinion of the experts.
Once the advisory report was endorsed by the standing working group chemical agents and it was
peer reviewed it was ultimately validated by the Board.
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III.

ELABORATION AND ARGUMENTATION

1. Toxicity of glyphosate
1.1 Carcinogenicity of glyphosate
Hundreds, if not thousands, of documents on the toxicity and carcinogenicity of glyphosate are
available and have been reviewed by a number of organizations. The SHC cannot perform an
independent review of all the published and unpublished information on the toxicity and
carcinogenicity of glyphosate for logistic reasons. This review will instead be restricted to recent
literature and to references of major importance, and will evaluate the point of view of four
organizations that have already considered the question: the EPA in the US, the EFSA and ECHA
for Europe, and IARC for the World Health Organization (WHO). We here attempt to answer the
following questions: (1) What are the points of view of these organizations, and how are they
expressed in scientific terms? And (2) what method was used to reach this stand, and what
information was used in support of it? In what follows, we discuss the official statements of the
three main organizations (mostly, but not always, related to regulatory procedures). Additional
comments are summarized in the following sections. A limited number of recent scientific
publications will be considered.
The first organization to consider is the United States Environmental Protection Agency (EPA)
which issued an assessment of glyphosate on 4 April 1985, following registration of the compound
for the US market. Glyphosate was classified as Class C carcinogen, meaning there was
“suggestive evidence of carcinogenic potential” (agents with limited animal evidence and little or
no human data). The EPA changed its position on the carcinogenicity of glyphosate in 1991, and
the standpoint became “evidence of non-carcinogenicity for humans” with classification as a group
E carcinogen. The EPA’s 1991 report can be found at
https://archive.epa.gov/pesticides/chemicalsearch/chemical/foia/web/pdf/103601/417300-199110-30a.pdf. Finally, in line with EPA internal rules requiring that the risk assessment of a carcinogen
must be repeated every fifteen years, glyphosate was reviewed for carcinogenicity again in 2017;
the draft version of the assessment was released on 18 December 2017. The EPA’s preliminary
conclusions are very much comparable to its 1991 conclusion: “glyphosate is not likely to be
carcinogenic to humans when the product is used according to the pesticide label”. Of interest is
that EPA distinguishes between the potential of the carcinogenicity in biomedical terms and the risk
to humans - that is, taking the extent and degree of exposure into consideration.
A detailed overview of the method used by the EPA is given in
https://www.epa.gov/fera/risk-assessment-carcinogenic-effects,
https://www.greenfacts.org/glossary/def/epa-cancer-classification.htm, and
https://www.epa.gov/pesticide-science-and-assessing-pesticide-risks/evaluating-pesticidescarcinogenic-potential#a.
According to these guidelines, the EPA uses human data, data from long-term experimental animal
bioassays, and a variety of short-term tests, such as genetic toxicity testing, pharmacokinetics and
pharmacodynamics data, metabolic studies, studies of structure-activity relationship, and so on.
From its website, it is clear that any data, peer-reviewed or not, may be used to support the
organization’s point of view, provided that it is of sufficient scientific quality according to EPAdetermined criteria.
It has been shown that the EPA relied on unpublished information, mostly delivered by the industry
during the regulatory process. It is tempting to speculate that these studies are biased because
they originate from a company with economic interests in the outcome. However, such studies, if
considered worth evaluating, were carried out under very stringent Good Laboratory Practices
(GLP), the aim of which is to guarantee the correctness of the experimental results. Evidently, while
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the raw data are probably trustworthy, both the conclusions of these studies and speculations on
their nature are subject to debate.
Many other US organizations have an opinion on the carcinogenicity of glyphosate: The National
Institutes of Health’s Agricultural Health survey, the National Toxicology Program, the Council on
Environmental Quality, to list a few. The positions of these bodies are not taken into consideration
in this document.
To comment and conclude on the EPA: the EPA has gained much credibility and trust as a
governmental organization performing experiments in 27 laboratories all over the US since 1970.
It is not clear why the EPA changed its opinion of glyphosate in 1991; no other pesticide has seen
such a reversal. The EPA’s regulations state that the carcinogenicity of a compound should be
reviewed whenever sufficient new, relevant information becomes available. It is however difficult to
unequivocally identify what kind of new information became available between the 1985
assessment and the 1991 assessment. The EPA’s 1991 and (particularly) 2017 standpoints on
glyphosate have been heavily criticized, although some of these critical stances are likely a
consequence of the ongoing worldwide debate on glyphosate, leading to the obscuring of facts and
“fake news”.
The second and third organizations to review glyphosate are linked with the EU. Glyphosate
was first registered for the EU market on 1 July 2002, following a review of the 1995 application by
Monsanto and the other industries taking part in the Glyphosate Task Force 1. The EU’s procedure
was followed in all details: the Draft Assessment Report (DAR) was produced by the evaluating
country, Germany, although it is less clear who in Germany performed the review. The conclusion
of the review was that glyphosate has no carcinogenic properties. Subsequently, after a review by
all member states, the EU Commission allowed registration of glyphosate for the EU market. Such
approvals are time-limited, and in due course companies requested that the formulation’s
registration be renewed. Germany was again the reporting country (termed the rapporteur member
state). This time, the evaluation was performed by the Bundesinstitut für Risikobewertung (BfR), a
government scientific organization founded in 2002. The report on glyphosate was released on 11
December 2013 (https://www.bfr.bund.de/cm/349/bfr-contribution-to-the-eu-approval-process-ofglyphosate-is-finalised.pdf). The BfR’s report was transmitted to EFSA on December 20, and this
authority finalized the review, taking into consideration the remarks of the member states. The
EFSA’s report concludes that “glyphosate is unlikely to pose a carcinogenic hazard to humans” and
proposes “a new safety measure that will tighten the control of glyphosate residues in food”. At the
same time, in a supplementary document, EFSA explained in detail how it came to its conclusion.
The report also determined that EFSA should conduct an expert consultation on mammalian
toxicity, residues, environmental fate, behavior, and ecotoxicology. The Authority organized a 2015
meeting on the toxic properties of glyphosate with competent experts in the field. The conclusions
of this meeting were published on 12 November 2015, recognizing - in accordance with EFSA’s
previously published opinion - that glyphosate should not be categorized as carcinogenic. EFSA
proposed an acceptable operator exposure level of 0.1 mg/kg body weight/day and an acceptable
daily intake level of 0.5 mg/kg/day. The conclusions of the EFSA pesticide peer review have been
published in the EFSA Journal and is available on the EFSA website
(https://efsa.onlinelibrary.wiley.com/doi/epdf/10.2903/j.efsa.2015.4302).
The second important European organization to express its point of view on the toxicity of
glyphosate was the European Chemicals Agency (ECHA). The ECHA is responsible for the correct
classification, labeling, and packaging of chemicals. Its conclusion is in line with the EFSA’s
conclusion: there is no evidence for carcinogenic, mutagenic, or reproductive toxicity of glyphosate.
However, the ECHA classified glyphosate is capable of causing eye damage and is severely toxic
to aquatic life. The conclusion of ECHA can be found on the ECHA website
(https://echa.europa.eu/-/glyphosate-not-classified-as-a-carcinogen-by-echa).
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To comment and conclude on EFSA and ECHA: As with the EPA, EFSA and ECHA have gained
considerable solid scientific reputations, and it is hardly reasonable to think that they would
deliberately come to a false conclusion. The expert panel that independently judged the toxicity of
glyphosate came to the same conclusions. Some concern was raised over the independence of
some of EFSA’s employees. Similarly, some doubts about the credibility of EFSA were mentioned
in the PEST report (see Chapter III 2). However, the methodology followed by EFSA in vetting its
employees for ties with other, possibly compromising, organizations is very strict and also publicly
available. EFSA and the expert panel identified a number of gaps in the available literature (pp.
23–24 of the expert report), but these are mainly related to laboratory methods and do not obscure
the final conclusion. The point of view of EFSA is thus certainly worth considering.
The fourth organization is the International Agency for Research on Cancer. IARC was founded
on 20 May 1965 as the specialized cancer agency of the WHO, with its headquarters in Lyon. To
date, IARC has published 125 monographs on a number of compounds and their carcinogenic
properties. In 2015, seventeen independent scientists joined together under the umbrella of IARC
and published monograph 112 on “Carcinogenicity of tetrachlorvinphos, parathion, malathion,
diazinon, and glyphosate”. Glyphosate was considered there to fall into carcinogenicity class 2A,
meaning that it is “probably carcinogenic to humans”. IARC’s explanation is as follows: “There is
limited evidence of carcinogenicity in humans and sufficient evidence in experimental animals.
Occasionally, an agent (or mixture) may be classified here when there is inadequate evidence in
humans but sufficient evidence in experimental animals and strong evidence that the
carcinogenesis is mediated by a mechanism that also operates in humans. Exceptionally, an agent
(or mixture) may solely be classified under this category if there is limited evidence of
carcinogenicity in humans, but if it clearly belongs to this category based on mechanistic
considerations”. Furthermore IARC explains that “limited evidence” is assigned if “a positive
association has been observed between exposure the agent and cancer for which a causal
interpretation is considered by the Working Group to be credible, but chance, bias or confounding
could not be ruled out with reasonable confidence”.
These conclusions were published as a short note in the Lancet Oncology (https://www.iarc.fr/wpcontent/uploads/2018/07/MonographVolume112-1.pdf) and in full on 20/3/2015
(https://monographs.iarc.fr/wp-content/uploads/2018/07/mono112.pdf).
The IARC manual describes its methodology as follows: “The IARC Monographs Program seeks
to classify cancer hazards, meaning the potential of any substance to cause cancer based on
current knowledge. The classification does not indicate the level of risk which exists to people’s
health associated with exposure to a classified hazard. For example, IARC has classified tobacco
smoking as carcinogenic to humans (Group 1), but that classification does not indicate the increase
in risk for each cigarette smoked.”
IARC reviewed nearly 1 000 compounds, most of which were chosen by experts as possibly being
carcinogenic. A large number have thus been classified as class 1, 2A, or 2B, meaning that they
are carcinogenic or should be treated as such. Only one compound in the list (caprolactam) was
judged to be noncarcinogenic (class 4). The full list of compounds investigated by IARC can be
found at https://monographs.iarc.fr/list-of-classifications-volumes/.
IARC uses published peer-reviewed information only; unpublished material is not considered. The
mission statement of IARC mentions that “the Monographs do not necessarily cite all the literature
concerning the subject of an evaluation. Only those data considered by the Working Group to be
relevant to making the evaluation are included. With regard to biological and epidemiological data,
only reports that have been published or accepted for publication in the openly available scientific
literature are reviewed by the working groups. ln certain instances, government agency reports that
have undergone peer review and are widely available are considered. Exceptions may be made
on an ad-hoc basis to include unpublished reports that are in their final form and publicly available,
if their inclusion is considered pertinent to making a final evaluation. ln the sections on chemical
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and physical properties and on production, use, occurrence and analysis, unpublished sources of
information may be used.”
To comment and conclude on IARC: IARC has a global influence in discussions on cancer
research. There is little doubt that the scientific community agrees with IARC’s carcinogenic
classification of the vast majority of examined compounds. For some compounds, however, this is
less clear. Monograph 51 (from 1991) classifies coffee as a 2A compound (“probably carcinogenic
to humans”), reclassifying it in 2018 to 2B in monograph 116. A number of natural products
frequently present in healthy diets have been classified as 2A or 2B. It is clear that this is reason
for concern. Furthermore, the mission statement on the use of information (see above) is not clear
about the criteria for choosing the information, which leaves room for selection bias.
IARC Monograph 51 states: “The Monographs represent the first step in carcinogenic risk
assessment, which involves examination of all relevant information in order to assess the strength
of the available evidence that certain exposures could alter the incidence of cancer in humans. The
second step is quantitative risk estimation, which is not usually attempted in the Monographs.
Detailed, quantitative evaluations of epidemiological data may be made in the Monographs, but
without extrapolation beyond the range of the data available. Quantitative extrapolation from
experimental data to the human situation is not undertaken.”
The aim of IARC is to identify carcinogens based on biomechanistic grounds. In spite of the
suggestion that it might study carcinogenicity “quantitatively”, IARC instead focuses on the hazard
of the compound and less on the risk for human toxicity. The latter is obviously more complex,
since the exposure of humans to glyphosate is difficult to measure or quantify. As for glyphosate,
animal studies in vivo almost all use the pure compound, while the human toxicity data are always
derived from formulations of glyphosate - such as Roundup®, which also contains other
substances. The conclusion of IARC is that the extent of exposure to glyphosate in real field
circumstances, i.e. when formulations containing glyphosate are used, is of the same magnitude
as what is used in experimental conditions with pure glyphosate. Studies of humans exposed to
different formulations in different regions at different times reported similar increases in the same
type of cancer, non-Hodgkin lymphoma”. Data on “pure” glyphosate from animal and other
experimental studies, including on human cells, support the conclusions of the studies on exposed
people. For studies of “pure” glyphosate, the Monograph concluded that the evidence for cancer in
experimental animals was “sufficient”, and that the evidence for genotoxicity was “strong”.
In conclusion, IARC is probably correct in its assessment that glyphosate is carcinogenic, according
to the results of biological in vitro experiments and also of in vivo animal experiments. The evidence
for human carcinogenicity is less convincing. Nevertheless, the conclusions of IARC monograph
have been used as a reason to ban glyphosate formulations in some countries.

1.2 Additional comments on the carcinogenicity of glyphosate
How can we draw conclusions from this chaos?
The previous section described the positions of four key organizations in the carcinogenicity debate
of glyphosate. Many other organizations have joined the discussion. In summary, almost all
organizations accept the mechanistic view of the carcinogenicity of glyphosate as found in in vitro
models and to a much lesser extent in animal studies. All these organizations reject human
carcinogenicity on the basis of epidemiological studies. In what follows, some aspects of this
controversy are discussed.
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•

Are the organizations using the same data?
It is clear that they are not. IARC uses only peer-reviewed, published data; the EPA and
EFSA also use unpublished data, provided that it is of high scientific quality. This debate
around what data is admissible was very negatively affected by stakeholders and the
media accusing the organizations of omitting valuable information in a manner which is
said to be deliberately aimed at supporting those organizations’ points of view. These
accusations are usually not published on the regular scientific circuit, with some
exceptions. Recall the statement of IARC (see above): “Only those data considered by the
Working Group to be relevant to making the evaluation are included”; this could lead to
selection bias. Comparing the conclusions of the three organizations is thus rather like
comparing apples and oranges.
In addition, when new, relevant information becomes available, it should be possible to
formulate a new point of view. However, this is not the case - at least not frequently (see
the example of coffee). One of the most influential papers on the subject, though one that
was later retracted - was Séralini et al. (2012), which described a significant increase in
liver and kidney necrosis and mammary tumors in female rats after glyphosate exposure.
However, the paper was heavily disputed and was ultimately withdrawn from publication.
Of note: the disputed and retracted paper of Séralini was accepted for publication in 2015
(Mesnage et al., 2015). In 2018, three years after IARC published its monograph on
glyphosate, the results of a large epidemiological study in the USA (the Agricultural Health
Study (AHS)) were published, demonstrating the absence of carcinogenicity in a real world
situation (Andreotti et al., 2018). This study was an update of an earlier prospective cohort
study that included data from 2010 and 2012. This study concluded "In this large,
prospective cohort study, no association was apparent between glyphosate and any solid
tumors or lymphoid malignancies overall, including Non-Hodgkin lymphoma (NHL) and its
subtypes. There was some evidence of increased risk of acute myeloid leukemia (AML)
among the highest exposed group that requires confirmation.” However Zhang et al.
(2019) demonstrated an increased risk for NHL for the group with the highest exposure
level (odds ratio (OR): 1.41; 95 % confidence interval (CI): 1.13 - 1.75).

•

What are the problems with the data?
There are several essential and inevitable problems with the data.
First, statements regarding the carcinogenicity of glyphosate to humans in real-life
conditions rely on systems for recording cancer and on epidemiological studies, which are
at least partly qualitative. Although this is the only way to obtain information,
epidemiological analysis suffers from intrinsic drawbacks. This point is beyond the scope
of this report, but it suffices to refer to textbooks on the matter (e.g. Graziano and Raulin,
2010). One of the major drawbacks is related to the way information is gathered: if
collection relies on the self-reporting of sick people or of proxies (such as relatives of
people who died of cancer) - as occurs in case-control retrospective studies - then bias is
clearly possible. Of equal importance is the fact that epidemiological studies are by
definition population-oriented studies and the possibility that the vulnerability of individuals
with particular characteristics (in this case for glyphosate) or that specific exposure
conditions (e.g. absence of protective measures) are lost in the population is not
inconceivable. The above mentioned AHS found an increase of acute myeloïd leukemia
in the group with the highest exposure but the result has to be confirmed (Ward, 2018).
Finally, it is nearly impossible to obtain accurate information on the extent of exposure to
herbicides. It is also the case that no use of sophisticated statistical methods can
compensate for the inherent weakness of the original epidemiological data.
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Second, reviewing the vast amount of data on glyphosate would essentially be equivalent
to performing a systematic review, and the selection of data is a well-known and inherent
problem that frequently obscures the underlying reasoning or deforms the conclusion (see
above). Hence, whether one concludes that glyphosate is carcinogenic or not depends on
the set of data used for the analysis. The potential selection bias mentioned above is
related to this, and there are convincing historical examples of how conclusions might be
affected by it. A detailed analysis of the IARC assessment by four independent expert
panels concluded that the IARC conclusion is probably wrong (Williams et al., 2016), while
other papers are in support of the IARC position (Samet, 2015).
The only way to counter these problems is through transparency. Each organization or
group that intends to carry out such an analysis must be perfectly clear about the data that
are to be used, and to describe why some data were included and others excluded. In
addition, when new data become available, the same degree of transparency and
willingness to modify a standpoint should be evident. Only in this way is an objective
interpretation of a point of view possible, which would strengthen the credibility of the
organization.
•

What about conflict of interest?
It is well established that economic interests have interfered importantly with the evaluation
of glyphosate (McHenry, 2018).
In various documents, we find:
Lorenzo Tomatis, IARC director from 1982 to 1993, was allegedly “barred from entering
the building” in 2003 after “accusing the IARC of obscuring the risks of industrial
chemicals”. In 2003, thirty public-health scientists signed a letter targeting conflicts of
interest at IARC and the lack of transparency. Tomatis accused IARC of “highly irregular”
voting procedures, alleging industrial interference, and called for the agency to publish
voting procedures and names in detail for independent scrutiny (Baines, 2003). IARC
director Christopher Wild responded in 2018 to critics with an open letter
https://www.iarc.fr/wpontent/uploads/2018/07/IARC_response_to_criticisms_of_the_Mon
ographs_and_the_glyphosate_evaluation.pdf. It suffices to say that the position and
credibility of Dr. Wild in the glyphosate debate has been thoroughly questioned.
Infante et al. (2018) demonstrated the interference of economic interests with IARC and
working group members in relation to glyphosate and red meat.
On 24 April 2018, the EPA administrator Scott Pruitt signed a proposed rule entitled:
“Strengthening transparency in regulatory science”, which stated that “The era of secret
science at EPA is coming to an end. The ability to test, authenticate, and reproduce
scientific findings is vital for the integrity of the rulemaking process. Americans deserve to
assess the legitimacy of the science underpinning EPA decisions that may impact their
lives.” This might raise questions about the legitimacy of research conducted at the EPA
before 2018. Recall that the position of EPA on glyphosate dates back to 1991, 1995, and
2017.
In October 2013, EFSA held a conference with stakeholders to discuss how transparency
could be further enhanced in EFSA’s risk assessment process. The conference aimed at
ensuring that the views of civil society stakeholders - such as consumer groups, industry
associations, and nongovernmental organizations (NGOs) - are considered as EFSA
develops a new policy on transparency. It also considered how EFSA’s information and
communication activities could be further enhanced to support transparency in the risk
assessment process.
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As mentioned, mutual accusations of malpractice, conflicts of interest (five papers in
Critical Reviews in Toxicology, 2016, see Brusick et al., 2016), industry financial support
of researchers in order to purchase a point of view, evidence published in respected
journals but later identified as fraud, the infamous Monsanto papers (McHenry, 2018), and
so on are numerous and, evidently, all four organizations defended themselves against
these accusations with some degree of anger.
The funding of the Ramazzini institute initiative to conduct a 3-year animal study is,
according to the organization itself, based entirely on crowd funding. Although it is not
clear what exactly this involves, or how the results of this study would contribute to the
debate, it is at least a serious statement that expresses an intention to remain independent
of funding from companies or other organizations.

1.3 Conclusion on the carcinogenicity of glyphosate
Although apparently all the information needed to draw a firm conclusion on the carcinogenicity of
glyphosate is available, even if we reject all published arguments that are not solid and attempt to
explain the conflicting conclusions of the EPA and EFSA against those of IARC, doubt about the
carcinogenicity of glyphosate will remain (Williams et al., 2016; Benbrook, 2019). Some recent
papers discussed here do not succeed in removing this distrust. Here we describe some of these
papers:
•

•

•

•

The open letter of Portier et al. (2015) to Vytenis Andriukaitis, EU Commissioner for
agriculture and human development, entitled Review of the carcinogenicity of glyphosate
by EFSA and BfR was signed by 94 scientists.
http://www.efsa.europa.eu/sites/default/files/Prof_Portier_letter.pdf.
Portier is a prominent member of the IARC group that worked on the glyphosate dossier
and on Monograph 112, and the authors of this open letter claim to represent “a group of
independent and governmental scientists from around the world who have dedicated our
professional lives to understanding the role of environmental hazards on cancer risks and
human health”. The IARC opinion of the carcinogenicity of glyphosate is maintained:
glyphosate belongs in class 2A.
Chang and Delzell, 2013. Systematic review and meta-analysis of glyphosate exposure and
risk of lymphohematopoietic cancers.
In this extensive review, the authors use the available epidemiological studies and conclude
that: “A causal relationship has not been established between glyphosate exposure and risk
of any type of lymphohematopoietic cancer”. The cancers include non-Hodgkin lymphoma,
Hodgkin lymphoma, multiple myeloma and leukemia. Odds ratios were marginally
statistically significant for all types of cancers.
Schinasi and Leon, 2014. Non-Hodgkin lymphoma and occupational exposure to
agricultural pesticide chemical groups and active ingredients: a systematic review and
meta-analysis.
This extensive review paper includes data mostly from developed countries on 21 groups
of pesticide and 80 active compounds. It finds a positive correlation between glyphosate
exposure and the occurrence of the B-cell subtype of non-Hodgkin lymphoma.
Samet, 2015. The IARC monographs: critics and controversy.
Samet’s conclusion is that “The IARC processes are robust and transparent and not flawed
and biased as suggested by some critics”. At the same time, the author also identifies some
problems, such as the limited reliance on epidemiological data and the intrinsic limitations
of the IARC process. Also, the independence of the participants is questioned. The
message from this paper is not clear, or at least disputable.
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•

•

•

•

•

•

•

Davoren, 2018. Glyphosate-based herbicides and cancer risk: a post-IARC decision review
of potential mechanisms, policy and avenues of research.
The authors of this paper conclude that traditional toxicological tests may no longer be
relevant for evaluating the carcinogenicity of substances like glyphosate, which present a
complex carcinogenic profile. The authors stress that the mode of action of the
carcinogenicity probably includes microbiome disruption and endocrine mimicry at very low
concentrations. The authors conclude that, in view of the evolution of scientific knowledge,
in particular of the microbiome, relying on historical data is inadequate.
Bus, 2017. IARC use of oxidative stress as key mode of action characteristic for facilitating
cancer classification: glyphosate case example illustrating a lack of robustness in
interpretative implementation.
The author reminds that the working principles of IARC includes a number of mechanistic
and biomechanistic characteristics or “mode of actions” for evaluating the hazard of human
carcinogenicity; among these is the oxidative stress model. According to the authors, the
use of oxidative stress as key mode of action characteristic for facilitating cancer
classification has been challenged due to the substantial expansion of scientific knowledge.
The author questions the risk-hazard transition of glyphosate performed by IARC.
Tarazona et al., 2017. Glyphosate toxicity and carcinogenicity: a review of the scientific
basis of the European Union assessment and its differences with IARC.
The authors claim that actual exposure levels to glyphosate are below toxicological
reference values and do not represent a public concern. They explain the differences in the
carcinogenicity assessment between the EU and IARC. Use of different data sets,
particularly on long-term toxicity and carcinogenicity in rodents, could partially explain the
divergent views, but methodological differences in the evaluation of the available evidence
have also been identified (see Table 1 in Tarazona et al., 2017). In addition, they highlight
the role of high-toxicity effects, and the need to develop mechanistic assessments in order
to unravel a possible mode of action. An extensive overview of the available animal studies
is presented in support of the conclusion: “… that actual exposure levels (of glyphosate) are
below (toxicological) reference values and do not represent a public concern”. Of note: the
author is an employee of EFSA.
Clausing et al., 2018. Pesticides and public health: an analysis of the regulatory approach
to assessing the carcinogenicity of glyphosate in the European Union.
The authors question the classification of glyphosate by EFSA because the agency did not
follow its own application and guideline documents for evaluating carcinogenicity hazards.
In particular, the authors conclude that the power of statistical analysis (one-tailed versus
two-tailed tests in carcinogenicity issues) and disregarding the principle of dose-response
relationships jeopardizes the conclusions. They conclude that IARC’s classification is
justified.
Landrigan and Belpoggi, 2018. The need for independent research on the health effects of
glyphosate-based herbicides.
The authors are members of the Ramazzini Institute, an independent cancer research
institute. The organization is setting up a three-year prospective study on the animal
carcinogenicity of glyphosate.
Manservisi et al., 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.
This pilot is the predecessor of the planned prospective three-year study mentioned above,
which puts the emphasis on the endocrine deregulation caused by glyphosate. Although a
clear-cut effect on reproductive developmental parameters in male and female rats was
observed at one dose, these findings need confirmation.
Mao et al., 2018. The Ramazzini Institute 13-week pilot study on glyphosate and roundup
administration at human-equivalent dose to Sprague Dawley rats: effects on the
microbiome.
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•

•

This is a parallel study to Manservisi’s 2019 study, but with the focus on the microbiome.
The effect of glyphosate on rat gut microbiota at an early developmental stage, and in
particular before onset of puberty, was evident.
Torretta et al., 2018. Critical review of the effects of glyphosate exposure to the environment
and humans through the food supply chain.
The authors conclude: “The results have brought to light how massive use of the herbicide
has created over time a real global contamination that has not only affected the soil, surface
and groundwater as well as the atmosphere but even food and commonly used objects
such as diapers, medical gauze and others. Despite numerous studies regarding the
dangers resulting from the extensive use of glyphosate, it is not possible to attribute a clear
and unambiguous definition to glyphosate, especially regarding its potentially harmful
effects on humans”.
Ward, 2018. Glyphosate use and cancer incidence in the agriculture health study: an
epidemiological perspective.
In this updated analysis of a long-term agriculture health study (AHS), an increased though
statistically insignificant risk of acute myelogenous leukemia was found in the highest
exposure quartile (RR = 2.44; CI = 0.94–6.32). The authors remind us that the AHS is one
of the largest epidemiological studies ever on glyphosate, including 57.310 licensed users
and 32.347 spouses.

We are well aware that this selection of papers for discussion can induce bias. It is beyond the
scope of this document to perform a systematic review of the countless available papers, for
reasons mentioned in chapter I.1. Our purpose here is merely to highlight the contradictions. Taking
this caveat into consideration, it looks as if for every paper denying carcinogenicity, there is another
paper accepting carcinogenicity, with all papers claiming to be correct.
The most likely conclusion is that glyphosate presents the hazard of causing cancer in vitro,
probably in animals and possibly in humans. Because of the mechanistical data and the in vitro
and in vivo observations, It seems likely that glyphosate is a weak carcinogen, also for humans.
The risk of glyphosate causing cancer in humans is likely to be very low, although it is difficult to
decide on the basis of the actual information.
Even among those who consider glyphosate carcinogenic, there is more or less consensus that it
is a weak carcinogen. For overt carcinogens, in contrast, the opinions of the EPA, IARC, and EFSA
are congruent. However, the decision whether a compound is a weak or strong carcinogen is based
on in vivo studies on animals and epidemiological studies in humans, and not on biological
mechanisms (Schrenk, 2018). This implies that the exposure level and body burden to the
carcinogen are crucial in the discussion. Hence, it might be possible to establish lowest observed
adverse effect levels (LOAEL) for tumorigenic endpoints and derive admissible exposure levels.
Evidently, this is not possible for genotoxic compounds for which no safe exposure level is possible.
The EU approached the issue in 1999, setting exposure limits to distinguish between weak and
strong carcinogens (http://ec.europa.eu/environment/archives/dansub/pdfs/potency.pdf). It is clear
that the issue of weak and strong carcinogens, together with exposure to multiple carcinogens is
very complex; the interpretation of epidemiological data should be performed with great care
(Yamaguchi, 1999).
How can a neutral observer form his or her own opinion?
One possible route is to follow the Bradford Hill criteria for investigating causality in epidemiological
studies (Hill, 1965). Although the nine criteria date from 1965, they still are frequently used in cases
where the link between occupational hazards and sickness is not clear. The application of these
criteria to the glyphosate problem works as follows: Criterion 1 (strength of association between
possible cause and possible consequence) and criterion 2 (consistency): the association between
the cause, exposure to glyphosate, and the proposed consequence of cancer in humans is at least
disputable. Even the largest epidemiological studies have not demonstrated it unequivocally.
− 23 −
Superior Health Council
www.shc-belgium.be

Regarding criterion 3 (specificity) and criterion 6 (plausibility), there is no doubt that we are exposed
to mixtures of chemicals, some of which are known carcinogens (such as car exhaust and cigarette
smoke), while to unequivocally link a particular cancer type to glyphosate is difficult. This is even
the case for non-Hodgkin lymphomas in general, although there is a slight indication that the B-cell
lymphoma subtype might be linked to glyphosate exposure. The importance of identifying
subgroups in the population with increased sensitivity to glyphosate is obvious, although this aspect
is largely unknown. Recent research has emphasized the effect of this approach on preventing
age-related chronic diseases and the consumption of bioactive compounds in plant-based food
(Manach et al., 2017). Criterion 4 (temporality): it is tempting to associate the development of
certain types of cancer to exposure to glyphosate, although the assumed length of the latency
period hampers any conclusion. There are numerous ongoing legal cases against Monsanto and
Bayer in the USA; in particular, in the case of Dewayne Johnson, a temporal link between longterm use of glyphosate and the cancer was assumed by a federal judge. Criterion 5 (biological
gradient), criterion 7 (coherence), and criterion 8 (experiment) refer to the biological basis of the
assumed cancer-causing agent. The results of in vitro experiments have some predictive value for
the genotoxicity or epigenetic transformation caused by the agents, although extrapolation to the
human situation is speculative. In in vivo experiments in animals with well-defined morphological,
histological, and organ-specific changes, the arguments for carcinogenicity are more convincing.
However, the doses and concentrations needed to induce the cancer phenotype in experiments is
as a rule many times higher than what is generally observed in in vivo conditions during human
exposure while in classical 2-year carcinogenicity studies, the spontaneous appearance of tumors
in rodents hampers any conclusion on the assumed glyphosate induced tumors.
Taken together, the Bradford-Hill criteria are fulfilled to some degree, though additional criteria such as dose-response conditions and low dose exposures - are not fulfilled. We can note that
effects other than cancer, such as effects on the microbiome, have been found to occur at very low
exposure levels comparable to those seen in humans. In addition, the straightforward application
of the Hill criteria has been questioned in view of advancements in determining the mode of action
and (bio)medical background (Fedak et al., 2015).
Whatever the hypothesis, and whatever the validity of the considerations, in concluding we may
not neglect the potential harmful effect, and this is where the precautionary principle is applicable,
as stated by the EU Commission. However, the precautionary principle should be applied with
caution, as has been discussed (Renn, 2007) and as has been stipulated by the EU in Regulation
178/2002: “Measures adopted on the basis of the precautionary principle must be proportionate”.
It has to be very clear that the application of the precautionary principle is not the final argument of
the discussion, but merely one of its elements. The SHC is of the opinion that the approach as
presented in advice 9404 (SHC, 2019) should be applied to the glyphosate problem.
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TAKE-HOME MESSAGE
The debate on the carcinogenicity of glyphosate was complicated in 2015 by IARC’s declaration
that glyphosate was “probably carcinogenic to humans”. This conclusion is based on results from
animal experiments and in vitro biochemical research. Many (almost all) other national and
international organizations did not consider glyphosate as carcinogenic to humans when used
properly.
There are multiple reasons for the discrepancy between IARC and the other organisations including
the use of different data (possibly with selection bias), the intrinsic difficulties of epidemiological
research, the unproven interference of companies with great economic interests in the topic, etc.
The scientific literature is not conclusive on the subject: for every paper suggesting carcinogenicity,
there is a paper denying carcinogenicity. All papers claim to be correct, independent, and complete.
Although there are arguments that are suggestive for glyphosate having carcinogenic properties,
the level of carcinogenicity is probably low compared to other well-known carcinogens, for which
consensus among the different organisations has been obtained.
The most likely conclusion is that glyphosate presents the hazard of causing cancer in vitro,
probably in animals and possibly in humans. Because of the mechanistical data and the in vitro
and in vivo observations, It seems likely that glyphosate is a weak carcinogen, also for humans.
The risk of glyphosate causing cancer in humans is likely to be very low, although it is difficult to
decide on the basis of the actual information.
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1.4 Non-carcinogenic toxicity of glyphosate
Although the carcinogenicity of Roundup® has received most attention, other aspects of the toxicity
profile of glyphosate should also be reviewed. Only a short summary is given here. Ecotoxicity,
although important, will not be covered in this document. The most recent complete overview of
the toxicity profile of glyphosate has been given by the Agency for Toxic Substances and Disease
Registry (ATSDR), a part of the US Centers for Disease Control (CDC) (see
https://www.atsdr.cdc.gov/toxprofiles/tp214.pdf).
1.4.1 Toxicity for unicellular and multicellular organisms (except mammals)
In a recent review, the acute and chronic toxicity of glyphosate on unicellular and nonmammalian multicellular organisms has been described (Gill et al., 2018 and references
therein). The authors of that report claim that this toxicity is the consequence of “its use in excess
in agricultural land”, which has led to polluted soils and waters. Many unicellular and multicellular
organisms in soil and water are affected to various degrees and in various biological targets, as
described in detail by the Pesticide Action Network Asia and Pacific http://www.national-toxicencephalopathy-foundation.org/roundup.pdf.
The unicellular organisms affected include (according to Gill et al., 2018): Euglena gracilis,
mycorrhizal fungal species, rhizospheric microbial communities, poultry microbiota, periphyton
communities, and others. It should be noted that references to these organisms being affected
were also published before 2000, which means that this toxicity was known long before the current
debate on glyphosate was initiated.
The multicellular organisms affected include algae, nematodes (many other types of invertebrates
are not affected), earthworms, various groups of arthropods (including crustaceans such as
daphnia and crayfish), insects such as honey bees (discussed in the next paragraph), wasps,
mollusks such as snails, and echinoderms like sea urchins. See Muller (2018) for the effect of
glyphosate on insects. Among vertebrates, toxic effects were found in various types of fish and in
amphibians such as frogs, crocodiles, and lizards. Some birds appear to be prone to glyphosate
toxicity, although it is not easy to distinguish whether we are dealing with a toxic effect due to bodily
contamination or an indirect toxic effect due to contamination of the soil and of the insects and
water consumed by birds.
Particular attention has been paid in the media to the effect of glyphosate and its formulations on
pollinators such as bees. According to Abraham et al. (2018), bees are killed when they come
into contact with glyphosate in a manner that is time and dose-dependent. Although the
experiments were performed under laboratory conditions, the authors assume that similar toxicity
occurs in real field conditions. In addition, if the bees are not killed, both appetitive behavior and
olfactory learning, which are crucial for the survival of the colony, are jeopardized (Gonalons and
Farina, 2018; Motta et al., 2018). As far as the molecular mechanisms are concerned, an interaction
of glyphosate with the redox system/vitamin A metabolic pathway in the honeybee has been
suggested (Jumarie et al., 2017). The link between glyphosate and vitamin A/retinoic acid
metabolism has also been proposed (Paganelli et al., 2010). It has been suggested that the toxic
effects of sublethal doses of glyphosate on insects might be due to the disruption of processes
related to development, reproductive performance, growth, behavior, and communication, which
are dependent on the insect’s developmental stage, sex, and population. Some of these processes
are mechanistically linked to the creation of dysbiosis in the pollinator’s microbiome, which has
been shown to regulate crucial functions in insects, such as reproduction (Gill et al., 2018). Recent
findings regarding the modulation of the microbiome in the honey-bee (Motta et al., 2018 – see
above) and in the rat gut microbiome (Lozano et al., 2018) suggest that glyphosate has multiple
targets on which to exert toxicity.
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The supposed destructive effect of glyphosate on pollinating bees has been questioned by a
detailed analysis of the massive disruption and death of bees in the US referred to as colony
collapse disorder (CCD). It was found that pollution, and in particular neonicotinoids, may be among
the culprits; glyphosate was not mentioned in the landmark paper one this topic (Cox-Foster and
Van Engelsdorp, 2009). However, this paper only considered the acute toxicity on pollinators, while
it is well known that glyphosate interferes with the gut microbiome, leading to the delayed defects
in crucial functions such as reproduction. This paper on acute effects was complemented by
Alburaki et al., (2018) who, in a one-year study, correlated the devastating effect on honey-bee
survival with high loads of honey-bee viruses and of the parasitic mite Varroa destructor. Here
again, the pesticides found in high concentrations in dead bees were neonicotinoids. It is clear that
the economic consequences of the killing of pollinator bees should be viewed in the long term, and
not only in the acute short-term phase.
The Superior Health Council’s concern over the use of herbicides, pesticides, and insecticides of
has been expressed recently regarding the use of neonicotinoides (SHC, 2016).
1.4.2 Toxicity for mammals
Rats, mice, and rabbits have been used extensively in the study of toxicity because of regulatory
obligations. Here again, conflicting results have been obtained. Tizhe et al. (2014a, 2014b)
conclude that, in an animal model, high doses of glyphosate in combination with zinc in food and
drinking water lead to a number of histopathological changes, with degeneration of the kidney
glomerulus and tubular necrosis being prominent. These effects were not found in the absence of
zinc. However, the same research group found that, after an eight-week oral glyphosate challenge
of rats with and without zinc, zinc apparently alleviated the toxic effects of glyphosate.
The endocrine-disrupting properties of glyphosate have been extensively studied on androgen
function, steroid genesis, effect on testes, etc. (Myers et al., 2016). However, again, the situation
is far from clear here. A recent paper (Johansson et al., 2018) described that the application of
glyphosate alone has virtually no effect on the development of testes and testosterone synthesis
in rats, while a formulation containing glyphosate has only minor effects. In contrast, perinatal
exposure to glyphosate at acceptable daily intake (ADI) levels (0.5 mg/kg/day; see next section)
affects spermatogenesis in mice (Pham et al., 2019). Although linear extrapolation to humans
would be premature (Anifandis et al., 2018), there is reason for concern and further investigation.
It is possible that the planned research project at the Ramazzini Institute and the results of pilot
studies could point out a path that will resolve this controversy (Manservisi et al., 2019; Mao et al.,
2017).
As for the toxicity of glyphosate in humans, the most astonishing report (especially for the media)
was probably that of Samsel and Seneff (2013), who wrote a series of papers on the presumed
human toxicity of glyphosate, including claims that it inhibited the cytochrome P450 detoxification
pathways and substituted glycine in polypeptides, leading to neurological diseases including
autism. In particular, Seneff alarmingly suggested that glyphosate would lead to 50 % of children
having autism by 2030.
Samsel and Seneff’s article was critically examined recently. The conclusions were straightforward:
P450 inhibition was shown to be absent, and in fact the enzyme was found to be slightly activated;
the chelation of manganese and the link with neurological diseases was never investigated, while
the supposed replacement of glycine by glyphosate was entirely wrong (Mesnage and Antoniou,
2017, 2018). These authors state in the abstract: “We found that [Samsel and Seneff]
inappropriately employ a deductive reasoning approach based on syllogism. We found that their
conclusions are not supported by the available scientific evidence. Thus, the mechanisms and vast
range of conditions proposed to result from glyphosate toxicity presented by Samsel and Seneff in
their commentaries are at best unsubstantiated theories, speculations, or simply incorrect”. Or, to
cite Wolfgang Pauli (Nobel Prize in Physics 1945): “This isn’t right, it’s not even wrong”.
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Although the paper of Samsel and Seneff is generally considered inadequate, the impact of the
environment on the development of autism spectrum disorder (ASD) (Sealey et al., 2016; Von
Ehrenstain et al., 2019) should not be ignored. The role of endocrine-disrupting agents on the
etiology of ASD has recently been reviewed (Moosa et al., 2018), demonstrating that, on top of the
well-known genetic causes of ASD, a role of environmental chemical exposure cannot be excluded.
These authors concluded that “exposure to this class of chemicals can lead to persistent changes
in gene expression and phenotype, which may in turn contribute to transgenerational inheritance
of autism spectrum disorder”.
The possibility of transgenerational inheritance of pathologies others than ASD caused by
glyphosate has been put forward recently by Kubsad et al. (2019). These authors show that the F1
generation of pregnant rats exposed to glyphosate suffers negligible health consequences.
However, the F2 and F3 generation of initially exposed F0 rats show an increase in pathologies
such as prostate disease, obesity, ovarian disease, and kidney diseases. Although the exposure
conditions in these rats are not compatible with the assumed normal human exposure (as rats are
treated at very high doses administered intraperitonially), these results require further investigation.
In addition to the Kubsad paper, some controversial results have been published. Kimmel et al.
(2013) and Williams et al. (2012) found no effect of glyphosate doses compatible with assumed
human exposure on either cardiovascular development or reproduction while Milesi et al. (2018)
found structural congenital anomalies in the F2 offspring of glyphosate-treated pregnant rats. Of
note: both Kimmel and Williams are suspected of having a link with glyphosate producing
companies. It is clear that effects on development after exposure in utero or to infants need to be
investigated further in more detail.
1.4.3 Possible molecular mechanisms of toxicity
On the molecular level, an interesting finding was that protein kinase C (PKC) and mitogenactivated protein kinases, such as ERK1/2 and p38MAPK, might act as cellular targets for
glyphosate (Cavalli et al., 2013). PKC is a pivotal enzyme within the signal transduction system in
almost all cells, including that of G protein-coupled receptors, leading to numerous cellular effects,
stimulating all kinds of cellular activity and also leading to cell death (Vauquelin and Mentzer, 2007).
Of particular importance is that PKC is the receptive protein for tumor promoters, such as phorbol
myristate. Whether this might be linked to the toxic properties of glyphosate is not as yet clear.
Numerous papers have been published on the genotoxicity of glyphosate (Brusick et al., 2016
and references herein). Taken together, there is ample evidence that glyphosate can affect genetic
material in in vitro experiments, as has been observed with many different kinds of cells, as well as
in in vivo experiments. Although a clear-cut mutagenic effect of glyphosate has been observed in
a human “experiment” in Ecuador, no significant chromosomal damage was found (Paz-Y-Mino et
al., 2007, 2011). The conclusion of these authors was that “the study population did not present
significant chromosomal and DNA alterations. The most important social impact was fear. It should
be noted that the presence of a normal karyotype does not exclude the occurrence of chromosomal
aberrations in a small number of cells, what could contribute to the risk of cancer. Repair of DNA
breaks will occur to a very large extent, but a small minority of breaks will lead to mutations (Langie
et al., 2015). We recommend future prospective studies to assess the communities”.
Similarly, the World Health Organization Joint Meeting on Pesticide Residues (WHO-JMPR) group
reports: “The overall weight of evidence indicates that administration of glyphosate and its
formulation products at doses as high as 2 000 mg/kg by oral route, the route most relevant to
human dietary exposure, was not associated with an increase in chromosome alterations or other
types of genetic damage. The majority of the in vivo studies were conducted in rodents, a model
considered physiologically relevant for assessing genotoxic risks to humans. The genotoxic effects
reported to occur in vitro or in phylogenetically distant organisms have not been observed in vivo
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in appropriately treated mammalian models”
database/pesticide?name=GLYPHOSATE).

(http://apps.who.int/pesticide-residues-jmpr-

Glyphosate has been shown to exert epigenetic effects in vitro. Since DNA alkylation is associated
with gene modulation, including over-expression of oncogenes and silencing of tumor suppression
genes, it is crucial to study this issue. Kwiatkowska et al. (2017) and Woźniak et al. (2018)
demonstrated in an in vitro experiment that glyphosate may induce DNA damage in the tumor
suppressor gene p53 in human peripheral blood mononuclear cells. However, the effect was only
visible at concentrations of glyphosate above 0.25 mM up to 1mM. These in vitro concentrations
are between 2 × 105 and 1 × 106 higher than what is found in human blood samples (about 1-10
nM) (Knudsen et al., 2017). The relevance of the in vitro finding to the in vivo situation is
questionable.
1.4.4 Acceptable exposure levels
Discussions of toxicity automatically involve variables representing safety to society, which is
expressed in a number of ways, including ADI, no observed effect level (NOEL), no observed
adverse effect level (NOAEL), maximum residue levels (MRLs), and many other descriptive indices.
In 2004, the WHO estimated the ADI at 1.0 mg/kg/day, based on an unpublished study from 1993.
In the EU, ADI is set at 0.5 mg/kg/day on the basis of a rabbit teratogenic study, while the EPA
decided on a reference dose of 2.0 mg/kg/day (Myers et al., 2016). EFSA proposed an acceptable
operator exposure level of 0.1 mg/kg/day and an acceptable daily intake for consumers in line with
the Acute Reference Dose (ARfD), at 0.5 mg/kg/day. A detailed account of the different values is
given in http://npic.orst.edu/factsheets/glyphogen.html. Here again, the heterogeneity of the figures
fosters some distrust as to the underlying rationality.
Determining variables such as ADI and alike is irrefutably associated with analytical methods and
detection limits. Numerous papers are available on methods of detecting glyphosate. It suffices to
cite two recent reviews on the subject (Gill et al., 2017; Valle et al., 2019). Here again, the variability
is clear with detection limits varying from 0.1 - 0.5 µg/L for urine to 12 µg/L for seawater; values for
water and milk are 0.03 µg/L and 10 µg/L, respectively. The detection limit in air is 1 µg/m3
(https://www.osha.gov/dts/sltc/methods/partial/t-pv2067-01-8911-ch/t-pv2067-01-8911-ch.pdf). It
remains to be seen whether better analytical methods and lower detection limits will lead to a
decrease in ADI and analogous parameters - not because of increased toxicity, but because of
increased sensitivity of the methods, as has happened for asbestos.
1.4.5 Conclusion
In conclusion, although the carcinogenicity of glyphosate is the main subject of the discussion, its
non-carcinogenic toxicity should also be considered and taken into account in making decisions on
its future use. At the same time, much research has to be carried out to elucidate the real impact
of glyphosate exposure on the population level and to define the molecular targets.

TAKE-HOME MESSAGE
Although the carcinogenicity of glyphosate is the focus of the actual discussion, other types of
toxicity are known and might even appear to be more important.
There is evidence that glyphosate has an important impact on biological systems, including a
crucial impact on the microbiome and the enteric system.
The search for the molecular targets of toxicity should continue.
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1.5 Risks of combination of chemicals
With respect to pesticides, two different types of combination of chemicals are of interest:
combining the pesticide with adjuvants that facilitate the herbicidal active compound, and
combining two herbicidal active compounds that act synergistically; both possibilities must be
considered in relation to glyphosate. An adjuvant evidently has some activity, but this differs from
the weed-killing activity of the active compound. Two very detailed updates of the available
literature have been published (Rizzati et al., 2016; Reffstrup et al., 2010).
The best known glyphosate product is Roundup®, which is marketed in many formulations (Gill et
al., 2018). Most commercially available Roundup® preparations contain a glyphosate salt (up to 50
%) and up to 10 % polyethoxylated tallow alkylamine (POEA). This tallow alkylamine is a nonionic
surfactant that allows effective uptake of the water-soluble glyphosate salt across plant
membranes. Without this adjuvant, glyphosate would be much less taken up by the plant and
washed off the leaves by rain. The combination significantly enhances the herbicidal effect of the
preparation. Although glyphosate is the active substance and the component of Roundup® to which
its toxicity is generally attributed, the acute toxicity of tallow amine is much higher than that of
glyphosate. The acute toxicity of Roundup® is thus to a large extent due to the acute toxicity of
POEA (Mesnage and Antoniou, 2018). The difference in acute and chronic toxicity between the
pure compound glyphosate and the formulation containing tallow amine has been documented.
The pure compound has almost no effect, while the mixture in the formulation causes nonselective
membrane permeability and disruption of bioenergetic processes in isolated rat mitochondria
(Peixoto, 2005). EFSA has expressed its concern about tallow amine (see
https://efsa.onlinelibrary.wiley.com/doi/abs/10.2903/j.efsa.2015.4303). It is of note that POEAs
were explicitly banned from glyphosate-based herbicides upon renewal of approval in the EU.
Weed resistance has also led to glyphosate being combined with dicamba and 2.4-D, both known
herbicides. In this second type of combination, both compounds have herbicidal activity, albeit with
different cellular targets; it is thus assumed that the weed control is much more effective. In this
case, however, the toxicity of the mixture is due to the toxicity of the two herbicidal compounds,
and it is known that (for example) the acute toxicity of dicamba is much greater than that of
glyphosate.
Earlier in this document, we considered the toxicity and carcinogenicity of glyphosate to be primarily
associated with individual exposure events to one molecule. However, in the real world, we are
never exposed to the pure chemical, but always to mixtures of generally (if not always) unknown
composition. The study of the toxic effect of mixtures of compounds in general, and of
carcinogenicity in particular is extremely difficult (Manservisi et al., 2017; Legradi et al., 2018;
Levine and Borgert, 2018). In a broader context, the SHC has expressed its particular concern over
exposure in early life to mutagenic or endocrine-disrupting agents and mixtures of agents. This
concern was published in SHC advisory report 9404 (SHC, 2019) and is not treated further in this
document
(https://www.health.belgium.be/sites/default/files/uploads/fields/fpshealth_theme_file/advies_9404
_physical_chemical_environmental_hygiene.pdf). If application of the precautionary principle is
ever envisaged, it should certainly apply in this field.
In 1986, the EPA established guidance for assessing the cumulative risk for multi-route exposure
to pesticide groups determined to have a common mechanism of toxicity (EPA, 1986). The Agency
has also published guidance on determining whether chemicals share a common mechanism of
toxicity - that is, whether they can be assessed as a common mechanism group. The risk calculation
is based on dose addition, where individual pesticide exposure levels are scaled by their relative
potency and then summed. Some of the major uncertainties in this approach include the possibility
that the relative potency changes with dose and the potential for toxicological interactions (dose
addition assumes no toxicological interactions). Another point of caution is that the resulting risk
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assessments are not complete environmental health evaluations of all chemical exposures, but
only represent risks from those pesticides with a common mechanism.

TAKE-HOME MESSAGE
In an attempt to overcome the increasing resistance of weeds to glyphosate, other pesticides are
combined with it.
Combinations of chemicals inevitably lead to increased toxicity, and even synergistic effects are
possible.
The exposure of fetuses, new-borns, and infants to chemicals - and particularly to combinations of
chemicals - is of great concern.

1.6 Who might be exposed to glyphosate, and who is at risk?
Many people might be exposed to glyphosate in normal daily conditions. The following lists some
exposure scenarios, starting with those presenting the highest risk.
•
•
•
•
•
•

Among the people most exposed to glyphosate are professional operators (farmers,
horticulturists, and contract sprayers). These experience a high risk of exposure, but are
also well trained (phyto license) and wear protective clothing and masks that limit the risk.
In contrast, amateur operators (hobby gardeners and those carrying out garden
maintenance) are less exposed but are also less familiar with the correct application (risk
of overdose); they generally lack or fail to wear protective clothing.
People who happen to be in the vicinity during application (passers-by and field workers)
will be involuntarily exposed due to contact with drifting spray drops.
The families of applicators are clearly at risk from carry-home exposure.
Residents and people in the vicinity of treated plots are exposed through to dust and vapor
drift. This affects not only dwellings, but also schools, playgrounds, parks, and so on. More
vulnerable groups may be present in such places.
Finally, the entire population can be exposed to air contamination via evaporation of spray
deposits and "under-cloud" rain.

Of potentially exposed people, some categories are at the highest risk of unwanted consequences:
•
•
•
•

Professional applicators and their families.
Residents and people in the vicinity during and shortly after application.
Playing children on contaminated surfaces (lawns, school gardens) who may be at risk
through hand-to-mouth exposure.
Pregnant women, due to specific toxic risks to the fetus. The SHC has recently expressed
its concern about exposure to chemicals in the uterus and during young age (SHC, 2018;
SHC, 2019).

Evidently, these points apply not only to glyphosate, but to all pesticides and, by extrapolation, to
everyone.
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1.7 Biodiversity, resistance to glyphosate, and alternatives to glyphosate
Biodiversity is a prerequisite for the survival of humanity (Lynch and Pederson, 2016) and there is
a consensus that the current disappearance in biodiversity is manmade (Chapin et al., 2000;
Rubidge et al., 2012 (https://plato.stanford.edu/entries/ethics-environmental/index.html).
The question rises whether glyphosate and Roundup® contribute to the threat to biodiversity. In
general, five important causes of the decline in biodiversity have been distinguished: climate
change, habitat loss, overexploitation, introduction of alien species, and pollution. Herbicides and
glyphosate thus contribute to the loss of biodiversity. This is particularly true since, in 1996,
Monsanto introduced a number of genetically manipulated crops that are resistant to glyphosate.
Hence, in agriculture practice, glyphosate could be used ad libitum, killing all non-resistant weed
without disturbing the economically valuable crop. The result was a massive use of glyphosate and
the disappearance of all weed, which is by definition a loss of biodiversity. Whereas glyphosateresistant corn was marketed as soon as 1996 in the US (Benbrook, 2016), such use was never
authorized in the EU.
Powles et al. (1998) reported for the first time on the appearance of resistance to glyphosate in
rigid ryegrass. Since then, an increasing number of species developed this resistance and the
biological mechanism has been elucidated (Powles and Preston, 2006; Powles, 2008; Kreiner et
al., 2018). Recently it has been suggested that epigenetic mechanisms might contribute to
herbicide resistance in weeds (Markus et al., 2018). Taken together, what was once an optimal
weed killer is no longer optimal. A similar conclusion was drawn by O’Duke and Powles (2008) and
by Powles (2008) who stated that: “…the combination of glyphosate overreliance and the
evolutionary potential of weed species threatens glyphosate’s efficacy and sustainability as a
precious herbicide”. Whether or not glyphosate will be the victim of its success will become clear
in the next decade. Although in many other aspects different, it is tempting to make the comparison
with the use of antibiotics. It is clear that the abundant use of antibiotics (at least in some countries)
is the main, if not the most important, cause of increased and dangerous resistance of malicious
organisms and an important drawback for the medical treatment of a large number of diseases
(Aminov, 2010).
The development of resistance has two consequences. First, it is again bad news for biodiversity,
since only the weed species that developed resistance will survive glyphosate treatment. The
second consequence is even more risky: in order to retain the weed-killing properties of glyphosate
for non-resistant herbs and to kill unwanted species that have developed resistance, a second
herbicide is added to the glyphosate preparation (see previous section). It is known that glyphosate
is combined with dicamba or with 2.4 D, for which a highly toxic profile has been described.
Recently some significant contributions have been published to our understanding of the
consequences of increasing the resistance of crops to herbicides in general (Evans et al., 2018;
Peterson et al., 2017), and to glyphosate in particular (Beckie et al.,2019).
In summary, although the role of glyphosate in jeopardizing biodiversity might be more subtle than
that of other threats to biodiversity, such as global warming and habitat loss, it cannot be neglected
and must be taken into account in formulating a standpoint on glyphosate.
In view of the growing limitations to its efficacy, and the potential ban on the substance, the need
for alternatives to glyphosate is very high. Essentially, three main groups of alternatives are
available: manual techniques, mechanical techniques, and other pesticides or pesticide-like
compounds. These possibilities have been described in detail in the recent excellent review by
Abbas et al. (2018). The conclusions of this review are:
Manual weeding and hoeing are the most efficient weed control methods, but not useful for
the large areas used in modern agriculture. Furthermore, labor costs would result in a high
economic burden leading to a significant increase in the price of foods. Manual weeding
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and hoeing are only useful on small areas, such as in private horticulture and gardening
situations, or in countries where labor is cheap.
Mechanical weed control is possible as an alternative to glyphosate application as total
herbicide, using equipment that burns, steams, or electrocutes weeds. Such treatments
entail risks to the user (burns, vapor inhalation, noise pollution) and fire hazard. In addition,
high energy consumption is required.
Mechanical weeding in agricultural and horticultural crops is only possible when the plants
are grown in rows and the weeds growing between the rows are removed by tillage using
an engine. Weeds between crops and in the rows are not removed and contaminate the
final product. Furthermore, continuous spading of the ground leads to problems, including
depletion and loss of soil fertility, compaction of the subsoil, and destruction of natural
habitats.
Chemical weed control is very appealing because of the simplicity of application and the
efficacy of the treatment. In recent decades, numerous new compounds have been
introduced to the market, including glyphosate in 1974.
Abbas et al. (2018) favor the use of biological weed control, either via inoculation (introducing
antagonist exotic weeds in a crop) or augmentative (using natural antagonists to weeds already
present in the area, such as fungi). According to these authors, such weed-control methods could
function and would be used for further weed control, although the nontargeted destruction of
vegetation limits these applications. However, biological weed control has not yet proven very
successful in practice. The use of plant parasites, such as insects and bacteria, can result in
unforeseen ecological consequences.
The EU is a strong advocate of what are called “low-risk biological pesticides”. In a resolution of
15/2/2017, the Commission concluded that, at this moment (October 2019), 16 compounds with
pesticide activity - of which 11 are biological - are categorized as “low-risk compounds”. The
Commission refers to regulation EC n° 1107/2009 for the definition of compounds with low risk
(annex II, point 5, articles 22 and 47). A detailed discussion on the low-risk option has recently
been published (Marchand, 2017), and a recent example of research in the field of natural-like and
low-risk herbicides has also appeared (Araniti et al., 2019; Marrone et al., 2017). The Commission
stimulates
the
use
of
biologicals
and
other
compounds
with
low
risk.
www.artemisnatuurlijk.en/repositories/files/Resolutie%20van%20het%20Europees%20Parlement
%20van%2015-022017%20over%20biologische%20perticiden%20met%20een%20laag%20risico.pdf. Although the
option to use low-risk compounds sounds promising, it remains difficult to understand and apply
the criteria for a low-risk compound. Indeed, the list contains mainly negative criteria (the compound
is not carcinogenic, not mutagenic, has no acute toxic effect, is not neurotoxic, is not immunotoxic,
and so on), must be sufficiently efficacious, and may not cause suffering in mammals. The
glyphosate issue has made it very clear that discussing properties such as carcinogenicity is not
straightforward.
It is of note that the European Commission has distributed a list of 27 chemical substances and 30
microorganisms which could be expected to meet the criteria of low-risk substances (Commission
notice concerning a list of potentially low-risk active substances approved for use in plant
protection, 2018/C 265/02).
While this is only an indicative list without further liability, it illustrates that the reason for the slow
proceeding of the agreement on low-risk substances is not primarily the criteria, but the evaluation
process that is necessary to come to such a decision. Given that the data available for
microorganisms and simple commodity substances is often not as extensive as for synthetic active
materials (including glyphosate), reaching a decision may be truly challenging.
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Finally, allelopathy might serve as the chemical weed-control method of choice in the future.
Allelopathy involves the inhibition of growth of plants, bacteria, or fungi by toxins released by other
plants competing in the same area. The actual distribution of plants in a particular area is to a large
extent dependent on the release of allelochemicals from plants and on their beneficial or
detrimental effect on other plants. Although allelopathy is a very common biological mechanism, its
application to agriculture is relatively new and the applications are scarce (Cheng and Cheng, 2015;
Ramalingam et al., 2018).
Wageningen University is exploring new agricultural practices aiming at similar productivity with a
multitude of crops on the same surface area. The system is called “crop or plant competition”. It
increases biodiversity, keeps crop pests at bay, and lowers the need for pesticides. Productivity is
lower, but that is a societal mindset that needs to change with the help of an updated and
sustainable policy from governmental bodies (Pierik et al., 2013). Although apparently very
promising, it is clear that much research remains to be done. It is difficult to evaluate the impact of
different weed management techniques, as several aspects have to be taken into consideration:
ecotoxicity in different environmental compartments (air: drift, fine dust; water: aquatic organisms
in surface water, groundwater, sea water; eutrophication and soil: terrestrial organisms,
persistence; human toxicity; and climate impact).
Plant Research International at Wageningen evaluated all these impacts in a life cycle analysis
(LCA) of weed-control methods on pavements, according to 17 aspects that can be normalized into
a number of impact scores and one global score. This study resulted in remarkable conclusions:
• chemical control with herbicides has the highest impact on the aquatic environment;
• mechanical control by brushing has the highest impact on human toxicity;
• physical control by hot water treatment has a high impact on fine dust formation;
• physical control by burning and hot air treatment has a high impact on climate change;
• the aggregated global score was lowest for chemical control, with all other methods
(burning, hot air treatment, and steaming) having worse global scores.
It has become very clear that the application of one single method of weed control will not be
sufficient for future agricultural development, given the increasing need for food on a worldwide
scale. The combination of approaches has been called integrated weed management (IWM) or
integrated biological weed control (Lake et al., 2018), and has been favored by the EU (see report
of the PEST Committee (PEST, 2019)). The aim is to use the best method for a particular
application under the particular weather, soil, and crop condition. As Abbas et al. (2018) conclude:
“The integration of biocontrol approaches may increase the spectrum of weed control, which may
be advantageous by reducing further reliance on conventional control methods”.
While the search for alternative methods for pest control is worth encouraging, it should also be
noted that if we want to feed the world population with a healthy diet, an almost complete mind shift
in food consumption will be necessary. The EAT Lancet commission concluded: “Transformation
to healthy diets by 2050 will require substantial dietary shifts. Global consumption of fruits,
vegetables, nuts, and legumes will have to double, and consumption of foods such as red meat
and sugar will have to be reduced by more than 50 %. A diet rich in plant-based foods and with
fewer animal source foods confers both improved health and environmental benefits”
(https://eatforum.org/content/uploads/2019/04/EAT-Lancet_Commission_Summary_Report.pdf.
It is well known that large-scale crop production mainly serves to feed animals for human
consumption. Decreasing our animal product consumption, as advised by the EAT commission,
will decrease the need for large-scale crop production, and this in turn will decrease the need for
glyphosate and pesticide usage.
In conclusion, this is a worldwide problem and any change in agricultural methods - whether
imposed by law or not - will have global implications (Brookes et al., 2017). The main lesson to be
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learned is that any classical herbicide in use at present, be it glyphosate or any other, cannot serve
as the only option for weed control. However, the use of chemical alternatives to glyphosate causes
many problems: lack of efficiency, economic disadvantages, ecological consequences, toxicity
aspects, and practical feasibility problems. It is clear that a great deal of research will be needed
into economic alternatives that meet the current toxicological and ecotoxicological requirements for
sustainable weed control. It is reasonable to assume that the use of very toxic substances and
negative effects on the environment, wildlife, and humans can be reduced significantly.

TAKE-HOME MESSAGE
Although glyphosate was initially one of the most effective herbicides ever made, the increasing
resistance of weeds to it is bad news for the herbicide; this outcome is most likely due to its massive
and uncontrolled use worldwide.
Other methods for weed control will have to be developed, including physical methods, biocontrol,
allelopathy, and others. No other method currently has similar performance as glyphosate.
Any conclusion on the further use of glyphosate should consider this dilemma.
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2. Review of the PEST report
The PEST report was completed on 18 December 2018 and was accepted by a majority vote of
the Committee. The report was presented to the EU Parliament on 16 January 2019 and adopted
with 526 votes in favor, 66 against, and 72 abstentions.
The report has a number of strong points (all page numbers refer to the 50-page electronic version
of the document):
•

Concerning correct scientific information and scientific research:
All the information must be available to the public (p. 8), research into in vitro methods must
be stimulated (p. 6), risk assessment must be based on all relevant available scientific
evidence (p. 12), the use of animals for scientific purposes is highly discouraged (p 6, p. 1011), independent research is needed (p. 19), EU regulations should be updated whenever
new information becomes available (p. 20), EFSA should update its guidance documents
with new information (p. 23), EFSA should be strengthened (p. 24), confirmatory data
should be treated like original data (p. 25), the lack of data on the real-life impact of active
products, softeners, and additives should be addressed (p. 10), synergistic properties
should be further investigated (p. 23), and additives in formulations should be treated as
active substances (p. 26).

•

Concerning decision making and consulting practices:
Use of the precautionary principle must be proportionate (p. 7), a broad discussion of the
quality of food, human health, animal health, role of science, etc. must be initiated (p. 18),
rapporteur member states have strong obligations (p. 22), the Committee took great care
to hear as many stakeholders as possible (p. 44).

•

Concerning future activities:
Advances in agricultural practice must be stimulated (p. 15), there is a need for postmarket
and postauthorization environmental monitoring (pp. 9-10, p. 23), member states should
have mutual obligations regarding information, as well as to the EU (p. 28), integrated weed
management systems must be further developed (p. 28).

The report also has some weaknesses:
•

The Committee explicitly and implicitly expresses doubt on the credibility of both BfR and
EFSA (p. 12). It is highly regrettable that the same doubt is absent with respect to
IARC, in spite of clear evidence of credibility issues, as described in the peer-reviewed
literature. Even IARC is sometimes subject to pressures from industry as argued by its
former director Tomatis.

•

The most important weakness is that the Committee has no point of view on the controversy
over the carcinogenicity of glyphosate. On p. 13 of the report of the Committee, it is
mentioned that: “whereas it was unfortunately not possible to resolve this controversy in the
special committee”. Admittedly, the Committee is officially called: “On the Union’s
authorization procedure for pesticides – 2018/2153(INI)”, which means that reaching a
standpoint on the controversy was not its purpose. However, the Committee was historically
set up as a reaction to this controversy, as stated in the report on p. 30: “… following the
controversy about the renewal of glyphosate…”. Hence, the underlying question leading to
the existence of the PEST Committee was not really dealt with.
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•

In some way it is acceptable that the Committee is reluctant to express an opinion on the
controversy, because this is (or should be) a highly scientific matter while the Committee is
a political platform. However, it is regrettable that not a single suggestion on how to solve
this problem at the meta-level is given. Furthermore, the content and style of the
communication on the problem will easily stir up agitation and confusion, instead of
lessening them.

•

If nothing is done in this respect, it is easy to predict that, within five years - at the end of
the current approval period for glyphosate - the very same discussions will take place. The
suggestion of the PEST Committee to appoint an independent review of all scientific data
is probably insufficient, since it will repeat what has been done before by EPA, IARC, EFSA,
and ECHA and what has been published in the scientific literature. There is an obvious
need for more. A Delphi-like confrontation between all the involved stakeholders, under the
umbrella of an independent and relevant EU authority might be an appropriate approach.
The first step is harmonization of the criteria for reviewing the carcinogenicity and toxicity of
compounds.

•

The Committee has stressed on a number of occasions the need for a mechanism for
updating the guiding rules when new scientific information appears (see “strong points”). It
is regrettable that the Committee does not stress the need (or even obligation) for
organizations to review their point of view after new and relevant information becomes
available. With regard to chronic diseases (diseases of civilization) it is essential that all
aspects of knowledge are taken into account, including mechanistic insights involving low
dose and complex exposure effects. Within the medical scientific community, we have
inspiring examples of how meta-analysis should be performed and how a point of view can
change with new findings (e.g. the Cochrane guidelines). A similar system and self-critical
attitude on the part of each organization individually, in addition to a critical attitude to other
organizations, is absolutely necessary. The ongoing efforts of EPA and EFSA to strengthen
the clarity and independence of research and individuals are appreciated and should be
made more general.

TAKE-HOME MESSAGE
The PEST review was approved by the EU Parliament in January 2019.
The report has both strong points (less animal experiments, transparency, need for further
research, need for better procedures in the decision-taking bodies) and weak points (no vision on
the carcinogenicity of glyphosate, no suggestions for further management of the glyphosate affair,
no restrictions on the point of view of IARC, while the point of view of EFSA and EPA is criticized).
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IV.

CONCLUSIONS AND RECOMMENDATIONS

1. Summary, controversies, scenarios, reflections
The glyphosate controversy is complex, and there is an urgent need for a final regulation on its
use. All data indicate that glyphosate is likely to be a weak carcinogen in humans, although
carcinogenicity in vitro is demonstrable. The presence of other toxicological properties, particularly
on the level of the gut microbiome of several animals and humans, is less controversial and is a
cause for concern. Taken together, there is reason to question the further use of glyphosate.
However, historical facts demonstrate that knowledge of carcinogenicity and other toxic properties
and actions to preserve public health are not always linked. Tobacco smoke contains about 70
proven carcinogens, yet selling tobacco is permitted. IARC (and many other organizations) has
classified formaldehyde as “sufficient evidence in humans for carcinogenicity”, but formaldehyde
has not been withdrawn from the market. Instead it is used abundantly in industrial processes such
as in the leather and the paper industry, but also in materials for indoor use, such as adhesives,
plastics, resins etc. Browned baked food and the acrylamide derived from food preparation, alcohol
and its metabolite acetaldehyde, processed meat and diesel engine exhausts are all known
carcinogens waiting for health-related interventions.
On the other hand, some carcinogens have been removed, or are being removed, with great care.
This is the case for asbestos, the major cause of mesothelioma. While the first documented death
from asbestos dates back to 1906, asbestos was only banned throughout the EU in 2005, 99 years
later. Dichlorodiphenyltrichloroethane (DDT) was synthetized in 1874 and first used in 1939. The
scientist describing its use (Muller) received the Nobel Prize in Physiology or Medicine in 1948.
DDT was considered carcinogenic by the USA National Toxicology program (NTP), EPA, and
IARC. Yet Rachel Carson’s Silent Spring was needed to stop the use of DDT in 1974 in the Western
world, 44 years after its first use; it is still used in developing countries.
How does this relate to glyphosate? Three scenarios on its further use are possible. The two
extreme approaches would be to permit or forbid its use. A more moderate approach would permit
its use under strict and controlled conditions, and for a limited time in order to allow the development
of alternatives. In the process of making the decision, a number of variables should be considered
(see Figure 4). It is clear that more variables can be considered, but those mentioned in Figure 4
are likely to be the most important.
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Figure 4. Schematic overview of the variables in the decisions to be taken on the further use of glyphosate

Pragmatically, scenario 1 (continuous use) and scenario 2 (unconditioned immediate ban or ban in
2022) are not feasible because of respectively the strong public resistance to any further use on
the one side and the severe, unpredictable immediate economic and financial consequences on
the other side. Scenario 3 is probably indicated and will require an acceptable balance between
the health-related aspects and the economic aspects for all stakeholders.
Although there is a general consensus on the importance of most of the variables shown in Figure
4, the problem is twofold: (1) what is the weight of each of the variables in the overall decision tree,
and (2) what is the interaction between the variables?
The first problem is almost inaccessible to logical analysis, since giving weight to variables is in
many cases the consequence of culture, beliefs, education, lobbying, and so on.
As for the second problem, it is clear that e.g. increased resistance might lead to the increased use
of pesticides other than glyphosate which could possibly have a worse impact on human health or
display higher ecotoxicity. This has been approached using different techniques and increasingly
complex algorithms. These include life-cycle analysis (Van Zelm et al., 2014), system-dynamic
model analysis as applied to the Flemish environmental policy (De Kok et al., 2016), and the
computable General Equilibrium model (Global Trade Analysis Project). On the EU level, a
promising framework for the combination of cost-benefit analysis with factors such as risk,
perception, and uncertainty about toxic substances (including pesticides) in food has been
published (Graven et al., 2018).
The recent approach of the EU to the problem is to appoint four countries to another round of
evaluation of the data now available on glyphosate. This indicates that much the same schedule in
the reapproval of glyphosate will be followed as before, as determined by the law. Indeed, the
toxicology information needed for reapproval of any pesticide did not change during recent years
and still includes (in short) the acute toxicity experiments (the “six pack”), the 90-day toxicity, and
the two-year carcinogenicity studies. Any new similar study will suffer the same drawbacks as what
has been done before. In particular, the long-term carcinogenicity tests are jeopardized by the
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limited survival rate of mice and rats and the age-dependent natural occurrence of several kinds of
tumors. Sophisticated statistics might in many cases show an absence of a difference between
animals treated with glyphosate and animals without treatment (the controls) - a result which would
favor the unlimited prolongation of the use of glyphosate - but the real significance and any
reasonable conclusion are doubtful. Repeating these experiments is bound to yield similar results,
similar discussions, and similar disagreement. Similarly, using the results of historical control
experiments is not appropriate, or at least questionable (Davoren, 2018). Taken together, in these
circumstances, the European initiative is doomed to fail and to result in the same impasse
we have now. There is an urgent need to rethink the glyphosate problem. Myers et al. (2016)
and Toretta et al. (2018) noted that a number of studies on glyphosate, which are presently used
to draw conclusions, might no longer be suitable because of new outlooks, new scientific findings,
and possible new targets for toxicity (Vandenberg et al., 2016). These authors’ approach is
challenging: “Is it time to reassess current safety standards?”. It is possible that the introduction
and extension of physiologically based pharmacokinetic (PBPK) modeling might help to overcome
the limitations of classical risk assessment methods (WHO, harmonization project document No.
9, 2010).
Whatever the decision is, it will be taken under uncertainty; there is no easy solution available.

2. Conclusions and recommendations of the SHC

In view of the arguments presented in this document, it is the opinion of the SHC that the
deadline for using glyphosate as fixed by the EU should be respected. However, in spite of
the fact that the SHC is reluctant to any further use, the SHC is aware of the consequences
of banning glyphosate, in particular because adequate, less (or non) toxic chemical
alternatives for glyphosate or other in real life applicable weed control methods are not
available yet. Hence the 2022 deadline will most probably be questioned. However, it is the
opinion of the SHC that any prolongation of the permission to use glyphosate beyond 2022
is only possible if a well-controlled, clear, strict plan, installed by the appropriate authorities
with time-limited deliverables is available. Setting up this plan requires the active
contribution of all stakeholders taking all aspects into consideration. Although it is not the
task of the SHC to draw up risk management plans, the SHC is willing to participate in this
multidisciplinary approach within the boundaries of its mission.

Although it is not the task of the SHC to organize scientific research or to perform risk management,
the SCH wishes to point out some recent developments that are of interest, and which might
support future decisions (Myers et al., 2016).
1. There is an absolute need to align the criteria for defining carcinogenicity and the methods
to study it in order to avoid conflicts between international organizations. An earlier (2016)
initiative from EFSA to meet with IARC has failed. Recent frontier and crucial research on
carcinogenicity should be taken into account (Schrenk, 2018; Auerbach and Paules, 2018;
Parsons, 2018).
2. Second, and of equal importance, while the carcinogenicity of glyphosate has dominated
the discussion so far, the other toxicological properties of glyphosate, both direct and
indirect, are equally - if not more - important and must be considered in any conclusion on
the further use of glyphosate. This includes the acute-lethal, short-term, and long-term
toxicity.
3. The SHC believes that further experiments should at a minimum include the use of
genetically modified animals for carcinogenicity studies (such as the RasH2-mouse model
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and the P53+ mouse model; see Pritchard et al., 2003) and the use of zebrafish technology
for developmental toxicology (Panetto et al., 2019; Schweizer et al., 2019). In particular, the
careful and cautious use of genetically modified mice would avoid the recurring and
seemingly hopeless discussions of the two-year carcinogenicity testing requirement (see
Eastmond et al., 2013 for a critical review). The EPA already accepted the use of the RasH2
model for regulatory requirements. To the best of our knowledge, the results of these
experiments have not yet been published. It is relevant to note in this context that a threeyear
study
began
at
the
Ramazzini
Institute
in
mid-2017
(https://gmwatch.org/en/news/latest-news/16803-italy-s-ramazzini-institute-to-probeglyphosate-safety). Similarly, the French Agence Nationale de Sécurité Sanitaire de
l’Alimentation, de l’Environnement et du Travail (ANSES) launched in 2019 a call for
applications to conduct complementary studies on the carcinogenic potential of glyphosate.
The aim of this is to identify the carcinogenic modes and mechanisms of action. See
https://ntp.niehs.nih.gov/results/areas/glyphosate/index.html?utm_source=direct&utm_me
dium=prod&utm_campaign=ntpgolinks&utm_term=glyphosate
and
https://www.anses.fr/fr/content/l%E2%80%99anses-lance-un-appel-d%E2%80%99offrespour-la-r%C3%A9alisation-d%E2%80%99%C3%A9tudes-compl%C3%A9mentaires-surle.
4. The use of large scale human molecular epidemiology is the principal way forward to assess
the risk of chemicals in terms of diseases of civilization as pointed out in the advice of the
SHC on physical chemical hygiene and the importance of early life exposures (SHC, 2019).
5. Whatever further experiments are planned, stakeholders in the glyphosate discussion
should agree on protocols and accept the final conclusions.
6. Extreme care is needed regarding transparency and avoiding any conflicts of interest. The
Ramazzini institute’s crowd-funding initiative for their research into glyphosate is
appreciated.
7. The SHC is not well equipped to evaluate the problems associated with the replacement of
glyphosate by other substances, products , techniques or approaches. However, from the
perspective of the protection of human health, the SHC is of the opinion that, in accordance
with advice 9404 (SHC, 2019) human exposure to glyphosate should be limited as much
as possible. In addition the principle of integrated weed management must be further
investigated, with the aim of using pesticides minimally for weed control and, where used,
with a preference for low-risk biological weed control compounds administered with optimal
timing during crop growth. The University of Wageningen has proposed some valuable
experiments related to integrated weed control.
8. Whatever decisions are taken and whatever suggestions for further research are
formulated, communication with the public should be carefully considered so as to avoid
both panic and indifference.
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TAKE-HOME MESSAGE
The advice of the Superior Health Counsel is as follows:
Based on the available information, and being aware of possible bias, the SHC considers that there
is enough evidence to ban glyphosate. Carcinogenicity might not be the most significant toxic effect:
other effects may be more important.
The use of glyphosate should stop in 2022 according to the current permission period. Prolongation
of the use of glyphosate will depend on a clear plan, set up and coordinated by the appropriate
authorities and leading to the planned, progressive abandon of glyphosate.
Any ban on glyphosate should be implemented very carefully, taking into consideration not only the
medical arguments, but ecological and economic elements also.
If the precautionary principle is applied, it should be done with great care.
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APPENDIX

12/11/2015

30/10/2015

29/7/2015

29/4/2015

20/4/2015

20/12/2013

21/10/2009

2009

1995
1/7/2002

Date
Before 1991
1991

EFSA journal
13(2015)4302

IARC Monograph 112

https://doi.org/10.1016/S1
470-2045(15)70134-8

Regulation EC 1107/2009

Commission Directive
2001/99/EC

Council Directive
91/414/EEC

Reference

The Commission ordered EFSA to review the findings of IARC; the deadline for submission
of the review was set to 30/10/2015.
IARC publishes the full report on glyphosate (together with 4 other pesticides) and
concludes that glyphosate is “category 2A: probably carcinogenic to humans”.
The draft review of EFSA was submitted to the Commission on 30/10/2015 and this review
was send to the Standing Committee on Plants, Animals, Food and Feed on 28/1/2016
(further called: standing committee or PAFF).
EFSA explains its position with respect to the carcinogenicity of glyphosate and its view on
the review of IARC.

Description
Pesticides were registered in each Member State separately.
Adoption of a 2-way registration procedure: the active substance was reviewed on EU level,
the use of the formulation was reviewed at the level of the Member State. Any pesticide
registered before 1991 was due to re-registration in a work program that should finish in
2010.
Review of glyphosate for re-registration by Germany as member state rapporteur (MR).
Glyphosate was approved in the EU for a period of 10 years; the authorization expired in
2012.
EPA reviews its position on glyphosate but the conclusion of 1991 remains: glyphosate
does not pose a cancer problem.
Rules concerning placing on the market of plant protection products (PPP) replacing older
Directives 79/117/EEC and 91/414/EEC. This is until now the most important EU
Regulation. The execution of Regulation EC 1107/2009 is laid down in Regulation
546/2011.
Re-registration of glyphosate was ordered taking the meanwhile adopted Regulation EC
1107/2009 into account. The applicant submitted the necessary documents, the rapporteur
member state (Germany) reviewed the documents and submitted the conclusion to the
European Food Safety Authority (further called the Authority, EFSA) and the Commission
on 20/12/2013.
IARC publishes its findings in a short notice in Lancet Oncology.

Appendix 1 – Overview of historical and ongoing EU activities relating to glyphosate and pesticides.

VI.
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C(2017)8419

P8_TA-PROV(2018)0022

P8_TA(2018)0356

PR\1162183.docx
A8-0475/2018

6/2/2018

13/9/2018

17/9/2018
18/12/2018

European Citizen
Initiative
P8_TA-PROV(2017)0395

EFSA Journal
15(2017)4979

P8_TA(2016)0119

14/12/2017

27/11/2017

24-25/10/2017

6/10/2017

5-6/10/2017

7/9/2017

15/6/2017

16/5/2017

15/3/2017

29/6/2016

13/4/2016

Proposal to renew the approval of glyphosate for 7 years but the proposal was not adopted
by the European Parliament.
The commission called for a vote on the renewal proposal but no majority was obtained.
The opinion of the Committee for Risk Assessment of the European Chemical Agency
(ECHA) will be asked for. The Commission prolongs the approval for using glyphosate for 6
months after arrival of the opinion of ECHA.
The Risk Assessment Committee (RAC) of ECHA concludes by consensus that glyphosate
does not cause cancer in humans and should not be classified as a substance that causes
genetic damage. Similar conclusions are presented by EFSA and the World Health
Organization meeting on Pesticide Residues (WHO-JMPR).
The Commission agreed that the discussions on the renewal of the approval of glyphosate
should start up with the Member States.
ECHA publishes its conclusion on the carcinogenicity of glyphosate. Hence the deadline for
approval is 31/12/2017.
EFSA document on “the peer review of pesticide risk assessment of the potential endocrine
disrupting properties of glyphosate”.
A further round of discussion with the Member States. The Member States have received
the EFSA conclusion on 7 September 2017.
The European Commission officially received a successful European Citizens’ Initiative with
validated signatures of more than 1 million citizens in at least 7 Member States.
The Commission held another round of discussion with the Member States. The proposal is
to renew the approval for 10 years. Since there is no support for this prolongation, the PAFF
proposes to prolong the approval for 5 years.
A qualified majority in favor of the proposal by the Commission to renew the approval of
glyphosate for 5 years was reached by the appeal committee (18 Member States in favor, 9
Member States against and 1 Member State abstained).
The Commission adopted the act to renew the approval of glyphosate for 5 years. The use
of glyphosate is limited till 15/12/2022.
The Commission decides to set up a special committee on the Union’s authorization
procedure for pesticides. The Committee is called PEST.
European Parliament resolution of 13 September 2018 on the implementation of the Plant
Protection Products Regulation (EC) No 1107/2009 (2017/2128(INI)).
Draft report of the Pest Committee.
Final report of the PEST committee: “on the Union’s authorization procedure for pesticides
(2018/2153 (INI))”.
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10/5/2019

16/1/2019

Commission
Implementing Regulation
(EU) 2019/724

Vote of the EU Parliament on the report of the PEST committee (526 votes in favor, 66
against and 72 abstentions).
4 Member States (France, Hungary, The Netherlands and Sweden) are appointed to act
jointly as rapporteurs for the next assessment of glyphosate. This group of Member States
will be known as the Assessment Group on Glyphosate (AGG).

VII.

COMPOSITION OF THE WORKING GROUP

The composition of the Committee and that of the Board as well as the list of experts appointed by
Royal Decree are available on the following website: About us.
All experts joined the working group in a private capacity. Their general declarations of interests
as well as those of the members of the Committee and the Board can be viewed on the SHC
website (site: conflicts of interest).
The standing working group on chemical agents was involved in drawing up and endorsing this
advisory report. The standing working group was chaired by Luc HENS; the rapporteur was
Norbert FRAEYMAN; the scientific secretary was Marleen VAN DEN BRANDE.
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FRAEYMAN Norbert
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HEILIER Jean-François
HENS Luc
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KEUNE Hans
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PLUSQUIN Michelle
STEURBAUT Walter
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Health and environment
Human exposure
Toxicology

Universiteit Hasselt
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UGent
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ULiège
Universiteit Hasselt
UGent
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The following expert was heard but did not take part in endorsing the advisory report:
SMAGGHE Guy

Ecotoxicology

UGent

The following experts peer reviewed the advisory report but did not take part in endorsing it:
DE WEIRDT Rosemarie
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VAN DE WIELE Tom

Biotechnology
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Biotechnology

UGent
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The following administrations and/or ministerial cabinets were heard:
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DGAPF – Pesticides and fertilizers
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About the Superior Health Council (SHC)
The Superior Health Council is a federal advisory body. Its secretariat is provided by the Federal
Public Service Health, Food Chain Safety and Environment. It was founded in 1849 and provides
scientific advisory reports on public health issues to the Ministers of Public Health and the
Environment, their administration, and a few agencies. These advisory reports are drawn up on
request or on the SHC's own initiative. The SHC aims at giving guidance to political decisionmakers on public health matters. It does this on the basis of the most recent scientific knowledge.
Apart from its 25-member internal secretariat, the Council draws upon a vast network of over 500
experts (university professors, staff members of scientific institutions, stakeholders in the field, etc.),
300 of whom are appointed experts of the Council by Royal Decree. These experts meet in
multidisciplinary working groups in order to write the advisory reports.
As an official body, the Superior Health Council takes the view that it is of key importance to
guarantee that the scientific advisory reports it issues are neutral and impartial. In order to do so,
it has provided itself with a structure, rules and procedures with which these requirements can be
met efficiently at each stage of the coming into being of the advisory reports. The key stages in the
latter process are: 1) the preliminary analysis of the request, 2) the appointing of the experts within
the working groups, 3) the implementation of the procedures for managing potential conflicts of
interest (based on the declaration of interest, the analysis of possible conflicts of interest, and a
Committee on Professional Conduct) as well as the final endorsement of the advisory reports by
the Board (ultimate decision-making body of the SHC, which consists of 30 members from the pool
of appointed experts). This coherent set of procedures aims at allowing the SHC to issue advisory
reports that are based on the highest level of scientific expertise available whilst maintaining all
possible impartiality.
Once they have been endorsed by the Board, the advisory reports are sent to those who requested
them as well as to the Minister of Public Health and are subsequently published on the SHC website
(www.hgr-css.be). Some of them are also communicated to the press and to specific target groups
(healthcare professionals, universities, politicians, consumer organisations, etc.).
In order to receive notification about the activities and publications of the SHC, please contact:
info.hgr-css@health.belgium.be.
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