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Summary

Glyphosate [N-(phosphonomethyl) glycine] is one the world's most widely used agricultural herbicide.
It allows farmers to spray a planted field, generally before the crops have sprouted, killing weeds but not
the crops that will grow there. GMO critics claim glyphosate is linked to autism, cancer, gluten allergies,
‘leaky gut’ syndrome and other disorders. Concerns about glyphosate’s possible health impacts increased
in 2015 after the International Agency for Research on Cancer, a research arm of the World Health
Organization, classified glyphosate as “probably carcinogenic”. The ecological risk assessment indicates
that there is potential for effects on birds, mammals, and terrestrial and aquatic animals. A joint panel
from the World Health Organization and the Food and Agriculture Organization of the United Nations issued
an summary evaluation of glyphosate in May 2016, concluding it poses no cancer risks as encountered
in food and does not impact our genes. Although the European Food Safety Authority declared the evidence
on glyphosate’s carcinogenicity for humans to be “very limited”, there is still some doubt as to whether all
the studies have been made "lege artis" or whether they have not even been falsified.
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INTRODUCTION

Glyphosate, commonly known by its original trade name Roundup, is the world's most widely used herbicide
(Duke and Powles, 2008). Glyphosate has emerged to control annual and perennial weeds. Glyphosate-based
herbicides are manufactured by many companies in many countries. This non-selective herbicide was initially
targeted at the non-crop areas in agriculture and for industrial applications but, with the continuing development
of minimum- and no-tillage agricultural practices, glyphosate also found usage in a number of crop outlets (Jordan
et al., 1997). Most recently, glyphosate has found direct crop usage on plant varieties that have been genetically
modified to be tolerant of glyphosate applications (Green, 2018). This massive use of glyphosate for decades
has resulted in its ubiquitous presence in the environment, and poses a threat to humans and ecosystem.

The risk of glyphosate for human health has long been undermined, especially since almost all scientific studies
have proven its safety. Because herbicidal action of glyphosate is primarily due to its capacity to block the production
of essential amino acids in plants through a pathway called "shikimate", which is present only in plant. Thus, it was
sold as "safe" for animals and humans (Amrhein et al., 1980). But when glyphosate residues began appearing in food,
it caused a wave of outrage, and glyphosate became the subject of further studies on its safety (Giesy et al., 2000).
It has been speculated that this herbicide may be responsible for many health problems and an increased number
of some chronic diseases (Swanson et al., 2016). So, what is the safety of this plant killer and what are the hazards
of the herbicide's residues in the environment for human health? This article attempts to answer this question.

HISTORY

The molecule of glyphosate (N-(phosphonomethyl)glycine) was first synthesized in 1950 by the Swiss pharma-
ceutical firm Cilag (Franz et al. 1997). Because the molecule showing no pharmaceutical perspective, the compound
has not been investigated any further. Later it was transferred to the distributor of laboratory research chemicals,
Aldrich Chemical Co., along with research samples of Cilag. In this time American company Monsanto developed
water-softening agents on the basis of phosphonic acid derivatives and tested over 100 chemical substances related
to aminomethylphosphonic acid (AMPA), among them N- (phosphonomethyl) glycine. Monsanto later extended
the study of these compounds to herbicide activity testing, and observed their potential against perennial weeds
(Dill et al., 2010). Herbicidal effect of N-(phosphonomethyl) glycine was described by Baird et al. in 1971,
the subsequent patent (US 3799758) was claimed and obtained by Monsanto, and was introduced as a herbicide
product Roundup® (formulation of the isopropylamine salt of glyphosate with a surfactant).

Upon the expiration of the patent protection in 2000, sales of generic preparations intensively expanded (Dow,
Syngenta, NuFarm, and numerous Chinese chemical factories.), but the leading preparation producer remained
Monsanto (Duke and Powles, 2008). At present, the global glyphosate production capacity is more than 1 million
tonnes. The largest manufacturer is now China.

CHEMISTRY

Glyphosate, N-(phosphonomethyl)glycine (CAS 1071-83-6) is a phosphonomethyl derivative of the amino acid
glycine. It is an amphoteric chemical substance (m.p. 200 °C) containing a basic secondary amino function in the middle
of the molecule and monobasic (carboxylic) and dibasic (phosphonic) acidic sites at both ends (Fig. 1). This small
molecule contais both donor (acidic) and acceptor (basic) functional groups with pKa 10.9, 5.9 and 2.3, respectivelly.
Glyphosate can form a zwitterionic structure (Knuuttila and Knuuttila, 1979). This is reflected in very good water
solubility (11.6 g/L at 25 °C) and poor solubility in organic solvents (Subramaniam et al., 2000). To further increase
glyphosate water solubility it is often prepared in form of its salts.
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Figure 1. The chemical structure of glyphosate, N-(phosphonomethyl)glycine.
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Synthesis

Glyphosate can be synthesized in several ways. Two main approaches are used to synthesize glyphosate
industrially (Dill, 2010). The first synthesis is reaction of iminodiacetic acid with phosphorous acid and hydrochloric
acid (Scheme 1) and second is a one-pot synthesis from dimethyl phosphite, glycine, and paraformadehyde
(Scheme 2) (Fig. 2).
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Figure 2. Scheme of the two most commonly used syntheses of glyphosate industrial production.

Degradation

Degradation of glyphosate takes place mostly by two processes: decarboxylation or dephosphorylation.
The corresponding intermediate metabolites are AMPA or glycine, respectively. The first pathway (A) is catalyzed
by oxidoreductases, the second (B) by C—P lyases cleaving the carbon-phosphorous bond. Both pathways occur
in environmental matrices (water, soil) and plants, but the main metabolite in all cases is AMPA (Fig. 3). There are
many reviews about the toxicity and fate of glyphosate and its major metabolite, AMPA (Parrot et al., 1995; Mafas
et al., 2009; Daouk et al., 2013; Levine et al., 2015). However, there is lack of reviews on biodegradation and
bioremediation of glyphosate (Zhan et al., 2018).

Glyphosate is moderately persistent in the marine water under low light conditions and is highly persistent
in the dark. The half-life for glyphosate at 25 °C in low-light was 47 days, in the dark 267 days at 25 °C and 315 days
in the dark at 31 °C (Mercurio et al., 2014). The degradation rate of glyphosate in the clay soil is also very slow,
the half-life was 110-151 days and the kinetics of AMPA residues suggest that AMPA is more persistent than
glyphosate (Bergstrom et al., 2011).
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Figure 3. Two ways of degradation of glyphosate in environmental matrics. The first pathway (A) is catalyzed by oxi-
doreductases, the second (B) by C—P lyases cleaving the carbon-phosphorous bond. Major metabolite is AMPA.

TOXICITY

Glyphosate is a moderately toxic herbicide. Even though the LDj, values show the compound to be relatively
non-toxic it can cause significant eye irritation. The toxicity of the technical product (glyphosate) and the formulated
product (Roundup) is nearly the same. Published acute and subchronic toxic parameters of glyphosate are
summarized in Table 1.

Chronic Toxicity

Subchronic and chronic tests with glyphosate have been conducted with rats, dogs, mice, and rabbits in studies
lasting from 21 days to two years. With few exceptions there were no treatment-related gross or cellular changes
(Monsanto Company, 1985). In a chronic feeding study with rats, no toxic effects were observed in rats given doses
as high as 31 mg/kg/day, the highest dose tested. No toxic effects were observed in a chronic feeding study with dogs
fed up to 500 mg/kg/day, the highest dose tested (US EPA, 1992). Mice fed glyphosate for 90 days exhibited reduced
body weight gains. The lifetime administration of very high amounts of glyphosate produced only a slight reduction
of body weight and some microscopic liver and kidney changes. Blood chemistry, cellular components, and organ
function were not affected even at the highest doses.

Reproductive and developmental toxicity

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

Research suggests that glyphosate induce oxidative stress and induce harmful effects on reproductive parameters
in fish and that this change would reduce the fertility rate of these animals (Hued et al., 2012; Harayashiki et al.,
2013; Lopes et al., 2014; Uren Webster et al., 2014), like invertebrates (Chu et al., 2005; Schneider et al., 2009;
Gaupp-Berghausen et al., 2015) and may also cause reproductive toxicity in mammalian systems (Yousef et al.,
1995; Beuret et al., 2005; Benachour and Séralini, 2009) but results in laboratory animals showed that glyphosate
alone has low toxicity on male reproductive system (Dai et al., 2016).
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Table L. Published Acute and Subchronic Toxic Parameters of Glyphosate

Organism Test Type * Route Reported Dose Source **
honeybee LDy, > 100 pg/bee Schuette, 1998
Daphnia magna LCs, 930 ppm (48 hrs) Schuette, 1998
rainbow trout LCy 38 ppm (96 hrs) Schuette, 1998
quail LD, oral 4,640 mg/kg TOXNET, Glyphosate
bobwhite quail LDy, oral 3.851 mg/kg Schuette, 1998
bluegill runfish LCs, 78 ppm (96 hrs) Schuette, 1998
mouse LDy, intraperitoneal 130 mg/kg TOXNET, Glyphosate
mouse LD;, oral 5,600 mg/kg Monsanto Comp. 1985
mouse LDs, oral 1,568 mg/kg TOXNET, Glyphosate
mouse NOAEL oral (90-day) 500 mg/kg/day EFSA 2015
mouse NOAEL dermal (90-day) 500 mg/kg/day EFSA 2015

rat LDy, intraperitoneal 235 mg/kg TOXNET, Glyphosate
rat LD, oral 4,873 mg/kg TOXNET, Glyphosate
rat LDy, oral 4,320 mg/kg Schuette, 1998

rat LDs, oral > 2,000 mg/kg EFSA 2015

rat NOAEL oral (90-day) 414 mg/kg/day EFSA 2015

rat LDs, dermal > 2,000 mg/kg EFSA 2015

rat NOAEL dermal 400 mg/kg/day EFSA 2015

rat LCs inhalation 12,200 mg/m? Hartley and Kidd, 1983
rat LCs, inhalation > 5,000 mg/m? EC 2002

dog NOAEL Oral (90-day) 300 mg/kg/day EFSA 2015

dog NOAEL Dermal (90-day) 300 mg/kg/day EFSA 2015
rabbit LDy, oral 3,800 mg/kg TOXNET, Glyphosate
rabbit LDy, dermal 7,940 mg/kg Hartley and Kidd, 1983
man LDLo oral 2,143 mg/kg Tominack et al., 1991
man TDLo oral 1,214 mg/kg Menkes et al., 1991

* LDy, = Median Lethal Dose, LCy, = Median Lethal Concentration, LDLo = Lethal Dose Low, TDLo = Toxic Dose Low, NOAEL = No-
Observed-Adverse-Effect Level
** TOXNET = Toxicology Data Network, EFSA = European Food Safety Authority, EC = European Commission.

Despite the relative safety of glyphosate, various adverse developmental and reproductive problems have been
alleged as a result of exposure in humans and animals. Although toxicity was observed in studies that used
glyphosate-based formulations, the data strongly suggest that such effects were due to surfactants present in the for-
mulations and not the direct result of glyphosate exposure. Because human exposures are extremely low,
the estimated exposure concentrations in humans are >500-fold less than the oral reference dose for glyphosate
of 2 mg/kg/day set by the U.S. Environmental Protection Agency (USEPA 1993). In conclusion, the available
literature shows no solid evidence linking glyphosate exposure to adverse developmental or reproductive effects
at environmentally realistic exposure concentrations (Williams e al., 2012).

Many studies have focused on reproductive and developmental toxicity on glyphosate-based herbicide, but few

evidence exists to imply the male reproductive toxicity of glyphosate alone in vivo (Romano et al., 2012; Uren
Webster et al., 2014). Based on these studies, it may be conclude that glyphosate alone has low toxicity on male
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rats reproductive system (Dai et al., 2016) and that the available literature shows no solid evidence linking
glyphosate exposure to adverse developmental or reproductive effects at environmentally realistic exposure
concentrations (Williams et al., 2012; Kimmel et al., 2013).

Teratogenicity

The very first examples of observed teratogenicity of glyphosate preparations have been linked to amphibians.
Perkins and coworkers (2000) observed a formulation dependent teratogenic effect of glyphosate on embryos
of the frog species Xenopus laevis. Lajmanovich and co-workers (2003) studied the effects of a glyphosate
preparation on the tadpoles of Scinax nasicus, and found that a 2-4-day exposure to 3 mg/l glyphosate caused
malformation in more than half of the test animals, but the treatment was carried out nearly at the LCs, level
of glyphosate. Similary Dallegrave and co-workers (2003) found fetotoxic effects on rats treated with glyphosate
at very high, 1000 mg/L concentration on the 6""-15" day after fertilisation. Nearly half of the newborn rat progeny
in the experiments were born with skeletal development disorders.

Marc and co-workers (2004) observed a collapse of cell cycle of the embryos of the sea urchin of glyphosate
preparations and consider the sea urchin biotest they developed as a possible experimental model for testing
teratogenicity effect. Similar teratogenic effects were seen on embryos of chicken (Paganelli et al., 2010), but
certain conclusions were chalenged by other authors (Mulet, 2011; Palma, 2011; Saltmiras et al., 2011). In his
answer, Carrasco (2011) emphasised their opinion that the company representatives ignore scientific facts supporting
teratogenicity of glyphosate and he also emphasized that of 180 research reports of Monsanto, 150 are not public,
or have never been presented to the scientific community.

It is important to note that the bulk of the data provided during the evaluation stages of glyphosate safety were
provided by the industry. Given the recent history of the endocrine disruptor field with low dose effects observed
in numerous academic laboratories but not in industry-funded studies (Myers et al., 2009), it is clear that a reasonable
corpus of independent studies is necessary to fully evaluate the effects of agrochemicals on human health. Animal
experiments show that glyphosate is toxic to the mother and induces morphological impairments and developmental
retardation of the fetal skeleton (Dallegrave et al., 2003; Yusof et al., 2014) but in humans there is little evidence
of glyphosate teratogenicity.

The direct effect of glyphosate on early mechanisms of morphogenesis in vertebrate embryos opens concerns
about the clinical findings from human offspring in populations exposed to glyphosate in agricultural fields
(Paganelli et al., 2010). Its residues are found in the environment (Carlisle and Trevors, 1988), major crops, and food
items that humans, including pregnant women, consume daily (Parvez et al., 2018). The new risk assessment must
take into account all the data on the toxicity of glyphosate and its commercial formulations, including data generated
by independent scientists and published in the peer-reviewed scientific literature, as well as the industry-sponsored
studies.

Mutagenicity and Genotoxicity

Glyphosate was not mutagenic in Salmonella, and did not induce micronuclei in mice. The compound does not
cause mutations in microbes. The tests on eight different kinds of bacterial strains and on yeast cells were all
negative. The compound poses little mutagenic risk to humans (Stevens and Sumner, 1991). The no-observed-
adverse-effect level (NOAEL) for the salivary gland lesions was 3125 ppm in the diet for mice. A NOAEL could
not be determined from the rat study (Chan and Mabhler, 1992). The potential genotoxicity of glyphosate was tested
in a variety of well-established in vitro and in vivo assays including the Salmonella typhimurium and Escherichia
coli WP-2 reversion assays, recombination (rec-assay) with Bacillus subtilis. Chinese hamster ovary cell gene
mutation assay at the hypoxanthine/guanine phosphoribosyl transferase gene locus, hepatocyte primary culture/DNA
repair assay, and in vivo cytogenetics assay in rat bone marrow (Li and Long, 1988).

Toxicity and genotoxicity studies indicate that glyphosate is not harmful, although several investigations suggest

that it can alter various cellular processes in animals (Monroy et al., 2005). As demonstrated by the study Mafias
et al. (2009) genotoxic may be the major metabolite of glyphosate, AMPA. In human lymphocytes was found
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statistically significant clastogenic effect AMPA at 1.8 mM compared with the control group. /n vivo, the micronu-
cleus test rendered significant statistical increases at 200-400 mg/kg.

The present review of subsequent genotoxicity publications and regulatory studies of glyphosate and glyphosate-
based formulations (GBFs) show the glyphosate and typical GBFs do not appear to present significant genotoxic
risk under normal conditions of human or environmental exposures. (Kier and Kirkland, 2013; Kier, 2015).

In 2015, the International Agency for Research on Cancer (IARC) published a monograph concluding there
was strong evidence for genotoxicity of glyphosate and GBFs and moderate evidence for genotoxicity of the AMPA.
These conclusions contradicted earlier extensive reviews supporting the lack of genotoxicity of glyphosate and
glyphosate formulations. The Expert Panel reviewed the genotoxicity and oxidative stress data considered in the IARC
Monograph, together with other available data not considered by IARC and concluded that glyphosate, glyphosate
formulations, and AMPA do not pose a genotoxic hazard. With respect to carcinogenicity classification and
mechanism, the Expert Panel concluded that evidence relating to an oxidative stress mechanism of carcinogenicity
was largely unconvincing and that the data profiles were not consistent with the characteristics of genotoxic
carcinogens (Brusick et al., 2016).

Organ Toxicity

Kidney and liver are the main target organs for glyphosate with studies showing disruption of gene expression,
alterations of enzyme levels, interference in mitochondrial metabolism, oxidative damage and, in the case of the kidney,
tumours (Lamb et al., 1998; Peixoto, 2005; Gasnier et aal., 2010; Jasper et al., 2012; Larsen et al., 2012; Séralini
etal., 2014).

In humans, ingestion of Roundup results in nephrotoxicity. Patients who die from glyphosate ingestion usually
have developed acute kidney injury (Wunnapuk et al 2014). So called chronic kidney disease of unknown cause
(CKDu) also called Sri Lankan Agricultural Nephropathy — SAN) amongst farmers in Sri Lanka is probably con-
nected with glyphosate. It is characterised by tubular interstitial nephritis associated with mononuclear cell infiltration,
glomerular sclerosis, tubular atrophy, and tubular proteinurea (Jayasumana et al., 2014, 2015). As showed Mesnage
et al. (2013) roundup killed human embryonic kidney cells at levels 200-fold lower than those recommended
for agricultural use. The LC,, was 57.2 mg/L.

There are limited data on the central nervous system (CNS) effects of glyphosate toxicity especially as regards
the entry of glyphosate into the brain through the blood-brain barrier (Astiz et al., 2012)

Carcinogenicity

The carcinogenicity of glyphosate has been reviewed by several national and international agencies (Ibrahim
2015). Rats and dogs and mice fed glyphosate over a wide range of doses showed no cancer related effects directly
due to the compound (Forest Service, 1984). EPA has stated that there is sufficient evidence to conclude that glyphosate
is not carcinogenic in humans (USEPA, 1992). Unfortunately, the study carried out by Swedish oncologists showed
that glyphosate may induce cancer of the lymphatic system (Hardell and Eriksson, 1999). The results of the Swedish
study have changed our opinion about "safety" of this herbicide (Pieniazek et al., 2003). Investigations concerning
both its accumulation and toxic effect in animals and plants are now under way in many laboratories.

Carcinogenicity in animals

There is only one published study on the carcinogenicity of the active substance glyphosate in rats (Chruscielska
et al. 2000), which showed no significant increase in tumour incidences in any treated group. Two additional published
studies on glyphosate formulations, the first one on initiation-promotion in mice (George et al. 2010) and the second
one, a study of rats (Seralini et al. 2014) that was retracted and republished creating some controversies (Fagan et
al. 2015), were considered inadequate by IARC and EFSA for carcinogenicity assessment (European Food Safety
Authority 2012; IARC 2015). Consequently, industry-sponsored studies, required by several jurisdictions worldwide,
have constituted the basis for the assessment of animal carcinogenicity by both IARC and EFSA.
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Carcinogenicity in humans

Glyphosate has been rigorously and extensively tested for carcinogenicity by administration to mice and to rats
and Most authors have concluded that the evidence does not indicate a cancer risk to humans. The International Agency
for Research on Cancer (IARC), however, evaluated some of the available data and concluded that glyphosate probably
is carcinogenic to humans (Williams et al., 2016).

The most up-to-date review of human epidemiological studies on glyphosate offered study IARC (2015).
Positive evidence regarding an association between exposure to glyphosate and non-Hodgkin lymphoma, observed
in some case-control studies but not confirmed by cohort studies, was considered sufficient by IARC to conclude
on “limited evidence” in humans. TARC concluded that the limited evidence in humans was supported by sufficient
evidence of carcinogenic potential in animals and strong mechanistic evidence for genotoxicity and oxidative stress.
In the absence of conclusive human evidence, and despite some views suggesting the need for re-assessing
its relevance (Beyer et al. 2011; Marone et al. 2014; Osimitz et al. 2013), rodent long-term toxicity/carcinogenicity
studies are used for predicting carcinogenicity in humans (Doktorova et al. 2012).

Neurotoxicity

Neurotoxicants can produce neurologic effects by several general mechanisms, as detailed by Fonnum (1999):
Damage to nerve cells from free radicals, disruption of nerve fibers, disruption of myelin, interference with ion
channels, interference with uptake, release, or metabolism of neurotransmitters, and disruption of neuroglia cells.
Some recent studies demonstrate that glyphosate exposure is associated with oxidative damage (Kasuba et al.,
2017; Tang et al., 2017) and that glyphosate might lead to excessive extracellular glutamate levels and consequently
to glutamate excitotoxicity and oxidative stress in rat hippocampus (Cattani et al., 2014).

Animals

The former toxicology studies of glyphosate has been examined in subchronic, chronic, and multigeneration
studies in rodents and in subchronic studies in dogs and did not find evidence of neurotoxicity. More recently
Coullery et al. (2016) report about impaired neuronal development caused by glyphosate exposure. They observed
that the initial axonal differentiation and growth of cultured neurons is affected by glyphosate and that glyphosate
led to a decrease in Wnt5a level, which is a key factor for the initial neurite development and maturation, as well as
inducing a down-regulation of CaMKII activity. The results of Hernandez-Plata et al. (2015) indicate that repeated
glyphosate exposure of Dawley rats results in hypoactivity accompanied by decreases in specific binding to D1-DA
receptors in the NAcc, and that acute exposure to glyphosate has evident effects on striatal DA levels.

Humans

The clinical case literature of acute glyphosate intoxication is reasonably extensive but does not provide evidence
for glyphosate being an acute neurotoxicant in humans. Large-scale controlled epidemiological studies of glyphosate
exposure and neurological outcomes have not been reported. In the hundreds of reported cases of glyphosate
poisoning suggests that any neurologic symptoms associated with glyphosate exposures were secondary to other
toxic effects (Sawada et al., 1988; Menkes and Temple, 1991; Talbot et al., 1991; Tominack et al., 1991; Temple
and Smith, 1992; Hung et al., 1997; Pushnoy et al., 1998; Sorensen and Gregersen, 1999; Lee et al., 2000; Williams
et al., 2000).

Immunotoxicity

Immunotoxicity of glyphosate was studied by Chinese authors (Ma et al., 2015) in fish. The results of this study
indicate that glyphosate causes immunotoxicity on common carp (Cyprinus rarpio) via suppressing the expressions
of immunoglobulin M, complement C3, and lysozym and also via damaging the fish kidney. In other experiment
(Ma and Li, 2015) the acute toxicity tests showed that the 96 h LCj, of glyphosate for common carp was 520.77 mg/L
and sub-acute exposure of glyphosate altered the contents of IFN-y, IL-1B, and TNF-a in fish immune organs.
In addition, glyphosate-exposure also caused remarkable histopathological damage in the fish liver, kidneys,
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and spleen. These results suggest that glyphosate-caused cytokine alterations may result in an immune suppression
or excessive activation in the treated common carp as well as may cause immune dysfunction or reduced immunity.

The toxic effects of glyphosate on Chinese mitten crab (Eriocheir sinensis), were assessed using immunotoxicity
and genotoxicity biomarkers in the study of Hong et al. (2017). The results showed that 24 h and 96 h LC;, values
of glyphosate for E. sinensis were estimated as 461.54 and 97.89 mg/L, respectively, and the safe concentration
was 4.4 mg/L. Using immunological assays, it was found that glyphosate has evident toxic effect on E. sinensis by
immune inhibition that is possibly due to the haemocyte DNA damage and a sharp decline in haemocyte numbers,
which subsequently induced changes in activities of immune-related enzymes and haemocyte phagocytosis.

This studies does not provide information that is adequate for determining whether the reported immune
responses were due to a direct effect on the immune system or secondary effects associated with cytotoxicity.

HUMAN POISONING

Glyphosate is one of the most commonly used herbicides worldwide, which is minimally toxic to humans.
Clinical toxicologists occasionally encounter cases of severe systemic toxicity. Cost reported cases have followed
the deliberate ingestion of the concentrated glyphosate-based formulations (Jyoti et al., 2014; Thakur et al., 2024).
There is a reasonable correlation between the amount ingested and the likelihood of serious systemic sequelae
or death (Bradberry et al., 2004).

Glyphosate and commercial glyphosate-based formulations

Commercial glyphosate-based formulations most commonly range from concentrates containing 40 % glyphosate
to 1 % glyphosate formulations marketed for domestic use. They generally consist of an aqueous mixture of the iso-
propylamine (IPA) salt of glyphosate, a surfactant, and various minor components. It is problem that commercial
formulations contain surfactants, which vary in nature and concentration, and many surfactants probably contribute
to the acute toxicity of glyphosate formulations. Therefore, it is difficult to separate the toxicity of glyphosate
from that of the formulation as a whole or to determine the contribution of surfactants to overall toxicity. Accidental
ingestion of glyphosate formulations is generally associated with only mild, transient, gastrointestinal features.

Potential risks of glyphosate to human health via food contamination

The US EPA classifies glyphosate as 'practically non-toxic and not an irritant' under the acute toxicity
classification system. This classification is supported by the majority of scientific literature on the toxic effects
of glyphosate. However, in 2005, the FAO reported that glyphosate and its major metabolite AMPA, are of potential
toxicological concern, mainly as a result of accumulation of residues in the food chain (Bai and Ogbourne, 2016).
Because current safety assessments rely heavily on studies conducted over 30 years ago and human exposures
to glyphosate are rising. It is probably that current safety standards for glyphosate are outdated and may fail to protect
public health or the environment. To improve safety standards, the following are urgently needed: (1) human
biomonitoring for glyphosate and its metabolites; (2) prioritisation of glyphosate and GBHs for hazard assessments,
including toxicological studies that use state-of-the-art approaches; (3) epidemiological studies, especially
of occupationally exposed agricultural workers, pregnant women and their children and (4) evaluations of GBHs
in commercially used formulations, recognising that herbicide mixtures likely have effects that are not predicted
by studying glyphosate alone. (Vandenberg et al., 2017).

GLYPHOSATE AND MICROBIOME

Glyphosate has been known to have negative effects on microorganisms in the soil (Carlisle and Trevors, 1988),
but it influenced also microorganisms in the human digestive system (microbiome). A number of recent studies show
that glyphosate can cause imbalances in the normal microbiome, increasing vulnerability to pathogenic bacteria,
as well as influencing the response to antibiotics and intestinal functioning, in humans and animals. In an in vitro
study on poultry gut microorganisms, the highly pathogenic bacteria (Salmonella entritidis, Salmonella gallinarum,
S. typhimurium, Clostridium perfringens and C. botulinum were found to be highly resistant to glyphosate while
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most of beneficial bacteria (Enterococcus faecalis, E. faecium, Bacillus badius, Bifidobacterium adolescentis,
and Lactobacillus spp.) were moderately to highly susceptible to it. This indicates poultry feed containing residues
of glyphosate may be a predisposing factor in increased risk of pathogens in poultry and subsequently foodborne
illness in humans (Shehata et al 2013, 2014).

In an in vitro study on rats, glyphosate impaired small intestinal motility at concentrations that are reported to be
present in human blood (3 — 14 mg/L) (Chlopecka et al 2014). The authors suggest that the repetitive presence
of glyphosate in low doses in intestine cells might play a crucial role in recurrent intestinal dysmotility. Samsel
and Seneff (2013) have hypothesised that glyphosate residues in food may be linked to increasing coeliac disease
in North America and Europe, because of glyphosate’s adverse effect on the balance between beneficial and
pathogenic gut biota, its ability to chelate metals, and its inhibition of some cytochrome P450 enzymes.

REGULATION

An independent review by the International Agency for Research on Cancer (IARC) found that glyphosate is
a “probable human carcinogen”. A review by the EFSA found no evidence of carcinogenic hazard. These differing
findings have produced regulatory uncertainty.

Reflecting this regulatory uncertainty, the European Commission on November 27 2017, extended authorization
for glyphosate for another 5 years, while the European Parliament opposed this decision and issued a call
that pesticide approvals be based on peer-reviewed studies by independent scientists rather than on the current
system that relies on proprietary industry studies.

On November 27 2017, the European Commission extended the authorization for glyphosate for another 5 years.
The European Parliament, however, opposed this decision and issued a call for pesticide approvals to be based
on published peer-reviewed studies by independent scientists instead of the current system, which is largely based
on unpublished proprietary studies. Regulatory uncertainty and debate are extensive (Portier et al., 2016;
Vandenberg et al., 2017).

CONCLUSIONS

The herbicide glyphosate, N-(phosphonomethyl) glycine, has been used extensively in the past 40 years, under
the assumption that side effects were minimal. However, in recent years, concerns have increased worldwide about
the potential wide ranging direct and indirect health effects of the large scale use of glyphosate. In 2015, the WHO
reclassified glyphosate as probably carcinogenic to humans. Although the acute toxic effects of glyphosate and
AMPA on mammals are low, there are animal data raising the possibility of health effects associated with chronic,
ultra-low doses related to accumulation of these compounds in the environment. Independent research is needed
to revisit the tolerance thresholds for glyphosate residues in water, food and animal feed taking all possible health
risks into account.

Finally, it would be useful to answer the question posed in the article title. IS GLYPHOSATE REALLY
HAZARDOUS FOR HUMAN HEALTH? A critical review of the recent studies on glyphosate can clearly lead
to the conclusion that this herbicide poses a major threat to the environment and to humans. Its massive use should
be stopped as quickly as possible and should only be used to a limited extent where it can not be replaced by other
total herbicides.

COMPETING INTEREST
The authors declare that they have no competing interests.
ACKNOWLEDGMENTS

This work was supported by the long-term organization development plan (University Hospital, Hradec Kralove,
Czech Republic).

178



Patocka: Is Glyphosate Really Hazardous for Human Health?

REFERENCES

1. Amrhein N, Deus B, Gehrke P, Steinriicken HC. The site of the inhibition of the shikimate pathway by glyphosate:
I1. Interference of glyphosate with chorismate formation in vivo and in vitro. Plant physiology. 1980;66(5):830-834.

2. Astiz M, de Alaniz MJ, Marra CA. The oxidative damage and inflammation caused by pesticides are reverted
by lipoic acid in rat brain. Neurochem Int. 2012;61(7):1231-1241.

3.Baird DD, Upchurch RP, Homesley WB, Franz JE. Introduction of a new broadspectrum postemergence
herbicide class with utility for herbaceous perennial weed control. Proceedings North Central Weed Control
Conference, Kansas City, Mo, USA. 1971;26:64-68.

4.Bai SH, Ogbourne SM. Glyphosate: environmental contamination, toxicity and potential risks to human health
via food contamination. Environ Sci Pollut Res Int. 2016;23(19):18988-19001.

5.Benachour N, Séralini GE. Glyphosate formulations induce apoptosis and necrosis in human umbilical,
embryonic, and placental cells. Chem Res Toxicol. 2009;22(1):97-105.

6.Bergstrom L, Borjesson E, Stenstrom J. Laboratory and lysimeter studies of glyphosate and
aminomethylphosphonic acid in a sand and a clay soil. J Environ Qual. 2011;40(1):98-108.

7.Beuret CJ, Zirulnik F, Giménez MS. Effect of the herbicide glyphosate on liver lipoperoxidation in pregnant
rats and their fetuses. Reprod Toxicol. 2005;19(4):501-504.

8.Beyer LA, Beck BD, Lewandowski TA. Historical perspective on the use of animal bioassays to predict
carcinogenicity: evolution in design and recognition of utility. Crit Rev Toxicol. 2011;41:321-338.

9. Bonfanti P, Saibene M, Bacchetta R, Mantecca P, Colombo A. A glyphosate micro-emulsion formulation displays
teratogenicity in Xenopus laevis. Aquatic Toxicology. 2017;195:103-113.

10. Bradberry SM, Proudfoot AT, Vale JA. Glyphosate poisoning. Toxicol Rev. 2004;23(3):159-167.

11. Brusick D, Aardema M, Kier L, Kirkland D, Williams G. Genotoxicity Expert Panel review: weight of evidence
evaluation of the genotoxicity of glyphosate, glyphosate-based formulations, and aminomethylphosphonic acid.
Crit Rev Toxicol. 2016;46(sup1):56-74.

12. Carlisle SM, Trevors JT. Glyphosate in the environment. Water Air Soil Pollution, 1988;39(3-4):409-420.

13. Carrasco AE. Reply to the letter to the editor regarding our article (Paganelli et al., 2010). Chem Res Toxicol.
2011;24(5):610-613.

14. Cattani D, de Liz Oliveira Cavalli VL, Heinz Rieg CE, Domingues JT, Dal-Cim T, Tasca CI, Mena Barreto
Silva FR, Zamoner A. Mechanisms underlying the neurotoxicity induced by glyphosate-based herbicide in
immature rat hippocampus: involvement of glutamate excitotoxicity. Toxicology. 2014;320:34-45.

15. Chan P, Mahler J. NTP technical report on the toxicity studies of Glyphosate (CAS No. 1071-83-6) Administered
In Dosed Feed To F344/N Rats And B6C3F1 Mice. Toxic Rep Ser. 1992;1 6:D1-D3.

16. Chtopecka M, Mendel M, Dziekan N, Karlik W. Glyphosate affects the spontaneous motoric activity of intestine
at very low doses — in vitro study. Pestic Biochem Physiol. 2014;113:25-30.

17. Chruscielska KGB, Brzezinski J, Kita K et al (2000) Glyphosate: evaluation of chronic activity and possible
far-reaching effects-Part 1. Studies on chronic toxicity. Pestycydy 2000;(3—4):11-20.

18.Chu Z, YiY, Xu X, Ge Y, Dong L, Chen F. [Effects of glyphosate on life history characteristics of freshwater
rotifer Brachionus calyciflorus]. Ying Yong Sheng Tai Xue Bao. 2005;16(6):1142-1145. Chinese.

19. Coullery RP, Ferrari ME, Rosso SB. Neuronal development and axon growth are altered by glyphosate through
a WNT non-canonical signaling pathway. Neurotoxicology. 2016;52:150-161.

20.Dai P, Hu P, Tang J, Li Y, Li C. Effect of glyphosate on reproductive organs in male rat. Acta Histochem.
2016;118(5):519-526.

21. Dallegrave E, Mantese FD, Coelho RS, Pereira JD, Dalsenter PR, Langeloh A. The teratogenic potential of the
herbicide glyphosate-Roundup in Wistar rats. Toxicol Lett. 2003;142(1-2):45-52.

22. Dallegrave E, Mantese FD, Oliveira RT, Andrade AJ, Dalsenter PR, Langeloh A. Pre- and postnatal toxicity of
the commercial glyphosate formulation in Wistar rats. Arch Toxicol. 2007;81(9):665-673.

23.Daouk S, Copin PJ, Rossi L, Chévre N, Pfeifer HR. Dynamics and environmental risk assessment of the
herbicide glyphosate and its metabolite AMPA in a small vineyard river of the Lake Geneva catchment. Environ
Toxicol Chem. 2013;32(9):2035-2044.

24.Dill GM, Sammons RD, Feng PCC, Kohn F, Kretzmer K, Mehrsheikh A, Bleeke M, Honegger JL, Farmer D,
Wright D, Haupfear EA. Glyphosate: discovery, development, applications, and properties. Chapter 1.
In: Nandula VK.(Ed.). Glyphosate Resistance in Crops and Weeds: History, Development, and Management,
Wiley, Hoboken, NJ, USA, 2010, pp. 1-33. ISBN 978-0470410318

179



Patocka: Is Glyphosate Really Hazardous for Human Health?

25.Doktorova TY, Pauwels M, Vinken M, Vanhaecke T, Rogiers V. Opportunities for an alternative integrating
testing strategy for carcinogen hazard assessment? Crit Rev Toxicol. 2012;42(2):91-106.

26. Duke SO, Powles SB. Glyphosate: a once-in-a-century herbicide. Pest Management Sci. 2008;64(4):319-325.

27.EC 2002. Review Report for the Active Substance Glyphosate. European Commission 6511/V1/99-final.
Auvailable at: http://ec.europa.eu/food/plant/protection/evaluation/exist subs rep en.htm

28.EFSA, 2012. European Food Safety Authority Final review of the Séralini et al. (2012a) publication on a 2-
year rodent feeding study with glyphosate formulations and GM maize NK603 as published online on 19
september 2012 in food and chemical toxicology. EFSA J. 2012;10(11):2986.

29.EFSA, 2015. Final addendum to the Renewal Assessment Report - public version. Risk assessment provided
by the rapporteur Member State Germany and co-rapporteur Member State Slovakia for the active substance
GLYPHOSATE according to the procedurefor the renewal of the inclusion of a second group of active
substances in Annex I to Council Directive 91/414/EEC laid down in Commission Regulation (EU) No.
1141/2010. October 2015.

30.Fagan J, Traavik T, Bohn T. The seralini affair: degeneration of science to re-science? Environ Sci Eur.
2015;27:1-9.

31.Fonnum F. Neurotoxicology. In: Ballantyne G; Mars T; Syversen T. (Eds.) General Appl Toxicol. United
Kingdom: MacMillan Reference Ltd. 1999; pp. 631-647.

32.Franz JE, Mao MK, Sikorski JA. Glyphosate: A unique global herbicide. ACS Monograph 189. American
Chemical Society, Washington, DC, USA, 1997. ISBN 978-0841234581

33. Gasnier C, Benachour N, Clair E, Travert C, Langlois F, Laurant C, Decroix-Laporte C, Séralini G-E. 2010.
Digl protects against cell death provoked by glyphosate-based herbicides in human liver cell lines. J Occup
Med Toxicol. 2010;27:5-29.

34. Gasnier C, Dumont C, Benachour N, Clair E, Chagnon MC, Séralini GE. Glyphosate-based herbicides are toxic
and endocrine disruptors in human cell lines. Toxicology. 2009;262(3):184-91.

35. Gaupp-Berghausen M, Hofer M, Rewald B, Zaller JG. Glyphosate-based herbicides reduce the activity and
reproduction of earthworms and lead to increased soil nutrient concentrations. Sci Rep. 2015;5:12886.

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

37. Giesy JP, Dobson S, Solomon KR. Ecotoxicological risk assessment for Roundup® herbicide. In Reviews of
environmental contamination and toxicology (pp. 35-120). Springer, New York, NY, 2000.

38.Green JM. The rise and future of glyphosate and glyphosate-resistant crops. Pest Management Sci.
2018;74(5):1035-1039.

39. Grossbard E, Atkinson D (Eds). The Herbicide Glyphosate, Butterworth and Co. (Publishers) Ltd. Toronto, 1985

40. Harayashiki CA, Varela AS Jr, Machado AA, Cabrera Lda C, Primel EG, Bianchini A, Corcini CD. Toxic
effects of the herbicide Roundup in the guppy Poecilia vivipara acclimated to fresh water. Aquat Toxicol.
2013;142-143:176-184.

41.Hardell L, Eriksson M. A Case-Control Study of Non-Hodgkin Lymphoma and Exposure to Pesticides. Cancer,
1999;85(6):1353-1360.

42. Hartley D, Kidd H. (eds.), Agrochemicals Handbook, Nottingham, Royal Soc Chemistry, 1983-86, Vol. A222,
Pg. 1984.

43. Hernandez-Plata I, Giordano M, Diaz-Muifioz M, Rodriguez VM. The herbicideglyphosate causes behavioral
changes and alterations in dopaminergic markers in male Sprague-Dawley rat. Neurotoxicology. 2015;46:79-91.

44. Hong Y, Yang X, Yan G, Huang Y, Zuo F, Shen Y, Ding Y, Cheng Y. Effects of glyphosate on immune
responses and haemocyte DNA damage of Chinese mitten crab, Eriocheir sinensis. Fish Shellfish Immunol.
2017;71:19-27.

45.Hung DZ, Deng JE, Wu TC. Laryngeal survey in glyphosate intoxication: a pathophysiological investigation.
Human Exp Toxicol. 1997;16:596-599.

46. Hued AC, Oberhofer S, de los Angeles Bistoni M. Exposure to a commercial glyphosate formulation (Roundup®)
alters normal gill and liver histology and affects male sexual activity of Jenynsia multidentata (Anablepidae,
Cyprinodontiformes). Arch Environ Contam Toxicol. 2012;62(1):107-117.

47.1ARC Monographs, volume 112: some organophosphate insecticides and herbicides: tetrachlorvinphos,
parathion, malathion, diazinon and glyphosate. IARC Working Group. Lyon; 3—10 march 2015. IARC Monogr
Eval Carcinog Risk chem Hum. 2015.

48. Ibrahim YA. A regulatory perspective on the potential carcinogenicity of glyphosate. J Toxicol Health. 2015;2:1-11.

180



Patocka: Is Glyphosate Really Hazardous for Human Health?

49.Jasper R, Locatelli GO, Pilati C, Locatelli C. 2012. Evaluation of biochemical, haematological and oxidative
parameters in mice exposed to the herbicide glyphosate-Roundup®. Interdiscip Toxicol. 2012;5(3):133-140.

50. Jayasumana C, Gunatilake S, Senanayake P. Glyphosate, hard water and nephrotoxic metals: are they the culprits
behind the epidemic of chronic kidney disease of unknown etiology in Sri Lanka? Int J Environ Res Public
Health. 2014;11(2):2125-2147.

51.Jayasumana C, Paranagama P, Agampodi S, Wijewardane C, Gunatilake S, Siribaddana S.. Drinking well water
and occupational exposure to herbicides is associated with chronic kidney disease, in Padavi-Sripura, Sri Lanka.
Environ Health. 2015;14:6-16.

52.Jordan DL, York AC, Griffin JL, Clay PA, Vidrine PR, Reynolds DB. (1997). Influence of application variables
on efficacy of glyphosate. Weed Technology. 1997;11(2):354-362.

53.Jyoti W, Thabah MM, Rajagopalan S, Hamide A. Esophageal perforation and death following glyphosate
poisoning. J Postgrad Med. 2014;60(3):346-347.

54.Kasuba V, Mili¢ M, Rozgaj R, Kopjar N, Mladini¢ M, Zunec S, Vrdoljak AL, Pavici¢ I, Cermak AMM, Pizent
A, Lovakovi¢ BT, Zeljezi¢ D. Effects of low doses of glyphosate on DNA damage, cell proliferation and
oxidative stress in the HepG2 cell line. Environ Sci Pollut Res Int. 2017;24(23):19267-19281.

55. Kier LD, Kirkland DJ. Review of genotoxicity studies of glyphosate and glyphosate-based formulations. Crit
Rev Toxicol. 2013;43(4):283-315.

56.Kier LD. Review of genotoxicity biomonitoring studies of glyphosate-based formulations. Crit Rev Toxicol.
2015;45(3):209-218.

57.Kimmel GL, Kimmel CA, Williams AL, DeSesso JM. Evaluation of developmental toxicity studies of glyphosate
with attention to cardiovascular development. Crit Rev Toxicol. 2013;43(2):79-95.

58. Knuuttila P, Knuuttila H. Crystal and molecular-structure of N-(phosphonomethyl)-glycine (glyphosate). Acta
Chem Scand. 1979;33b:623-626.

59. Lajmanovich RC, Sandoval MT, Peltzer PM. Induction of mortality and malformation in Scinax nasicus tadpoles
exposed to glyphosate formulations. Bull Environ Contam Toxicol. 2003;70:612-618.

60. Lamb DC, Kelly DE, Hanley SZ, Mehmood Z, Kelly SL. 1998. Glyphosate is an inhibitor of plant cytochrome
P450: functional expression of Thlaspi arvensae cytochrome P45071B1/reductase fusion protein in Escherichia
coli. Biochem Biophys Res Commun. 1998;244(1):110-114.

61.Larsen K, Najle R, Lifschitz A, Virkel G. Effects of sub-lethal exposure of rats to the herbicide glyphosate in
drinking water: glutathione transferase enzyme activities, levels of reduced glutathione and lipid peroxidation
in liver, kidneys and small intestine. Environ Toxicol Pharmacol. 2012;34(3):811-818.

62.Lee HL, Chen KW, Chi CH, Huang JJ, Tsai LM. Clinical presentations and prognostic factors of a glyphosate-
surfactant herbicide intoxication: A review of 131 cases. Academic Emerg Med. 2000;7:906-910.

63. Levine SL, von Mérey G, Minderhout T, Manson P, Sutton P. Aminomethylphosphonic acid has low chronic
toxicity to Daphnia magna and Pimephales promelas. Environ Toxicol Chem. 2015;34(6):1382-1389.

64.Li AP, Long TJ. An evaluation of the genotoxic potential of glyphosate. Fundam Appl Toxicol.
1988;10(3):537-546.

65. Lopes FM, Varela Junior AS, Corcini CD, da Silva AC, Guazzelli VG, Tavares G, da Rosa CE. Effect of
glyphosate on the sperm quality of zebrafish Danio rerio. Aquat Toxicol. 2014;155:322-326.

66.Ma J, Bu 'Y, Li X. Immunological and histopathological responses of the kidney of common carp (Cyprinus
carpio L.) sublethally exposed to glyphosate. Environ Toxicol Pharmacol. 2015;39(1):1-8.

67.Ma J, Li X. Alteration in the cytokine levels and histopathological damage in common carp induced by
glyphosate. Chemosphere. 2015;128:293-298.

68. Manas F, Peralta L, Raviolo J, Garcia Ovando H, Weyers A, Ugnia L, Gonzalez Cid M, Larripa I, Gorla N.
Genotoxicity of AMPA, the environmental metabolite of glyphosate, assessed by the Comet assay and
cytogenetic tests. Ecotoxicol Environ Saf. 2009;72(3):834-837.

69. Marc J, Mulner-Lorillon O, Bellé R. Glyphosate-based pesticides affects cellcycle regulation. Biol Cell.
2004;96,245-249.

70. Marone PA, Hall WC, Hayes AW. Reassessing the two-year rodent carcinogenicity bioassay: a review of the
applicability to human risk and current perspectives. Regul Toxicol Pharmacol. 2014;68:108—118.

71.Menkes DB, Temple WA, Edwards IR. Intentional self-poisoning with glyphosate-containing herbicides. Hum
Exp Toxicol. 1991;10(2):103-107.

72. Mercurio P, Flores F, Mueller JF, Carter S, Negri AP. Glyphosate persistence in seawater. Mar Pollut Bull.
2014;85(2):385-390.

181



Patocka: Is Glyphosate Really Hazardous for Human Health?

73.Mesnage R, Bernay B, Séralini GE. 2013a. Ethoxyklated adjuvants of glyphosate-based herbicides are active
principles of human cell toxicity. Toxicology 2013;313(2-3):122-128.

74. Monroy CM, Cortés AC, Sicard DM, de Restrepo HG. [Cytotoxicity and genotoxicity of human cells exposed
in vitro to glyphosate]. Biomedica. 2005;25(3):335-345. Spanish.

75. Mulet JM. Letter to the editor regarding the article by Paganelli et al. Chem Res Toxicol. 2011;24:609.

76. Myers JP. Is it time to reassess current safety standards for glyphosate-based herbicides? J Epidemiol Community
Health. 2017;71(6):613-618.

77.Myers J, Zoeller R, vom Saal F. A clash of old and new scientific concepts in toxicity, with important
implications for public health. Environ Health Perspect. 2009;117,1652—-1655.

78. Osimitz TG, Droege W, Boobis AR, Lake BG. Evaluation of the utility of the lifetime mouse bioassay in the
identification of cancer hazards for humans. Food Chem Toxicol. 2013;60:550-562.

79.Paganelli A, Gnazzo V, Acosta H, Lopez SL, Carrasco AE. Glyphosate-based herbicides produce teratogenic
effects on vertebrates by impairing retinoic acid signaling. Chem Res Toxicol. 2010;23(10):1586-1595.

80. Palma G. Letter to the editor regarding the article by Paganelli et al. Chem Res Toxicol. 2011;24:775-776.

81. Parrot F, Bedry R, Favarel-Garrigues JC. Glyphosate herbicide poisoning: use of a routine aminoacid analyzer
appears to be a rapid method for determining glyphosate and its metabolite in biological fluids. J Toxicol Clin
Toxicol. 1995;33(6):695-668.

82.Parvez S, Gerona RR, Proctor C, Friesen M, Ashby JL, Reiter JL, Lui Z, Winchester PD. Glyphosate exposure in
pregnancy and shortened gestational length: a prospective Indiana birth cohort study. Environ Health. 2018;17(1):23.

83. Peixoto F. Comparative effects of the Roundup and glyphosate on mitochondrial oxidative phosphorylation.
Chemosphere 2005;61:1115-1122.

84. Perkins PJ, Boermans HJ, Stephenson GR. (2000). Toxicity of glyphosate and triclopyr using the frog embryo
teratogenesis assay — Xenopus. Environ Toxicol Chem. 2000;19:940-945.

85. Pieniazek D, Bukowska B, Duda W. [Glyphosate--a non-toxic pesticide?]. Med Pr. 2003;54(6):579-583. Polish.

86. Portier CJ, Armstrong BK, Baguley BC, et al. Differences in the carcinogenic evaluation of glyphosate between
the International Agency for Research on Cancer (IARC) and the European food safety authority (EFSA). J
Epidemiol Community Health. 2016;70(8):741-745.

87.Pushnoy LA, Avnon LS, Carel RS. Herbicide (Roundup) pneumonitis. Chest. 1998;114:1769-1771.

88. Romano MA, Romano RM, Santos LD, Wisniewski P, Campos DA, de Souza PB, Viau P, Bernardi MM, Nunes
MT, de Oliveira CA. Glyphosate impairs male offspring reproductive development by disrupting gonadotropin
expression. Arch Toxicol. 2012;86(4):663-673.

89. Saltmiras D, Bus JS, Spanogle T, Hauswirth J, Tobia A, Hill S. (2011). Letter to the editor regarding the article
by Paganelli et al. Chem Res Toxicol. 2011;24:607-608.

90. Samsel A, Seneff S. Glyphosate's suppression of cytochrome P450 enzymes and amino acid biosynthesis by
the gut microbiome: Pathways to modern diseases. Entropy. 2013;15:1416—-1463.

91.Sawada Y, Nagai Y, Ueyama M, Yamamoto I. Probable toxicity of surface-active agent in commercial herbicide
glyphosate [letter]. Lancet. 1988;1(8580):299.

92. Schneider MI, Sanchez N, Pineda S, Chi H, Ronco A. Impact of glyphosate on the development, fertility and
demography of Chrysoperla externa (Neuroptera: Chrysopidae): ecological approach. Chemosphere.
2009;76(10):1451-1455.

93. Schuette J. Environmental fate of glyphosate. Environ Monitoring Pest Management, 1998. Department of Pesticide
Regulation, Sacramento, CA 95824-5624. Available at: http://www.cdpr.ca.gov/docs/emon/pubs/fatememo/glyphos.pdf

94. Séralini GE, Clair E, Mesnage R, Gress S, Defarge N, Malatesta M,Hennequin D, Vendomois J. Republished
study: longterm toxicity of a Roundup herbicide and a Roundup-tolerant genetically modified maize. Environ
Sci Europe. 2014;26:14-31.

95. Shehata AA, Kiithnert M, Haufe S, Kriiger M. Neutralization of the antimicrobial effect of glyphosate by humic
acid in vitro. Chemosphere. 2014;104:258-261.

96. Shehata AA, Schrodl W, Aldin AA, Hafez HM, Kriiger M. The effect of glyphosate on potential pathogens and
beneficial members of poultry microbiota in vitro. Curr Microbiol. 2013;66(4):350-358.

97.Sorensen FW, Gregersen M. Rapid lethal intoxication caused by the herbicide glyphosate-trimesium
(Touchdown). Human Exp Toxicol. 1999;18:735-737.

98. Stevens JT, Sumner DD. Herbicides in Handbook of Pesticide Toxicology Volume 3, Cases of Pesticides.
Wayland J. Hayes and Edward R. Law editors. Academic Press, NY. 1991.

99. Subramaniam V, Hoggard PE. Metal complexes of glyphosate. J Agr Food Chem. 1988;36(6):1326-1329.

182



100.

101.

102.

103.

104.

105.

106.
107.

108.
109.

110.

I11.

112.

113.

114.

115.

Patocka: Is Glyphosate Really Hazardous for Human Health?

Swanson NL, Hoy J, Seneff S. Evidence that glyphosate is a causative agent in chronic sub-clinical metabolic
acidosis and mitochondrial dysfunction. Int J Human Nutr Functional Med. 2016,4,32-52.

Talbot AR, Shiaw H, Huang JS, Yang SF, Goo TS, Wang SH, Chen CL, Sanford TR. Acute poisoning with a
glyphosate-surfactant herbicide ('Roundup'): A review of 93 cases. Human Exp Toxicol. 1991;10:1-8.

Tang J, Hu P, Li Y, Win-Shwe TT, Li C. Ion Imbalance Is Involved in the Mechanisms of Liver Oxidative
Damage in Rats Exposed to Glyphosate. Front Physiol. 2017;8:1083.

Temple WA, Smith NA. Glyphosate herbicide poisoning experience in New Zealand. N Z Med J.
1992;105:173-174.

Thakur DS, Khot R, Joshi PP, Pandharipande M, Nagpure K. Glyphosate poisoning with acute pulmonary
edema. Toxicol Int. 2014;21(3):328-330.

Tominack RL, Yang GY, Tsai W], Chung HM, Deng JF. Taiwan National Poison Center survey of glyphosate-
-surfactant herbicide ingestions. J Toxicol Clin Toxicol. 1991;29(1):91-109.

TOXNET, Glyphosate. Available at: https://chem.nlm.nih.gov/chemidplus/rn/1071-83-6

Uren Webster TM, Laing LV, Florance H, Santos EM. Effects of glyphosate and its formulation, roundup, on
reproduction in zebrafish (Danio rerio). Environ Sci Technol. 2014;48(2):1271-1279.

USEPA 1992. Pesticide Tolerance for Glyphosate. Federal Register 57. 1992;(49):8739-40.

USEPA 1993. Risk Assessment Guidance for Superfund (RAGS), Volume I: Human Health Evaluation Manual
(Part E, Supplemental Guidance for Dermal Risk Assessment) Interim, 1993. Available at :
https://www.leg.state.mn.us/docs/2015/other/150681/PFEISref 2/USEPA%201993.pdf

Vandenberg LN, Blumberg B, Antoniou MN, Benbrook CM, Carroll L, Colborn T, Everett LG, Hansen M,
Landrigan PJ, Lanphear BP, Mesnage R, Vom Saal FS, Welshons WV, Williams AL, Watson RE, DeSesso
JM. Developmental and reproductive outcomes in humans and animals after glyphosate exposure: a critical
analysis. J Toxicol Environ Health B Crit Rev. 2012;15(1):39-96.

Williams GM, Berry C, Burns M, de Camargo JL, Greim H. Glyphosate rodent carcinogenicity bioassay expert
panel review. Crit Rev Toxicol. 2016;46(sup1):44-55.

Williams GM, Kroes R, Munro IC. 2000. Safety evaluation and risk assessment of the herbicide Roundup and
its active ingredient, glyphosate, for humans. Regul Toxicol Pharmacol. 2000;31:117-165.

Yousef MI, Salem MH, Ibrahim HZ, Helmi S, Seehy MA, Bertheussen K. Toxic effects of carbofuran and
glyphosate on semen characteristics in rabbits. J Environ Sci Health B. 1995;30(4):513-534.

Yusof S, Ismail A, Alias MS. Effect of glyphosate-based herbicide on early life stages of Java medaka (Oryzias
javanicus): a potential tropical test fish. Mar Pollut Bull. 2014;85(2):494-498.

Zhan H, Feng Y, Fan X, Chen S. Recent advances in glyphosate biodegradation. Appl Microbiol Biotechnol.
2018;102(12):5033-5043.

183



