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Glyphosate is a systemic, broad-spectrum and post-emergent herbicide. The use of glyphosate has grown in the
last decades, and it is currently the most used herbicide worldwide. The rise of glyphosate consumption over the

years also brought an increased concern about its possible toxicity and consequences for human health.

: glyphosate environmental contaminant food safety

| 1. Introduction

Glyphosate is an organophosphorus herbicide . The herbicide function of glyphosate was discovered in 1970 by
John Franz, a chemist from Monsanto® company (St. Louis, MO, USA), which produced several years later the first
glyphosate-based herbicide (GBH), Roundup® [&. Nowadays, there are hundreds of GBHs commercialized under
different brands in more than 100 countries across the world Bl Currently, glyphosate is the most used herbicide

worldwide 4.

The exponential rise in glyphosate use over the years also brought an increased concern about its possible toxicity
and the eventual consequences to human health. Therefore, the number of studies about glyphosate effects on the
human health increased in recent years 8. Glyphosate is applied intensively in crop fields, and its residues are
frequently detected in the environment, particularly in plants, soil, water, food products and also in human urine [,
Consequently, concerns increased within the scientific community about the potential impact that this herbicide and
its metabolites can have in the environment and humans. Hence, the commercialization of GBHs is highly

regulated, and there are maximum residue limits (MRLSs) established for glyphosate residues in foods.

| 2. Physical and Chemical Properties

Glyphosate is a herbicide that belongs to the family of organophosphorus compounds . Currently, glyphosate is
widely applied in fields due to its herbicidal properties. However, those properties were not discovered when

glyphosate was synthetized for the first time in 1950, being only patented several decades later [,

Regarding its chemical structure (Figure 1), glyphosate is a zwiterrion [ with phosphonate, carboxylate and amine

functions. The zwitterionic structure of glyphosate affords the ability to chelate with trivalent and quadrivalent
metals [QIL9L1]
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Figure 1. Glyphosate chemical structure.

The covalent bond between the carbon and the phosphorus atoms is characteristic of these organophosphate
compounds and provides glyphosate with several chemical and physical specificities, such as high adsorption, high
water solubility and compatibility with other chemical substances [£!.

Glyphosate is a molecule with high polarity, contributing to its high solubility in water and insolubility in organic
solvents [2l. The particular physical and chemical properties of glyphosate, such as the absence of a chromophore
or a fluorophore group, the non-existence of absorption in the ultraviolet region, its low ionization, low volatility and
high hydrophilicity 12, demand the use of complex analytical methodologies for the detection and quantification of
this herbicide in order to achieve the sensitivity and accuracy requested EIEI[13]114]

| 3. Occurrence in Food

As already mentioned, the increase in glyphosate consumption in recent decades has raised concerns by the
scientific community about the impact it can have on human health. Thus, studies have been conducted in several

countries to assess human exposure to glyphosate through the analysis of different food categories.

3.1. Olive Oil

Since Spain is one of the world’s largest producers of olives and olive oil, a study was carried out in Almeria,
southern Spain, to evaluate the glyphosate existing in different types of olive oil and oils, certifying that the levels of
glyphosate complied with the MRL of 100 pg/kg defined by the EC 18, In a total of 25 samples analyzed, no
glyphosate residues were detected in any of the samples (the analytical method used had a LOD of 3.3 ug/kg) 28!,

3.2. Honey

The application of glyphosate in agricultural fields can lead to the deposition of residues of this herbicide in the

environment, particularly in flowers. In addition to bees being pollinators, insects are also honey producers through
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the collection of nectar from flowers. Thus, several studies were conducted to evaluate glyphosate in honey

samples.

Studies in Canada 22! and Switzerland 18] detected the presence of glyphosate in almost all samples, but at values
below the MRL of 50 ug/kg 2. In the Estonian study, although glyphosate was detected in a small number of
samples, there were two samples that contained glyphosate levels above the MRL up to 62 pg/kg 2. In the USA,
residues were detected in about 30% of the samples, more than half at levels that were much higher than the MRL,
including a sample that was seven times higher than allowed (342 pg/kg) 29, On the other hand, a multinational
study conducted by EFSA revealed that in 186 honey samples, 24 contained glyphosate, 8 of which were higher
than legally permitted [21],

3.3. Fruits and Nuts

Several studies have been conducted to evaluate glyphosate in fruit and nut samples.

In France, six samples were analyzed and no glyphosate residues were detected in any of the samples [22],
Another study, conducted in China, detected the presence of glyphosate in a pear sample, but in values below the
MRL of 100 pg/kg 12231 |n a Swiss study, all the fruit juice samples analyzed contained glyphosate up to 3.5
ug/kg, but no sample exceeded the permitted MRL 18],

A multinational study conducted by EFSA, in which a large number of samples of different types of fruit were
analyzed, revealed the presence of glyphosate in a small number of samples, with only one pear sample having

values higher than legally allowed [21],

In Portugal, DGAV is the authority responsible for controlling pesticide residues in food [24. The last published
report, referring to the year 2017, reveals that in all the products of vegetable origin tested, no glyphosate residues

were detected and, consequently, the glyphosate MRL was not exceeded [22],

3.4. Cereals and Cereal Products

The application of glyphosate in agricultural fields where cereals are grown can lead to the accumulation of
residues of this herbicide in the soil and cereals. In this way, several studies have determined the levels of

glyphosate in several types of cereals as well as in cereal-based foods.

A study conducted in Switzerland detected the presence of glyphosate residues in several samples, with about
90% of wheat samples, 80% of breakfast cereal samples and 70% of bread samples having glyphosate residues.
Some samples contained glyphosate values above the MRL, namely one sample of bread with values four times
higher than legally allowed and three samples of breakfast cereals with values up to 29 times higher than the MRL
of 10 pg/kg defined by the EC 18131 Samples of breakfast cereals analyzed in a French study also contained
higher levels than legally allowed, up to 34 pg/kg 221,
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Another study conducted in Italy has detected levels of glyphosate about 25 times higher than the legally allowed
value of 10,000 pg/kg in one wheat seed sample 1328l |n a multinational study conducted by EFSA in 2017,
several samples of the main cereals grown in Europe were analyzed. The results revealed that there were
glyphosate residues in a low percentage of samples, with six samples of rye, four of pseudo cereals and one of rice
exhibiting levels (243,000 pg/kg) that exceeded the MRL [21],

3.5. Vegetables

In recent years, several countries have conducted studies to evaluate glyphosate levels in vegetables and pulses.

Studies from France 22 and China 28 have not detected the presence of glyphosate in several vegetables. In
Ghana, 68 yam samples were analyzed, and 14 presented glyphosate residues, but at levels below the LOQ 22!, |n
the Swiss study, one third of the analyzed samples contained glyphosate residues, but below the MRLs of 100

ug/kg and 500 pg/kg (22! defined for vegetables and potatoes, respectively, at mean levels of 1.3 pg/kg 181,

On the other hand, another study carried out in Italy 24, as well as a multinational study carried out by EFSA 21,
detected glyphosate residues above the legally permitted value in two canned vegetable samples and one
asparagus sample, respectively.

A study in Switzerland 18 detected the presence of glyphosate residues in about half of the analyzed legume
samples, but none of the samples exceeded the MRL of 10,000 ug/kg set by the EC 31, A multinational study
conducted by EFSA in 2017 21l in samples of dried lentils, beans and soybeans also detected the presence of

glyphosate in several samples, but with values below the legal limit.

3.6. Animal-Derived Products

Due to the exponential increase in the use of glyphosate in agriculture in recent decades, a study carried out in

Switzerland 28! aimed to detect and quantify existing glyphosate residues in different samples of animal products.

The results, ranging between <1 and 4.9 ug/kg, showed the presence of glyphosate residues in 23.1% of the meat
and fish samples, but none showed values above the MRL of 50 pg/kg established 12,

3.7. Baby Food

Baby food has also been analyzed in several studies. Studies in France 22 and Switzerland 8 did not detect the
presence of glyphosate, while an Italian study detected the presence of glyphosate in 2 samples, but none had
levels above the MRL of 10 pg/kg defined 211,

3.8. Water

In recent years, studies have been conducted to assess the presence of glyphosate in water.
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A study in Switzerland did not detect the presence of glyphosate in the surface water samples analyzed [28],
Another study, conducted in Mexico, detected the presence of glyphosate in practically all of the water samples
analyzed, all of which had values (up to 0.78 pg/L) much higher than those legally allowed 29, A German study
also revealed the presence of glyphosate in 23 of the 39 samples analyzed. Of these, 10 contained glyphosate
residues, in mean levels of 0.12 pg/L, above the MRL (0.1 pg/L) BAE1],

Another study conducted in the United States, involving several types of water samples, detected the presence of
glyphosate in 1470 of the 3732 samples analyzed. One sample had values about 5000 times higher than the
legally allowed value 22, In a European study, thousands of surface water and groundwater samples from several
countries were analyzed. Glyphosate residues were detected in about 30% of surface water samples. In 80% of
these samples, the values were much higher than the MRL, including a sample that was 500 times higher than
allowed. Only 1% of the groundwater samples contained glyphosate, of which more than half had values that

exceeded the MRL, including a sample with 24 ug/L, a value 240 times above the limit 23],
3.9. Alcoholic Beverages

Although the EC does not define MRLs in wine and beer 13, studies have been conducted to evaluate glyphosate

in these alcoholic beverages.

A study conducted in Switzerland revealed the presence of glyphosate residues in all the wine samples analyzed,
up to a maximum of 18.9 pg/L, and the presence of glyphosate in 2 of the 15 beer samples &, Although there is
no MRL in wine, for data analysis purposes, researchers take as reference the MRL for water, which is 0.1 pg/L,

and verify that all samples detected exceeded this value 21,

Another study conducted in Latvia analyzed the levels of glyphosate in 100 beer samples. The results revealed the
presence of residues of this herbicide in 92 samples, with one sample showing glyphosate levels of 150 ug/L.

Taking into account the MRL of the water, we found that all positive samples significantly exceeded this value 24,
Given the results of the studies, it is concluded that it is urgent to establish an MRL for alcoholic beverages.

In general, glyphosate residues are often detected in various food groups. Although, in the vast majority of cases,
the values detected are within the legally allowed values, there are food groups where the MRLs were exceeded.
In descending order of frequency of detection, these are water, honey, cereals and cereal products and vegetables.
Regarding the values detected, the food group that generates the greatest concern is water, since it is the one with

higher values in comparison to the MRL, and several samples are up to 5000 times higher than allowed.
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