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Glyphosate uses, adverse effects and alternatives: focus on the current scenario in Brazil

Brazil, a world leader in the consumption and sale of pesticides, especially glyphosates dpfhe at

odds with other countries that increasingly ban these products in their territories. This study gathers the
values of Acceptable Daily Intake and Maximum Residue Limits (MRL) in the European {orion
dozens of substances and compares them with those accepted in Brazil concerning the most frequent
crops. Also, the degree of toxicity and the effects of glyphosate on human health by ingesting food
containing its residues are identifiethe study showshat over the last decade, the sale and consumption

of glyphosate and other pesticides&grown significantly in Brazil; in 2019, unlike European countries,

Brazil has not only approved the sale and use of 474 new pesticides but has also renewedthe sale
glyphosate and reduced the classification of its toxicity. Finally, this review identifies controversies
between studies, discusses the difficulties of substituting glyphosate, and presents some more

environmenifriendly alternatives that have been exskd in the literature.

Keywords:herbicide; toxicity; acceptable daily intake; maximum residue limits



30
31

32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58

1. Introduction

Food supply, qualityandreduced pesticide usapave become topics of foremost importance to
the global population Thus, limiting the use of pesticides and artificial fertilizers is a common goal in
several countries. Conversely, in Brazil in 2019, this topic gained strength after the governmesgdappro
the sale and use of 474 new pesticides, the highest number in 14dge@rsGomes et al. 20203midst
so much controversy, one specific product stands out: glyphosate. Glyphosate is a herbicide and desiccant
used in agriculture to control more than 160 weed species world#giestini et al. 2020; Gillezeau et
al. 2019; Kenko et al. 2022This conmon pesticide can be used in agueous and spray forms and can be
applied preharvest, posplant and preemergence(Tomlin 2009) As a plant growth regulator and
desiccant, glyphosate is applied at low ley@80O/WHO 2016; IARC 2015)According toLandrigan
and Belpoggi (2018)the production of this pesticide has increased significantly over the past few
decades, with projections of about one million tons per year produced in the global market (over 140
countries).

Researchers have shown that the usglgbhosate as a desiccant contaminates plants, and
consequently, meats, fruits, and vegetables can have varying levels of this substastii et al.
2020) Xu et al. (2019Yeported on contamination of cereals and foods from glyphosate use, concluding
that there is a lack of evidence regarding the carcinogenicity of glyphosate exposure on Ban&ns.
Ogbourne (20163tated that glyphosate, by being present in plants, water and soil, affects the entire food
chain of herbivores and omnivores, exposamgmals and humans to contamination by the diet. Some
tests confirm the presence of glyphosate in the gastrointestinal tract of humans and mammals through
ingestion, inhalation and skin contact. The presence of this substance stunts growth, damagesythe kid
causes liver hypertrophy and inflammation, and gastric diséAg@stini et al. 2020; Benachour et al.
2007; Gasnier et al. 2010; Mesnage et al. 20B8)zil is one of the four countries with the highest sales
and consumption of pesticides in thend (Paumgartten 2020)The number of people exposed to this
poison is large; therefore, acute intoxications are more frequent and severe there. Pesticides have been
known to cause health problems, both acute and chronic, especially in the rural popatetion
developing countriegRecena et al. 2006 According toRecena et al. (2006herbicides account for
13.4% of poisoning cases, with ZXchlorophenoxyacetic acid (usually referred to by its ISO common

name 2,4 D), glyphosate andAdnino-3,5,6trichloropyridine2-carboxylic acid (better known as
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Picloram) being the most frequently involved. In the Brazilian state of Mato Grosso do Sul alone, 47
poisonings were caused by exposure to glyphosate between 1991 arffR2082a et al. 2006)

Studies suggst that food containing glyphosate residues consumed by humans;pitsdogt
aminomethylphosphonic acid (AMPA), and the surfactant polyethoxylated tallow amine used in the
formulations, are seriously hazardous when the maximum residue limit (MRL)ve alboeptable levels
Rl WKH 7KHRUHWLFDO OD[LPXP 'DLO}1da@ Yemabutts(Wildams & kl. 2000)J NJ
On the other hand, the Joint Food and Agriculture Organization (FAO)/World Health Organization

i+ 2 DW WKH 30HHWLQHVRGQG BHWWILELGHVFRQFOXGHG WKDW WKHUH ZI
an Acute Reference Dose (ARfD). Indeed, the stesrnh ingestion of glyphosate residues does not
represent a risk to consumers. Furthermore, in the long term, the expected internatignatakas
(GEMS/Food), based on the average value from field studies (STMR), were in the ranfi&odfCthe
Acceptable Daily Intake (ADI) of 1 mg Kgof glyphosate and AMPA, which is also not relevant to
public health(FAO/WHO 2005)

Conversely, in Brak the National Agency of Sanitary Surveillance (ANVISA) assures that
glyphosate is undergoing toxicologicateealuation, and has so far concluded that the product does not
PHHW WKH ODZYV FULWHULD IRU UHVWU L Fanit, Ragcindy&hid, WxikKdory QRW EHFE
reproduction and teratogenic (causes malformation in unborn childieN)ISA 2019a) However, the
UN International Agency for Research on Cancer (IARC) classified glyphosate as possibly carcinogenic
to humans in 2015. Althaln there is little evidence of its carcinogenicity in humans, there is sufficient
information to indicate that it causes cancer in laboratory animals. That same year, although the European
Food Safety Authority (EFSA) objected to the studies, IARC confirite overall conclusion in 2016,
stating that there is strong evidence to confirm the genotoxicity of glyphosate and AMPA to humans and
animals, as well as to cause oxidative st(€&mzalezValenzuela and Dussan 2018; IARC 2015)

Between the years 201ahd 2016, out of 22,704 water samples analyzed, only 0.03% of the
cases had glyphosate levels above those allqABY/ISA 2019a) Yet, while in the European Union
(EU) the acceptable level is 0.1 pg'Lin Brazil it is 500 pg [}, thus 5,000 times highdANVISA
2018) The Program of Agrotoxin Residue Analysis (PARA) was created by ANVISA in 2001, with the
aim of evaluating agrotoxin levels in food, based on MRLs. The purpose of this initiative was to create a
structure capable of assessing the qualitfoofl and monitoring the amount of residues iPANVISA

2011)
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Due to the questions on the impacts of glyphosate on human health, this study aims to clarify
whether food containing herbicide residues may be hazardous to humans and to identify whether
glyphosate residues in consumed food may be hazardous to humdn hgatvaluating reports from
Brazil and around the world. We also discuss the ADI values established for this herbicide in Brazil and
other countries. To do so, it was necessary to: (i) provide a definition of agrotoxins; (ii) present a brief
history of dyphosate as a herbicide and its importance for agriculture; (iii) evaluate and compare ADI
and MRL values of glyphosate residues in food; (iv) identify the degree of toxicity and what are the
impacts on food consumed with glyphosate residues; (v) exawtia¢ the alternatives to glyphosate
might be. This study on the impacts of food with glyphosate residues is important because it is the most
widely used agrotoxin in the world, especially in Brazil. Thus, this research provides insights into the

potentialdangers of consuming food produced using glyphosate as an herbicide.

2. Basic concepts

2.1 What is an agrotoxin?

According to the Brazilian Law number 7.802/89 (Brazilian Federal Law number 7.802, 1989),
agrotoxins can be defined as chemical or biologicatucts that can be used in several environments,
such as native or planted forest, other ecosystems, in industrial, urban and aquatic environments, and,
mainly and most often, in agriculture and pastures. It is also possible that agrotoxins arewbad in

health campaigns to modify the composition of fauna or flora, with the sole aim of inhibiting the harmful
action of living pests. They can also be classified as pesticides, larvicides, insecticides, acaricides,
nematicides, molluscicides, rodenticsddungicides, and herbicid¢Ahmed et al. 2021)which include
defoliants, antsprouting agents, desiccants, and wood preservaftyepta and Crissman 2013Jhe

correct classification of these products has very different connotations dependingyoufheoncerned,

being also called agricultural defengbkeethirajan et al. 2018agrochemicaléNicolopoulouStamati et

al. 2016) pesticidegLemma et al. 2019r simply poisons.
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2.2 Agrotoxins in Brazil

The registration of agrotoxins is carried dyt MAPA after a toxicological evaluation by ANVISA and
the Brazilian Institute for the Environment and Renewable Natural Resources IEBRASIL 2016)

The toxicological classification is based on the results of toxicological studies that are identified and

FDWHJRUL]HG LQWR ILYH 2&0DVV Hgurell Qs TaXiColdgit 8l @ypes Bivi\theil H G °

respective colors. Adapted fro(ANVISA 2019ckh), according to the agreement established in RDC

Resolution n°® 296, July 19, 2018NVISA 2019b)

a) TOXICOLOGICAL AGROTOXIN TYPES ~ b) AGROTOXINS SALES (2009-2021)
ET.

1l 4 Moderately Toxic 32,3%
60,2%
Slightly Toxic
VAV B iy ot i pamage
o o= 6.215.261
Unclassified Unclassified
' W Class | Class|l ®Class |l mClass IV

c) SALES OF AGROTOXINS IN 2009 d) SALES OF AGROTOXINS IN 2021

Class IV
Class 111 Class IV
14% 6%
58% Class | Class|
/ 1% / 2%
Class 111
Class 11 60% Class 11
27% 32%
e) PRODUCTION OF ACTIVE INGREDIENTS  f) AVERAGE 20092021
g 1411
600 38 36 38 18 300
29 32
£ 400 33 2 £ 200
Class IV
Class Il 100
200 169 213 2 Class 1l — '_.-l
88 99 1 1 W Class | 0
0 5 & 10 14 19
§ d\’ 00 Q'\'? QN? Q 0 ‘4‘ \% O © o Class| Classll Class Il Class IV
S L PP Min W Max Avg

Figure 1. a) Toxicological types and their respective colors. Adapted f(AMVISA 2019c) b)
Percentages corresponding to the total tons sold per class in Brazil fror2@209and comparison of
sales of agrotoxins in ¢) 2009 and d) 2021; e) Amount of agrotoxin sold per environmental risk class in
tons of active ingredient in Brazil (20@8021) (IBAMA, 2022); f) Minimum, maximum, and average
tons of active ingredient separated per class sold in Brazil between 2009 and 2021 (IBAMA, 2022).

The color of the label is based on the "Pantone Matching System" (PMS) and is used to classify

the degreeof toxicity of the product, as shown in Fig. TANVISA 2019c) From 2009 to 2021,

VHH
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6,215,261 tons of active ingredients were sold. In this amount, the percentage of Class | was 1.4%, Class
Il was 32.3%, Class Il was 60.2% and Class IV was 6.1%. Clasaed lll accounted for 92.5% of total
sales, according tBigure 1. a) Toxicological types and their respective colors. Adapted {ANRVISA
2019ch. Agrotoxin sales during this period were found to be higher in Class Il and loweassa [84,
indicating that even with the changes in glyphosate regulation, as discussed later, a higher percentage of
hazardous agrotoxins is observed (Fig. 1c, 1d).

In absolute values, it can be seen that the sale of Class Il and Il products increasdthmore
Class | and IV between 2009 and 2021, in terms of distribution by environmental risk class and agrotoxin
sales (Fig. 1e). Conversely, it should be noted that the percentage of Class | has more than tripled in 12
years, with an increase in active ingients from 4 to 19 thousand tons. Fig. 1f shows the minimum,
maximum, and the arithmetic average of sales of agrotoxins from 2009 to 2021. Class | varied by more
than 4 times, Class Il by more than 3 times, Class Ill by more than 2 times, and Classiguiby3

times.

2.3 What is glyphosate?

Glyphosate was discovered in the Monsanto Company by a group of scientists led by Dr. Franz in 1970.
It was commercialized as a watluble salt in 1971 and introduced to the European market as a
herbicide in 1974Gasnier et al. 2010; Gillezeau et al. 2019; Pereira et al. 2020py, it is the best

selling herbicide in the world, and is now present in over 130 countries. The first and largest producer of
glyphosate is Bayekonsanto, formerly Monsanto CorporatioHowever, other companies producing

and selling the product include Syngenta, Cheminova, Agripec, Helm, Atanor, Nortox, Sinon and
Milenia. The pioneering brand in the synthesis of glyphosate is RoundUp®, sold by Mofi3aritoet

al. 2018) The chemicahame of glyphosate is-fphosphonomethyl) glycine, and it is an herbicide with

the natural formula C3H8NOS5P (Fig. 2), with a substituted glycine chemical group, a molecular weight of

169.1 g mol, a Class IV toxicological classification.
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A) GLYPHOSATE FORMULA B) SUMMARY OF GLYPHOSATE PROPERTIES

Property Data/Value

IUPAC Name 2-(phosphonomethylamino) acetic acid
Molecular Formula CsHsNOsP

Structure Zwitterion (pure)

Chemical class Pesticides — Herbicides, Other
Odor/Color/Fom odorless white powder

Decomposition 488.15 K (darkens)

Melting point 503.15K

pH (1 wt. % solution in water) 2.5
Solubility in water (298.15K) 1.2gL?*

Volatility (298.15 K) negligible
Density 1.74 g cm*
Vapor pressure 1.94 x 107" mm Hg at 318.15 K

Dissociation constants (see a) pKa; = 2.34 (293,15 K);
pKa» = 5.73 (293,15 K);
pKas =10.2 (298.15 K)

Figure 2. a) 8uctural formula of glyphosatbANVISA 2020), b) Overview of physical properties of
glyphosate.

Glyphosate can be applied in several contexts, such as maturation function in sugarcane, for
control of ratoon in rice and sugarcane crops,-pagtrgence oinfesting plants in eucalyptus and pine
forests, to control eucalyptus regrowth, and as a desiccant in black ryegrass and soybdANuH&#s
2020) The drawbacks in terms of effectiveness of this pesticide are that glypbasatt herbicides can
promoe fungal colonization of crops. According kdartinez et al., (2018)this occurs as a result of
glyphosate interactions with the metabolic pathways of some microorganisms. Conveassigl and
Shrestha (2008fpund a lower amount dfusarium sppon thetop of green peas after glyphosate use.
These contrasting results indicate that the fungal disease intensity is possibly conditioned by plant species

and phytoalexins, as they may interact with pathodeozowicka et al. 2022)

3 Glyphosate uses: ansumption of agrotoxins and glyphosate in Brazil

Fig. 3a shows a dramatic increase in the consumption of agrotoxins from 2006, reaching the mark of 719
thousand tons of active ingredients in 2021. Between the years 2002 and 2021, the consumption has been
multiplied by about 4, from 145 thousand tons to 719 thousand tons of active ingredients. This figure also
shows the forecast of agrotoxin consumption in Brazil for the years 2022 and 2026, considering the
period 20092021. For the forecast of this timeHdULHV W K Hpardrnot¥y figdealy Z$d known as

linear exponential smoothing, was used as these data show a temporal trend but no seasonal pattern (See
Table S1 for the model parameters). Forecasting was done using the R language in open souree softwa

56 WXGLR ZKHUH WKH 3KROW’ ™ IXQFWLRQ |URPHnithkiHetdll RUWRA)FDVW™ SDFND
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A) TOTAL INGREDIENTS SALES B) GLYPHOSATE-BASED INGREDIENTS SALES
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4001
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180 Figure 3. Forecast of the production of agrotoxin sales in Brazil frori 02026: (a) total ingredients

181 sales; (b) sales of glyphosate active ingredients @alia from IBAMA 2022)

%3123 Fig 3b shows the sale of glyphosate in Brazil from 2009 to 2021. It can be seen that in 2012,
184  almost 187 thousand tons of glyphosate activeeignt were sold, 46% more than the 128 thousand
185 tons sold in 2011. From 2009 to 2021, the sales of the product in Brazil have been multiplied by about 2.
186 In 2009, there were 109 thousand tons and in 2021, 219 thousand tons. Glyphesdt@roducts were

187 by far the most sold active ingredients in Brazil in the lates2 28port, followed by 2,4 with 62

188 thousand tons, which highlights the importance of glyphosate in Bii&\IMA 2022). Fig. 3b also

189 shows the forecast of the consumptiongbfphosatebased ingredients in Brazil from 2021 to 2026,
190 considering the period 2009 7KH + R Gpat§rivetdy ddlel was applied for the same reasons and
191  using the procedures detailed above.

192 The increase in the sale of glyphosate is primarily duthnéogrowth of transgenic products

193 soybeans, corn and cotto@ver the past 20 years, transgenic plants have been genetically modified to
194  obtain two characteristics. The first is the biosynthesis of insecticidal toxins found in plants called

195 Bacillus thuingiensis(Bt). When a caterpillar or larva feeds on soybeans, cotton or corn roots (mainly Bt

196 corn), it ingests these toxins and dies. The second characteristic is the modification $OtEEQ W V |
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metabolic pathways: called herbicitiderant (HT) plantsthese plants are highly resistant to glyphosate
application (Benbrook 2018) Due to genetic deliberate modification, their seeds have become more
resistant to glyphosate, and in order to improve productivity and increase farm profit, producers have
consideed glyphosate as one of the best solutions to achieve their goals. Currently, almost 92% of the
soybeans produced in Brazil are transgenic and cover an area of 57.2 million Hdbtaliea 2022)i.e.,

more than countries such as France, Spain or Gerriditly such a large area, total control of the crop is
particularly difficult and may result in an earlier harvest. Some concerns are related to: (i) the need to dry
some crops for harvest (e.g. beans, wheat and oats); (ii) the unpredictable natureeaitiies; and (iii)

the control of lateseason weeds that escape further control g@esbrook 2016, 2018When faced

with an unexpected event, glyphosate is used as a desiccant to standardize the operation and harvest.
Another reason that stimulated theDOH RI1 JO\SKRVDWH ZDV WKH H[SLUDWLRQ RI OF
offering other companies the possibility to produce agrotoxins with glyphosate, which led to a more
competitive market. These factors stimulated the consumption of glyphosate in Bithziltwevealing

its impacts on human heafRBRASCO 2019)

3.1 Contamination of food by agrotoxins

Accidents involving agrotoxins occur worldwide, such as those related to the ingestion of contaminated
food. Contamination through ingestion can occur tuthe excessive use of agrotoxins in agriculture and
the failure to respect the degradation time of the progANVISA 2020), as well as the accumulation of
agrotoxins in the food chain, such as organochlor{dagaraj et al. 2016)n Brazil, howevera new
study coordinated by ANVISA has shown that contaminated vegetable food is safe for human
consumption. Between 2017 and 2018, PARA analyzed more than 4,616 samples from 14 different foods
WKDW UHSUHVHQW Rl WKH IRRD (AYISARQYIXPHUVY WDEOHV 7DEOH
Of a total of 4616 samples, 7% were cereals, 24% were fruits with inedible skins, 13% were
fruits with edible skins, 6% were leafy vegetables, 20% werelewfy vegetables, and 30% were roots,
tubers and bulbsEfreur ! Source du renvoi introuvable). In 49% of these samples, there were no
residues, 28% presented acceptable MRL concentrations, and 23% were considered unsatisfactory. This

means that 77% of treamples were satisfactorfgrfeur ! Source du renvoi introuvable).
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B) SAMPLES DISTRIBUTION

Roots, tubers and Grains (329) 499
bulbs {1390] Fruits with g
inedible
peel o
T1079) 8%
D 23%
\ Fruits with .
edible No detected
residues  With residues
Non-leafy leafy  Peel(602) (2.258) < MRL (1.290) Unsatisfactory
vegetables vegetables (1.072)
(930) (286)
C) TOXICOLOGICAL CLASSIFICATION
BEFORE 2019 AFTER 2019
Class Unclassified
IV 4%
9% Class \ -
Unlikely
to Cause Class|l -
Acute Highly
Damage Toxic
l’l, i) 2%
Class
1 Class |l
Class IV -
46% Slightly
Toxic
27%
225 o . .
226  Figure 4. a) Distribution of samples per food type: figures in parentheses are the numbers of samples per
227 food type; b) Distribution of results obtained from 4,616 samples monitored during the 2017/2018 cycle
228  of the 20172020 MultiYear Plan. Report of the analyzed samples of 28018 (ANVISA 2019d} c)
229 Toxicological classification of glyphosatesed herbicide¢DIARIO OFICIAL DA UNIAO 2019).
230 Classes | and Il are not shown in GLYPHOSATE AFTER 2019 because no glyphasattingredient
231 s classified in these categories.
232
233 3.2 Toxicological reevaluation of glyphosate
234 In several countries, especially those in thé, Ehe use of glyphosate is rejected by governments and
235 health organizations due to its link to diseases such as cancer. Unlike other countries, Brazil not only
236  renewed the sale of glyphosate but also reduced the toxicity classification in 2019. ANVISssifiec!
237  all 24 glyphosatdased products from Class | "Extremely Toxic" to Class V "Product Unlikely to Cause
238  Acute Damage"Rig. 4c) (DIARIO OFICIAL DA UNIAO 2019). Thus, no glyphosate product in Brazil
239 s now considered to have maximum toxicity.
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The glyphosate packaging used to alert that the product may affect the cornea is now sold in the
same way as a household product. Thus, only pesticides that cause death by ingestion or damage by
contact with the skin and eyes now have a display corresporaiagraximum alerde Ulysséa Leal
and da Silva Lopes 2021These measures will mainly affect the people handling the products, who
usually see the degree of toxicity on the label. Initially, the label included a skull and crossbones symbol,
but now it oty includes a warning to be careful not to ingest or come in contact with the eyes or skin
(Disner et al. 2021)

Politics directly affects regulatory agencies, which obviously also apply to the case of Brazil.
Given that Brazil exports a plethora of comrti@$, and even though these agencies should be
independent and in the public interest, organizations such as ANVISA are under constant pressure,
especially from the regulated sector and the parliarfidabes et al. 2021)Political interference also
leadsto the loss and extinction of councils such as the National Council of Nutrition and Food Safety
(CONSEA) (Castro 2019)This change in toxicological classification can have an immediate impact on

LOQFUHDVLQJ WKH ULVN WR ZRUNHUVY KHDOWK

3.3 Maximum residies limit for glyphosate

MRL levels are contrasting around the world. This means that exported products exceeding MRLs may
be acquired with insufficient sampling or even below regulatory vdldasdford et al. 2012)Countries

that do not have an implidiRL can use the acceptable MRL for human consumption, established by the
Codex Alimentarius Commission (CAC), a subsidiary group of the Food and Agriculture Organization
(FAO), and the World Health Organizatio/HO). In the Brazilian legislation, the MRior glyphosate

is established by ANVISA,; its values and the security breaks are in TalfpeNS3SA 2020). As can be

seen in Fig. 5, there are significant differences between crops. Examples of contrasting data include
peanut (MRL = 0.01 mg kb and bla& oat (MRL = 20 mg kd). It should be noted that some crops
could be easily grouped together due to their similar MRL values. Conversely, two groups clearly stand
out. Soybean, ryegrass, and black oat crops received significantly higher MRL values dotmpacst

crops. Fig. 5 highlights that, compared to the MRL established by the EU, the Brazilian regulations are

more stringent for soybean and corn, but less for sugarcane and coffee.
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Figure 5. Maximum Residue Limits (MRL) in several crops. The different numbers given to soy and
sugar represent their application in different usage modes, shown as orange bars for desiccant, blue bars
for postemergence, and green bar for maturation. EAhds for European Union, and the data were
obtained from the European Commission web@iaropean Commission 2022Jhe insert gives the
MRLs in the EU and Brazil for the four most cultivated agricultural products in Brazil.
, Q DQG EDVHG RQ VWXGLHV ,$5& FODVVLILHG JO\SKRVDW
KXPDQV" ZKLFK SODFHV LW LQ *URXS $ 7KH RWKHU FODVVLILFDWL
3&DUFLQRJHQLF WR KXPDQV’ *URXS % S33ROWQY/GEQANRRBUFLEOIRRWQLF
FODVVLILDEOH DV WR LWV FidtdifaticpdR Adeary Far Wesedrdh dh )CRride) Y013,
2021) However, neither the studies conducted by the EU nor the assessment made by the joint
WHO/FAO validated the IARC classificatiofTarazona et al. 201.7Although glyphosate was not the
first matter of debate between IARC and the agencies, a great deal of attention has been paid to this topic.
In February 2019 and after 11 years of study, ANVISA concluded that glyphosate "doel withifa
the prohibitive criteria of Brazilian law". Thus, the product is not classified as carcinogenic, mutagenic,
toxic to reproduction or teratogenic, i.e., causing fetal malformation. It should be noted that the MRLs for
glyphosate allowed in cleanater vary considerably by country or region. For example, in the EU they
DUH 1 JLQ %UD]J'ODQG LQ WKH 8QL W1HTeag6 & &l\Z020) J |/
From a chronic perspective, glyphosate was not considered a carcinogen until the |ARC res

were published in 201%IHU 2019) This finding caused controversy and discussion, as regulatory
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agencies took a stand against the IARC results, stating that they did not see this carcinogenicity attributed
to glyphosate. It should be mentioned th&RC is an agency that studies and evaluates cancer issues and

is not a regulatory agency, as is ANVISA in Brazil. Even with the opposing position of the regulatory
agencies, IARC has taken into account its own studies about the chronic effects of giypiAd¥atis

not alone in this position, and studies have found a link between glyphosate exposure-and GohN L Q TV
lymphoma(Leon et al. 2019; Myers et al. 2016; Zhang et al. 20h%¥ddition toacute myeloid leukemia
(Cavalier et al. 2023)

Although some regulatory agencies claim that glyphosate is safe, some European countries have
already banned or reduced the use of glyphosate, such as Italy, Spain, the Netherlands and Portugal, and
others are in the process of withdrawing it from tradehsas France and Germa{rovini et al. 2021)

In the case of the European Union, glyphosate is currently allowed in agricultural activities until
December 15, 202¢European Food State Authority 2023fter this deadline, it will be necessary to
obtainauthorization from national authorities after a safety assessment has been carried out. The late ban
on glyphosate may be due to the lack of other effective alternatives, particularltiiiicoaservation
agriculture, which will face tough challenges d¢ontrolling weeds and abandoning cover crifsdsk

and Mathiassen 2020Moreover, the reduced availability of glyphosate will require more difficult and
costly weed managements, in addition to incorporating multiple weed control techfitqgéatto & al.

2020)

3.4 Acceptable Daily Intake of glyphosate

According to RDC number 10/2018, the ADI for glyphosate is 0.042 mg per kg of body weight (b.w.)

day® (ANVISA 2019e) However, this value is not consistent with those defined internationally, and

there are no reference studies supporting the determined value. Hence, to define an ADI value, ANVISA
considered international studies and discussions on the topic. The calculation of the new ADI for
JO\SKRVDWH ZDV EDVHG RQ WKH 31RO2EVABUYN HRE $GHHUY'HNIIHFW /HYH
this way, respecting the security factor of 100, the new ADI is 0.5 mg kglbday for glyphosate

(ANVISA 2019e) ANVISA determined, after evaluating the studies of international regulatory agencies,

the referenc@arameters for assessing the risk from glypho@itéR10 OFICIAL DA UNIAO 2020):

x ADI of 0.5 mg kg b.w? day®;

X ARfD of 0.5 mg kg b.w! day* and
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x Acceptable Operator Exposure Level (AOEL) of 0.1 mg kg bday*

With these values, the acute and chronic dietary risk assessment for glyphosate shows a safe
level of exposure, without exceeding the acute and chronic reference doses, also encompassing residues

in food and wate(ANVISA 2019f).
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4 Adverse effects: pssiblerisks of glyphosate to human health

4.1 Handling of glyphosate in agriculture

The relationship between glyphosate used in agriculture and human health impacts has been a topic of
study worldwide. Although there is still much to study, investigations sthavaccidents and deaths
caused by agrotoxins are more common among rural workers and other professionals who handle the
substancgBuckley et al. 2021; Gunnell et al. 2017; Hendges et al. 2019; Nankongnab et al. 2020)
Londres pointed out that not onlyetse groups endure the risks associated with this activity, but also their
families. The author emphasized that contact with the pesticide during the washing of clothes used in

such activities, for which no care is normally taken, is particularly crificatdres 2011)

Curwin et al.,(2005)investigated agricultural pesticide contamination in 50 households in lowa,
USA. The authors found the presence of 1,300 h@fgglyphosate in dust samplesllectedin farm
housedhat sprayed glyphosatethin 7 days.n case of farm houses with no spray use in this period and
nonfarm, the values were 1,000 ng and 110 ng ¢, respectively. On the other har@urwin et al.,

(2007) studied pesticide dose estimated for children in the same state. igctodthese authors, the
highest estimated dose for glyphosate was 0.34 [fgpleg day, not exceeding any of thimited States
Environmental Protection Agen¢izPA) reference values for this pesticide.

Pesticide poisoning is responsible for more than,d®D deaths per yeaworldwide the
majority of which are considered sglbisoning by ingestion and fewer cases related to topical or
inhalation exposures when linked to occupational and accidental €fzelutieston 2020)in the case of
Brazil, this numler was around 4,008ascimento et al., (202@8howed that there has been a significant
increase in agricultural poisonings in Brazil between 2007 and 2017, particularly in the South and
Southeast regions. There was a considerable increase in the year 2013 and a decrease in the years 2014 to
2016. Hovever, the number of poisonings increased again in 2017, reaching the highest rate of
poisonings in history, with more than 5,000 cases in Brazil, the South region having the highest growth
that year compared to the others. The increase in agriculturangugscases can be associated with the
dramatic growth in planted and cultivated area in Brazil between 2007 and 2017. This shows that there is
a correlation between productivity, pesticide use and poisonings. However, the average poisoning was
higher tharthe average planted and cultivated area, suggesting that other factors may have influenced the

increase in poisonings in the counfijascimento et al. 20205tudies from the National System of
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Toxicopharmacological Information (SINITOX) highlight thatl 6workers died from agrotoxins
(SINITOX 2017a)in Brazil in 2017. The use of agrotoxins is increasing in Brazil (see &igine3) and
tends to continuéo grow due to the agricultural model adopted in the country, through mechanization,

fertilizers, and agrotoxin€SINITOX 2017b)

4.2 From soil to water contamination

One of the most undesirable environmental impacts is the contamination of underground and surface
water by agrotoxins. Avoiding contamination is extremely important for human health. If a water source
responsible for supplying a city is close to an agtizal area that uses agrotoxins and does not follow
the recommendations made to growers, or uses more than the permitted amount and does not properly
dispose of the packaging, it can harm water quality, affecting millions of people, wildlife and domestic
animals. Despite this concern, there is a lack of official monitoring of pesticide cocktails in the
environment, in addition to limited research on this tgPEESTICIDE ACTION NETWORK UK 2019)

The stability of glyphosate in soil is given by the wide pfjits soil sorption coefficienk(, =
9+ x | "N, whereK, stands for the normalized partition coefficient between organic carbon and
water(Giesy et al. 2000; Mackay et al. 2006; Pandey and Roy 202tjher wordsK,. is defined by the
propensity of a chemical to attach to soils, and also takes into account the correction for organic carbon
content. pH plays an important role such that the sorption coefficient varies with soil pH, which is in the
range 3.57.5(Mackayet al. 2006)Villamar-Ayala et al. (2019highlighted that the concentration of-tri
and divalent cations, such as®GuAl**, Cd*, F€”, Mn*, Ni*" is also important, but no difference was
observed between different soil types and organic matter contdmrgse authors also mentioned that clay
minerals are responsible for the sorption of glyphosate in soil, which is enhanced at low pH and low
organic matter content. Therefore, the amount of glyphosate adsorbed by the soil may vary significantly.
Accordingto De Amarante Junior et al., (2002he degradation of glyphosate in soil can follow two
routes: (i) the alteration of glyphosate to sarcosine resulting from badgriab@cterium radiobacteor
Enterobacter aerogenpgnzyme GP lyase) that enter th@etabolism of microorganisms; and (ii) the
transformation of glyphosate to AMPA. These mechanisms are presented in FimeSdf. the issues of
the presence of pesticides in soil was assess&eiio et al.(2023) who demonstrated that glyphosate

is among the higkrisk pesticides for earthworms, resulting in significant risk to the terrestrial biota.
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Although some consider glyphosate to be rapidly absorbed by soil, making it difficult to
contaminate underground water, it can percolate through soil pofbaitinen et al. 2006pr can be
moved to water due to runoffFeng et al. 2020fFig. 63. Accoring to Tsui and Chu (2003)most
glyphosate reaches surface water bodies, i.e., 52%. Red@ptig, et al. (20213tudied the presence of
two herbicides: glyphosate and glufosinate ammonium, and the main metabolite of glyphosate,
aminomethylphosphonic atiin agricultural groundwater and surface water in China from 2017 to 2018.
These authors noted that several of these contaminants have been detected worldwide, with glyphosate

FRQFHQWUDWLRQV LQ JURXQGZDWHU UDQJLQJ IURP W R J

/
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Figure 6. & Environmental pollution by glyphosate; b) alternatives to glyphosate reported in the
literature.

Glyphosate is soluble in water (10 xJ* /DW XFyBvestrzak et al. 2021and its
commercial formulation uses surfactants to further increaselitbikty (Solomon and Thompson 2003;
Tsui and Chu 2003)ts halflife in aqueous media is 63 to 70 days, depending on whether it is in shallow
or pond water(Villamar-Ayala et al. 2019)Glyphosate is typically found at concentrations below 2 g
mL™* and & a neutral pH, about 7.%illamar-Ayala et al. (2019)pointed out that the presence of

glyphosate depends on a multitude of conditions. For instance, when spraying in dry weather and
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temperatures between 6 and 20 °C, glyphosate may not evaporate aindstespanded in dust particles
for up to 3 days after application.

Another source of water contamination is related to industrial effluents, including those from
glyphosate synthesis industries and textile activiieeng et al. 2020)in the latter caseglyphosate is
used as a raw material for textile additiveeng et al., (2020highlighted that glyphosate, although
highly recovered by nanofiltration systems, is of concern due to the high concentrations found in
nanofiltration permeate wastewater, up to 3000 mgHernandes et al. (2019) and de Castro Lima et al.
(2020) showedthat secalled modern agriculture contaminates rivers with pesticides in southern Brazil,
especially the Guaporé River and its tributaries, such as the Marau River. Samples collected from the
epilithic biofilm of the Guaporé River basin showed a concebtRQ R W R * of glyphodsate
DQG D FRQFHQWUDWLR & AMPA. In\gBneral, herbiside use begins in June, with the
preparation of areas for wheat sowing, and extends to January, with the end of the soybean and corn
sowing period. Tie peak application period is between October and January. Due to the indiscriminate
use of herbicides in the urban area, the most affected areas are those located in the Measio. SLiis
indicates that there is an uncontrolled application of glypieasathe city of Marau and poses a problem
for human and animal health. This problem is due to the fact that the river water is the source of supply

for this city and glyphosate is a product of health congerCastro Lima et al. 2020)

4.3 Intake of foods containing glyphosate residues

An FAO study highlighted that food containing glyphosate and AMPA residues can be of concern and
toxic if the ADI is above the permitted levd@ai and Ogbourne 2016; FAO/WHO 2005Jowever, the
established acceptablevids of MRL and ADI are controversial, as there are discrepancies among
researchers. On the one hand, theoretical risks suggest that current MRLs should be distrusted, as they
may result in greater health risks than predicted by conservative m¢@ualsnd Li 2021) On the other

hand, for others, glyphosate presence and exposure in food has been detected in samples meeting
regulatory criteria, i.e., below the MRBou-Mitri et al. 2022; Zoller et al. 2018Mielech et al., (2021)

studied the risk of contamination from ingested food for infants and young chil@hese authors
highlighted that for these groups, it is important to reduce the negative effects of contaminants by

avoiding potentially hazardous foods, modifying thet,diend choosing the most appropriate meal
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preparation methods. This is because these groups have higher resting metabolic rates, which is
considered potentially critical with respect to toxin susceptik(ltielech et al. 2021)

On the one hand, for mamxperts, there is no safe contamination level. On the other hand, for
others, it is crucial to set limits to minimize the risk of poisoning. Residue levels may exceed the
allowable limit when the dosage for product application does not follow label reeodations and
instructions(Londres 2011)Unfortunately, to intensify the effect of the product on pests, growers apply
more than recommended, either by the amount per hectare or by the number of applications. According to
Londres, (2011)these attitudesas well as failure to observe the period after product application, result in
higher than allowed levels in foodélinas et al., (2018HPSKDVL]HG WKDW XVLQJ WKH
recommended level does not guarantee that the MRL will be lower than thes\sdt by regulation,
pointing to a case study in which glyphosate residues in wheat were above the Canadian regulation. One
possible reason for these undesirable outcomes is that there are few studies on the effect of processing on
glyphosate residues oerealqXu et al. 2019) According toXu et al., (2019)more research is needed to
understand the health issugssociated with glyphosate exposure and consumption. These authors also
stressed the importance of having more information on glyphosatadagigin during grain storage and
long-term safety.

In contrast to the 2015 IARC study that indicated glyphosate is possibly carcinogenic to humans,
classifying it as Group 2A, the European Food Safety Authority (EFSA) classified glyphosate as neither
carchogenic nor toxic in 2017, if levels are IqEFSA 2017; Tarazona et al. 201%) February 2019,
research revealed that glyphosate increases by 41% the chance that a person exposed to it will develop
nonr+RGINLQYTV O\PSKRPD (Zbary &SatR0Rd) GrbDtieFothéer hand, EPA concluded that
glyphosate is not carcinogenic to humans in April 2019 and, in a temporary decision in January 2020,
reaffirmed that glyphosate is not carcinogenic and poses no risk to human health when used according to
the reommendations described in the product labels and instrugionéronmental Protection Agency
2020) Clinical symptoms of acute poisoning include nausea, vomiting, and abdomingEgdieston
2020) As chronic effects, the most important are carcinggemeurological, developmental,
reproductive, immunological and cardiovascular eff§éteakwue 2019) Considerable literature has
recently been published on the toxic effects of agrotoxin use, such ag@befeat et al. 2021; Sinha et

al. 2021) andchronic(Mohamed et al. 2022; Sule et al. 2022)

PDC
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456 5 Alternatives to glyphosate

457 It is not easy to replace an effective and inexpensive herbicide. Moreover, glyphosate is used worldwide
458 in different crops, geographical, environmental and climatic zones. Its applicability changes from hot and
459 tropical areas to the coldest and most iogaa, yet it is a loveost and highly effective weed control

460 product. According tdorretta et al., (2018the best path forward is not to think about developing a less
461 harmful synthetic chemical molecule to replace glyphosate, but to change the typeécoltuae and

462 develop new farming techniques to manage unwanted pests. Among the alternatives, a few methods stand
463  out (Fig. 6b): precision agricultu(€aratelli et al. 2022)natural herbicide@Crmaric et al. 2018)organic

464 agriculture YHOD]Q\ R D &P F]XN, ultralow volume glyphosaté¢Craig et al. 2014)

465 flaming (Pergher et al. 2019hot foam using alkyl polyglucosid@artelloni et al. 2019and nonanoic

466  acid(Webber et al. 2014)

467

468 5.1 Precision agriculture

469 Large companies with fin@ial resources are investing in precision agriculture (PA), using modern
470 machinery, sensors, maps, video cameras, geographic information systems, autopilots -rasgiable
471  sowers, light bars, drones, satellite monitoring, GPS and other res@Rrdéisgeret al. 2019; Monteiro

472  etal. 2021)After mapping an area, fertilizer, agrotoxin and irrigation can be dosed according to the need
473  of each specific point in the fiel®R. Finger et al. 2019; Nawar et al. 2017)

474 PA improves productivity and reduces cosfsfeedstock, agrotoxins, labor, and crop waste,
475  while helping the farmer make a better decision in the treated area and still contributing to environmental
476 protection. Meanwhile, due to the lack of methodologies and sensors capable of identifying the
477 appication of agrotoxins in a practical, accurate and-tiea manner, weed control is still done
478 manually. Another problem is that the development and operation of PA techniques are complex and
479 involve multiple steps, in addition to requiring improvemerdsachieve commercial development
480 (Monteiro et al. 2021)Due to the production cost, PA would only be economically viable in special cases
481 (Inamasu and Bernardi 2013)

482

483 5.2 Natural herbicides
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In 2019, researchers discovered a natural alternative to glyph@saigauer et al. 2019)lt is a sugar
molecule with the scientific name:deoxysedoheptulose (7dSh) synthesized from the cyanobacterium
Synechococcus elongatighis substance inhibithe growth of several microorganisms, fungi and plants,
as well as bacteria and yeasts, but it is harmless to animals and humans.

In brief, the details of the experiment performed wAttabidopsis thalianaseedlings are as

follows.

1) Morphological appearae of the plant 7 days after germination: the seedlings were
cultivated in agar plates, under constant light and without 7dSh or glyphosate. The agar plates
were set up and illuminated from above. The root and apical meristem of the plant were
investigated The authors also compared the seedlings that received glyphosate and 7dSh. The
latter was more effective than glyphosate in inhibiting plant growth.

(2) Measurements of the distance between the root and the apical meristem of the plant
were also presented ltlge authors. There was a significant difference between the sizes of the
seedlings analyzed.

3) The effect of glyphosate and 7dSh (with 260 um per seeding) on plant growth in soll
after 18 days in a day/night cycle was also of interest. In this case, thersafbund that
seedling weight was significantly reduced after 7dSh and glyphosate treatments compared to the
control. Moreover, the inhibitory effect of 7dSh was found to be notably greater than that of

glyphosate.

For more details on the antimetabolitdghe cyanobacterium "7dSh" in inhibiting the growth of
microorganisms, one can referBalisauer et al., (2019)

Experiments revealed that 7dSh blocks an enzyme of the shikimate pathway,
dehydroquinatesynthase (DHQS). Until now, the best known iohibiwas glyphosate. Initial
investigations have shown that 7dsh is harmless to humans and animals. In addition, to test the effect of
7dSh on aquatic organisms, the researchers exposed zebrafish embryos to the substance, which again
proved to be harmless.nather key point reported by the researchers is that cyanobacteria have been
producing this substance for millions of years without affecting the environment. The researchers state

that, although there are no largeale experiments with animals and furthwevestigation is still needed,
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7dSh should be considered a promising discovery and opportunity as a natural héBsdenomy
BW 2019; Brilisauer et al. 2019)

Nevertheless, some drawbacks associated with the use of 7dSH have been observedhesuch as t
accumulation of 3leoxy-d-arabineheptulosonat&-phosphatéDayan et al. 2015)This compound is the
substrate for @lehydroquinate synthase. In the case of glyphosate, rapid accumulation of shikimate was
observed, which is a welinown biomarker of &nolpyruvylshikimate $hosphate synthase inhibition
(Dayan et al. 2015)As a result of the mechanisms involved on the application of 7dSh on plants, reduced
levels of tyrosine, phenylalanine and tryptophan (free aromatic amino acids) were noticedingctmord
Dayan (2019) the lower levels of these compounds are credited with impeding the biosynthesis of
additional amino acids. As a result, branclebdin amino acids, including valine, leucine and isoleucine
are accumulated, in addition to arginine. Aaling to these authors, although 7dSh has not pre
emergence activity, its mixture with an adjuvant was effective in controlimgtilon theophrastin a
postemergence scenario. The rate used was 2 kgHhawever, no activity oiSetaria viridiswas found,
implying selectivity.

5.3 Organic agriculture

Organic agriculture (agricultura organjda Brazil) is the most widely used term in Brazil. However,
other terms are used to refer to products and methods cetamwentional agriculture, such as
"alternative agriculture”, "biological agriculture”, "biodynamic agriculture", "orgdtogical
agriculture", "organigegenerative agriculture", "natural agriculture", "ecologic agriculture”, and others.
All of these terminologies have similar purposes and techniques, which differ from current industrial
chemical methodgPeixoto et al. 1995)Organc agriculture represents the ecological production
management system in which biodiversity, biological cycles and soil productivity are stimulated. It is
based on the reduction of synthetic materials, chemical feedstock, and especially agrotoxinsnThe mai
goal of organic agriculture is to preserve the weling of ecosystems, humans and soils. While
conventional agriculture uses synthetic pesticides and fertilizers, organic agriculture uses only natural
products, such as pyrethrin, a pesticide founcha ¢hrysanthemum flower, although its safety is still
debatedDemeneix et al. 2020Prganic agriculture uses the natural environment to increase productivity
by using some sustainable measures, such as: inserting natural insect p(el@atdnisk 2021,)planting

vegetables to add nitrogen to the gblartinez et al. 2021 )crop rotation to confuse pests and renew the

soil (Shah et al. 2021 )prganic and natural materials such as potassium bicarb@etteah et al. 2022;



542
543
544
545
546
547
548
549
550
551
552
553
554
555
556
557
558
559
560
561
562
563
564
565
566

25

Turkkan et al. 2018)and coverso control weeds and pegRRowen et al. 2022)0rganic agriculture does
not use seed or animals that have been genetically mo(iifagkla et al. 2006)

In 1999, this agriculture occupied an area of 15 million of hectares in the world. In 2020, it was
dready 74.8 million hectares, i.e., a fivefold increase; half of this area is in Oceania, 23% in Europe,
13.3% in Latin America, 8.2% in Asia, 5% in North America and 2.8% in AffiGBL 2022) Despite
the spectacular growth of this area, it occupied ony RI WKH ZRUOGYTV DJULFXOWXUDO V.
Brazil has 1.3 million hectares, making it one of the countries with the largest organic production areas
(FiBL 2022) However, the share of organic production is only 0.6%, despite a growth of 92.0&6 in th
last 10 years. According to the FiBL report, Brazil has the largest number of organic beehives, about
630,000(FiBL 2022) $V RI $SULO DFFRUGLQJ WR 0$3$9V 1DWLRQDO 5HJI
there are approximately 30,000 certified organic peotidns in Brazil (MAPA - Ministério da
Agricultura 2022) However, this figure represents only certified producers and it is possible that this
number is much higher when considering fentified producers according Milpoux et al., (2021)

This is postble given the difficulties producers face in certifying and renewing their organic products
(Scalco et al. 2017)

Fig. 7 shows some of the differences observed in the comparison between conventional and
organic agriculture. Organic agriculture has mucditdr overall features compared to conventional
agriculture for the selected benefits. While organic agriculture is more virtuous in terms of pesticide
residues, worker exposure to pesticides, ecosystem services and soil traits, conventional agrisulture ha
better yields, which is considered a crucial parameter for the producers. However, accor#iggriold
& Wachter (2016) the advantages of organic farming systems exceed the better yield achieved by
conventional agriculture, providing a more profitalaled environmentally sustainable scenario, better
quality food and zero or lower concentration of pesticide residues. In addition, organic agriculture offers

better delivery of ecosystem services and superior gains in social sustainability.
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Figure 7. Conventional versus organic agriculiig@a from Reganold and Wachter 2016)

According to Gomiero (2018) the main concerns with organic agriculture are related to its
ability to produce enough food, achieve affordability, and be able todwdweiod for the current and
future population. Another issue to consider is that organic agriculture cannot meet the fooaf tleeds
global population due to its need for land expansion. A study from Washington State University,
published in February 2@1in the journal Nature Plan{f®Reganold and Wachter 201&ssures that
organic agriculture could be used to feed the entire world population. The same authors studied five
hundred possible scenarios to test whether organic production would be abkk 9c6fedlion people in
2050, without the need to expand the areas already used for agriculture. They concluded it would be
possible to produce food for everyone, provided we eat less meat and more plants. The reason for eating
less meat is that organicramulture does not allow confinement of animals and does not aim to increase
animal protein productivity. MoreoveGoares et al. (2014Iso mentioned other difficulties regarding
organic meat production mainly related to the production of fodder antsgrelich are used as feed and
are crucial for animal health. Organic rations for feed supplementation are limited, especially in the dry
season, and pasture areas suffer from low fertility. In addition, as in conventional systems, unfavorable
climate at ertain times of the year is a major limiting factor in the production of these feeds. The amount
of organic food would be sufficient to feed the global population in three scenarios: first, if 100% of the
people were vegan; second, if 94% of the peoplewegetarian; and third if 39% were organic and 15%

had a Westerstyle meat diet. Therefore, it is not just a matter of producing enough, but transforming
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agriculture into something more environmentally friendly to ensure a healthier, agrivesxidietfor all
(Reganold and Wachter 2016)

From an environmental perspective, several works have stressed that organic farming is usually
favorable per unit area, but might be worse per unit profBotmiero 2018; Mondelaers et al. 2009;
Tuomisto et al. 2012)This is becausaitrous oxide and ammonia emissions, in addition to nitrogen
leaching, are lower per unit area but higher per unit prodecizi et al. 2017)An important advantage is
the lower energy consumption, but disadvantages are the requiremdatgef areas and higher
eutrophication and acidification for each unit prod{€uomisto et al. 2012)There is a lack of
information in the literature that could make the Brazilian population aware of organicSioggh and
*OL VINHX H modeled KH SXEOLFYV DWWLWXGH WRZDUGV RUJDQLF IRRG
mining and sentiment analysis with 43,724 Twitter posts without geographic restriction, but with only
Englishlanguage tweets. Their sentiment analysis revealed two contrasting efewganic foods. For
some, organic food is beneficial, while for others, there are doubts about wtieshsmpe of food is
actually natural or even free of chemicals and pesticides. The authors did not find a relatietiship
price in their studyNagaraj (2021)stated that most people are not interested in this tmpeonsider
these products expensive. However, for those who are aware of its benefits, they tend to buy these
products regardless of the price.

5.4 Hot foam

In 1995, an easy and smartncept using hot air foam to kill both vegetation and pests was patented
(Rajamannan 1995)rhis method, called hot foam, was considered an improvement over the hot water
used for weed control. Hot foam uses not only hot water but also biodegradable feayeirtg to

produce a foam layer on the treated surf@@ederlund and Bérjesson 2016; Martelloni et al. 2019)
According toMartelloni et al., (2019h)this technique is attractive because it has a low level of risk to the
human organism and also to thevieonment. Furthermore, it can be used to control various weed
species. This is because the foam insulates the weeds from the adjacent air, improving energy transfer to
the plant tissue, decreases energy use, and thus increases efficiencfAgtinepoubs et al. 2023;
Cederlund and Borjesson 201&)ompared to hot water alone, hot foam requires less water, is more
resilient to climate change, is highly accurate and fast, in addition to offering longer heat transfer and

reduced cosfMartelloni et al. 209; Peerzada and Chauhan 2018)
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Antonopoulos et al., (2023)cently published the hot foam method as an option for non
chemical weed control in perennial crofpie authors found that its performance is equivalent to that of
glyphosate when applied to cowmitweeds in olive groves, although some optimization of the use of hot

foam is needed under other soil and weather conditions.

5.5 Nonanoic acid

Nonanoic acid, also known as pelargonic acid, is a C9 straiglih saturated fatty acid and exists in
nature & esters of the pelargonium @National Library of Medicine 2022)in addition to its use as a
herbicide, it is used in the formulation of lacquers and plasticizers, and has antifungal features. As a weed
killer, nonanoic acid is used to control weed growth in enclosed and open areas (e.g. walkways,
greenhouses and saig), as a chemical thinning practice on flowers (e.g. pear and apple trees), and as a
sanitizer(Environmental Protection Agency 2000)he U.S. Food and Drug Administration (FDA) does

not consider the application of this acid to be hazardous in terf@dfcontamination, but the label
instructions must be strictly followed. In addition, the FDA approves its use as an ingredient in
commercial products applied to peel fruits and vegetafiJeS. Department of Agriculture 2006; U.S.
Food & Drug 2009) Nonanoic acid should be used up to 24 hours before harvest, when used in food
crops, to ensure that a minimal residue remains on(f&odronmental Protection Agency 2000)

Flower thinning is important because it facilitates fruit production every yearcirgdu
uncertainty, and increasing fruit yield and quality. According to the EPA, there are five main reasons to
consider nonanoic acid safe: (1) it is already present in food plants, so humans are routinely exposed to
this compound; (2) its uses as a wedkgikand blossom thinner are not predicted to be possible causes of
increased risk, and small amounts of this compound are considergdxmn(3) the product label, if
followed, provides information on the possible risks associated with the use afithisvhich are related
to its skin and eye irritation characteristics; (4) toxicity tests on various organisms have shown negligible
toxicity; and (5) nonanoic acid does not accumulate as it decomposes rapidly in any environment
(Environmental ProtectioAgency 2000) Nonetheless, the EPA emphasizes that care should be taken to
prevent drift outside of desired areas to avoid contact withtaiget plants.

5.6 Comparison of methods
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Antonopoulos et al., (2028pmpared hot foam to other weed control optionshsas mulching, mowing,

and pelargonic acid. Biomass reduction was found to b86%s compared to the above options,
depending on the type of biomass and the option evaluated. These results indicate that hot foam could be
an attractive alternative, espeity compared to glyphosate, as it is environmentally friendly.

Martelloni et al., (2020nlso compared the efficacy of four weed control methods: glyphosate
(ultra-low volume), flaming, hot foam and nonanoic acid. They found that weed control was dyly tru
effective when flaming and hot foam were used, with values above 99% on weed duatrls et al.,

(2020) studied pelargonic acid products and several essential oils as herbicides against several weed
species. The authors found that the concentradfopelargonic acid can play the major role in weed
control. The selection of natural products rich in these compounds is crucial. Nevertheless, in the case of
broadleaf weeds, low concentrations of pelargonic acid were sufficient. Another interestinig ploét
lemongrass/citronella and pine oil behave as cofact herbicides, while manuka oil showed systemic
activity. The use of a mixture of manuka oil and pelargonic acid completely eliminated cleaver plants,
which demonstrated that manuka oil cacrease the systemic activity of natural herbicides.

Mainardis et al., (2020dompared flaming, mowing and tillage weed in a vineyard. With regard
to flaming, the authors assessed flame weeding powered by biomass. Their results indicate that flaming is
comparable to tillage and is more efficient than mowing in controlling weedmifd benefited small
plants and managed weed excess, but also indicated a potential negative impact on species competition
and persistencdacquet et al., (202Hemonstrated the microeconomic effects of a glyphosate ban. The
authors also evaluated meai@l weed control as an alternative to chemical weed control with
glyphosate in French vineyards. According to the authors, the use of alternatives to glyphosate in
vineyards could hamper profits, which depend on the type of vineyard, labor, availebgigyipment,
and marketingKanatas et al., (202B8valuated several alternatives for weed control in perennial crops.
The alternatives were glyphosate, mowing, pelargonic acid (twice), and cover crop residues. As
alternatives to glyphosate, pelargoniécdaand mowing showed the best results for broadleaf weeds. In
olive groves, flazasulfuron and penoxsulam+florasulam were most effective against hairy fleabane
[Conyza bonariensigL.) Cronquist]. Cover crop residues indicated suppression ability for citrus
orchardsSportelli et al., (2022yompared continuous mowing, flaming, and tillage in terms of yield. The
living mulch system managed by an autonomous mower has been successful in the vegetable crops

evaluated. It indeed promotes organic vegetable ptmstu@nd uses less energy than flaming and
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conventional tilling. Furthermore, the autonomous mowers provided acceptable commercial yields of

fresh vegetables and small dry weed biomass with minimal energy demand.

6 Conclusion

Driven by the increase in theqauction of transgenic foodssoybean, corn, cottonglyphosate is the
most sold and used herbicide in Brazil, and will tend to increase even more in the comindnyears.
contrast with new regulations from several European countries, Beaglved the sale and redudesd
toxicological classificationThe allow MRL of glyphosate allowed in clean water in Brazil is 5,000 times
higherthan in theEU, raising health concerns, suchreast + RGJIJNLQTV O\PSKRPD

Profit-driven interests may lead tttempts with the focus on discrediting opposing studies.
Severalecofriendlier alternatives existut glyphosate products replacement remains challenging.

5HPDLQ YLJLODQW DERXW JO\SKRVDWHYYV LPSDFW RQ KHDOW
Policymakes should attentively assess evidence and rank human and environmental health over
economical interests. In this scenario, research investment relatedstainable alternatives and
promoton of eccfriendly practiceson agricultural can pave the way for aafer and more

environmentally friendlyandscape
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