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ABSTRACT

This study was conducted based on the evaluation of glyphosate levels present in rural workers in the region of Nova
Mutum-MT. We analyzed 90 urine samples from farmers between 2017 and 2018. The samples were analyzed based on
the development of the high-performance liquid chromatography (HPLC-FL) method. The results showed that 12% of the
farmers presented glyphosate levels, but that the highest concentration determined by the method used was not above
the limits allowed by Brazilian regulators. The HPLC-FL method proved to be practical and accurate for the determination
of glyphosate in urine samples with limits of detection and quantification of 0.34 and 1.15ng/mL, respectively.

These data show the importance of evaluating the occupational exposure of farmers to adopt strategies for the biomonitoring
of this region, considering that casual exposures to pesticides can generate health risks, as well as cases of intoxication.
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INTRODUCTION

Pesticides are products synthesized from physical,
chemical or biological processes, being mainly used in
agricultural sectors in order to change the composition of
the fauna or flora and preserve them from harmful agents.
Because it is a global concern, these substances have
been the focus of several studies, not only by the impacts
upon the health of human beings, but also by the concern
with environment contamination, whether in water, soil,

or other means. In addition to environmental and food
contamination, pesticides can affect the health of different
populations not only restricted to rural workers, but also to
their families and individuals residing in the vicinity of the
crop regions [1].

Studies conducted to evaluate occupational exposure
to pesticides in rural regions in Brazil have shown
contamination rates in farmers ranging from 3 to 23% [2]
[3]. In Mato Grosso, a Brazilian state where pesticides are
used, a study was conducted on the rate of intoxications
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caused by these agents. The authors evaluated 141
municipalities between 2012 and 2014. The results showed
there were about 13.2% cases of acute intoxications
caused by pesticides in this period [4].

By May 2019, the Ministry of Agriculture had already
approved 169 new pesticides, representing a rate 14%
higher than the previous year [5]. These products are
produced from active principles that are already approved
by the country. However, their toxicity is not known since
they present formulations different from those already
registered [6]. Studies affirm there is no guarantee of
safety for these new formulations, as the toxicity of the
separate additional agents is different from the complete
formulation [7]. In addition, these adjuvants are often
more toxic than the active ingredient itself. In the case
of Roundup®, for example, with the active ingredient
being glyphosate, this formulation presents a tensioactive
agent called polyoxyethylenenamine (POEA), which has
an estimated toxicity of three times higher compared
with glyphosate [8]. Several studies have indicated this
composition as a possible endocrine disrupter. Although
the mechanisms for this action were not completely
elucidated, the authors concluded that the formulation of
the Roundup® presented higher toxicity than the active
product alone [9] [10]. Thus, other studies are necessary
to evaluate whether this toxicity is caused by the main
commercial component (glyphosate) or by the interactions
among the other components present in the formulation.

Information about the pesticide class and the active
ingredient used is of great relevance in order to evaluate
the effects of these components on human health. In
addition, some studies allow us to affirm that most of the
cases of intoxications occurring in Brazil are due to the
lack of public policies for the correct use of pesticides; low
level of schooling of farmers and little understanding of
the use of these agents during a continuous and long-
term exposure. Moreover, the country lacks biological
monitoring to evaluate the exposure levels of pesticides in
rural workers [11].
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Given this context, we can affirm the Brazilian official
data do not show the country’s reality about pesticide
intoxication [11]. Therefore, it became essential to evaluate
the populations exposed to pesticides to measure the
levels of contamination present in the exposed individuals;
provide for diagnoses of changes in their health status
and propose stricter public safety measures to control this
exposure.

Glyphosate

Known chemically as N-(phosophomethyl)glycine,
the molecular formula glyphosate C3H8NOS5P is the most
popular and used herbicide in the world. It has a record
in more than 120 countries, representing 60% of the
world market for non-selective herbicides. In addition,
liquid, solid or granular commercial formulations present
between 1% and 80% of the active ingredient, with the
lowest percentage for domestic use [12].

Glyphosate is the most widely used active ingredient
in Brazil, with 173,150.75 tonnes sold in 2017. It belongs
to the class of herbicides and had its emergence in 1974 by
Monsanto with the trade name Roundup® [13]. In 1978, it
was sold for the first time in Brazil by importation and, only
in 1984, it began to be produced in the country [14]. Itis a
non-selective, systemic, post-emergent agent and has high
efficiency in weed elimination [12].

Its wide use can be justified, as this herbicide has
generated one of the greatest advances in agriculture from
the environmental perspective. This is because, in the past,
the biggest problem in crop regions was the erosion caused
by the techniques of ploughing and harrowing, used for
combating weeds. With the emergence of glyphosate,
it was possible to extinguish these techniques, which
increased the use of no-tillage and drastically reduced the
occurrence of erosions in the crop areas [15]. In Figure 1, we
can observe the distribution of the amount of glyphosate
marketed in Brazil between 2009 and 2017 [13].
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Figure 1. Gramlich et al. 2019

A study on the distribution of pesticide use in
Brazil by Pignati, 2017, showed that, between 2012 and
2016, glyphosate was among the 20 most used active
ingredients in Brazil. In addition, the authors reported that
of the many cultures in which this herbicide is applied, the
main ones are soybean, sugarcane and maize. The authors
of the study also showed that transgenic monoculture
can increase the use of pesticides, since these crops are
generally tolerant to glyphosate and, therefore, cause the
emergence of more resistant pests, increasing thus the use
of this herbicide [4].

Currently, glyphosate has been undergoing a
toxicological revaluation due to suspicions of presenting
possible  mutagenic, teratogenic and carcinogenic
characteristics. In this context, ANVISA reassessed the
parameters for the risk assessment of glyphosate by
establishing new levels for: Acceptable daily intake (ADI)
= 0.5mg/kg/day; acute reference dose (ARfD) = 0.5mg/
Kg/day and acceptable operator exposure level (AOEL) =
0.1mg/Kg/day [13]. In the United States, regulatory bodies
consider an ADI of 1.75mg/kg/day [16]. In the European
Union, the limit is 0.3mg/kg/day [17].

This degree of exposure was defined based on studies
that are usually sponsored by the companies that sell the
herbicide. However, in addition to much of the studies
being outdated, they also deal only with cases of acute
intoxication, not being adequate to evaluate low exposure
levels. Thus, the current parameters that evaluate the
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levels of daily intake of pesticides in foods do not reflect
the total reality [18].

However, researchers from different parts of
the world diverge on the ADI values stipulated by the
regulatory bodies. Scientists point out that this dose
should be 0.025mg/kg/day, that is, 12 times lower than
that defined by EFSA and 70 times lower than that allowed
in the United States [17]. In addition, the daily intake
limit established by ANVISA of 0.042mg/kg/day does not
include tests with glyphosate for pesticide residues in food
[13]. In addition, the regulatory bodies established these
limits only for the isolated active principle, that is, without
the presence of adjuvant agents [19-23].

Findings in the literature affirm that the complete
formulations of glyphosate, that is, those that are
marketed, usually present higher toxicity than glyphosate
alone, besides increasing the toxicity of this herbicide
when in the presence of the other components [24].
Also, these compositions are rarely tested for their long-
term toxic effects. In short, we can observe that there is a
limitation in the regulatory process regarding the toxicity
levels of pesticides in a general context [25] [26].

Accidental exposures are commonly cases of low
severity. For adult individuals who ingested doses greater
than 0.5mg/kg, a hospital evaluation and monitoring is
recommended. Lethal cases in adult individuals occur
with the ingestion of 200mL of glyphosate solution
with 30 to 70g of this active ingredient. Generally, it has
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been reported that in cases of acute intoxication with
glyphosate, individuals may present symptoms such as:
Renal and hepatic insufficiency, arrhythmia, pulmonary
edema, hyperkalemia, respiratory distress, mouth and
throat pain, and burning sensation in the stomach, among
others [26].

The toxicity mechanism of glyphosate in the human
organism is not yet completely elucidated, but researchers
believe that it may interfere with oxidative phosphorylation.
Moreover, the liquid formulations are more dangerous
than the other ones, since it is assumed that the adjuvant
components present in the formulations of glyphosate
may interfere with the mitochondrial function, which may
cause pulmonary edema [27] [28] [29].

Due to the facts mentioned, it is necessary to
monitor biological and reliable biomarkers to ensure safety
regarding the exposure of humans to pesticides.

Sample collection region

The state of Mato Grosso is the Brazilian state with
the highest soybean production. According to Brasil,
2010, between 2009 and 2010, this state produced
almost 30% of the Brazilian production. In relation to the
predominance of agricultural crops in this region, there
are: soybean (63%), maize (25%), cotton (4%), sugarcane
(2%), beans (2%), rice (1%), and sunflower (1%) [30].

Among the 10 municipalities in the state of Mato
Grosso where pesticides are used, Nova Mutum-MT is
ranked in the fifth position with 9.0 million liters. The first
place, Sorriso-MT, produced 14.6 million liters. Among the
various agrochemicals used in these regions, glyphosate
occupies the first position [31].

The profile of farmers, evaluated the characteristics
of family farming in Brazil, as well as the farmers’ origin,
sex, schooling and training, age and experience in rural
activity. His studies showed that most farmers are men,
representing almost 80% of the total rural farmers [32]
[33]. Regarding the level of schooling and training, about
75% had some elementary school and only 0.2% had
college degree. Other studies have already shown the
direct relationship between the level of schooling of rural
workers with the protective effect for pesticide intoxication
during high chemical exposure. The age, which varies
around 40 years, and the time of experience showed no
relation with the cases of intoxication [34].
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Therefore, it is important to analyze the relationship
between occupational exposure and socioeconomic data
of rural workers, as they may be directly related to cases
of pesticide intoxication.

MATERIALS AND METHODS

Study design

It is a study on the impacts of exposure and direct
contact in the long term, that is, more than 1 year, of
glyphosate to the rural worker in the region of Nova
Mutum-MT, based on a methodology developed and
validated by the authors themselves. This study is relevant
since there are currently no other public laboratories in
Brazil with a methodology developed and validated for this
same herbicide in biological samples.

Description of the study

An analytical methodology was developed for the
determination of glyphosate in human urine samples
by high-performance liquid chromatography with
fluorescence detection (HPLC-FL).

For this study, urine samples were collected from
December 2016 to December 2017, with 30 farmers with
exposure to the glyphosate pesticide. The samples were
originated from the Nova Mutum region — Mato Grosso
(MT) and approved by the Research Ethics Committee
(CEP) of the School of Medical Sciences of the University
of Campinas — SP.

All participants signed an informed consent form of
the use of their samples for scientific purposes. The farmers
participating in the study were selected based on direct
contact with the said pesticide, that is, all participants in
direct contact with glyphosate were inserted in the study.
Moreover, there was no restriction for the participants
(exposure time, sex, age, etc.).

Table 1 shows the information on the sample
collection, age and exposure time of farmers. The samples
were classified into three types: pre, high and post, where:
Pre means before exposure of individuals to pesticides;
High means the period during exposure and direct contact
to pesticides; Post informs the period after exposure.
Thus, 30 samples were collected for each exposure period,
totaling 90 samples analyzed.
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Parameters

Number of samples collected

Age of farmers (years)

Mean
Range
Exposure time (months)

Mean

Table 1. Data of the study participants.

Sample preparation

The stock solutions of the glyphosate pesticide were
prepared by the dissolution in water of 10mg of standard
dose for a final volume of 10mL. We prepared 100mL of
a working solution of concentration 6.0ng/mL, containing
the glyphosate pesticide.

The samples were removed from the freezer,
allowing them to reach the room temperature of their
homogenization. We pipetted 2mL of urine and added
0.4mL of the standard working solution and 0.6mL of
acetonitrile. The samples were centrifuged at 3000rpm
for 10 minutes and passed in SPE C18 pre-conditioned
cartridges with 2mL of acidified methanol with 100uL of
0.1% formic acid (solution of deaerated methanol) and
eluted with 3mL of acetonitrile. The calibration curve
was evaluated from 1.15 to 120.00ng/mL. All calibration
points were reproduced in triplicate. For the derivatization
reaction, a concentration of 1.6u/mL of Fmoc-Cl and
500uL of borate buffer solution pH 9 for each 1mL of
sample was added, so that the proportion of glyphosate
and Fmoc-Cl was 1:4. The derivatization reaction was
performed in an ultrasonic cleaner for 15 minutes at room
temperature.

Equipment

The samples were analyzed in the ultra-efficient
liquid chromatography system LC-6AD, Waters, composed
of automatic injector model 717plus Autosampler;
fluorescence detector 2475; and data acquisition system
by the Waters Empower™ 3 software (G. Bookham,
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28.7

20-50

30.7

United Kingdom). The chromatographic Kromasil C18
column (150mm x 4.6 mm) Thermo Electron Corporation
was used. SPE Waters OASIS cartridges, HLB Catridge, 30
um Particle Size (Massachusetts, USA); Mobile phase flow:
1.0mL/min; Injection Volume: 20uL; Automatic sampler
temperature: 24°C; Detector: wavelength emission and
excitation: 263nm and 317nm, respectively.

RESULTS

The validation was performed following the
parameters recommended by the National Sanitary
Surveillance Agency (ANVISA) through the Collegiate
Board Resolution (RDC) No. 27, 2012.

For the LOD and LOQ, we performed injections in
glyphosate six times in matrix at concentrations between
1.15ng/mL and 120ng/mL to obtain the calibration
curve through which the theoretical LOD and LOQ was
calculated, based on the residual standard deviation of the
regression curve and on the slope of the calibration curve.
The coefficient of determination was higher than 0.99.
All the calibration curve points were within 20% of the
theoretical value. This method showed a limit of detection
of 0.34ng/mL and limit of quantification of 1.15ng/
mL. The lowest level determined (1.15ng/mL) showed
optimum accuracy and precision.

According to the results obtained, the derivatization
of glyphosate with Fmoc-Cl improved its detection by
HPLC-FL. Figure 2 shows the chromatogram of glyphosate
in matrix.
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In the evaluation of the matrix effect, no interference
of compounds in the retention time of the analyte was
observed. During the analysis, no significant loss of
signal or increase in the retention time windows of the

compound of interest was found.
The repeatability test was performed in matrix at

5 different fortification levels: 5; 10; 50; 70 and 120ng/
mL six times on the same day and with the same analyst.
The intermediate precision evaluated these same levels
of concentration six times, but two days after the first
evaluation with the same analyst. In both cases, the
standard deviation and coefficient of variation (CV) were
verified, and they did not present significant statistical
difference during the precision analysis.
Recovery rates were calculated and verified if they

T T T
300 3.50 4.00 4,50 500 550
Winutes

were in the acceptability range of 70 to 120%. The
recovery values were considered satisfactory, presenting
good accuracy and precision with coefficients of variation
lower than 20%. Thus, the results are acceptable and
within the regulated values, which means the established
results are acceptable for the recovery of biological samples
in the range of 69.7-86.0%.

The F test performed in the repeatability test and
intermediate precision showed that no statistically
significant differences were found between the precisions
on different days, since the values were in the range of 1.11
and 2.74, less than the tabulated (5.05). The applicability of
the method was verified through the analysis of a fortified
matrix with glyphosate at the levels described in Table 2.

Table 2. Results of urine samples that were collected on the day of exposure to glyphosate. () Error at 95% confidence.

Sample Result (ng/mL) Sample Result (ng/mL)
1 HIGH <0.34 16 HIGH 2.57(0.13)
2 HIGH <0.34 17 HIGH <0.34

3 HIGH <0.34 18 HIGH <0.34

4 HIGH 2.87(0.07) 19 HIGH 7.13(0.52)
5 HIGH 3.09 (0.09) 20 HIGH <0.34

6 HIGH 1.65 (0.10) 21 HIGH 2.87(0.35)
7 HIGH 2.27(0.22) 22 HIGH <0.34

6 HIGH <0.34 23 HIGH <0.34

9 HIGH <0.34 24 HIGH <0.34
10 HIGH 6.41(0.28) 25 HIGH 4.19(0.38)
11 HIGH <0.34 26 HIGH <0.34
12 HIGH 2.03(0.27) 27 HIGH <0.34
13 HIGH <0.34 28 HIGH <0.34
14 HIGH <0.34 29 HIGH <0.34
15 HIGH 4.40 (0.22) 30 HIGH <0.34
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DISCUSSION

In the United States, according to regulatory bodies, the
Acceptable Daily Intake (ADI) of glyphosate is 1.75mg/kg/day
[16]. In the European Union, this limit is 0.3 mg/kg/day [17],
while in Brazil, according to ANVISA, an ADI of 0.042mg/kg
(42ng/mL) [13] was established.

Although glyphosate residues were present in some of
the samples analyzed, none of the cases exceeded the values
allowed, established at national and international levels, since
the highest level found was 7.13ng/mL. The highest value
found in the samples was 0.007mg/kg. This value represents

Internal Dose (%x body mass) =

Internal Dose =

an external dose of 0.0011mg/kg that was determined based
on the studies carried out by Niemann [15] and Silbernagel
and Despopoulos, 2006 [35]. Regarding the kinetics of
glyphosate considered a daily volume of urine of 2 liters for an
adult person with average body mass of 60kg [35]. However,
this assumption presents a great variability, since the excretion
may be higher or lower depending on the amount of liquid
the person drank and on the excretion by other routes, such
as transpiration, which may be significant. In this context,
the calculations used to determine the external dose for
the highest level of glyphosate found in the urine samples
analyzed are described below.

Curine x Vurine

Body mass

7.13pg/Lx 2L
60kg

Internal Dose = 0.237ng/kg(0.000247mg/Kg)

External Dose (%x body mass) =

External Dose =

100 x internal dose

% oral absorption

100% x 0.237pg /kg

20%

External Dose = 1.188pg/kg(0.001188mg /kg)

The external dose represents the possible dose with
which the farmer had direct contact. As already mentioned,
the systemic resorption of glyphosate in the intestine is greatly
reduced [15, 35]. Studies published, suggest an absorption
rate of about 20%, which indicates that this ingestion may
have been up to five times higher than the resulting internal

dose [36].
The volunteers chosen for the development of this

study, represented by a group of men and women aged
between 20 and 50 years, reproduce the real situation
of the diversity in the rural work environment. Thus, it is
relevant to know the residue values found in the samples
to assess the level of exposure of these workers. For
the samples classified as Pre and Post, no quantifiable
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concentration was found by the method [36].

The candidate with the highest level of glyphosate
found in the urine had the experience of 1 year and 9
months and worked preparing soil drench. The one with
the lowest level of the herbicide found had the same
function with an exposure time of 1 year. As for the
farmer who had longer experience, 10 years, no level of
glyphosate was detected, and his function was applicator.
Age also showed no impact on glyphosate exposure. Thus,
factors such as experience time in rural activity, function
and age did not present any relation with glyphosate levels
found in the samples [33] [34].

According to the studies conducted by Acquavella,
2004 [36], who evaluated the biomonitoring in farmers
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and their families, 40% of the individuals present in the study
did not obtain detectable levels in their urines on the day of
application. The authors suggested the potential exposure
may be limited to individuals who were not present in the
immediate area of the mixture or participating in application
activities. Several other studies evaluating rural workers
showed that their urines had levels of glyphosate detectable
by the developed methods [37] [38]. However, in all of them,
the concentrations of this pesticide were lower than the limits
allowed by the regulatory bodies [38] [39] [40].

The results give an initial idea that the workers are
exposed to glyphosate and the direct contact seems to be the
main source of exposure. However, a more detailed study is
needed to distinguish between different exposure situations,
in addition to direct contact. Thus, the analytical method
developed fulfills the validation requirements and is suitable
for the determination of glyphosate residues in urine.

CONCLUSION

Numerous factors can influence changes in the
individual's health beyond direct contact with the crop
protection product. Therefore, assessing the exposure of
rural workers to pesticides is still quite complex. Likewise, it is
necessary to diagnose possible health events caused by these
agents.

The results presented indicate that on the day of
glyphosate exposure, detectable levels of this pesticide were
found in urine samples, but during the period before and
after exposure and no direct contact. These data corroborate
international studies in the literature.

Although these levels indicate a low occupational risk,
biomonitoring studies such as this need to be expanded to
support more scientifically based regulatory actions.
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