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1 Introduction
Brazil stands out in the export of agricultural products, 

having relevance in world agriculture. The use of pesticides 
increased as a result of the need to eliminate plant pests, as they 
harmed food and affected its commercialization (Caldas, 2016; 
Gaboardi et al. 2019).

In the last decade, according to IBAMA (Instituto Brasileiro 
do Meio Ambiente e dos Recursos Naturais Renováveis, 2017) 
the consumption of pesticides in Brazil has been highlighted by 
the increase, being in 2017 reaching the mark of 540 thousand 
tons traded, making it with world leading position in the use 
of these inputs. It is allied to the reality that each year, new 
pesticide assets are released for commercialization, that is, new 
environmental risks and public health.

The marketing of pesticides in Brazil is governed by 
Law 7.802/1989 (Brasil, 1989), regulated by Decree 4.074/2002 
(Brasil, 2002) which describes environmental, public health and 
agronomic performance criteria, being considered as stricter 
regarding the registration of pesticides (Brasil, 2002). However, 
a bill (PL 3,200/2015) runs in the National Congress to approve 
and to amend the current law, which, considering that the 
legislative achievements are considered a setback, since it relaxes 
the Brazilian legislation in addition to minimizing the conception 
of toxicity of these assets to human health and the environment 
(World Health Organization, 2010; Pelaez et al., 2010).

Relating the high trade present in our country, possible 
registration flexibilities, growing black market of pesticides, 

research evidencing irregularities in quality control in water 
and food for consumption, relevance of acute and chronic 
intoxication rates of the population, work environment risk to 
agricultural workers, highlights the urgency of improving public 
policies regarding the monitoring of the production chain of 
these products aiming at the protection and promotion of health 
(population and environmental) (Londres, 2011; Rigotto, 2011; 
Da Ros, 2019; Klanovicz, 2010; Brasil, 2016b).

The exposure of the general population to pesticides has 
some introduction routes, to be it by mouth, which will be 
through ingestion of contaminated food and water, respiratory 
and dermal, often found in the case of domestic or agricultural 
spraying, as well as inhalation during spray application. In the 
case of food intake, the load of these assets present in these 
products will directly affect their quality and putting the citizen 
in acute and chronic exposure (Santos  et  al. 2018). In the 
airway, its route of exposure is wide, in which toxic inhaled gas 
is easily distributed in much of the organism causing harmful 
and lethal consequences to the lungs and other organs (Silva 
& Costa, 2018)

The Notification Disease Information System (SINAN) is one 
of the tools with stored data pertinent to the poisonings caused 
by pesticides. In mid-2013 to 2017, 24,148 cases of agricultural 
pesticide poisoning were reported, and underreporting is a 
present reality, camouflaging the magnitude of the problem in 
question (Datasus, 2019; Almeida et al. 2017).
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Therefore, given the reality of distribution, control in the 
use of these inputs and incidence that the population is exposed 
daily, this paper aims to analyze indicators that demonstrate the 
reality of commercialization, as well as to observe the relation 
of poisoning rates.

2 Materials and methods
A literature search was performed in the databases 

PUBMED, Science Direct, Scielo, Google Scholar, and survey of 
poisoning data recorded in the Notification Disease Information 
System (SINAN WEB) through the DATASUS platform, SIDRA/
IBGE statistical table database, IBAMA and the National Poisoning 
System (SINITOX) from January to March 2019.

As a facilitator of the process the descriptors were used: 
“Pesticides”, “Marketing of Pesticides”, “Endogenous Pesticide 
Poisoning”, “Legislation and Market on Pesticides”, “SINAN”, 
“IBAMA”, “SINITOX”, “Pesticide” and “Toxicity”, in Portuguese 
and English, published from 2010 to 2019, with the exception of 
legislations and manuals published prior to the analyzed period.

The survey of statistical data on marketing of pesticides and 
poisoning cases were conducted from 2013 to 2017, and this last 
year with data made available by digital platforms.

3 Results and discussion
Evaluating data regarding the commercialization of pesticides 

in Brazil, observed in Figures 1 and 2, there is an annual growth 
in their commercialization, with 2017 having the highest active 
ingredient commercialization rates reaching almost 540 thousand 
tons, which represents about 10% growth in these years.

In the current scenario, the Midwest region had the greatest 
relevance in the use of these products in all years analyzed 
reaching in 2016 the record with an average of 185 thousand 
tons, representing 34.24% of national trade, then following the 

southern region which had the highest commercialization rate 
in 2017, with 165 thousand tons of active ingredient reaching 
30.61% of the national market. This reality was demonstrated 
by Pignati et al. (2017), being MT (Mato grosso), the state with 
the largest soybean and corn plantation in the country, as well 
as the one that consumed the most pesticides in 2015, therefore, 
having essential weight in the consumption of these substances.

Between 2015 and 2016, there is a decrease in the marketing 
of these substances in the southern (0.31%) and southeast (6.31%) 
regions, a similar reality identified in a study on the profile 
of pesticide use in Southwestern Brazil. Paraná performed by 
Gaboardi  et  al.(2019), in which they presented official data 
of growth in previous years and fall in 2016, suggesting as a 
hypothesis of this smuggling due to proximity to the border, 
other hypotheses were listed; however, they were not made, 
specific studies to prove them such as: reduction in agricultural 
production, reduction by improvement of management technique 
or some kind of inconsistency in the data.

According to Figures 1 and 2, the results are observed for 
the commercialization of “undefined” products, and in IBAMA 
platforms, there is justification that these products do not have a 
definition of the region/place of sales. Over the years these results 
have gradually decreased reaching lower data in 2017 with 3.96% of 
national demand, which is still a relevant value, due to the lack of 
knowledge of the origin of these products, but improvements can 
be seen in the inspection and marketing system for these products.

Table 1 below describes the 10 most sold active ingredients 
each year of the study period, and glyphosate and its salts were the 
main assets sold in each year, reaching the highest consumption 
in 2015, approximately 195 tons of active.

Significant values ​​are justified because it is the main 
product used in soybean and sugarcane crops, in which Brazil is 
prominent worldwide for its cultivation (Pignati et al., 2017). Then, 
2,4 - Dichlorophenoxyacetic Acid (2,4 –D), which in 2017 reached 

Figure 1. Commercialization of pesticides in Brazil (by region) from 2013 to 2017. Source: IBAMA.
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herbicides; Volume 112” (International Agency for Research 
on Cancer, 2017), Glyphosate that is in the ranking of the 
most commercialized product is evidenced with carcinogenic 
potential in humans and animals, being classified as dangerous 
to the environment, class III, by IBAMA, which is the organ 
responsible for the activities of analysis, records and control of 
pesticides in Brazil (Instituto Brasileiro do Meio Ambiente e 
dos Recursos Naturais Renováveis, 2019).

Glyphosates can be absorbed through the inhalation 
absorption routes, by ingestion or through the skin, being 
excreted mainly in the urine and in a lesser amount in the feces. 
Aminomethylphosphonic acid (AMPA) is the main metabolite 
generated by the glyphosate kinetics, in which both are distributed 
throughout the body, where the peak plasma concentration is 
found mostly after two hours of its administration orally in humans 
(Rieg, 2016; International Agency for Research on Cancer, 2017)

Among the main acute effects by glyphosate in humans and 
clinical manifestations present by this intoxication we have: shock, 
dysrhythmia, tachycardia, alteration of consciousness and mental 
state, lethargy, dermatological irritations, renal failure, acute lung 

about 57 tons sold in our market. As in 2015 new assets had a 
greater relevance entering this ranking, paraquate Dichloride, 
imidacloprid and copper oxide.

Gaboardi et al. (2019) listed a similar reality to the national 
history, being glyphosate and the most used ingredient in Paraná 
is its salts, from 2015 to 2016, as well as Pignati et al. (2017), in 
Mato Grosso from 2012 to 1016, and the authors raised questions 
about this rising use, associating it with public health problems, 
increasing the rates of poisoning in consumers and rural workers 
and environmental and food contamination.

Data on the types of pesticides (herbicides, insecticides 
or fungicides) and the main ones used are fundamental to 
associate them with the health effects of the affected areas and 
the population exposed. Regarding the use of these products, 
insecticides act to fight insects and lavas, fungicides fight fungi 
while herbicides fight invasive plants (Gaboardi et al. 2019).

According to the World Health Organization, through the 
monograph “IARC Monographs on the evaluation of carcinogenic 
risks to humans - Some organophosphate insecticides and 

Figure 2. Representation (in %) by region in the national marketing of pesticides. Source: IBAMA.

Table 1. The best-selling active ingredients in Brazil from 2013 to 2017.

Year 2013* 2014* 2015* 2016* 2017*
Glyphosate and its salts 185,956.13 194,877.84 194,939.60 185,602.22 173,150.75

2,4-D 37,131.43 36,513.55 48,013.26 53,374.41 57,389.35
Mancozebe 8,419.01 12,273.86 21,574.44 33,232.94 30,815.09
Acephate 22,355.41 26,190.52 19,324.66 24,858.68 27,057.66

Mineral oil 28,347.06 25,632.86 25,773.01 27,801.09 26,777.62
Atrazine 28,394.91 13,911.37 18,869.47 28,615.70 24,730.90

Vegetable oil 14,318.35 16,126.71 18,287.12 17,259.26 13,479.17
Paraquat Dichloride - - 10,536.60 11,638.19 11,756.39

Imidacloprid 7,940.82 - 8,541.55 9,165.97 9,364.57
Copper hidroxyde - - - - 7,443.62

Chlorpyrifos 13,084.62 16,452.77 9,187.19 7,271.08 -
Metomil 8,533.26 9,801.11 - - -
Diurom - 8,579.52 - - -

Source: IBAMA (Instituto Brasileiro do Meio Ambiente e dos Recursos Naturais Renováveis, 2017); *Sales in tons.
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80.3% of the analyzed foods were satisfactory, and about these 
38.3% presented residues in the tolerable amount. Regarding 
the unsatisfactory samples, it was 19.7%, with the majority 
having pesticide residues not authorized for the crop, followed 
by extrapolation of the recommended maximum limit (MRL), 
in both situations (Brasil, 2016a).

According to ANVISA, the irregularities found in the 
last report of PARA (2013/2015) do not necessarily present 
health risks, due to the new methodology used in the study, 
recommended by the World Health Organization/Food and 
Agriculture Organization of the United Nations (WHO/FAO), 
which is an acute risk assessment, i.e. poisoning that can occur 
within 24 hours of eating food containing residues. Therefore, 
98.89% of the samples were not identified as potentially acute 
risk situations, and in 1.11% of the monitored samples, a relative 
acute risk potential was identified (Brasil, 2016a).

However, the difficulty of identifying the extent of the 
problem to Public Health is evident, since the acute intoxication 
relation to chronic is unequal, since the easily identified acute 
intoxication has the reality of underreporting and chronic. 
They are often not perceived as consequences of pesticide use. 
Therefore, there is intense consumption with 221 limited records 
of acute poisoning and almost nonexistent for chronic poisoning 
(Faria et al. 2009; Londres, 2011).

Ferreira  et  al.(2018) evaluated the estimated intake of 
organophosphorus pesticides by the consumption of fruits and 
vegetables (FV), and concluded in relation to the food intake of 
the Brazilian population, that for children metidationa exceeded 
the safety toxicological parameter, however, the article describes 
that the Brazilian reality has low consumption of FV, and if this 
consumption reached the recommendations of WHO, six pesticides 
would exceed the percentage of acceptable daily intake (% IDA) 
for children (diazinone, dicofol, dimethoate, metamidophos, 
metidationa and protiophos) and for adults there would be three 
(dicofol, metamidophos and methidathione), again evidencing 
the indiscriminate use of these products.

Studies in other parts of the world have shown similar research 
on chronic use of contaminated food. In France, Nougadère et al. 
(2011) evaluated the chronic risk in relation to the consumption 
of pesticide residues in food, the organophosphates presented 
a daily intake estimate (EDI) higher than the IDA, and 1.8% of 
the active ingredients studied are framed in this reality.

In China, however, through the study by Chen et al. (2011), 
it was found that 37.7% of the samples contained insecticides that 
are considered a serious public health problem for that region.

injury, nausea, vomiting, hyperemia of mucous. According to the 
literature, glyphosate toxicity is considered low LD50 5.600 mg/kg 
(acute oral in rats) and 5,000 mg/kg (acute dermal in rats), 
however, some authors have suggested that this herbicide may 
have some chronic effects (Toriani, 2017; Melo, 2018).

Among the other products in Table 1, IBAMA classifies the 
majority as class III (dangerous), as follows: 2,4-D, Mancozebe, 
Acephate, Vegetable Oil and Imidacloprid, while Atrazine and 
Chlorpyrifos are class II (very dangerous), and their marketing 
is prohibited in some European countries. Therefore, they have 
considerable impact power due to several harmful effects on 
the environment, animals and humans (Pesticide Properties 
DataBase, 2019; Instituto Brasileiro do Meio Ambiente e dos 
Recursos Naturais Renováveis, 2019).

It is noted that the association with high numbers of active 
ingredients in the market and their great use, comes the possibility 
of poisoning. Table 2 describes the list of notifications registered 
for poisoning in Brazil, regarding the ingestion of contaminated 
food, in the SINAN (Notification Disease Information System) and 
SINITOX (National Toxic Pharmacological Information System).

The results show the reality of poisoning by food consumption, 
and in 2017 the largest number of notifications in the SINAN 
system, following the marketing data that reached a higher 
average this year.

A certain difference in the data analyzed in both systems, 
since SINITOX presented relatively inferior data compared to 
SINAN, and in some years there was no data record, which 
shows certain fragility in notifications of poisoning, as well as 
possible underreporting in both realities.

According to Almeida  et  al. (2017), underreporting is a 
reality in our country, camouflaging the magnitude of the factor 
studied. Between 2013 and 2017, 24,148 cases of agricultural 
pesticide poisoning were reported in SINAN, and suicide attempt 
poisoning was the most relevant factor reaching 9,444 cases in 
the study period and ingestion of 143 cases contaminated food, as 
shown in Table 2. Most reports refer to acute reactions, identified 
by the health professional, the chronic intoxications, exposures 
in small quantities of pesticides present in food, that are more 
difficult to detect due to symptoms and clinical manifestations 
later (Londres, 2011)

The Food Pesticide Residue Analysis (PARA) program, 
created and maintained since 2001 by the National Health 
Surveillance Agency (ANVISA), aims to evaluate the quality of 
food reaching consumers with an emphasis on pesticide residues. 
The last PARA report for the 2013-2015 triennium found that 

Table 2. Notifications registered by exogenous intoxication, for food in Brazil.

YEAR 2013 2014 2015 2016 2017
Region SINAN SINITOX SINAN SINITOX SINAN SINITOX SINAN SINITOX SINAN SINITOX

NORTH 7 1 2 0 1 0 3 0 7 -
MIDWEST 0 2 11 3 6 0 9 1 4 -

NORTHEAST 8 2 13 0 4 0 7 6 5 -
SOUTHEAST 7 1 4 0 4 0 4 0 17 -

SOUTH 7 1 2 0 3 0 4 0 4 -
TOTAL 29 7 32 3 18 0 27 7 37 -

Source: DATASUS (2019); Sinitox (2019).
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4 Conclusions
The intense use of pesticides can cause damage to the 

environment and human health, when ingested it generates a 
cumulative load of these assets, causing damage to the organism 
that are sometimes irreversible, since they can be neurological, 
cancer, endocrine disorders, among others, as described in the 
literature.

For this, it is necessary to act by the competent bodies to 
inspect the use and monitor the concentration found in these 
products, since the chronic use is silent and can later bring losses 
related to this gradual exposure.

This article served as a data survey to compress the reality 
in the commercialization of these products and possible errors 
and excesses of the productive scale. In addition to supporting 
the next phase of the study, which will be the identification of 
pesticide residues in fruits samples sold at the local (municipal) 
level.

It is a reality with scarce data regarding food poisoning, samples 
above the allowable limit, possibility of chronic consumption 
and delay in the publication of data on this issue. This makes 
this topic relevant and stimulating for research, since Brazil still 
has a vast field of studies to be developed.
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