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A B S T R A C T
Pesticides are chemical contaminants that can be found in 
food. Those with the greatest residual representation include 
insecticides, fungicides, and herbicides. The objective of this 
study was to analyze the presence of pesticide residues in lettuce 
(Lactuca sativa L.) sold at street fairs. This was a quantitative, cross-
sectional study, carried out in street fairs in Chapecó, state of Santa 
Catarina, with producers of fresh vegetables, and consumers, and 
also analyzed pesticide residues in lettuce from conventional and 
organic cultivation. Data were collected using a semistructured 
questionnaire, administered to all producers, and a sample of 
consumers. Pesticide residues were analyzed in lettuce as it is the 
most purchased food by consumers. Pesticides surveyed included 
azoxystrobin, deltamethrin, imidacloprid, and glyphosate, as 
they are the most frequently applied on farms, and in cultivation 
of vegetables. Of the 67 vendors active in the seven street fairs, 
30 were vegetable and fruit producers, and of these, 17 were 
conventional producers and 13 were organic farmers. The analysis of 
pesticide residues in lettuce from conventional production showed 
residues of azoxystrobin and imidacloprid, but below the maximum 
residue limits allowed by Anvisa. In samples of organic lettuce, 
residues of the analyzed pesticides were not detected. From the 
analysis of residues in lettuce, it is inferred that the food is safe in 
terms of the pesticides analyzed and that municipal public policies 
should prioritize systematic monitoring to ensure food safety and 
encourage the production of organic food. 

Keywords: azoxystrobin; deltamethrin; imidacloprid; glyphosate; 
organic food.

R E S U M O
Os agrotóxicos são contaminantes de natureza química que podem ser 
encontrados nos alimentos. Os de maior representatividade residual 
incluem os inseticidas, fungicidas e herbicidas. Objetivou-se analisar 
a presença de resíduos de agrotóxicos em alface (Lactuca sativa L.) 
comercializada em feiras livres. A pesquisa, com abordagem quantitativa 
e transversal, foi realizada em feiras livres de Chapecó/SC, com produtores 
feirantes de vegetais in natura e consumidores. Realizou-se, ainda, 
análise de resíduos de agrotóxicos em alface de cultivo convencional e 
orgânico. A coleta de dados constituiu-se na aplicação de um questionário 
semiestruturado a todos os produtores e a uma amostra de consumidores. 
As análises de resíduos de agrotóxicos foram realizadas em alface, por ser o 
alimento mais adquirido pelos consumidores. Os agrotóxicos pesquisados 
incluíram azoxistrobina, deltametrina, imidacloprido e glifosato, por 
serem os mais frequentemente utilizados nas propriedades e no cultivo 
de hortaliças. Dos 67 feirantes em atividade nas sete feiras livres, 30 
eram produtores de hortaliças e frutas, e, deles, 17 eram produtores 
convencionais e 13 de orgânicos. As análises de resíduos de agrotóxicos em 
alface de produção convencional apresentaram resíduos de azoxistrobina 
e imidacloprido, porém abaixo dos limites máximos de resíduos permitidos 
pela Agência Nacional de Vigilância Sanitária (Anvisa). Nas amostras 
de alface orgânica não foram detectados resíduos dos agrotóxicos 
pesquisados. Das análises de resíduos em alface, infere-se que o alimento 
é seguro quanto aos agrotóxicos pesquisados e que políticas públicas 
municipais devem priorizar o monitoramento sistemático, visando garantir 
a segurança dos alimentos e estimular a produção de alimentos orgânicos.

Palavras-chave: alimento orgânico; azoxistrobina; deltametrina; 
imidacloprido; glifosato.
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Introduction
Agricultural production in Brazil is increasingly dependent on the 

use of pesticides and synthetic chemical fertilizers (Ibama, 2021). This 
practice has led to water, soil, and food pollution with ecological and 
health consequences, in addition to the impoverishment of biodiversi-
ty (Vieira et al., 2024). The impacts of pesticide use on the environment 
and the consequences for public health need to be better understood 
in the context of different territories and population groups, especially 
due to the risk of possible food contamination (Carneiro et al., 2015; 
Friedrich et al., 2018).

The use of pesticides in food production is a widely used practice 
(Bombardi, 2017), authorized (Brasil, 1989), and growing in Brazil and 
worldwide (Ibama, 2021; World Health Organization, 2022). The tox-
icity of these active ingredients has been evidenced in vertebrates for 
over half a century (Carson, 1962), demonstrating that the action is 
not always restricted to the target organism (Midio and Martins, 2000). 
Living beings share biochemical and physiological similarities and, 
therefore, many cellular components or metabolic pathways in nontar-
get organisms, including humans, can be affected by these substances 
(Oga et al., 2014).

Pesticides are biocidal substances as both humans and other ver-
tebrates can also be exposed to these compounds and suffer poisoning 
(Carson, 1962; Sabarwal et  al., 2018; Lorenzatto et  al., 2020). Conse-
quences to humans described in the literature related to pesticides in-
clude allergies, neoplasms, intestinal microbiota disorders, endocrine 
system disruption, infertility, congenital malformations, autism, Parkin-
son’s disease, and Alzheimer’s disease (Samsel and Seneff, 2013; 2015).

Among the classes of pesticides, fungicides, insecticides, and her-
bicides are generally the most used in the food production chain (Iba-
ma, 2021). Azoxystrobin is a fungicide dangerous to the environment, 
class III, and category V according to toxicity classification, considered 
unlikely to cause acute harm to humans (Anvisa, 2020). The deltame-
thrin insecticide belongs to class I environmental hazard, highly dan-
gerous, and category IV according to toxicity classification, considered 
low toxic (Anvisa, 2020). The imidacloprid insecticide is an environ-
mentally hazardous pesticide, class III, and category V according to 
toxicity classification (Anvisa, 2020). The glyphosate herbicide belongs 
to class III environmental hazard, dangerous to the environment, and 
category V according to toxicity classification, considered unlikely to 
cause acute harm to humans (Anvisa, 2020).

These pesticides were chosen to be analyzed in this study as they 
were the most frequently used on the property and in the production of 
vegetables, self-declared by the farmers of the street fairs in Chapecó in 
response to the questionnaire applied in the research. Residues of these 
active ingredients and others have already been identified and quanti-
fied at different levels in food samples by Anvisa, through the Pesticide 
Residue Analysis Program (PARA) (Anvisa, 2019). Pesticides are toxic 
substances that persist in food and the environment after application 
and tend to accumulate in organisms (Lorenzatto et al., 2020; Deus et al., 

2022; Vieira et al., 2024). In this sense, residue monitoring is necessary 
for food, soil, water, and nontarget organisms, including humans.

The growing concern about the presence of pesticides and the pos-
sibility of contamination of food has aroused a worldwide interest in 
the production and consumption of organic food (Ifoam, 2022). Or-
ganic food production does not use synthetic fertilizers and pesticides, 
but organic compounds that optimize natural and socioeconomic re-
sources (Ifoam, 2022). Agroecology is the system that balances all the 
components of life and, in this way, protects the health of humans and 
the environment (Primavesi, 2017). It is a system capable of producing 
enough food to supply the entire world population, with the poten-
tial to supply an even larger population, without necessarily increasing 
the cultivated agricultural land (Badgley et  al., 2007). The Food and 
Agriculture Organization of the United Nations (FAO) reinforces the 
potential and need for ecological agriculture to replace conventional 
agriculture (FAO, 2007).

In this context, street fairs are urban spaces that sell fresh vege-
tables from conventional or organic production, from family farming 
(Fayad et al., 2019). Family farming accounts for more than 70% of the 
food produced by Brazilians (IBGE, 2017). In this scenario, the impor-
tance and the need to better understand the safety of food sold in street 
fairs regarding the presence of pesticide residues are highlighted. The 
objective of the present study was to analyze the presence of pesticide 
residues in lettuce (Lactuca sativa L.) sold in street fairs in Chapecó, 
state of Santa Catarina.

Materials and Methods
This is a quantitative, cross-sectional study involving the safety of 

foods sold in street fairs through the analysis of pesticide residues in 
lettuce (Lactuca sativa L.).

Ethical aspects
This study complied with the determinations of Resolutions 466/

CNS/2012 (Brasil, 2012a) of the National Health Council of Brazil, 
which establishes guidelines to preserve the dignity, rights, safety, and 
well-being of research participants. This study was approved by the 
Human Research Ethics Committee of the Chapecó Region Commu-
nity University (Unochapecó), with opinion 4803153.

Sampling
The research locus consisted of the seven street fairs in the munic-

ipality of Chapecó, state of Santa Catarina, in operation in the second 
half of 2021. The study was carried out with fresh vegetable producer 
vendors and the consumers of street fairs. Furthermore, the analysis of 
pesticide residues was carried out in lettuce (Lactuca sativa L.) variety 
crespa, Bruna.

All producer vendors over 18 years of age (n = 30) who produced 
and sold fresh vegetables and/or fruits in street fairs at least once a week 
were included in the research. In relation to consumers, a sample of 374 
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participants over 18 years of age who attended street fairs at least twice 
a month was defined. To define the sample of consumers, a probabilistic 
test was used using the EpInfo software (v. 7.2.2.6), with a margin of er-
ror of 5% and a confidence level of 95% based on the municipal informa-
tion that 10,000 consumers attend monthly in those spaces.

Analyses of pesticide residues were carried out on fresh lettuce 
(Lactuca sativa L.) variety crespa, Bruna. A total of six samples were 
taken, three from conventional producers and three from organic pro-
duction, representing the seven street fairs, as detailed in Table 1.

Data collection
The production system of food sold in street fairs was evaluated 

by a semistructured questionnaire built in the Google Forms tool. The 
questionnaire was administered by the researcher to all producer ven-
dors who sold fresh vegetables (vegetables and/or fruits) in the seven 
street fairs in the municipality of Chapecó that were active in August 
2021. Producers selling vegetables and fruits were approached in their 
own spaces of street fairs. 

The fresh vegetable most purchased by consumers was defined by 
a semistructured questionnaire built using the Google Forms tool. The 
researcher herself administered the questionnaire to a sample of 374 
consumers. Consumers were approached randomly and directly in the 
spaces of the street fairs (patio/parking) in August 2021.

Analysis of pesticide residues in lettuce (Lactuca sativa L.) 
var. crespa, Bruna

The collection of the fresh lettuce (Lactuca sativa L.) var. cres-
pa, Bruna, was carried out in November 2021. The choice of lettuce 
took place after collecting data from the questionnaire administered 
to consumers in which they referred to leafy vegetables as the most 
purchased food in street fairs. The variety crespa Bruna lettuce was the 
one that producers were producing and selling on the date of collec-
tion. Each sample was composed of a minimum fresh weight of 1 kg of 
plant matrix, following the sampling procedures established by Anvisa 
(Anvisa, 2012).

After collection, each lettuce sample was properly packed in a poly-
ethylene bag and identified with the name of the street fair with the 
sample number and packed in a styrofoam box with gel ice suitable for 
transport. Samples were sent by air transport to the analysis laboratory 
accredited by Cgcre in accordance with ABNT NBR ISO/IEC 17025, 
under number CRL 0286, within an effective time of 24 h. The active 
ingredients most used on the property for vegetable production were 
analyzed in lettuce, according to the reports of the producers, to men-
tion azoxystrobin, deltamethrin, imidacloprid, and glyphosate.

Upon arrival at the laboratory, lettuce samples were subjected to the 
multi-residue method in vegetables by GC-MS (gas chromatography cou-
pled to mass spectrometry), GC-MS/MS (gas chromatography coupled to 
the detector by mass mass spectrometry), and LC-MS/MS (liquid chroma-
tography coupled to mass mass spectrometry) (Anastassiades et al., 2003), 
with simultaneous analysis of the pesticides azoxystrobin and deltame-
thrin by the reference method (POPMET020-R11), and for imidacloprid 
(POPMET021-R11). Glyphosate was analyzed following the reference 
method (POPMET053-R04), used for the determination of glycine substi-
tution in matrices of plant origin by GC-MSD (gas chromatography mass 
spectrometry detection) and GC-FPD (gas cromatography flame photo-
metric detection). The results of the analyses were presented through a 
declaration of conformity report issued by the accredited laboratory and 
confronted with the maximum residue limits (MRLs) allowed for the let-
tuce crop by Brazilian legislation (Anvisa, 2022).

Data tabulation and analysis
Data collected from the questionnaire administered to the producers 

and consumers were tabulated in a database automatically generated by 
the Excel for Windows software. The results were presented as figures 
and tables. Descriptive frequency statistics were used to explore the data.

Results and Discussion
Of the 67 vendors identified in the seven street fairs in Chapecó, 

state of Santa Catarina, 30 were vegetable and fruit producers, and of 
these, 17 self-declared to produce using the conventional system and 
13 using the organic model. The most frequently used pesticides on the 
property reported by producers included deltamethrin, azoxystrobin, 
imidacloprid, and glyphosate at the same frequency of use as lamb-
da-cyhalothrin. In vegetable production, the most frequent pesticides 
were azoxystrobin, deltamethrin, imidacloprid, and lambda-cyhalo-
thrin (Table 2). Deltamethrin, azoxystrobin, and imidacloprid are the 
most used pesticides both on the property of producer vendors and in 
the production of vegetables. Glyphosate is the fourth most-used pesti-
cide on the property, so it was also included in the analyses.

The agronomic classes of herbicides, insecticides, and fungicides 
are ubiquitous in the food production chain in the conventional model 
(Ibama, 2021). They are mainly used in agriculture to combat potential 
pests, plant diseases, and weeds, and to a lesser extent in livestock pro-
duction and silviculture (Oga et al., 2014).

Table 1 – Composition of lettuce samples for analysis of pesticide residues, 
street fairs in Chapecó, state of Santa Catarina, November 2021.

Samples/
production Fair Amount of lettuce collected

Sample 1, 
conventional

Presidente Médici
Parque das Palmeiras

One producer – 350 g
Two producers – 350 g each

Sample 2, 
conventional

Efapi
Bela Vista

One producer – 500 g
One producer – 500 g

Sample 3, 
conventional

São Cristóvão
Calçadão

Clevelândia

One producer – 200 g
One producer – 200 g

Three producers – 200 g each

Sample 1, organic São Cristóvão One producer – 1,000 g 

Sample 2, organic Calçadão One producer – 1,000 g

Sample 3, organic Clevelândia Five producers – 200 g each
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Fresh vegetable lettuce was the food most frequently reported in 
purchases by consumers of street fairs (58%), followed by crucifer-
ous such as arugula, cabbage, leaf cabbage, watercress, and broccoli 
(13.9%), and bananas (10.7%). Altogether, 10 groups of fresh foods 
were identified for sale in street fairs (Figure 1).

This preference corroborates data from the Brazilian Agricultural 
Research Corporation (Embrapa), in which lettuce is the main leafy 
vegetable grown in all Brazilian states and the most consumed in Bra-
zil (Embrapa, 2009). The same research institution points to the cres-
pa variety as the most cultivated in both area and production volume 
(Embrapa, 2020).

This finding was also verified in street fairs in Chapecó in 2018, 
where lettuce was produced by 88.9% vendor producers (Bohner et al., 
2018). Fante et al. (2020) found that 75.0% consumers preferred to pur-
chase vegetables and 47% fruits in street fairs in Chapecó. Thus, con-
sumers of street fairs have a high preference for fresh vegetable foods, 
which have quality and sustainable cultivation by family farming (Bra-
sil, 2014; Fayad et al., 2019). In this scenario, the consumer is the one 
who defines the essential foods for them and their family, justifying 
their outing to the fairs.

In the three samples of lettuce from conventional producers in the 
street fairs, pesticide residues were detected. Imidacloprid in sample 1, 
azoxystrobin and imidacloprid in sample 2, and imidacloprid in sam-
ple 3, however, within the MRL established by Anvisa. Thus, they were 
considered satisfactory as they did not exceed the MRL determined by 
Brazilian legislation (Anvisa, 2022) (Table 3).

The officially accepted MRLs in food are expressed in milligrams 
of residue per kilogram of food (mg/kg). Brazilian legislation deter-
mines the MRL of 0.5 mg imidacloprid/kg lettuce and 1 mg azox-
ystrobin/kg lettuce (Anvisa, 2022). The Codex Alimentarius, the 
scientific body for creating international references for residues in 
food, determines the MRL of 2 mg imidacloprid/kg lettuce and 3 mg 
azoxystrobin/kg lettuce (World Health Organization, 2022). The Eu-
ropean Union sets MRLs of the order of 2 mg imidacloprid/kg lettuce 
and 15 mg azoxystrobin/kg lettuce (European Commission, 2022b). 
Given these parameters, the Brazilian legislation is the most restric-
tive, imposing stricter limits for the fungicide azoxystrobin and the 
insecticide imidacloprid in lettuce.

Table 2 – Profile of conventional production of fresh vegetables (vegetables 
and fruits) sold in street fairs in Chapecó, state of Santa Catarina, 2021.

Pesticides Counting Percentage

Pesticides used on the property

Deltamethrin 7 41.2

Azoxystrobin 6 35.3

Imidacloprid 4 23.5

Glyphosate 4 23.5

Lambda-cyhalothrin 4 23.5

Abamectin 3 17.3

Indoxacarb 2 11.8

Thiacloprid 1 5.9

Spinetoram 1 5.9

Mancozeb 1 5.9

Teflubenzuron 1 5.9

Methomyl 1 5.9

Sulfluramid 1 5.9

Tebuconazole 1 5.9

Kasugamycin 1 5.9

Chlorfenapyr 1 5.9

Flumetraline 1 5.9

Procymidone 1 5.9

Pyriproxyfen 1 5.9

Pesticides used in vegetable production

Azoxystrobin 7 58.3

Deltamethrin 6 50

Imidacloprid 5 41.7

Lambda-cyhalothrin 3 25

Indoxacarb 2 16.7

Thiacloprid 2 16.7

Mancozeb 2 16.7

Spinetoram 1 8.3

Teflubenzuron 1 8.3

Kasugamycin 1 8.3

Methomyl 1 8.3

Chlorfenapyr 1 8.3

Procymidone 1 8.3

Pyriproxyfen 1 8.3

Abamectin 1 8.3
Figure 1 – Vegetables most purchased by consumers in street fairs in the 
municipality of Chapecó, state of Santa Catarina, 2021. n = sample (374).

25 

Imidacloprid ND 0.0033 0.01 0 

Glyphosate ND 0.0167 0.05 0 

Organic production sample 3  
   

Azoxystrobin ND 0.0033 0.01 0 

Deltamethrin ND 0.0033 0.01 0 

Imidacloprid ND 0.0033 0.01 0 

Glyphosate ND 0.0167 0.05 0 

LQ: limit of quantification; LD: limit of detection; ND: non-detected; MRL: maximum 

residue limit (Anvisa, 2022); NA: unauthorized. 
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Bombardi (2017) reported that the Brazilian legislation allows MRL 
for malathion, an acaricide used on lettuce, eight times higher than what 
the European Union legislation tolerates. Still, in this same context, the 
Brazilian legislation allows malathion residues in broccoli 250 times 
above the MRL allowed by the European Union. In this case, the Bra-
zilian legislation is more flexible regarding the MRL for malathion in 
the vegetables in question. In view of the above, it is relevant to consider 
that the consumer, biochemically, is the same regardless of the laws that 
govern the MRL of different countries. In this case, Brazilians are more 
vulnerable, as the legislation allows higher levels of the active ingredient 
in the aforementioned foods, and there may be health risks associated 
with chronic occupational and dietary exposure (Carneiro et al., 2015).

In this context, the MRL refers to the maximum amount of pesti-
cide residue in milligrams officially accepted per kilogram of food, with 
reference to good agricultural practices applied in the field. Thus, the 
MRL is an agronomic reference, derived from field studies simulating 
the correct use of pesticides by the farmer. In light of this knowledge, 
the MRL is an agronomic parameter with an impact on food safety and 
consumer health, as it theoretically establishes how much pesticide can 
be in the food without causing harm to human health (Anvisa, 2019).

Regarding the acceptable daily intake (ADI) expressed in milli-
grams of substance per kilogram of body weight (mg/kg b.w.), it rep-
resents the estimated amount of active ingredients present in foods 
that can be ingested daily throughout life without posing an apprecia-
ble risk to consumer health. The ADI for imidacloprid is 0.05 mg/kg 
b.w. and for azoxystrobin is 0.02 mg/kg b.w. The acute reference dose 
(ARD) is the estimated amount of a substance present in food that can 
be ingested over a 24-h period without posing an appreciable risk to 
the health of the consumer in mg/kg/b.w. The ARD for imidacloprid is 
0.4 mg/kg b.w., and for azoxystrobin, it is not stated in the monograph 
of the active ingredient (Anvisa, 2022).

Toxicological safety parameters, such as ADI and ARD, are com-
plex from a practical point of view (Anvisa, 2019), because the use 
of pesticides is a common practice in the food production chain and 
some regions use them more than others (Bombardi, 2017). In addi-
tion to the fact that the daily diet of individuals is diversified with a 
varied amount of food as required by each life cycle, it is possible that 
the ADI and ARD may be being exceeded and human health may be 
inevitably exposed to the action of varying levels of pesticides with 
health outcomes that need to be better studied (Carneiro et al., 2015). 

Table 3 – Analytical results for samples of lettuce (Lactuca sativa L.) var. crespa, Bruna from conventional production sold in street fairs in Chapecó, state of 
Santa Catarina, 2021. Analyses carried out in November 2021. 

Active ingredient (mg/kg) Result LD LQ MRL Conclusion

Conventional production sample 1 

Azoxystrobin ND 0.0033 0.01 1

Deltamethrin ND 0.0033 0.01 NA

Imidacloprid < LQ 0.0033 0.01 0.5

Glyphosate ND 0.0167 0.05 NA

Analytical result with detection

Imidacloprid < LQ 0.0033 0.01 0.5 Satisfactory

Conventional production sample 2

Azoxystrobin < LQ 0.0033 0.01 1

Deltamethrin ND 0.0033 0.01 NA

Imidacloprid 0.013 0.0033 0.01 0.5

Glyphosate ND 0.0167 0.05 NA

Analytical result with detection

Azoxystrobin < LQ 0.0033 0.01 1 Satisfactory

Imidacloprid 0.013 0.0033 0.01 0.5 Satisfactory

Conventional production sample 3

Azoxystrobin ND 0.0033 0.01 1

Deltamethrin ND 0.0033 0.01 NA

Imidacloprid < LQ 0.0033 0.01 0.5

Glyphosate  ND 0.0167 0.05 NA

Analytical result with detection

Imidacloprid < LQ 0.0033 0.01 0.5 Satisfactory

LQ: limit of quantification; LD: limit of detection; ND: non-detected; MRL: maximum residue limit (Anvisa, 2022); NA: unauthorized.
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In view of the above, the relationship between the large amounts 
of pesticides used in the food production chain with diseases and 
conditions associated with the modern world that include manifes-
tations such as gastrointestinal microbiota disorders, obesity, diabe-
tes, depression, autism, infertility, congenital malformations, cancer, 
Parkinson’s, and Alzheimer’s disease (Samsel and Seneff, 2013; 2015) 
is an inevitable reflection. There is also the biochemical individuality 
in which the toxic dose can be lower than the ADI and ARD for sus-
ceptible individuals, and the outcome of diseases can be anticipated 
(Oga et al., 2014). 

The food monitoring by Anvisa through the PARA in 26 Brazilian 
states in the 2017/2018 cycle analyzed 286 lettuce samples. The active 
ingredients of pesticides verified within the MRL with the highest 
number of detections in the lettuce analyses included the insecticide 
imidacloprid in 89 samples, followed by the fungicides difenoconazole 
in 40 samples, dithiocarbamates in 40 samples, and, to a lesser extent, 
azoxystrobin in 17 samples (Anvisa, 2019). 

Piaia et al. (2017) also detected imidacloprid residues in lettuce 
within the MRL of Brazilian legislation. The results of the samples 
from street fairs in Chapecó are similar to the results published in 
PARA, especially regarding the active ingredients, imidacloprid, and 
azoxystrobin, and corroborate the results of Piaia et al. (2017) regard-
ing the detection of imidacloprid within the MRL. These findings 
point to the frequent use of insecticides and fungicides in the cul-
tivation of the most consumed leafy vegetables in all Brazilian states 
(Anvisa, 2019; Embrapa, 2020). In this way, the permanent monitor-
ing of pesticide residues in food needs to be supported by effective 
public policies.

Imidacloprid is a systemic neonicotinoid insecticide and is the sec-
ond most sold insecticide in Brazil (Ibama, 2021). Due to the high tox-
icity of imidacloprid in native or exotic bees, the Brazilian Institute for 
the Environment and Renewable Natural Resources (IBAMA) in 2012 
indicated the suspension of dispersion by aircraft, but this decision was 
soon suspended for economic reasons (Friedrich et al., 2021). The Eu-
ropean pesticide regulatory body adopted severe restrictions in 2013 
for the active ingredient imidacloprid and in May 2018 announced a 
ban on use in open areas due to harm to bees (European Commission, 
2022a). Spraying the active ingredient on lettuce is permitted as long 
as harvesting takes place before flowering. Given the above, IBAMA 
admits the need for reassessment and mitigation measures of this pes-
ticide for the protection of pollinators (Ibama, 2019a).

Azoxystrobin is a systemic fungicide belonging to the strobilurin 
group, with a high potential for water contamination with risks to bio-
diversity (Deus et al., 2022). Bioaccumulation may occur in fish, algae, 
microcrustaceans, earthworms, and microorganisms in soil and water 
(Ibama, 2019b) and may cause risks to other aquatic organisms (Euro-
pean Commission, 2022a). The risk to the life of nontarget organisms 
in aquatic ecosystems and soil is imminent, as seen in the scientific 
literature with the use of azoxystrobin.

Although the results under discussion were found in lettuce, other 
fresh vegetables monitored by the PARA for the 2017/2018 cycle also 
showed pesticide residues with insecticidal and fungicidal functions, as 
was the case of chayote in which the active ingredients most frequently 
detected included acephate, dimethoate, flutriafol, and tebuconazole; 
in peppers, imidacloprid, dithiocarbamates, and carbendazim; and in 
tomato, imidacloprid, fenpropathrin, and carbendazim (Anvisa, 2019). 
In view of the above, pesticide residues are widely found in fresh vege-
tables that are part of the daily diet and, in case they exceed the MRL, 
they can pose risks of acute and chronic poisoning to consumers, ac-
cording to legislation and scientific studies (Carneiro et al., 2015; An-
visa 2019). 

Another aspect that must be considered is the synergistic action 
between the different molecules of the various pesticides used in the 
food production chain. In light of this knowledge, MRLs are evaluat-
ed individually for each pesticide, and monitoring for the wide range 
currently in use in Brazil seems unfeasible (Anvisa, 2019). In view of 
the above, in-depth studies are necessary, as outcomes not yet fully un-
derstood in the health-disease binomial may be overshadowed in the 
universe of pesticides.

The active ingredient deltamethrin was analyzed in all lettuce sam-
ples in this study and was not detected in any of the samples. It is a 
pyrethroid insecticide not authorized by Brazilian legislation for use 
on lettuce but authorized for use on other vegetables, including pump-
kins, broccoli, eggplant, garlic, onions, cauliflower, and chayote, and 
also authorized for use in fruit trees such as plum, persimmon, citrus, 
fig, guava, apple, papaya, and mango (Anvisa, 2022). In contrast, the 
European Union sets MRL for deltamethrin in lettuce in the order of 
0.5 mg deltamethrin/kg (European Commission, 2022b). The Codex 
Alimentarius does not establish MRL for deltamethrin for use on let-
tuce (World Health Organization, 2022).

According to the report of the producers of street fairs, deltame-
thrin is one of the most-used pesticides in the production of vegeta-
bles and fruit. It is an easily hydrolyzable compound, with low residual 
power when associated with good agricultural practices (Midio and 
Martins, 2000). A study conducted in Campinas, state of São Paulo, 
showed similar results in which the presence of deltamethrin residues 
in lettuce was not detected (Oviedo et al., 2003). In view of the above, 
it is stated that there was no cross-contamination or purposeful con-
tamination of deltamethrin used in other vegetables and fruits in the 
samples of the present study.

The PARA 2017/2018 cycle presented results of unauthorized 
pesticide residues on vegetables. Among the substances most de-
tected in lettuce in this situation were acephate, chlorfenapyr, and 
carbendazim. In samples of chayote, residues of acephate, dimeth-
oate, and carbendazim were found; in peppers, acephate; and in 
tomatoes, acephate, chlorpyrifos, and fipronil were detected (An-
visa, 2019). Piaia et al. (2017) detected the fungicides carbendazim, 
pyraclostrobin, and tebuconazole, and the insecticide chlorpyrifos, 
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not authorized by Anvisa for use in lettuce. Regarding unauthorized 
pesticides for crops, there is no MRL established by legislation; 
therefore, there is no guarantee of safety, making the risks to con-
sumer health imminent. Deltamethrin was not detected in the study 
samples in street fairs in Chapecó. Thus, there was no irregularity 
in the cited studies.

Another active ingredient researched and not authorized by Anvi-
sa in lettuce was glyphosate. It is the most-used herbicide worldwide 
and the most commercialized in Brazil (Samsel and Seneff, 2015; Iba-
ma, 2021). It is widely used in major food crops, especially genetical-
ly modified ones such as corn, soybeans, cotton, canola, alfalfa, and 
beets, to control weeds without killing the cultivated plant (Samsel and 
Seneff, 2015). In Brazil, the post-emergence use in some vegetables is 
allowed, such as peas, sweet potatoes, beets, chickpeas, yams, cassava, 
and radishes, and in fruits, such as plums, bananas, guava, figs, apples, 
papayas, and mangoes (Anvisa, 2022). Glyphosate was not detected in 
lettuce samples analyzed in street fairs in Chapecó.

Due to the massive and frequent use of glyphosate in the food pro-
duction chain, its deleterious effects on the environment are evident in 
both aquatic and terrestrial ecosystems (Schneider et al., 2009; Droste 
et al., 2010; Samsel and Seneff, 2013; Annett et al., 2014; Vieira et al., 
2024). The biodegradation half-life of glyphosate in the soil is highly 
variable, from a few days to several months. In water, the half-life is 
estimated to be between 1.5 and 130 days (Cetesb, 2018). Sanchís et al. 
(2012) detected glyphosate in groundwater in Catalonia, Spain. Oli-
vo et al. (2015) detected glyphosate in well water in the rural area of 
Chapecó. In this context, the appearance of these molecules in ground-
water samples raises questions such as contamination of food produc-
tion through irrigation.

The presence of pesticide residues in fresh vegetables such as let-
tuce, highly consumed by the human species, worries not only the 
scientific community, but also the informed population. Above all, a 
diet based on fresh plants is considered to be health-promoting (Brasil, 
2014). In contrast, this same diet may be associated with the incidence 
of diseases in the modern world, due to the presence of pesticide res-
idues (IARC, 2017). According to Anvisa, consumers can adopt some 
measures to mitigate exposure to pesticides in food, such as opting 
for labeled foods, consuming organic foods, and purchasing seasonal 
foods that tend to receive a lower load of pesticides. On the contrary, 
procedures for washing food in running water and removing peels and 
external leaves contribute to the reduction of pesticide residues present 
on the outside, however, they are unable to eliminate systemic residues 
inside the food (Anvisa, 2019).

In view of the above, laws with greater restrictions on the re-
lease and authorization of pesticides in Brazil are aspired. In con-
trast, there is a strong movement led by the pesticide industry in 
line with agribusiness to change Federal Law 7802/89 (Brasil, 1989) 
that regulates pesticides, making the way of evaluating and re-eval-
uating pesticide records in Brazil more flexible (Anvisa, 2018). 

The Bill 6299/2002 (Brasil, 2002), also known as the “Poison Pack-
age,” indicates, among other points, that pesticides can be allowed 
by the Ministry of Agriculture, Livestock and Supply (MAPA) even 
without conclusive analysis by other regulatory bodies, such as the 
IBAMA and ANVISA (Fiocruz, 2018) The simplification of the 
pesticide registration process without the effective participation 
of the health and environmental sectors leads to harmful effects to 
humans, animals, and the environment due to the lack of rigor in-
volved in the process (Ibama, 2018).

The Bill 6299/2002 does not serve the Brazilian population, which 
should be the focus of the legislation, does not contribute to the pro-
duction of safer food, does not propose new technologies for the farmer, 
and does not even strengthen the regulatory system for pesticides (An-
visa, 2018). It is necessary for farmers, as the main users of pesticides, 
to recognize these products as dangerous toxics, to be more careful in 
their use, and not to use them as mere agricultural inputs (Ibama, 2018). 
However, there is a need to strengthen instances such as the National 
Policy for Pesticide Reduction (PNARA), which is being processed as the 
Bill 6670/2016 (Brasil, 2016), and the National Policy on Agroecology 
and Organic Production (Brasil, 2012b). These policies are guidelines for 
mitigating the use of pesticides and opposing the food production sys-
tem strongly established in the 1960s in the national territory.

Of the four active ingredients analyzed, there was no detection of 
residues in any of the lettuce samples from organic production. Thus, 
the samples were within the expected range for organics in relation to 
the pesticides analyzed in this study (Table 4).

Table 4 – Analytical results for samples of lettuce (Lactuca sativa L.) var. 
crespa, Bruna, from organic production sold in street fairs in Chapecó, 
state of Santa Catarina, in 2021. Analyses carried out in November 2021. 

Active ingredient (mg/kg) Result LD LQ MRL

Organic production sample 1 

Azoxystrobin ND 0.0033 0.01 0

Deltamethrin ND 0.0033 0.01 0

Imidacloprid ND 0.0033 0.01 0

Glyphosate ND 0.0167 0.05 0

Organic production sample 2 

Azoxystrobin ND 0.0033 0.01 0

Deltamethrin ND 0.0033 0.01 0

Imidacloprid ND 0.0033 0.01 0

Glyphosate ND 0.0167 0.05 0

Organic production sample 3 

Azoxystrobin ND 0.0033 0.01 0

Deltamethrin ND 0.0033 0.01 0

Imidacloprid ND 0.0033 0.01 0

Glyphosate ND 0.0167 0.05 0

LQ: limit of quantification; LD: limit of detection; ND: non-detected; MRL: ma-
ximum residue limit (Anvisa, 2022); NA: unauthorized.
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