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RESUMO

O crescente desenvolvimento do setor agricola foi devido ao crescimento populacional, que elevou o uso de praguicidas para
mitigar as pragas e aumentar a disponibilidade dos alimentos. Os organofosforados representam 38% do total de praguicidas
utilizados em todo o mundo, sendo o clorpirifés amplamente utilizado no Brasil; a principal fonte de contaminacao ocorre
pela ingestao de residuos nos alimentos e na dgua para consumo. Portanto, o objetivo dese estudo foi identificar e quantificar
os residuos de clorpirifés na couve-flor, na 4gua de poco artesiano préxima a plantacao, e no solo, e comparar os resultados
obtidos com o Limite Maximo de Residuo (LMR) permitido pelo Codex Alimentarius e pela Organizacdo Mundial de Saude. Para
tal, foi utilizada a técnica de Cromatografia Liquida de Alta Eficiéncia (CLAE) com detector ultravioleta (UV). Os resultados dos
ensaios de persisténcia do praguicida clorpirifés na pratica agricola demonstraram que a aplicagdo nas dosagens recomendadas
pelo fabricante foi segura, tendo em vista que as concentracoes determinadas foram inferiores ao LMR na couve-flor e na &gua.
Na amostra de solo ndo foram detectados residuos de clorpirifés, confirmando que, de fato, sua degradagdo é rapida e sua
persisténcia é baixa.

Palavras-chave: Praguicida. Residuo. Organofosforado. Anélise toxicolégica.

ABSTRACT

The development of the agricultural sector happened due to population growth, which increased the use of pesticides to
mitigate pests and increase the availability of food. Organophosphates represent 38% of all pesticides used worldwide, and
chlorpyrifos is widely utilized in Brazil. The primary source of contamination by chlorpyrifos occurs by the ingestion of trace
amounts of this pesticide present in food and drinking water. The aim of this study was to identify and quantify chlorpyrifos
residues in cauliflower, artesian well water near the plantation, and soil, and compare the results with a maximum residue
level (MRL) allowed by Codex Alimentarius and the World Health Organization. For this, we used High Performance Liquid
Chromatography with UV detector. The test results of persistent chlorpyrifos in agricultural practice demonstrated that dosages
used during the application recommended by the manufacturer were safe, given that the measured concentrations were below
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MRL in cauliflower and water. Chlorpyrifos residues were not detected in the soil sample, confirming its fast degradation and
low persistence.

Keywords: Pesticide. Residue. Organophosphate. Toxicological analysis.

RESUMEN

El creciente desarrollo del sector agricola se debid al crecimiento de la poblacién, que aumentd el uso de pesticidas para mitigar
las plagas y aumentar la disponibilidad de alimentos. Los organofosforados representan el 38% de los pesticidas usados en
todo el mundo, siendo los clorpirifos ampliamente utilizados en Brasil. La principal fuente de contaminacién se produce por la
ingestion de pequenas cantidades en los alimentos y el agua potable. Por lo tanto, el objetivo de este estudio fue identificar
y cuantificar los residuos de clorpirifos en la coliflor, en el agua del pozo artesiano préximo a la plantacion, y en el suelo, y
comparar los resultados con el limite de residuos (LMR) permitidos por el Codex Alimentarius y la Organizacion Mundial de
la Salud. Para ello, se utiliza la técnica de cromatografia liquida de alta eficiencia (HPLC) con detector ultravioleta (UV). Los
resultados de los ensayos de persistencia del pesticida clorpirifos en la practica agricola demostraron que la aplicacién en las
dosis recomendadas por el fabricante fue segura, teniendo en cuenta que las concentraciones determinadas fueron inferiores al
LMR en la coliflor y en el agua. En la muestra de suelo no fueron detectados residuos de clorpirifos, confirmando que, de hecho,
su degradacion es rapida y su persistencia es baja.

Palabras clave: Plaguicidas. Residuo. Organofosforados. Analisis toxicoldgico.

1. INTRODUCTION

The increasing demand for food, due to population growth, was the responsible for the exacerbated use of pesticides in
plant foods to compensate losses in the cultivation related to pest infestation. The global market for pesticides grew by 93%
over the past decade, while the Brazilian market grew 190%2. In 2009, Brazil reached the position of world’s largest pesticide
consumer, reaching the average annual consumption of 5.2 kg of pesticides per capita®.-

To both assess and promote food quality regarding the use of pesticides, the Brazilian health surveillance agency ANVISA
(Agéncia Nacional de Vigildncia Sanitaria) created in 2011 a program called Program for pesticide residue analysis in food PARA
(Programa de analise de residuos de agrotdxicos em alimentos). The objective of this program is to analyze the pesticide residues
in plant foods, contributing to the food security and preventing acute or chronic poisoning that may result from improper
exposure to pesticides by the diet®..

Chlorpyrifos, an organophosphate classified as class Il “highly toxic”, is abroad-spectrumacaricide and insecticide, highly
efficient and used around the world. Due to its low cost and its effectiveness against many pest species, this compound is one
of the most used pesticides in Brazil. Under indiscriminately application conditions, it may cause contamination of soil and water
resources, with high risk to public health and the fauna and flora®®.

Human exposure to chlorpyrifos can occur by dermal, oral and pulmonary routes, and the exposure of low concentrations
of this compound by the diet is considered to be the primary non-occupational source of exposure®.

When compared with other organophosphates, chlorpyrifos can be stable and persistent in the environment and is widely
use throughout the world. It can cause toxic effects on non-target organisms, especially mammals, due to its primary neurotoxic
action: inhibition of acetyl cholinesterase, which leads to acetylcholine accumulation in the nerve endings‘®'".
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Many experimental studies have demonstrated both neurotoxic and behavioral effects after exposure to low levels of
chlorpyrifos, such as cognitive deficits, reproductive toxicity, teratogenicity, immunological abnormalities, development defects
and low birth weight newborns!2-7.,

In India, residues of chlorpyrifos were detected in breast milk samples from mothers previously exposed to pesticides. The
presence of chlorpyrifos in the breast milk was related to the neurological problems these children experienced, considering that
the contaminated breast milk was their primary food source(®.

Because of the toxicity of pesticides to humans, regulatory agencies establish maximum residue levels (MRLs) permitted to
be detected in food, considering the waiting period (time between the last application of the pesticide and harvesting the crop).
In Brazil, these levels were established by PARA. As chlorpyrifosis consistently used in the country, the analysis and monitoring
of food, water and soil are fundamental to safeguard human health and the environment.

The aims of this study were to evaluate the chlorpyrifos residues in cauliflower samples, in water from an artisan well near
the planting site and soil where this vegetable was cultivated, in an agricultural area in the Southeast area of Minas Gerais.
Also, we aimed at verifying whether the measured concentrations are within the MRL for each sample, considering the 21 day
waiting time for this pesticide.

2. MATERIAL AND METHODS

2.1 Chemicals

The analytical standard Chlorpyrifos was obtained from the commercially available formulation Lorsban 480 BR (Dow
Agrosciences, Midland, MI, USA), which composition consists of 48% (w/v) Chlorpyrifos.

Chlorpyrifos has IUPAC (International Union of Pure and Applied Chemistry) name of O,0-Diethyl O-3,5,6-trichloropyridin-
2-yl phosphorothioate.

2.2 Field study

The experiments were performed on a farm of the Southeast region of Minas Gerais, Brazil. The crops were pulverized
with diluted Chlorpyrifos (150 mL of the commercially available pesticide in 90 L of water) every two weeks until the cauliflowers
were grown. Cauliflower, soil, and water samples were collected after 21 days waiting period.

2.3 Sample collection and preparation

Cauliflower, soil and water sample collection and analysis were performed by Hidrocepe Servicos de Qualidade Ltda.
Samples were collected after the 21 days waiting period for this pesticide and transported at 4 °C, protected from light.

After random sampling procedures, two samples of cauliflower, two kilograms of soil (25 cm deep) and one liter of water
were collected. The water sample was collected in amber glass bottles and kept at 21.4 °C and pH 6.0. Both flask and lid were
rinsed in the sample water for six times and closed immediately after the sampling procedure was performed. The cauliflower
and soil samples were processed and stored at -20°C. The water sample was kept at 4°C until analysis.

The sample preparation was performed according to Zenebon, et al."®. Briefly, the cauliflower samples were washed,
and the edible parts were separated. These pieces were homogenized in a multiprocessor. 50 mg samples were used for the
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determinations. 50 mg of soil samples were pulverized in a mortar and pestle and passed through a strainer (144 holes/cm?).
Cauliflower and soil were sampled by quartering. 1 mL of water sample was utilized for the analysis.

Chlorpyrifos was extracted from the samples using acetone and chloroform. From the organic phase of each sample, 1TmL
was injected in the equipment (chromatograph). All analyses were performed in duplicate.

2.4 Equipment and chromatographic determinations

In this study, we have used a high performance liquid chromatography equipment (Agilent, model 1120 Compact LC),
equipped with UV-Vis detector. The conditions used for the chlorpyrifos determination was: C, ,Zorbax ODS column (4.6 mm x
250 mm, 5 pm); mobile phase acetonitrile: water (76:24 v/v); 0.7 mL/min flow; 245 nm wavelength and 20 pL injection volume;
run time: 30 minutes; Limit of detection: 0.2 ppb and limit of quantification 0.25 ppb.

The residual concentrations of chlorpyrifos in samples were calculated by the calibration factor (standard concentration
divided by the standard area) using a 3.29 mg kg' chlorpyrifos standard solution.

3. RESULTS AND DISCUSSION

The place chosen for the experiments was a countryside area in the Southeast Minas Gerais, responsible for the majority
of the cauliflower supplies of Ceasa-MG, in Belo Horizonte. This location provides 31.6% of the total cauliflower supply of that
unit@.

3.1 Chlorpyrifos residual level detection

The samples were analyzed by the same chromatographic method as the standard and the chlorpyrifos retention time
was compared. The retention time and area of this standard solution are shown in Table 1. The calibration factor was used to
calculate the concentration of these pesticides in the samples. No peak at the same retention time as chlorpyrifos standard was
observed in the soil samples.

3.2 Cauliflower samples

The cauliflower samples showed average chlorpyrifos concentration of 3.31 pg kg, which is lower than the Maximum
Residue Level (MRL) for this vegetable, according to regulatory agencies?”. The results are shown in Table 2.

Other authors also showed the same pattern for this pesticide in cauliflower samples. Lozowicka, Jankowska and
Kaczynski®? analyzed 365 samples of different vegetables harvested from the northeastern Poland and, between 97 cauliflower
samples, only 04 of them showed chlorpyrifos residues, ranging between 5 and 16 pg kg

Five determinations performed in the United Kingdom used chlorpyrifos (0.96 kg/hectare with 21 days waiting period)
and the concentrations found for this pesticide were lower than 10 ug kg™ for three determinations, and 10 pg kg'and 20 ug
kg for the other two assays®?.

Studies performed in the Shaanxi Province also did not detect chlorpyrifos in any of the 16 cauliflower samples analyzed®.
Another study conducted in the Zhejiang Province analyzed 52 cauliflowers samples, and none of them had substantial amounts
of chlorpyrifos?>. The present study, however, utilized a high sensitivity method, with a lower limit of quantification than the
Chinese studies (5 and 10 pg kg' from the studies versus 0.2 pg kg'for this study).
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Another study performed in India with okra crops treated with a single dose of chlorpyrifos (200 mg/hectare) or two doses
(400 mg/hectare) showed initial residual concentrations of 67 and 129 ug kg'respectively (above MRL). However, after seven
and fifteen days of treatment with the pesticide, the levels of chlorpyrifos were lower than the limit of detection (10ug kg')©®.

Rani, Saini and Kumari®” published similar observation, whose observed that the concentration of chlorpyrifos was below
MRL since the first day after its use in tomato crops.

3.3 Water samples

The water samples showed average 3.8 ug kg of chlorpyrifos, which is lower than the reference concentration for
drinking water which is 30 pg L'@®. All data are shown in Table 2.

Studies performed in Nanjing and Guangxi Provinces showed no detectable residue of chlorpyrifos after 21 days waiting
period for water samples®??.

Data from Environmental Protect Agency (US EPA)39 showed chlorpyrifos concentrations below 0.1 ug L' and 0.4 ug L
maximum.

According to the database from the Washington Department of Ecology’s Environmental Information Management (WA-
EIM), superficial water was monitored between 2002 and 2011 in Salmonid-Bearing Streams area and 95% of the samples
showed chlorpyrifos concentrations ranging from 0.033 to 0.3 pg kg'and maximum levels between 0.35 and 0.59 ug kg™'. The
National Center for Water Quality Research reported chlorpyrifos in six samples from ten different stations in Lake Erie Basin and
Ohio, which concentrations were 0.002 and 0.37 pg kg'é".

In 2009 in Brazil, Instituto de Tecnologia de Pernambuco collected and analyzed 10 water samples from wells in the
Chapada Apodi area (between Ceara and Rio Grande do Norte) and didn’t detect chlorpyrifos in any samples®?.

Between 1995 and 1997, water samples from the Honduras hydrographic basin regarding pesticides residues at three
different locations: Choluteca, Zamoro and La Lima. Chlorpyrifos was detected in river samples from all three areas (30 pg kg).
Samples from lakes and wells showed 60 pg kg'and 100 pg kg of chlorpyrifos in Zamoro and La Lima areas, respectively®3.

Studies showed chlorpyrifos, even in low concentrations in water, can be highly neurotoxic to fish species, since there
are evidence this pesticide can change their swim mode, visual and sensory functions, which can lead to death if in high
concentrations®4 39,

3.4 Soil samples

Chlorpyrifos and other modern pesticides were projected to be degradable and have low environmental persistence, while
the first generation pesticides had higher degradation and ecological persistence (up to several years). In plants, water and soil,
the chlorpyrifos degradation involves the cleavage of the ester group, producing 3,5,6-trichloro-piridinol (TCP), which is the
primary degradation product for this pesticide. TCP is considered toxicologically insignificant since it doesn’t have the same
pesticide activities as the original compound®®,

A study performed in lowa (USA) demonstrated that after 12 weeks of utilization, only 3.8% of the initial dose of
chlorpyrifos (10 mg kg™') was detected in soil, being TCP responsible for 63% of this concentration and carbon dioxide (CO,)
responsible for 17%¢7.

No chlorpyrifos residue was detected in the soil samples analyzed in this study (Table 2) since the degradation of this
pesticide involves its metabolism in the soil in one to four weeks. This information corroborates investigations previously
performed in lllinois, Michigan and California were no chlorpyrifos residues were found in soil samples (30 cm deep) after one
year of crop cultivation®?.
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A half-life of dissipation of 2.2 days was reported after spraying chlorpyrifos in rice bays®”. Fang et al.® reported 98.7%
dissipation of chlorpyrifos in greenhouse soil after 25 days (in the summer), and the half-life for this compound was 0.6 to 1.2
days.

Rani, Saini and Kumari®” studied the chlorpyrifos persistence after tomato cultivation and no residues were detected 5
and 10 days after its use (single and double dose, respectively). Another study, performed in China in Nanjing and Guangxi
provinces also showed the residues of chlorpyrifos in soil were undetectable under all application levels and frequencies after
28 days of application®.

Kammerbauer and Moncada® found chlorpyrifos concentrations below 10 pg kg in soil samples from two different
agricultural areas in Honduras: Zamorano and La Lima.

Another study performed in 2013 in the Nanjing province (China) reported concentrations of 2.2 mg kg™ of chlorpyrifos
21 days after this pesticide was used at 0.97 kg/hectare®®.

Also, a reduction in the nematodes and earthworms biomass that live in soil has been reported as a result of the decline
in the activity of acetyl cholinesterase, growth, reproduction and development of these organisms, all caused by chlorpyrifos
exposition. This fact characterizes an environmental damage, since the chlorpyrifos exposition changes the microbial activity of
the soil, increasing the biodegradation period for this pesticide, especially at mild temperatures®® 49,

Additionally, bees have been reported as chlorpyrifos targets. This pesticide showed to increase these animals death rate
and to cause honey contamination®".

4. CONCLUSION

The results of the field experiments have shown that chlorpyrifos application within the standards, allows it to be detected
in concentrations allowed for exposure to humans. As presented in this study, the detection of pesticides at levels below the
MRL in cauliflower and water and the absence of residues in the soil after 21 days waiting period confirms that this compound
degradation is faster and its persistence is lower when compared to organochlorines.

Therefore, monitoring chlorpyrifos residues should be consistently performed to prevent and reduce risks to human health
and the environment. It also ensures that people are not get exposing to this pesticide by food or water intake. Additionally, this
also prevents contamination of soil, groundwater and the plantation sites.
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