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A modified quechers method for analysis of five pesticides residues in
cow’s milk by GC-MS analysis

In this study, cow's milk samples were used to determine the presence of residues substances (amitraz, fluazuron, eprinomectin, chlorpyrifos, cypermethrin and
dichlorvos). The first stage was carried out to validate the QUEChERS (modified) method of extraction and the second stage involved characterization and
quantification of the residues of these chemical substances contained in cow's milk from the Unicesumar experimental farm. The methodology was validated
through the analysis of average recoveries greater than 90%, excellent precision (<20%) and low detection limits (0.023 to 1.79 pg L-1) and quantification (0.05 to
3.13 pg L-1). The milk collected from groups of dairy cattle (Dutch black and white) showed high amounts of residues on days 0, 1 and 2 after application, with the
highest concentration being chlorpyrifos on day 0 (632.2 ug L-1). The QUEChERS methodology combined with gas chromatography coupled with mass spectrometry
proved to be an easy to apply and highly efficient method for the development of routine analyzes in the quality control of cow's milk for the detection of residues
of veterinary drugs used to combat ticks in cattle dairy.

Keywords: Chemical analysis; Veterinary waste; Quality control.

Um método quechers modificado para analise de cinco residuos de
pesticidas no leite de vaca por analise GC-MS

Neste estudo, amostras de leite de vaca foram utilizadas para determinar a presenga de substancias residuais (amitraz, fluazuron, eprinomectina, clorpirifds,
cipermetrina e diclorvos). A primeira etapa foi realizada para validar o método de extragdo QUEChERS (modificado) e a segunda etapa envolveu a caracterizagdo e
quantificagdo dos residuos dessas substancias quimicas contidas no leite de vaca da fazenda experimental da Unicesumar. A metodologia foi validada através da
analise de recuperagdes médias superiores a 90%, excelente precisdo (<20%) e baixos limites de detecgdo (0,023 a 1,79 pg L-1) e quantificagdo (0,05 a 3,13 pg L-
1). O leite coletado de grupos de gado leiteiro (preto e branco holandés) apresentou grande quantidade de residuos nos dias 0, 1 e 2 ap6s a aplicagdo, sendo a
maior concentragdo o clorpirifds no dia 0 (632,2 pg L-1). A metodologia QUEChERS aliada a cromatografia gasosa acoplada a espectrometria de massas mostrou-
se um método de facil aplicagdo e altamente eficiente para o desenvolvimento de andlises de rotina no controle de qualidade do leite de vaca para detecgdo de
residuos de medicamentos veterinarios utilizados no combate a carrapatos em bovinos leiteiros.

Palavras-chave: Andlise quimica; Residuos veterinarios; Controle de qualidade.
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INTRODUCTION

Cow’s milk is considered a very rich food because it contains proteins, lipids, carbohydrates, minerals
and vitamins, as well as to provide nutrients and immunological protection for humans. Milk also offers
anticarcinogenic elements presented in fat, such as conjugated linoleic acid, butyric acid, beta-carotene,
vitamins A and D and among others (RAZA et al., 2018; LIU et al., 2019).

Over the years, the human population has been increasing considerably, leading to a considerable
increase in the demand for food. However, due to the unwanted occurrence of pests, fungi and bacterial
diseases, the use of veterinary drugs and pesticides has also grown on a large scale (MORAIS et al., 2018;
RAZA et al., 2018; MANAV et al., 2019). In most cases, these veterinary drugs and pesticides are applied in
an indiscriminate and inappropriate, which can cause contamination of products (food), soil, water and even
cause deaths (CRISTOFANI et al., 2009; KLAINBART et al., 2019).

From a technological point of view, the quality of raw material is one of the biggest obstacles to the
development and consolidation of the dairy industry in Brazil. In general, milk quality control in recent
decades has been restricted to adulteration prevention of the in nature product, based on the determination
of acidity, cryoscopic, index, density, fat percentage, defatted dry extract and specific tests for illegal
substance detection and antibiotic residues (LIU et al., 2019).

The use of pesticides is growing more and more in the management of dairy cattle to prevent
diseases in the herd. Pesticides are commonly used to prevent flies, ticks and pests, even when they a have
high toxicity. Many classes such as organochlorines, organophosphates, pyrethroids and carbamates are the
most used for this purpose (MENEGHINI et al., 2014; JAWAID et al., 2016; SORIA et al., 2018).

Pesticides can be absorbed through the skin, by ingestion and inhalation, they can cause acute
intoxications such as seizures, vomiting and nausea as well as more serious and chronic problems such as
infertility, liver and kidney diseases, carcinogenesis and even chromosomal changes (MENEGHINI et al., 2014;
JAWAID et al., 2016). A measure that is commonly used to determine pesticide toxicity is the 50% Lethal Dose
(LD50). This measure represents the amount (single dose) of the compound needed to kill 50% of the animals
tested under experimental conditions (GUTIERREZ et al., 2012).

According to research carried out by Anaddn et al. (2009), problems such as excessive salivation,
hypersensibility and tremors are signs presented by both animals and humans within 24 to 72 hours after
pyrethroid exposure. Anaddn et al. (2009) also concludes that the use of compounds such as carbamates or
organophosphates can cause enzymatic induction or inhibition in animals (small or large) or in the population
that consume their products or derivatives.

Although pesticides generate toxic waste, they are fully applied during production and post-
production processes worldwide. Thus, the distribution of food products treated with these compounds must
be carefully controlled in order to conserve human, animal and environmental health (CRISTOFANI et al.,
2009; LEE et al., 2011; JAWAID et al., 2016). The standard adopted by the global food trade (ANVISA, 2003;

CODEX, 2012) was to control pesticide residues in food through the maximum residue limit (MRL).
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The QUEChERS technique (quick, easy, cheap, effective, robust and safe) was adapted from
Anastassiades et al. (2003) in order to overcome many disadvantages and limitations of traditional extraction
techniques for multiresidue analysis. Thus, the method allows quick and viable extraction from acidic, basic
and neutral analytes, allowing excellent performance due to high analyte recoveries and at low cost
compared to other methods (ARIAS et al., 2018; MESA et al., 2018; MORAIS et al., 2018; MUHAMMAD et al.,
2018; SORIA et al., 2018; MANAV et al., 2018).

The method is based on an initial extraction with acetonitrile in buffered medium, followed by a
cleaning step with solid phase extraction with a primary-secondary amine (PSA) combined with C18 to retain
lipid substances (KOESUKWIWAT et al., 2008; PRESTES et al., 2009; LEE et al., 2011; MESA et al., 2018). In the
extraction and quantification process, many aspects must be taken into account for the selection of analytes,
such as selectivity during extraction, partition, analyte extraction capacity, cost, compatibility with the
chosen analytical technique and environmental aspects (CUNHA et al., 2007; MANAV et al., 2019; PRESTES
et al., 2009).

After the extraction process, the analyte must be characterized by chromatographic analysis (DI
CORCIA et al., 2002; VAN RHIN et al., 2002; CINQUINA et al., 2003; MAKESWARAN et al., 2005; MSAGATI et
al., 2007; MCGLINCHEY et al., 2008; CRISTOFANI et al., 2009; MAMANI et al., 2009; SPISSO et al., 2009; JUAN
et al., 2010) in accordance with standards established by the Brazilian inspection agency, ANVISA - National
Health Surveillance Agency (ANVISA, 2003; CODEX, 2012). Thus, the study was carried out in order to validate
the method developed and to detect and quantify the presence of multiresidues of pesticides (cypermethrin,
amitraz, dichlorvos, chlorpyrifos, fluazuron and eprinomectin) in bovine milk using the modified QUEChERS

technique combined with analysis by gas chromatography coupled with mass spectrometry.

MATERIALS AND METHODS
Reagents and instruments

All reagents and solventes used in this research were from analytical grade and HPLC grade.
Acetonitrile (MeCN), dichloromethane and metyl acetate were purchased from Sigma-Aldrich (St. Louis, MO,
USA). The d-SPE and PSA adsorbents, namely C18 and primary-secondary amine, respectively, were
purchased from Supelco (Bel-Lafone, PA, USA).

Analytical standards for Amitraz (N,N'-[(Methylimino)dimethylidyneldi-2,4-xylidine), Cypermethrin,
Chlorpyrifos (0,0-Diethyl-O-[3,5,6-trichloro-2-pyridyl]phosphorothioate), Dichlorvos (2,2-dichloroethenol
dimethyl phosphate), Eprinomectin (4"-epi-acetylamino-4"-deoxy-avermectin Bla) and Fluazuron (N-[[4-
chloro-3-[3-chloro-5-(trifluoromethyl) pyridin-2-ylJoxyphenyllcarbamoyl]-2,6-difluorobenzamide) were
purchased from Sigma-Aldrich (Supelco, Bel-alfonte, PA, USA). Standard stock solutions (1 mg/mL) were
prepared in MeCN and kept in the freezer at -20 ° C, avoiding exposure to light. The intermediate standard
solutions were prepared from the standard stock solutions and their subsequent dilution with MeCN.

Standard intermediate solutions were stored at 4°C and equilibrated at room temperature before use.
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Standard working solutions were prepared from standard intermediate solutions by diluting in MeCN
according to the desired concentration level.

For sample preparation, a centrifuge Splabor A model 4000, mechanical stirrer Kasvi K45-2810 and a
Genie 2 vortex were used. A pH meter was used in order to adjust the pH of the solutions, a resolution of +

0,01 pH unit was settled.

Sample preparation

In milk analysis, the sample preparation is an essential step in the elimination of interferences that
may compromise the analysis. For optimization and validation of the method, samples of UHT milk purchased
from a local supermarket (Maringd, Brazil) were used. Samples (1L each) from the same manufacturer were
identified, recorded and stored at -18 °C until the time of the analysis. Before the treatment of the sample,
the content of each milk was mixed, homogenized and subsequently in the aliquots of the milk samples were
adjusted to the desired concentrations of the pesticides and subjected to the extraction process. The volume

of each rate depended on the sample treatment applied.

Extraction of the analyte from the matrix - QUEChERS method

Aliquots of the milk sample (10 g) and 15 mL MeCN (extraction solvent) were placed in 50 mL
polypropylene centrifuge tubes. The samples were vortexed for 30 seconds. Then, a mixture of salts (1.0 g
NaCl, 4.0 MgS0., 1 g tri-sodium citrate and 0.5 g hydrogen di-sodium citrate) was added to each sample and
subsequently were mechanically agitated for 1 minute and centrifuged for 5 minutes at 6000 rpm at 25 ° C.
Consequently, phase separation occurred and the organic phase (upper phase) was fully collected and
transferred to a clean polypropylene centrifuge tube (15 mL). The aqueous phase (lower phase) of the sample
was discarded. To clean the sample, a mixture of 250 mg of MgSQ,, 50 mg of C18 and 25 mg of PSA (cleaning
absorbent) was added to the supernatant and that was mechanically stirred (2 minutes) and centrifuged (5
minutes, 8000 rpm, 25 ° C). Finally, 0.5 mL of each layer was collected, filtered, transferred to a 2 mL vial and
evaporated to dryness under a stream of nitrogen (40 ° C). All extraction methods were performed in

triplicate.

Derivatization

After the phase for extracting of the analytes from the matrix, 50 uL of DMF (dimethylformamide)
and 50 uL of BSTFA (N,O-Bis(trimethylsilyl)trifluoroacetamide) + 1% TMCS (Trimethylchlorosilane) were
added to the obtained above dried extract. The vial was capped, mixed, and heated in a temperature
adjustable oven at 80 °C for 1 h. After the derivatization, the vial was cooled to room temperature and dried
under an stream of nitrogen. Finally, 1 mL of EtAc was added to the vial, well mixed and the analyzed by GC-

MS.
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Chromatographic conditions GC-MS

The GC-MS analyzes were performed on a gas chromatograph (model Agilent 7890B) coupled to mass
spectrometer (model Agilent 5977A MSD) equipped with HP-5MS Ul Agilent columm with 5% phenyl methyl
siloxane phase (30.0 m x 250 umd.i. x 0.25 um film thickness), with automatic injector (CTC PAL Control). In
order to perform a proper separation of the analytes in the GC-MS system, 2L of extract were injected into
the columm using Split injection mode in a 1:50 ratio, under the following oven conditions: initial
temperature of 70 °C maintained for 2.5 minutes, then ramp from 20 °C min™ to 175 °C maintained for 13
minutes, and ramp from 20 °C min*to 290 °C and maintained to for 15 minutes. The other conditions of the
analysis method were: injection volume of 1.0 uL, flow of carrier gas (He, purity 99.99999%) euqal to 1.2 mL
min, ionization by electronic impact of 70 eV, ionization source temperature of 230 °C, quadrupole of 150

°C, transfer line of 280 °C and injector of 250 °C. Data acquisition was performed using the MassHunter

software and qualitative analysis of the mass spectra by NIST 11 library.

Validation procedures

The validation tests were performed by GC-MS following the parameters describe by Brazillian and
Internacional Standards (BULUT et al., 2011; MENEGHINI et al., 2014; ANVISA, 2017). In order to set linearity
(external standardization), standard solutions of different concentrations were used to each pesticide (Table
1) and injected in triplicate.

A blank sample was included in each group of spiked samples to confirm that the analyte was not
detected. Through these tests, selectivity, accuracy, precision and robustness were evaluated. To determine
the detection limits (DL) and quantification limits (QL) of the method, tests were performed with forfified

samples in decreasing concentrations for each pesticide.

Table 1: Concentration of pesticides standards added in milk.

Substances C1 pg/L C2 ug/L C3 pg/L C4 pg/L C5 ug/L C6 pg/L
Dichlorvos 2.25 5.75 6.75 9 11.54 22.5
Cipermethrin 0.25 0.625 0.75 1.0 1.25 2.5
Amitraz 1.56 1.875 2.5 3.125 6.25

Chlorpyrifos 3.125 3.75 5.0 6.25 12.5

Eprinomectin 0.05 0.125 0.15 0.2 0.25 0.5
Fluazuron 0.125 0.3125 0.375 0.5 0.625 1.25

C = concentration.
Separation of cows and application of treatment

In order to apply the described methodology of monitoring pesticides residues (marketed in Brazil)
present in milk, twenty-four dairy cattle (Dutch Black and White) from Unicesumar research center farm,
were separated into 6 treatment groups (with four animals each) for the application of pesticides in the
control of ticks and more the group (tank) representing the total volume of milking on the day (beginning
09/16/2019). The first group (T1) was treated with the dichlorvos and cypermethrin substances, the second
(T2) with chlorpyrifos and cypermethrin, the third group (T3) received amitraz treatment, while the fluazuron

and eprinomectin compounds were the chosen substances for T4 and T5 group, respectively. Two more
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groups were adopted for analyses, T6 group corresponds to the milk removed from the main tank, where all
samples were mixed and, T7 group corresponds to the control group (no treatment - N.T).

The pesticides (marketed in Brazil) application in its respective treatment group occurred in the
morning, being carried out for all animals in the same way, through pour-on. The product was applied over
the upper midline of the cow’s body, in a narrow band that goes until the lumbosacaral joint, in a dose of 1
mL for each 10 kg of live weight, providing a dose of 500 pg kg™ of live weight, according to the recommended
dose.

On the same day of application (day 0), milk was already collected for analysis and thus continued
for another 7 days (day 0 to day 7). All treatment groups (T1, T2, T3, T4, T5 and T7) were milked during these
8 days and after collecting the samples, thrown into the tank (T6). The average daily production in the tank
was around 530 liters in the morning and 380 liters of milk in the afternoon per day. The samples were

collected in triplicates (50 mL per container), totaling 168 samples collected for analysis.

RESULTS AND DISCUSSION
Optimization of QUEChERS method

The QUEChERS method was optimized using samples of milk fortified with pesticides (Table 1). In
each experiment, three samples were treated under the same conditions, in order to verify the reproduchility
of the method. The sample quantity was adjusted to 10 g and the solvent volume was settled as 15 mL, as it
allowed to collect quantitatively 2 mL of MeCN after sample extraction (ARIAS et al., 2018; MANAV et al.,
2019). Method optimization is based on maximizing the efficiency of the process, which takes into account
the influence on the analyte in the sample treatment procedure evaluated by means of the recovery
efficiency previously describe by Matuszewski et al. (2003).

The QUEChERS extraction method was evaluated as a simple method for analysis of pesticide residues
in cow’s milk, the determinant step being the elimination of interferents that may compromise the analysis.
The QUEChERS method, adapted from Anastassiades et al. (2003) was satisfactory in order to extract the
analyte from the matrix, after the optimization of different parameters that affected the extraction and the
sample cleaning. Tri-sodium citrate salts and di-sodium hydrogen citrate were used in order to promote
salting out effect, increasing the recovery of polar analytes as well as helping to regulate the solution’s pH.

PSA sorbent addition (primary secondary amine) promotes a chelating effect dure to its structure
with primary and secondary amino group, resulting in a retention of free fatty acids and other polar
compounds that are in the matrix, thus making mosto f remaing solids decantate from the solution (PRESTES
et al., 2011). In this case, the PSA can act as a normal mphase sorbent and a weak anion exchanger, so that
it can retain polar compounds and anions that show negative charge at pH 8 or less. On the other hand, the
C18 silica addition, which is a reverse phase sorbent that reatins a wide variety of compounds (non-polar to
moderately polar compounds) due to Van Der Waals interaction, combined with PSA it certifies that lipid

residues are eliminated, ensuring that there is no contamination to the chromatographic system and that the
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matrix effect is reduced. Thus, i tis necessary to use sorbents that interract with the matrix’s components but
not with the analytes, enabling cleaning recoveries and elevating extraction rate.

Table 2 shows the extraction efficiency combined with the matrix effect and the process efficiency
for the best experimental condition (50 mg of C18 and 25 mg of PSA). The amount of cleaning sorbent was
investigated in the mass range of 0 - 100 mg. This parameter influences the effect of the recovery of the
analytes and there was no variation in the matrix effect.

Proportion changes of the cleaning sorbent (PSA and C18) were tested the effect decreased to 50.1%
with a decrease in the proportion (25 mg of C18 and 12.5 mg of PSA). However, the increase in the proportion
does not increase the recovery, for exemple, in the proportion of the cleaning sorbents (50 mg of C18 and 25
mg de PSA) the effec, the effect ofrecovery reached 15.7%. The results obtained for the analyte recovery
effect in the absence of sample cleaning procedure were very low (<10%). Thus, the cleaning step with C18
and PSA sorbents in order to improve sample recovery treatment was necessary to perform QuUEChERS

procedure, providing the greatest recoveries and the best process efficiencies.

Table 2: Results of detection limits quantification limits and recovery of the method for the determination of pesticides
in milk.

Substances Detection Limits pug L! Quantification Limits pug L1 % Recovery
Dichlorvos 1.79 2.25 89.7
Cypermethrin 0.10 0.25 96.3
Amitraz 1.15 1.56 86.6
Chlorpyrifos 1.406 3.125 91.3
Cypermethrin 0.101 0.75 96.3
Eprinomectin 0.023 0.05 85.8
Fluazuron 0.061 0.125 96.7

As the method’s name says, this technique has the advantage of easy and quick realizaion since the
principle is based on extraction, partition and cleaning (MESA et al., 2018). According to the evaluated

validation parameters, the reliability of the analytical results was assured, aiming the reduction of any errors.

Calibration curves and method validation

QUEChERS method combined with GC-MS was validated in terms of linearity, detection limit,
quantification limit, recovery efficiency, matrix effect, process efficiency and precision. The detection limit is
the lowest concentration of a substance that can be identified by an analytical procedure with a specified
confidence level, or that can still be statistically differentiated from noise. The limit of quantification is the
lowest concentration that can be measured with adequate precision, obtained by adding each pesticide to
milk in decreasing concentrations (POONIA et al., 2016).

In order to compare the analytical characteristics performance, calibration curves were obtained
from the analysis of spiked samples treated by modified QUEChERS method. The calibration curves were
prepared in 6 different concentration levels for dichlorvos, cypermethrin, eprinomectin and fluazuron and in
5 different concentration levels for amitraz and chlorpyrifos (Table 1) and after treatment analyzed by GC-
MS. Blank samples were also analyzed. No co-elution of any matrix compound was observed in relation to

the selected analytes. The peak area corresponding to each analyte was selected as a response signal, being
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linearly dependent on its concentration levels. In all cases, good linearity was obtained (R? > 0.9969).

The detection and quantification limits, shown in Table 2, were calculated from the minimum
concentration of the analyte produced by the signal/noise ratio for the identification ion equal to four and
ten times, respectively, where the signal/noise ratio was estimated based on at the height of the peak. The
most important analytical parameters are related to recovery efficiency, matrix effect and, consequently,
process efficiency that must always be evaluated when selecting a sample treatment. These parameters were
estimated for each analyte and at all concentration levels established for the calibration curves and
calculated solutions as described by Mesa et al. (2018).

The proposed analytical method was validated in terms of detection and quantification limits for
performing analysis of non-permitted pesticides in bovine milk samples (ANVISA, 2003), following the
procedure of the calibration curve according to ISO 11843 (ISO 11843-4, 2003), ensuring the reliability of
analytical results and making it possible to consider that the method expresses results proportional to the
concentration of the analyzed analytes. Therefore, the QUEChERS treatment method combined with GC-MS
can be used for routine analysis to detect traces of pesticide (Amitraz, Cypermethrin, Chlorpyrifos,
Dichlorvos, Eprinomectin and Fluazuron) in bovine milk.

Figure 1 represents the chromatographic profile of dichlorvos, eprinomectin, fluazuron, chlorpyrifos,
amitraz, and cypermethrin after QUEChERS extraction of the samples of cow’s milk. The selectivity of the

method proved to be efficient for the multiresidue determination of these pesticides in cow’s milk.

Amitraz

Chlorpyrifos ermethrin

|

Figure 1: Chromatogram obtained from the extraction of pesticide residues (Dichlorvos, Cypermethrin, Amitraz,
Chlorpyrifos, Eprinomectin and Fluazuron) in spiked cow’s milk samples.

Linearity researches were performed and the concentration levels were selected based on the
concentration range selected for the calibration curves from the establishment of maximum residue limits
(MRLs) and maximum permitted residues limits (LMRs) for each pesticide (ANVISA, 2019; ANVISA, 2018) and
according to the limits of detection and quantification (Table 2) established in the present work.

For each substance, a standard calibration curve (Supplementary material, S1 and S2) was
established with different concentrations depending on the chromatographic characteristic of each
substance, identified in Table 1. Each concentration point identified on the calibration curve corresponds to
the average of the values of the analyzes performed in triplicates. No outliners were observed in any situation
presented in all analytical curves. For all compounds, good linearity and repeatability were observed.

Linearity data demonstrate that there is a correlation between the concentrations of pesticides and
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the respective areas of the chromatographic peak. The linearity for the tested method was verified by reading
the analytical curve, according to the expressed linear relationship.

The validated method in the present research demonstrated to be qualified to verify the presence of
residues of pesticides in bovine milk, being easy to execute and short in analysis time. The veracity of the
analysis was evaluated in blank samples of spiked cow’s milk at five different concentration levels. Thus, it
was possible to observe that the regression was significant while not expressing deviation from linearity in

the curve evaluated for the six target substances of this research.

Characterization and quantification of pesticides residues in bovine milk

For the application of the developed methodology, groups of animals that received the treatment
with the respective pesticides were selected. After application, samples were collected at the Unicesumar
experimental farm, followed by extraction and analysis by GC-MS.

The samples were collected on day 0 (day of application) until the seventh day after application (day
7), with the presence of pesticide residues in groups G1 to G6 being identified for days 0, 1 and 2. The greater
intensity of the chromatographic signal was identified on day 0 and the smallest, close to the detection limit
of the method, on day 2. On the other collection days (3rd to 7th day), it was not possible to observe defined
chromatographic peaks (through the minimum signal/noise ratio) for the retention times of the respective
pesticides.

As shown in Figure 2 and Table 3, the residues of all substances can be seen in their respective
treatment groups. The G6 group (tank), where we have the presence of all substances used in cattle dairy
management. After the characterization and identification of the substances, quantification was performed
ondays 0,1 and 2 in order to determine the concentrations of respective residues and to compare their values

with the MRLs established by ANVISA (2018; 2019) and CODEX (2012).

Table 3: Determination of pesticides in milk after treatment protocol applied to 6 groups of black-white Holstein cows
at the Unicesumar school farm.

Treatment groups Substances Day 0 Day 1 Day 2 Day3-7
(ugL?) (ugL?) (ng L?) (ugL?)

G1 Dichlorvos 453.6 254.66 75.1 u.d
Cypermethrin 32.2 24.97 3.15 u.d

G2 Chlorpyrifos 632.2 499.08 137.37 u.d
Cypermethrin 96.6 74.91 9.47 u.d

G3 Amitraz 369.16 268.55 65.68 ud

G4 Fluazuron 15.17 7.96 2.77 u.d

G5 Eprinomectina 13.23 4.95 2.31 u.d

G6 Tank Dichlorvos 11.34 8.75 2.30 u.d
Cypermetrhin 3.22 2.27 0.63 u.d
Chlorpyrifos 15.8 12.22 3.31 u.d
Amitraz 8.39 6.55 1.61 ud
Fluazuron 0.322 0.177 0.063 u.d
Eprinomectin 0.278 0.115 0.055 u.d

G7 Blank N.T u.d u.d u.d u.d

N.T = No treatment (cows that did not get treatment); u.d = Undefined.
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Figure 2: Chromatogram of cow’s milk samples after the treatment of cattle with pesticides (day 1).

The dichlorvos and cypermethrin substances form the basis of some veterinary products marketed
in Brazil to combat ticks and have a grace period of 1 day after the application of bovine dairy management.
Through the data in Table 3, the presence of these residues in bovine milk was identified until the second
day after its application. Quantification of dichlorvos showed a residual charge of 75.1 pg L™ on the second
day (day 2, after application), where the maximum allowable limit for this residue is 10 pg L* (ANVIVA, 2019;
ANVIVA, 2018; CODEX, 2012).

Similar behavior was observed for the compounds chlorpyrifos and cypermethrin that also make up
the standard formula of several veterinary products. Some products containing chlorpyrifos have a
withdrawal time of three to ten days after application to consume the bovine milk. Chlorpyrifos was the
substance that showed the highest concentration identified in milk on days 0, 1 and 2 and on day 2 137.37
ug L-1 was quantified (Table 3) of this residue in the milk sample (G2), a value that is very higher than allowed
by the legislation of 20 pg L (ANVIVA, 2019; ANVIVA, 2018; CODEX, 2012). When comparing the MRL with
the sample collected in the storage tank (G6) we can observe that the concentration of the chlorpyrifos
residue is below the concentration allowed by the legislation.

Cypermethrin compound is present in two different formulations of veterinary products marketed in
Brazil for tick control in dairy cattle and these products have a maximum grace period of 1 day (ANVIVA,
2019; ANVIVA, 2018) after application. Table 3 shows that this compound was identified and quantified on
days 0, 1 and 2 for the specific treatment groups (G1 and G2) and in the tank (G6). Thus, the identification of
cypermethrin in the bovine milk sample from the second day (day 2) of treatment is in disagreement with
the guidelines presented by the Brazilian regulatory agency, even though it has a concentration below the
MRL of 100 ug L-1.

The amitraz residues (a withdrawal time of 1 day after application) reached 268.55 ug L' (Table 3)
on day 1 and, even with its reduction to 65.68 ug L on day 2 (G3), its concentration is higher than MRL of 10
pg LT (ANVIVA, 2019; ANVIVA, 2018; CODEX, 2012) allowed for bovine milk samples. When we observe the
concentration of this substance in the tank, we can find its concentration lower than the MRL, this fact does
not minimize the impact of the presence of this substance on day 2 after treatment, which also presents
contradictions regarding the withdrawal time and disposal of milk.

As described in the veterinary product use guidance, eprinomectin has a maximum grace period of 1
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day for tick control in dairy cattle (ANVIVA, 2019; ANVIVA, 2018) after application. Through the analyzes, it
was possible to identify and quantify the presence of this substance after the second day of treatment (Table
3). All values found in this research for eprinomectin are below the MRL of 20 pg L. The presence of this
substance on day 2 points out to a probable failure in dairy cattle management.

According to ANVISA (2019; 2018) and CODEX (2012), fluazuron is a substance forbidden to be used
in dairy cows, it does not have an established residue load MRL, so fluazuron-based products are strictly
forbidden in dairy cattle management (CODEX, 2012). Finally, we can see that if this substance is applied to
dairy cattle even with the tank's dilution its residue will be present until day 2, after its application to the

dairy cow.

CONCLUSIONS

The QUEChERS technique combines with GC-MS demonstrated satisfactory efficiency for all analytes,
low matrix effect, and detection limit. The proposed methodology proved to be a simple method, of low cost
and easy application to development routine analysis, besides being an analytical method of extraction that
uses little solvent. The analytical method was validated in the present research and proved to be efficient
and safe for the determination and quantification of the residues of veterinary drugs (Amitras, Cypermethrin,
Chlorpyrifos, Dichlorvos, Eprinomectin and Fluazuron) present in cow’s milk samples.

Most of the substances contained in the milk samples have been shown to leave a residual chemical
load on the food. For some substances described in this work, in addition to the residual load being above
the MRL imposed by Codex, these residues were also quantified after the grace period for the application of

the veterinary product in dairy cattle, as described in the guidelines for use.
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