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ABSTRACT: This study introduces an alternative strategy for

evaluating antiparasitic persistence compounds in cattle hair by APPLICATION OF
q G g g ANTIPARASITIC AGENTS
Direct Analysis in Real Time Mass Spectrometry (DART-MS). IN CATTLE

The developed DART-MS method aimed to determine fenthion,
chlorpyrifos, and cypermethrin in cattle hair samples. DART-MS
analyses were performed in positive ion mode, and parameters
related to the DART source were evaluated. The analytical
performance demonstrated the efficiency of the optimized DART-
MS method for fenthion, chlorpyrifos, and cypermethrin
quantification in the evaluated samples, meeting criteria for
precision, accuracy and limits of detection. Overall, the DART-
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MS method provided a fast and efficient analysis for determination
of antiparasitic agents in cattle hair, which contributes to the

evaluation of drug administration protocols and dosage intervals, and aids the safety and advancement of the livestock sector.
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1. INTRODUCTION

The livestock farming plays a significant role in Brazil’s
economy, representing around 30% of the country’s GDP."”
Among the challenges faced in this sector, tick control is
particularly pressing, as these parasites can jeopardize cattle
health by facilitating the transmission of pathogenic agents,
which limits productivity and leads to economic losses for
farmers.” > In this regard, tick control in cattle requires the use
of antiparasitic methods, and the main strategy involves the
application of chemical agents.”

A wide range of antiparasitic agents such as fenthion,
chlorpyrifos, and cypermethrin have gained attention due to
their outstanding performance in tick control.”> Normally, all
animals in the herd are treated with the antiparasitic agents at
predetermined intervals, considering the tick’s biology,
ecology, and the product’s residual effect.”” Furthermore, the
control of ticks by chemicals has become increasingly
challenging, with reports of tick-resistant populations rising
significantly over the past years. Thus, the application of
antiparasitic chemicals must be carefully managed to ensure an

effective application and persistence in cattle hair.”~” Rec_eive‘l: October 22, 2024
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compounds by its persistence in cattle hair, it is necessary to
employ sensitive and robust analytical techniques. The
literature presents several methods for the determination of
fenthion, chlorpyrifos, and cypermethrin based on chromatog-
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raphy techniques coupled to mass spectrometry (MS).'”"!

These conventional protocols may present drawbacks such as
prolonged analysis time, time-consuming sample preparation,
and higher solvents and sample volume. These factors increase
the analysis costs and impair large-scale analysis, which is not
desirable according to sustainable principles advocated by
green analytical chemistry.lz’13 In this scenario, ambient MS
techniques, such as direct analysis in real-time mass
spectrometry (DART-MS), emerge as alternative method-
ologies that allow direct analysis and eliminate the need for
extensive sample preparation steps, reducing the duration of
analysis, solvent, and residue volumes.'* DART-MS provides a
rapid and efficient ionization method for MS, capable of
measuring a wide range of analytes in their native forms.'>'°

Given the considerations stated above, there is plenty of
evidence that the DART-MS technique represents an
alternative method for the evaluation of antiparasitic agents.
Thus, the present study aimed to develop a reliable method for

Published: November 27, 2024
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Figure 1. Representation of analysis of cattle hair by DART-MS. (A) In situ analysis of cattle hair. (B) Analysis of antiparasitic agents extracted

from cattle hair using a QuickStrip card.

fenthion, chlorpyrifos, and cypermethrin screening and assess-
ment in cattle hair. So far, the literature does not present the
use of the DART-MS technique for antiparasitic agents’
evaluation, and this inauguration methodology represents new
frontiers in the antiparasitic solution evaluation for livestock
management.

2. EXPERIMENTAL SECTION

2.1. Chemicals and Reagents. Methanol (>99.90%) was
acquired by Tedia (Ohio, USA). A mix surrogate solution of
fenthion (187.5 mg L7'), chlorpyrifos (375 mg L™'), and
cypermethrin (187.5 mg L™") and pyrilamine (>99.90%) was
acquired from Sigma-Aldrich (Pennsylvania, USA).

2.2. Samples. Cattle hair samples were acquired in
collaboration with the Laboratory of Parasitological Specialties
(LEPAR), Institute of Tropical Pathology and Public Health
(IPTSP), and School of Veterinary and Zootechnics (EVZ) of
the Universidade Federal de Goias (UFG). This study is
approved by the Animal Use Ethics Committee (CEUA
protocol no 010/24).

Animals were treated with a commercial formulation
containing fenthion, chlorpyrifos, and cypermethrin (Colosso
FC 30 — Ouro Fino Animal Health). The solution was applied
with a motorized stationary sprayer model (HS-22 Yamaha),
operating with a pressure of 300 psi. The application pressure
should be sufficient to ensure effective deposition and
penetration of the formulation, which can play a critical role
in maintaining the antiparasitic agents on the animal for several
days.

The commercial product was diluted according to the
manufacturer’s recommendations. The solution was applied
using a hand pump with pressure in a full cone nozzle. Each
animal was sprayed for approximately S min with 5 L of the
solution, treating the entire body of each animal uniformly.
Hair collection from each animal was carried out at moments 0
(before treatment), 6 h post-treatment, and daily for a period
of 7 days post-treatment, with the aid of scissors.
Approximately 1 g of hair was collected from each animal,
from its dorsal region. The hair from each animal was stored in
hermetic plastic bags and frozen (—20 °C) until the moment
of evaluation °.

For rapid screening of fenthion, chlorpyrifos, and
cypermethrin, the cattle hair samples were analyzed directly
by DART-MS with no sample preparation. For comparison
purposes, the antiparasitic agents were also extracted from the
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cattle hair samples. Therefore, the extracts were obtained by
adding 300 uL of methanol in 10 mg of cattle hair, adding
pyrilamine (1.0 ug mL™") as internal standard (IS) and this
solution was vortexed for 1 min and the supernatant was
separated and filtered for further analysis.

2.3. DART-MS Analysis. The antiparasitic agents in cattle
hair samples were evaluated in situ and in extracts obtained
from cattle hair via DART-MS (Figure 1). The analyses were
conducted on a DART-VSP ion source (IonSense, Massachu-
setts, USA) coupled to a micrOTOF-Q_III mass spectrometer
(Bruker Daltonics, Bremen, Germany), operating in positive
ion mode. DART ion source operated using helium (White
Martins, 99.999% purity) as ionization gas, and its temperature
was evaluated ranging from 100 to 300 °C, applying a grid
voltage of 350 V and gas flow rate of 3.0 L min~". The DART
source was positioned at a distance of 30 mm from the mass
spectrometer inlet for both in situ analysis and extract analysis.
MS analyses accounted for a mass range of m/z 200—500 with
an acquisition time of 30 s. Peak annotations for the
antiparasitic agents considered the exact mass with a mass
error lower than 25.0 ppm. MS/MS experiments were also
conducted by DART-MS, applying collision energy ranging
from 10—35 eV. The mass spectra were processed using
DataAnalysis software version 5.0 (Bruker Daltonics, Bremen,
Germany).

For in situ analysis of cattle hair, the hair samples were
centrally positioned between the mass spectrometer inlet and
the DART ion source with the assistance of metal tweezers
(Figure 1A). As for the antiparasitic agent’s extract analysis, the
analyses were carried out by adding 5 pL of the extract
obtained from the cattle hair onto a QuickStrip template card
(Figure S1) which was placed in a QuickStrip holder, placed
between the DART ion source and the mass spectrometer inlet
(Figure 1 B).

2.4. ESI-MS. Electrospray ionization mass spectrometry
(ESI-MS) analyses were performed in a mass spectrometer
micrOTOF-Q_III (Bruker, Bremen, Germany), using an ESI
source with the following key parameters: capillary temper-
ature set to 180 °C, spray voltage at 4.5 kV, gas flow at 4 L
min~’, and nebulizer pressure at 0.4 bar. Mass spectra were
acquired in a m/z range of 200—500 in positive ion mode with
an acquisition time of 1 min. The mass spectra were processed
using DataAnalysis software version 5.0 (Bruker Daltonics,
Bremen, Germany).

https://doi.org/10.1021/jasms.4c00422
J. Am. Soc. Mass Spectrom. 2025, 36, 201-208


https://pubs.acs.org/doi/suppl/10.1021/jasms.4c00422/suppl_file/js4c00422_si_001.pdf
https://pubs.acs.org/doi/10.1021/jasms.4c00422?fig=fig1&ref=pdf
https://pubs.acs.org/doi/10.1021/jasms.4c00422?fig=fig1&ref=pdf
https://pubs.acs.org/doi/10.1021/jasms.4c00422?fig=fig1&ref=pdf
https://pubs.acs.org/doi/10.1021/jasms.4c00422?fig=fig1&ref=pdf
pubs.acs.org/jasms?ref=pdf
https://doi.org/10.1021/jasms.4c00422?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as

Journal of the American Society for Mass Spectrometry

pubs.acs.org/jasms

Table 1. Antiparasitic Agents Used for the Method Development

Antiparasitic Molecular Structure [M+H]* m/z
CH; CHj
I oH
Fenthion % o C1oH1603PS2" 279.028
/P/ ~N,
SN
Cl
LN £\
. P CH,4 "
Chlorpyrifos | o CoH12CIsNO3sPS 349.933
Z
Cl
& CH,
Z
Cypermethrin @O O%A\(@ C22H20CI.NO3* 416.081
HsC™ CHs “

2.5. DART-MS Analytical Performance. The analytical
performance of the DART-MS method for determination of
fenthion, chlorpyrifos, and cypermethrin (Table 1) was
evaluated according to the validation of analytical procedure
guidelines prescribed by Brazilian guidelines based on ANVISA
(National Health Surveillance Agency)."”

Cattle hair of animals that had not been treated with
antiparasitic agents was used as a control sample. Ten mg of
the control hair was spiked with chlorpyrifos ranging from
0.050—10.0 ng mL™" and fenthion and cypermethrin ranging
from 0.025—5.0 ng mL™", adding pyrilamine at 1.0 ug mL™" as
IS, in replicates (n = S). The ratio of the analyte peak intensity
to that of the IS was used as the relative analytical response and
the linearity over the studied concentration range was
evaluated using an analytical curve. The limit of detection
(LOD) and limit of quantification (LOQ) for each analyte
were determined based on the signal/noise ratio of 3 for LOD
and 10 for LOQ. The matrix effect (ME%) was evaluated at
three concentration levels of the analytes (0.5, 5.0, and 10.0 ng
mL™" for chlorpyrifos and 0.25, 2.0, and 5.0 ng mL™" for
fenthion and cypermethrin) according to eq 1 where AM
represents the analytical response for the analyte in the matrix,
and AS represents the analytical response of the analyte in the
solution. Precision (P%) and accuracy (A%) were calculated
based on egs 2 and 3, respectively, where SD is the standard
deviation of the experimental concentration, AEC is the
average experimental concentration and TC is the theoretical
concentration.

AM
ME% = — X 100
AS

(1)
P% = 2 X 100
AEC (2)
A% = M % 100
(3)

2.6. Determination of Antiparasitic Agents in Real
Samples. Cattle hair samples were collected over 7 days to
investigate the persistence of fenthion, chlorpyrifos, and
cypermethrin in the animals using the DART-MS method.
Extracts were prepared by adding 300 uL of methanol to 10
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mg of cattle hair, with IS (1.0 ug mL™'). The mixture was
vortexed for 1 min, and the supernatant was then separated
and filtered for DART-MS analysis.

3. RESULTS AND DISCUSSION

3.1. DART-MS Method Development. The DART-MS
technique was used to evaluate antiparasitic compounds in
cattle hair. This method was developed to identify and quantify
tenthion, chlorpyrifos, and cypermethrin, both through in situ
analysis and through the analysis of extracts from cattle hair
samples. The technique was specifically optimized to detect
these compounds in cattle hair. Recent studies conducted by
our research group have demonstrated the importance of
optimizing the parameters of the DART ion source, such as the
choice of jonization gas (N, or He), the distance from the
DART source to the mass spectrometer inlet, and the
temperature of the ionization gas in its metastable form."®

Regarding the ionization gas, the literature has demonstrated
that helium (He) is more efficient in ionizing compounds than
nitrogen (N,),"*" a finding corroborated by the analysis of
cattle hair. In positive ion mode, DART ionizes compounds
following a Penning ionization mechanism which is the first
step of reactions that leads to the formation of H;O" species."
The superior ionization efficiency of He arises from its higher
internal energy in its metastable state, compared to N,,
improving the formation of charged clusters and favoring the
ionization mechanism.'”*° Therefore, He was used for further
analysis of cattle hair.

Another important parameter related to the DART-MS
method is the distance between the DART ion source and the
mass spectrometer inlet. This distance allows for direct and
effective interaction between the metastable gas and the
sample. For in situ analysis of cattle hair samples, maintaining
an appropriate distance is important not only to ensure
adequate sample ionization but also to avoid the sample from
entering the mass spectrometer. Literature indicates that a
distance around 10—25 mm between the DART ion source
and the mass spectrometer inlet optimizes gas-sample
interaction, yielding great signal intensity.”' However,
considering the safety of the mass spectrometer and the
intensity of the analytes in mass spectra, a distance of 30 mm

https://doi.org/10.1021/jasms.4c00422
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Figure 2. Mass spectra obtained from the analysis of cattle hair. (A) Spectrum acquired by DART-MS from the analysis of cattle hair in situ. (B)

Spectrum acquired by direct infusion using ESI-MS in cattle hair extracts.

was selected, which prevented the entry of particulate matter
into the equipment and generated an adequate analytical
response.

The temperature of the ionization gas is intrinsically related
to the compounds assessed by the DART source, as an
increase in the gas temperature can induce the thermal
desorption of a great number of compounds from the matrix,
including those less volatile compounds. Therefore, tests were
conducted regarding the gas temperature ranging from 100 to
300 °C using the cattle hair samples in situ (Figure S2).
Through Figure S2, it was possible to observe that fenthion
(m/z 279.028) and chlorpyrifos (m/z 349.933) demonstrated
greater analytical response (intensity of the analytes) in the
spectra obtained at temperatures of 150 and 200 °C. As for
cypermethrin (m/z 416.081), the best results were obtained at
temperatures above 200 °C. In addition to evaluating these
antiparasitic agents, it is necessary to consider the stability of
the sample with the temperature. Thermal analysis studies
indicate that hair is thermally stable up to 224 °C, beyond
which degradation occurs.”” Based on these findings, further
analyses were conducted at 200 °C for both in situ and extract
analysis aiming to keep the same parameters for results
comparing purposes. This temperature allows for the assess-
ment of fenthion, chlorpyrifos, and cypermethrin without
compromising the sample integrity.

ESI-MS experiments were conducted to evaluate the ion
profile of cattle hair extracts in comparison with in situ DART-
MS analysis operating with He as ionization gas in temperature
of 200 °C. As shown in Figure 2A and Figure 2B, a clear visual
difference between the mass spectra obtained via direct

204

infusion using ESI-MS and DART-MS is evident within the
mass range from m/z 200—500. The mass spectra from ESI-
MS exhibited lower sensitivity compared to those from DART-
MsS.

Additionally, Figure 2A and Figure 2B highlight differences
in intensity between the two methods, with DART-MS
providing a stronger and more consistent signal, indicating
superior performance in the analysis of these samples. This
difference may be attributed to the efficiency of each technique
with compounds of different polarities and its mechanisms of
ionization. DART-MS provides more efficient ionization for
small and nonpolar compounds, resulting in higher sensitivity,
while ESI-MS efficiently ionizes a broader range of polar
molecules. Moreover, the selectivity of the DART technique
relies on the requirement for a certain degree of volatility in the
evaluated molecules, as ionization occurs through thermal
desorption of the analytes, followed by a Penning ionization
mechanism.'” Thus, the gas temperature plays a fundamental
role in the ionization of low-volatility molecules, as previously
detailed.

Also, the difference in the analytical signal for fenthion,
chlorpyrifos, and cypermethrin comparing ESI and DART ion
sources is evident (Figure S3). The ionization of these
compounds was notably enhanced when using the DART
source at a gas temperature of 200 °C, as this temperature
promoted their thermal desorption and minimized the
ionization of matrix-related interferences, a challenge that is
often difficult to overcome with ESI-MS. Therefore, it is
evident that ESI-MS requires sample preparation prior to
analysis for clean-up and preconcentration of the analytes,
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unlike DART-MS, where the analysis occurs in situ without
sample preparation.

3.2. DART-MS Analytical Performance. For the
evaluation of the analytical performance of the developed
method, samples of cattle hair that had not been treated with
the target compounds were used as the reference blank
samples. Extracts were prepared, spiking the cattle hair with
fenthion (0.025—5.0 ng mL™"), chlorpyrifos (0.050—10.0 ng
mL™") and cypermethrin (0.025—5.0 ng mL™'). Table 2

Table 2. Linear Regression, LOD and LOQ Values for the
Antiparasitic Agents Evaluated by the DART-MS Method

Q
Analyte Linear regression ? (ng mL™") (ng mL™")
Fenthion y = 0.0171x + 0.995 0.010 0.025
0.0020
Chlorpyrifos y = 0.0137x + 0.996 0.010 0.050
0.0026
Cypermethrin  y = 0.0012x + 0.993 0.010 0.025
0.0000S

presents the values obtained through the regressions, which
demonstrated great linearity for the three analytes in the
concentration range studied (r* > 0.99). LOD and LOQ, also
presented in Table 2, were determined based on the signal/
noise ratio obtained experimentally.

The matrix effect was assessed at three concentration levels
(low, medium and high) for the antiparasitic agents analyzed
by DART-MS. This effect was determined based on the
analytical response (analyte/IS) of the analytes in the cattle
hair matrix compared to the analytes in the absence of the
matrix (methanol), as described by eq 1. According to this
equation, the matrix effect is not considered significant for
values between 80% and 120%. The results, presented in Table
3, indicate that fenthion, chlorpyrifos, and cypermethrin did

Table 3. Precision, Accuracy, and Matrix Effect Values for
the Analysis of the Antiparasitic Agents by DART-MS

Concentration Matrix

Analyte (ng mL™") Precision % Accuracy %  Effect %
Fenthion 0.25 5.0 -0.5 89.2
2.5 1.7 6.4 98.2
5.0 1.4 -2.0 112.8
Chlorpyrifos 0.50 8.5 12.7 85.0
5.0 4.6 7.9 108.0
10.0 3.2 -1.8 117.8
Cypermethrin 0.25 10.4 —124 92.4
2.5 9.9 —134 92.3
5.0 14.3 2.6 85.5

not exhibit a significant matrix effect, with calculated values
ranging from 85% to 117%, thereby complying with the
stipulated criteria.'” Precision and accuracy were assessed at
three different concentration levels for each analyte, calculated
using eqs 2 and 3, respectively. The resulting values for these
figures of merit for DART-MS method were below 12%,
complying with regulatory guidelines that set a limit of 15%."
Precision and accuracy were assessed at three different
concentration levels for each analyte, calculated using eqs 2
and 3, respectively. The resulting values for these figures of
merit for DART-MS method were below 12%, complying with
regulatory guidelines that set a limit of 15%."”
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The literature describes various methods for determination
of fenthion, chlorpyrifos and cypermethrin in different
matrices. Most of these methods are based on liquid
chromatography or gas chromatography coupled to mass
spectrometry. These techniques demonstrate robustness and
sensitivity for evaluation of these antiparasitic agents in various
matrices, such as food samples and plasma samples, showing
linearity and appropriate LOD and LOQ_ values for the
analytes.z‘g_25 However, these methods have drawbacks,
including the requirement for large amounts of solvent and
extended analysis time, as well as the need for a preliminary
step for sample cleaning and preconcentration before analysis.
These factors hinder large-scale analyses and are not in line
with more sustainable analytical methods.

Conversely, the DART-MS technique offers significant
advantages in terms of analysis time, solvent consumption,
and the potential for in situ analyses. The developed method
requires only 30 s per assay, demonstrating readiness for high-
throughput and facilitating large scale analysis. Additionally, it
shows excellent analytical performance in the simultaneous
determination of fenthion, chlorpyrifos, and cypermethrin,
commonly coapplied antiparasitic agents. DART-MS analysis
delivers a rapid and effective analytical response, with suitable
LOQ and LOD, as well as appropriate precision and accuracy
values.

3.3. In Situ Analysis through DART-MS. The presence
of fenthion, chlorpyrifos and cypermethrin in cattle hair was
evaluated using the developed DART-MS method for in situ
analysis. In situ analyses were carried out positioning the cattle
hair between the DART ion source and the mass spectrometer
inlet. Figure 3 demonstrates the mass spectra obtained by in
situ analysis using the optimized parameters (He as ionization
gas, distance of 30 mm and gas temperature of 200 °C).
Fenthion (m/z 279.026, mass error = 7.1), chlorpyrifos (m/z
349.931, mass error = 5.7), and cypermethrin (m/z 416.083,
mass error = 4.8) were detected by this approach, exhibiting a
mass error of less than 10 ppm. The analytes were confirmed
by MS/MS experiments (Figure S4 and SS). Fenthion
exhibited a strong signal from a fragment ion at m/z
247.00S5, corresponding to an intramolecular rearrangement
with the loss of 32.007 Da, attributed to a methanol molecule
(—CH;0H) (see details in Figure S4), consistent with
previously reported studies.”® In the case of chlorpyrifos, an
intense signal from a fragment ion at m/z 321.927 was
observed, corresponding to the loss of 28.005 Da (C,H,)
(Figure SS) which is also consistent with the literature.”” It was
not possible to obtain a fragmentation profile for cypermethrin
due to its instability observed during MS/MS experiments.
However, the low mass error strongly suggests its presence.

This approach demonstrated a rapid and feasible way to
evaluate these antiparasitic agents in cattle hair without any
sample preparation. Despite its advantages, in situ analysis was
unable to quantify these analytes in cattle hair samples due to
the absence of an internal standard.

3.4. Determination of Fenthion, Chlorpyrifos, and
Cypermethrin in Cattle Hair. To evaluate the persistence of
antiparasitic agents in real samples, cattle hair samples were
collected on the day of application of the antiparasitic agent
containing fenthion, chlorpyrifos, and cypermethrin, as well as
on the following 7 days. Thus, hair samples were collected over
8 days from the same location on the animal (dorsal area). The
analytes were extracted from these samples, and the extracts
were analyzed by DART-MS.
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Figure 3. Mass spectra obtained for the in situ cattle hair analysis obtained by the developed method using DART-MS.

Fenthion, chlorpyrifos, and cypermethrin were quantified in
these samples, according to the linear regression (Table 2),
and the results are displayed in Figure 4. The DART-MS
method was able to quantify these compounds at trace levels
(ng mL™"). The decay behavior of these compounds, analyzed
using linear regression, appears to follow first-order kinetics,
where a rapid decline in concentration occurs initially, followed
by a more gradual reduction as the levels approach trace
amounts. This kinetic profile is typical of the environmental
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Figure 4. Persistence of fenthion, chlorpyrifos, and cypermethrin in
cattle dorsal hair over days.
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degradation of pesticides and antiparasitic agents, which
initially degrade quickly due to higher concentrations, and
then decay more slowly as the residue levels decrease.

The DART-MS method was able to monitor the temporal
degradation of compounds, offering real-time analysis without
extensive sample preparation. Its ability to detect low
it
valuable for rapid environmental monitoring. This highlights
its utility in accurately assessing the persistence of antiparasitic
agents and their potential impacts on animal health and
environmental safety.

This type of evaluation allows the monitoring of the
persistence of these compounds in cattle hair is essential for
the eradication of parasites, such as ticks and improve the
producers’ practice by reducing the improper formulations use.

concentrations of chemical residues over time makes

Using this information on the persistence of these compounds
in cattle hair, decisions can be made regarding the optimal
application concentration, spray pressure, and the interval of
application. Thus, the DART-MS technique proves to be a
valuable tool in veterinary studies, enabling evaluations and
contributing to the safe use of these antiparasitic agents.

3.5. Green Aspects. Finally, the sustainability of the
DART-MS method for determining antiparasitic compounds
and its adherence to green analytical chemistry principles, the
AGREE™® metric was employed (Figure S6). This metric
considers the 12 green analytical chemistry principles and
The AGREE result for the
developed method is illustrated in Figure S6, using a pictogram
that displays the overall score of 0.77, which highlights its
sustainability and greenness

converts them into scores.
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4. CONCLUSIONS

DART-MS is a well-established technique widely used in
various analytical fields, including the determination of trace-
level analytes. The DART-MS method provided a fast and
effective analysis of fenthion, chlorpyrifos and cypermethrin in
cattle hair samples. In situ analysis of cattle hair for these
antiparasitic agents proved suitable for rapid screening without
any sample preparation. For quantification, the method
demonstrated precision and accuracy below 15%, suitable
LOD and LOQ values and no significant matrix effect. The
AGREE metric further validates the excellence of DART-MS
by attending some criteria postulated by the green analytical
chemistry, which demonstrates its sustainability. Therefore, the
method developed using DART-MS technique represents a
valuable asset to the livestock sector by providing a rapid and
efficient means of detecting the persistence of antiparasitic
agents in animals. This method can serve as a reference for
evaluating drug administration protocols and dosage intervals,
thereby enhancing both the safety and development of the
sector.
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