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A method was developed using liquid chromatography tandem mass spectroscopy for the identification and quantification
of multi residues of pesticides. The present study is first of this kind, destined purely to understand the interaction between the
clean-up agents with 103 pesticides. The QUEChERS clean-up, employing most commonly used clean-up agents like
anhyd.MgSO,, PSA, C-18 and GCB in twelve combinations, was performed to assess their adsorption behavior with the
pesticides. Recovery studies at 1ug'mL ™" showed that anhyd.MgSO, gave acceptable recovery for 100 pesticides (97.08%) in
treatment T1. The PSA adsorbed some polar and acidic pesticides onto it and gave acceptable recovery for < 90% pesticides in
T2 to T5 and C-18 with anhyd.MgSO, & varying amount of PSA (T6, T7) gave a lower, but acceptable recovery of 83.49%
pesticides. GCB with anhyd.MgSO, & varying amount of PSA (T8, T9), adsorbed some planar pesticides like carbendazim,
tricyclazole and gave a lower, but acceptable recovery for 74.75 — 77.66% pesticides. In T10 to T12, when all the adsorbents
were used, adsorption of polar, acidic and planar pesticides (25.24%) was observed while rest of the pesticides (74.75%) gave
acceptable recovery. The method also satisfied the single laboratory validation criteria for linearity, specificity, accuracy and

precision.

Keywords: Anhydrous MgSQO,, C-18, GCB, Pesticides, PSA

Introduction

To ensure the safety of food and other commodities,
screening methods for pesticide residues analysis are
constantly a concern. But the complexity of the sample
matrix is a major challenging factor since it comes in
the way of extraction along with the target analytes."”
Hence clean-up of the complex matrix after extraction
is of utmost importance. In the development of multi-
residues methods and clean-up processes, Solid Phase
Extraction (SPE) is one of the most widely employed
techniques. Aminopropyl, chitin, chitosan,
cyanopropyl, glass beads, Graphitized Carbon Black
(GCB), neutral alumina, octadecylsilane (C-18) and
Primary Secondary Amine (PSA) etc. are used for a
particular class of pesticides’, however these agents are
inefficient in trapping multi pesticide-residues from
diverse matrices and consumes more chlorinated
solvents the removal of which is a tedious process.* To
overcome these problems, chemists across the globe
were continuously challenged to develop a green, safer,
simple, precise and versatile method capable of
ensuring authenticity, traceability, quality and safety
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and of the desired analytes from the sample matrices.
As a result, Anastassiades and Lehotey and co-workers
introduced a fast extraction, clean-up method in 2003
called QuEChERS (Quick, easy, cheap, effective,
rugged and safe) and found useful in extraction of
multiclass pesticides in fruit and vegetables.’ Later its
applications in the analytical laboratories were
widespread and used to extract pesticides from diverse
commodities like food grains, herbs, dried
commodities, fish, animal liver etc.”” This method
uses extraction/partitioning with acetonitrile and d-SPE
(dispersive-solid phase extraction) concept which
further includes clean-up step encompassing the usage
of porous sorbents and or salts for the removal of
complex matrix interfering  substances  thus
guaranteeing the target analyte with greater accuracy
and higher recovery.'™'! In contrast to traditional SPE,
d-SPE extracts the desired analyte in bulk solution,
hence it does not require a vacuum/ column extraction,
conditioning , problems with channeling, flow control
and drying-out. The elution step is avoided, no dilution
is required hence evaporation of solvent is not
necessary.'

In QuChERS, depending on the specificity and
property of the target analyte or pesticide and the
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matrix components, many modifications like addition
of salts as buffers, and introduction of various clean-
up agents were carried out in the original QUEChERS
method. Later they were recognized as AOAC official
method (uses acetate buffer) called AOAC 2007.01
method and the other method as a standard method of
the European committee for standardization (uses
citrate buffer) called CEN 15662)."*'* In the original
method, they used anhydrous magnesium sulphate
(anhyd.MgSO,), and/or PSA as d-SPE agents. PSA
was more effective and efficient sorbent for the clean-
up purpose. Apart from PSA, clean-up sorbents like
GCB and C-18 were also used. Anhydrous MgSO,
removes residual water from the samples after the
extraction. PSA removes fatty acids, sugars, organic
acids and some pigments, while C-18 effectively
removes the high content of lipids, sterols and fatty
matrices. Similarly, GCB is efficient in removal of
co-extracted colored pigments like carotenoids,
chlorophyll. But these sorbents should be used more
selectively and cautiously while extracting various
classes of pesticides in a mixture.”” PSA is weak
anion exchange sorbent and polar in nature, also
adsorbs polar pesticides along with the complex
interfering matrices'® and GCB adsorbs planar
pesticides on its surface which are present in food and
other matrices.'*'¢

The above quoted studies are in relation to some
matrix, but for explaining the interaction of pesticides
with the cleanup agents in the absence of interfering
substances are not available so far. Hence in this
context, the study was initiated to understand the
adsorption behavior of these clean-up agents in
extracting multiclass pesticides in the absence of
sample matrix. This will be the first study to be
reported on direct interaction of pesticides
(103 pesticides) with the d-SPE cleanup agents. For
the analysis purpose, liquid chromatography- mass
spectroscopy coupled with triple quadrupole was
used.

Materials and Methods

Certified Reference Materials (CRM) of the 103
multiclass pesticides of 90.3 to 99.9% purity were
used (Sigma-Aldrich Chemie GmbH, Germany). List
of the pesticides along with their molecular weight
and their use in agriculture are enlisted in Table 1.
Anhydrous magnesium sulphate of > 98% purity was
purchased from Thermo Fisher scientific, India.
Graphitized carbon black (GCB), Octadecylsilane
(C-18), Primary Secondary Amine (PSA) was
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employed in clean-up purpose (Agilent Technologies,
Santa Clara, CA). Acetone (minimum 99.8% pure,
HPLC grade, MERCK, |India), acetonitrile
(Hypergrade for LC-MS, Merck LiChrosolv),
methanol (Gradient grade for liquid chromatography,
Merck LiChrosolv) were procured. Millipore water
with resistivity of 18.2 MQ.cm was obtained from
Millipore water purification system (Milli-Q,
Academic, Millipore, USA) was used to obtain
millipore water with resistivity of 18.2 MQ. cm.2 mL
micro-centrifuge tubes (TARSONS, India) were
utilized in d-SPE clean-up.Analytical balance [0.1 g
to 220 g, sensitivity 0.1 mg] was from METTLER
(Switzerland TOLEDO ME-204), A-grade 10 mL
volumetric flask (Borosil®, India) were used in
primary stock solutions preparation. For sample
preparation, a calibrated micropipette of 0.1-1 mL
(Thermo Scientific, Germany), a vortex mixer (Model
Spinix, Tarson, India), a sample filtration syringe
(Hamilton Gastight® #1005, 5 mL capacity), a
syringe filter (Qualisi/ Nylon Syringe Filter 13 mm x
0.22 m), filter (Fluro FGLP 0.22 um x 13 mm)
membrane were utilized.

Preparation of Primary Stock Solution and Working
Solutions

Stock solutions of each of the 103 pesticides of
concentration]000 pgmL™ were prepared by
weighing precisely 10 mg of each certified reference
standards in A-gradel0 mL volumetric flasks and
volume made with acetonitrile. Standard mixture of
103 pesticides was prepared and subsequently
working solutions were made. These standards were
further utilized for development of a multi residue
method employing LC-MS/MS for the detection and
quantification of 103 pesticides.

QuEChERS- dSPE Clean-up

Dispersive-solid phase extraction in QUEChERS, is
the clean-up process involving various adsorbents
after the QuEChERS extraction. For the purpose,
original QUEChERS method was used with slight
modifications. In 2 mL micro centrifuge tube, 1 mL of
standard pesticide mixture of 1 pg-mL™' concentration
was taken. Different combinations of clean-up agents
were added, followed by 2 min of vortex and 5 min
centrifugation at 5000 rpm. Supernatant was removed
with the help of syringe fitted with 0.22 p nylon
syringe filter and 0.5 mL of the filtrate is transferred
to 2 mL auto-sampler vial for LC-MS/MS analysis.’
Flow diagram for the d-SPE or clean-up procedure is
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given in Fig. 1 and the treatment combinations are
enlisted in Table 2.

Liquid Chromatography-Tandem Mass

(LC-MS/MS) and Method Development

Quantification of the target pesticides was done using
Shimadzu LC-MS/MS-8030 (UPLC model-Nexera,
LC-30AD Liquid Chromatography, SIL- 30AC auto-
injector (Shimadzu Corporation, Kyoto, Japan) coupled
with Triple Quadrupole Mass Detector. Zorbax Eclipse
Plus C-18 column, 3 mm i.d., 10 cm length with 3.5 um
column particle size (Agilent Technologies, USA make)
column was used. Method was operated in gradient
programming (details of gradient elution are given in
method development section) with the flow rate of
0.2 mL'-min"'. DUIS-ESI interface was availed in
Electrospray Ionization and nitrogen was utilized as
nebulizing gas. Software Lab Solutions Version 5.86
was exercised. List of pesticides, ionization mode for
each pesticide, LC-MS/MS conditions for method
development are mentioned in Table 1.

Spectroscopy

1 mL of 1 pl mL -! pesticide mixture is taken in micro centrifuge tube

Adsorption agents of various combinations were added
! 1 ¥ 1 1 ! 1 | ] L] ] ¥ j ! 1
T T2 T3 T4 T5 T6 T7 T8 T9 TI0 T TI2
Vigorous shaking

vortex for 30 seconds

1 2

centrifuge @ 5000 rpm for 5 min

.

Supernatant is filtered using 0.22 p nylon filter

1

LC-MS/MS analysis

Fig. 1 — Flow diagram of d-SPE- clean-up of pesticides with
various combinations of clean-up agents
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Method Validation

To assess the suitability and applicability of the
developed multi residues analysis method, single
laboratory validation was performed as per the
SANTE guidelines (SANTE/11813/2021)"” Some of
the parameters considered as per the guidelines are
detailed below:

Specificity

It is the ability of a detector (supported by the
selectivity of the extraction, clean-up, derivatization or
separation, if necessary) to provide signals that
effectively identify the analytes. In order to achieve the
specificity of 103 pesticides, the detector should be able
to deliver signals that detect the desired unique peak in a
matrix. Detection of the target peak at a concentration of
> 30 percent of the quantification/reporting limit is
considered as specificity of a target analyte
(SANTE/11813/2021).

Linearity

It is nothing but the ability of a detection system to
produce an acceptable linear correlation between test
result & concentration of analytes. To assess the linear
response zone of 103 pesticides, mixed working
standard solutions were prepared at 0.001, 0.005, 0.01,
0.05, 0.1, 0.5 and 1 pgrmL™" concentration level and
injected in LC-MS/MS using the optimized method.
The concentration-response curve was generated by
recoding the detector response against increasing
concentration. This curve was used to determine the
linear response zone, and the LC-MS/MS Lab Solution
Browser software calculated the linear regression
equation and coefficient of correlation.

Accuracy-Recovery
Reliability of the developed analytical method i.e.,
the efficiency of clean-up techniques was determined

Table 2 — List of combinations of adsorbing agents used in different treatments during d-SPE clean-up

Treatment Adsorbent combinations
T1 150 mg anhy.MgSO,
T2 40 mg PSA + 150 mg anhyd.MgSO,
T3 50 mg PSA + 150 mg anhyd.MgSO,
T4 75 mg PSA + 150 mg anhyd.MgSO,
T5 100 mg PSA + 150 mg anhyd.MgSO,
T6 25 mg C-18 + 50 mg PSA + 150 mg anhyd.MgSQO,
T7 25 mg C-18 + 25 mg PSA + 150 mg anhyd.MgSO,
T8 10 mg GCB + 50 mg PSA + 150 mg anhyd.MgSO,
T9 10 mg GCB + 25 mg PSA + 150 mg anhyd.MgSO,
T10 10 mg GCB + 25 mg C-18 + 50 mg PSA + 150 mg anhyd.MgSO,
T11 10 mg GCB + 25 mg C-18 + 25 mg PSA + 150 mg anhyd.MgSO,

T12 7 mg GCB+20 mg C-18 + 25 mg PSA + 150 mg anhyd.MgSQO,
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by conducting the recovery study. Recovery studies
were conducted at 1 pg'mL™' concentration and d-
SPE clean-up was carried out, subsequently analyzed
by the developed LC-MS/MS method. Samples were
analyzed in triplicate and the acceptance criterion* for
recovery for spike level is 70-120% according to
SANTE guidelines (SANTE/11813/2021). Percentage
recovery of pesticides was calculated by the following
formula.

% Recovery (against solvent standard)
Peak area of the spiked sample
[Rss] = ( f the sp P

)x 100
(1)

*Recovery < 70% = not acceptable, 70-120% =
acceptable, > 120% = not acceptable.

Peak area of the solvent standard

Precision

The precession of the method was confirmed in
terms of intra-laboratory repeatability and calculated
as follows

% Relative Standard deviation
[%RSD] _ (Standard dematlon) % 100

Q)

Mean

Results and Discussion

Method Development

A single robust multi residue method was developed
for detection and quantification of 103 target pesticides
using LC-MS/MS coupled with Triple Quadrupole Mass
Detector. In LC, mobile phase was mixture of A (80:20::
5 mM ammonium formate buffer dissolved in water:
methanol) and B (10: 90:: 5 mM ammonium formate
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buffer dissolved in water: methanol) used at a flow rate
of 0.2 mL-min "' under gradient programming for 22 min
runtime. Mobile phase programming for liquid
chromatography is depicted in Fig. 2. Each run included
the injection of a 2 uLL sample. In order to optimise the
distinct multiple reaction monitoring (MRM) transitions
for each pesticide independently, Electro Spray
Ionization (ESI) operating in both positive and negative
mode was used. At flow rates of 3.0 and 15 L'min ',
respectively, nitrogen was employed as a nebulizing gas
and a drying gas. As the Collision-Induced Dissociation
(CID) gas, ultrapure argon was used. Desolvation Line
(DL) temperature and heat block temperatures were
maintained at 120°C and 300°C, respectively. Q1 pre-
bias, Q3 pre-bias, collision energy, dwell time and pause
times were optimized individually. Quantifier and
qualifier ions, regression equation, correlation co-
efficient, instrumental LOD, LOQ values of each
pesticide are mentioned in Table 1. Software Lab
Solutions Version 5.86, was used for data acquisition
and analysis. Most of the pesticides were identified in +
ESI modes while some pesticides like bentazone,
fipronil, flubendiamide and propanil etc were identified
in —ESI mode. Total ion chromatograms for all the 103
pesticides are given in Fig. 3.

Method Validation

Specificity

Specificity of the pesticide for trace level
identification and quantification was achieved by
optimizing quantifier (Q1) and qualifier (Q2) MRM
transitions for each pesticide, which unambiguously
quantified target analyte pesticide in the presence of

Mobile phase A- 80:20 ::

120 Water (5 mM ammonium formate): Methanol

Mobile phase B- 10:90 ::
Water (5 mM ammonium formate): Methanol

100

—eo—Mobile phase % A —e—Mobile phase % B

Mobile Phase (%)

o 1 2 3 4 5 6 7 8 9

10 11 12 13 14

15 16 17 18 19 20 21 22 23

Time (minute)

Fig. 2 — Mobile phase programming for LC-MS/MS
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5000000
4750000
4500000 1
4250000 7
4000000
3750000
3500000
3250000
3000000 1
2750000
2500000 1
2250000 7
2000000 7
1750000
1500000 3
1250000 13
1000000
750000 7
500000
250000
0

Area (m?)

LM

-250000 T T T T T T T

T T

00 1.0 20 30 40 50 60 70 80 90 100 11.0 120 130 140 150 160 17.0 180 190 20.0 21.0 min

Time (minute)

Fig. 3 — LC-MS/MS total ion chromatograms of 103 pesticides

1200000 216.0000>174.2000 (+) CE: -19.0

1100000'; Atrazine: 10.97 min

1000000
900000:
300000
700000
600000
500000°
400000:
300000°
200000

100000 k
0;
00 25 50 75 100 125 150

Time (minute)

Area (m?)

17.5 200 220

Fig. 4 — Specificity of atrazine in LC-MS/MS

other pesticides. MRM transitions for the 103
specified pesticides under the study are given in Table
2 and the specificity of a representative pesticide
(atrazine) is given Fig. 4.

Linearity

In concentration range of 0.001 to 1 pgmL™
majority of the analyte displayed linear response with
correlation coefficients with r > 0.99. Diflubenzuron
(1.00), hexythiazox (1.00), propoxur (1.00), atrazine
(1.00), dimethoate (1.00), pyrazosulfuron-ethyl (1.00)
had showed good linear very response with r > 0.99.
Correlation coefficients and regression equations are
mentioned in the Table 1 and linearity curve for a
representative pesticide (difenoconazole) is given in
Fig. 5.

Accuracy- Recovery against Solvent Standard
The d-SPE clean-up agents mentioned in this study,
are often employed even in recent studies as well in

9000000 ]

y=2.31086¢+007X-112,012 Difenoconazole

8000000 7}
1=0.9994742

7000000 ]

6000000 7}

5000000 7

Area (m?)

4000000 ]

3000000

2000000 ]

1000000 7}

0

00 01 025 05 075 L0 125 15 175 20

Concentration (ug mL?)

Fig. 5 — [Linearity of difenoconazole obtained
LC-MS/MS operating software

through

the clean-up of pesticide residues analysis from
various matrices like fruits, vegetables, food and
environmental samples for targeted analyte
analysis.'®"” Hence it is crucial to study the adsorption
behavior of these agents onto different class
pesticides. Accuracy was measured in terms of
recovery at 1 pg'mL ™' concentration and the recovery
results are enlisted in Table 3. Pesticides with the
recovery percentage within the range of 70-120% are
considered good recovery and are acceptable. In this
paper, 12 combinations (Tl to TI2) of most
commonly used clean-up agents (C-18, GCB, PSA
and anhyd.MgSO,) were made and compared for the
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recovery (Fig. 6 & Table 3). Many pesticides in
various treatment combinations in the study had the
acceptable recovery. Treatment, T1 (150 mg
anhyd.MgS0O,) gave the acceptable recovery in the
range of 70-120% for 100 pesticides (97.08%
pesticides) out of 103 pesticides and 3 pesticides
(alpha cypermethrin, bromodiolane and fenvelerate)
showed recoveries greater than 120%. Since
anhyd.MgSO, was used alone in this treatment, it
gave good amount of acceptable recovery for the
highest number of pesticides. Anhyd.MgSO, did not
adsorbed any pesticides onto it thus ensuring good
clean-up and recovered maximum number of
pesticides. RSD of the most of the pesticides were
less than 10% and a few had up to 20%, which shows
the good precession of the method (Table 3).

In case of T2 where 40 mg PSA is used along with
150 mg anhyd.MgSO, gave acceptable recovery for
88.34% pesticides (91 pesticides) and > 120% of
recovery for cyhalofop butyl. Here, 10.67%
herbicides (11 herbicides) gave less recovery i.e., <
70%. Less recovery of pesticides can be attributed to
the fact that, PSA being weak anion exchange
sorbent, adsorbed these herbicides which are acidic
and polar in nature belonging to the class of
sulfonylureas (azimsulfuron, bensulfuron-methyl,
ethoxysulfuron, halosulfuron-methyl, metsulfuron-
methyl, pyrazosulfuron-ethyl, triasulfuron) and other
class of herbicides like bentazone, bispyribac sodium,
bromodiolane, imazamox.

Varela-Martinez et al. (2020)“” also quoted that
PSA caused adsorption of polar pesticides, hence our
results were best explained since, in our study also
polar pesticides were adsorbed by PSA giving lesser
recovery of < 70%. Similar observations were noticed

JSCIIND RES VOL 82 OCTOBER 2023

by Lehotay ef al. (2005)?", where when PSA was
used as an adsorbent, acidic pesticides were not
recovered. In other study made by He and Liu
(2007)*?, PSA adsorbed acidic and planar pesticide
like chlorpyriphos in apple and cucumber resulting in
poor recovery and false negative results.
Koesukwiwat et al. (2010)*, also found retaining of
acidic pesticides by anion exchange sorbent PSA.

In the treatment T3, consisted the combination of 50
mg PSA is used along with 150 mg anhyd.MgSO,
recovered 87.37% pesticides (90 pesticides) in
acceptable range, 11 pesticides with acidic and polar
nature were recovered with < 70% like in T2
(azimsulfuron, bensulfuron-methy]l, bentazone,
bispyribac sodium, bromodiolone, ethoxysulfuron,
halosulfuron-methyl, imazamox, metsulfuron-methyl,
pyrazosulfuron-ethyl, triasulfuron), 2  pesticides
(cyhalofop butyl and permethrin) recovery was > 120%.

Treatment T4, where 75 mg PSA was used,
recovered 85.43% pesticides (88 pesticides) in
acceptable range, and as like in T2 & T3, T4 also
gave < 70% recovery for the 11 polar and acidic
pesticides. Highly water soluble pesticides like
bispyribac sodium and bromodiolane were not
recovered hence not detected in LC-MS/MS and
pesticides like cyhalofop butyl and permethrin had
shown > 120% recovery.

By increasing the amount of PSA to 100 mg and
anhyd.MgSO, kept constant at 150 mg in treatment 5,
acceptable recovery of the pesticides further fell to
81.55 % (84 pesticides) and 10.67% of (11 pesticides)
pesticides of polar nature were recovered in < 70%, 3
highly water soluble pesticides like bispyribac
sodium, bromodiolone and andimazamox were not
recovered. PSA presence had caused the adsorption of
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Fig. 6 — Recovery percentage of pesticides by different QUEChERS clean-up combinations at 1 pg-mL™ concentration [T1: 150 mg
anhyd.MgSO,, T2: 40 mg PSA + 150 mg anhyd.MgSO,, T3: 50 mg PSA+150 mg anhyd.MgSO,, T4: 75 mg PSA + 150 mg
anhyd.MgSO,, T5: 100 mg PSA + 150 mg anhyd.MgSO,, T6: 25 mg C-18 + 50 mg PSA+150 mg anhyd.MgSO,, T7: 25 mg C-18 + 25
mg PSA+150 mg anhyd.MgSO,, T8: 10 mg GCB + 50 mg PSA + 150 mg anhyd.MgSO,, T9: 10 mg GCB + 25 mg PSA + 150 mg
anhyd.MgSO,, T10: 10 mg GCB + 25 mg C-18 + 50 mg PSA + 150 mg anhyd.MgSO,, T11: 10 mg GCB + 25 mg C-18 + 25 mg PSA +
150 mg anhyd.MgSO,, T12: 7.5 mg GCB + 20 mg C-18 + 25 mg PSA + 150 mg anhyd.MgSO,]
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polar pesticides thus giving lesser recovery. Pesticides
like cyhalofop butyl, cyhalothrin-lamda, lactofen,
metaflumizone and permethrin gave more than 120%
recovery. We could see the trend that, by increasing
the amount of PSA, recovery % of number of
pesticides was reduced (Table 3).

When 25 mg C-18 combined with PSA and
anhyd.MgSO;, in treatment T6 & T7, 82.52% pesticides
(85 pesticides) were recovered in acceptable range and
11 pesticides were recovered < 70%. Non-polar
sparingly ~ water  soluble  pesticides  namely
dimethomorph, fenarimol, flubendiamide and medium
to high water soluble pesticides like imidacloprid,
malathion, thiacloprid, thiamethoxam gave higher
recoveries of > 120%. Here more recovery can be
explained with the matrix enhancement caused due to
the use of C-18.

In T8 where GCB was used along with PSA &
anhyd.MgSO,, 75.72% pesticides (80), were recovered
in acceptable range, while 23 pesticides were recovered
below 70%. In T9 GCB was used along with increased
amount of PSA & anhyd.MgSO, and number of
recovered pesticides below 70% further fell to 26. In
T10, T11, T12, which are the combinations of all the
clean-up agents namely C-18, GCB, PSA &
anhyd.MgSQO,, 77.66% (77 pesticides) were recovered
in 70-120% range, while 25.24% pesticides (26
pesticides) had recoveries of less than 70%.

Planar pesticides like carbendazim, chloran-
traniliprole, diflubenzuron, fenazaquin, fenaxaprop-p-
ethyl, phosalone were strongly adsorbed by GCB
indicated by lesser recovery ranging from 0 to 50% as
shown in Table 3. Whereas, chlorpyriphos, fenpy-
roximate, flufenoxuron, phorate, tricyclazole were
moderately adsorbed by GCB indicating the recovery
ranging from 50 to 70%. Other pesticides like flufen-
oxuron, forchlofenuron, metaflumizone, metha-
benzthiazuron, pyraclostrobin, quizalofop-ethyl were
also adsorbed by GCB.

Lehotay et al. (2011)*” observed that GCB
strongly retains some pesticides, like cyprodinil,
hexachloro-benzene, quintozene, thiabendazole, and
some other structurally planar pesticides. Similar
results were observed by Mol et al. (2007)*°, where
GCB adsorbed planar pesticides like carbendazim,
clofentazine, difluben-zuron, thiobendazole, tricyclazole,
fenpyroximate, flufenoxuron, pymetrozine,
triflumuron, thiophenate-methyl when analyzed in
fruits and vegetables using liquid chromatography-
mass spectroscopy.
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Pesticides like azimsulfuron, bensulfuron-methyl,
bentazone,  bispyribac  sodium, bromodiolane,
ethoxysulfuron,  halosulfuron-methyl, = imazamox,
metsulfuron-methyl, pyrazosulfuron-ethyl, triasulfuron
were also given recovery of < 70%. This is due to
adsorption of polar pesticides by PSA as seen in the
treatments T2 to T6.

Our results can be comparable with the work of
Varela-Martinez et al. (2020)?”, Lehotay et al.
(2005)®", where polar pesticides were adsorbed by
PSA hence gave lesser recovery of < 70%.

Precision

Precision as relative standard deviation (%RSD),
the intra-laboratory repeatability for each pesticide at
three replicates was calculated and enlisted in Table 3.
With some exceptions, the majority of the pesticides
had percent RSD of < 20% indicating the method's
acceptable repeatability and robustness.

Conclusions

Identification and quantification of multi-residues
was achieved using LC-MS/MS method. The d-SPE
employing various combinations of clean-up agents
were studied and compared for the recovery.
Anhyd.MgSQO, used alone gave good recovery for 100
pesticides at 1 pg-mL™" fortification, while rest of the
combinations retained some pesticides onto them.
Method was single laboratory validated with SANTE
2021 guidelines for specificity, linearity, accuracy,
precession and fulfilled the same. Despite the fact that
anhyd.MgSQO, alone as an adsorbent gave negligible
interactions with the pesticides yielding acceptable
recovery for more pesticides, it will be erroneous to
conclude that the presence of clean-up agents
adversely affected the accuracy in pesticide residue
study. On the contrary, in presence of food or
environmental matrix, these agents contribute
significantly to obtain accurate results. The study will
help in judicious selection and optimization of
absorbents in multi residue estimation depending on
nature of matrix and analyte concerned.
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