Printed in the Republic of Korea

ANALYTICAL SCIENCE
& TECHNOLOGY

Vol. 39 No. 3, 198-210, 2026
https://doi.org/10.5806/AST.2026.39.3.198

Optimization of QuUEChERS sample preparation followed by gas
chromatography—tandem mass spectrometry (GC-MS/MS) for
simultaneous analysis of organochlorine pesticide residues
in different agricultural products

Vuong Hau Tran"*, Nguyen Thi My Linh? Le-Thi Anh-Dao®, and Nguyen Cong-Hau**

'Ho Chi Minh City University of Natural Resources and Environment, Vietham
Faculty of Architecture-Construction and Environment, Nam Can Tho University, Vietmam
3Faculty of Pharmacy, Ton Duc Thang University, Ho Chi Minh City, Vietham
‘Faculty of Applied Science and Technology, Nguyen Tat Thanh University, Ho Chi Minh City, Vietnam
(Received March 1, 2026; Revised March 26, 2026; Accepted April 13, 2026)

Abstract: QUEChERS (Quick, Easy, Cheap, Effective, Rugged, and Safe) is widely applied as an effective
sample preparation for determining pesticide residues. In this study, an analytical method based on QuEChERS
followed by gas chromatography—tandem mass spectrometry (GC-MS/MS) was validated to determine 20
organochlorine pesticide residues in agricultural products. While the extraction step employed the acidified
acetonitrile (ACN), this study focused on optimizing the subsequent steps, including clean-up dispersive solid
phase extraction (d-SPE) and the additional liquid-liquid extraction (LLE) concentration step. The results indicated
the most effective d-SPE mixture of MgSO,4 and primary secondary amine (PSA). The introduced LLE switched
the sample solvent from ACN to n-hexane, subjected to GC injection, and created a “salting-out” effect using
NaCl, resulting in further removal of matrix components and enhancing recoveries by a factor of ~1.5. Negligible
matrix effect (ME) was observed (IME ratio| < 20 %) for the spinach—a representative matrix with deep green
color. The method showed quantification limits of 5-10 pg/kg, good linearity (R* > 0.995), and satisfactory
precision for intra- (relative standard deviation of RSD, = 1.1-9.4% and inter-day (RSDg = 2.9-7.1 %). The method
was applied to tomatoes, cucumbers, Swiss chard, sweet potato leaves, and sweet potatoes, and detected no
background pesticides. Recovery tests were conducted for these matrices at 10 ug/kg and for spinach at 10—
30 pg/kg spiked levels, yielding 80-103 % recoveries. Overall, the method demonstrated its reliability, sensitivity,
and robustness for routine monitoring of organochlorine pesticide residues in agricultural commaodities.
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1. Introduction enhance agricultural productivity. However, inappropriate
or excessive application, as well as non-compliance
Pesticides are widely used in crop production to with pre-harvest intervals, may result in residues
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exceeding established maximum residue limits (MRLSs)
in agricultural products.? Such violations can result
in product rejection in international trade due to the
strict food safety regulations of importing countries.
Pesticide residues include parent active ingredients,
their metabolites, degradation products, and other
transformation species.' These residues may persist
in crops, agricultural products, soils, and water for
varying periods, potentially affecting human health,
organisms, and environmental quality. Moreover,
long-term or high-level pesticide exposure has been
associated with adverse health impacts, for example,
carcinogenicity, cardiovascular and respiratory disorders,
and neurotoxicity.* Therefore, the pesticide residues
are monitored at very low concentrations, i.e., several
mg or mg per kg samples.””’

Several regulatory parameters have been established
to assess and ensure the safety of pesticide residues
in food and agricultural products. Internationally, the
Codex Alimentarius Commission sets MRLs for
pesticide residues in various food commodities.® In
the European Union, the European Food Safety Authority
provides scientific risk assessments supporting the
establishment of MRLs, while the European Commission
enforces the relevant legislation.® Similarly, in the
United States, the Environmental Protection Agency
(EPA) establishes and regulates pesticide residue
tolerances in food.” Many other countries have also
implemented their own national regulations and
management of pesticides.'” While MRLs represent
the highest legally permitted concentrations of pesticide
residues in food (mg/kg),’ the acceptable daily intake
(ADI) as another regulatory parameter refers to the
estimated amount of a pesticide that can be consumed
daily over a lifetime without adverse health effects,
expressed in mg per kg body weight per day.'!

Pesticides can be classified based on their derivative
groups, such as pyrethroids, organophosphates,
carbamates, pyridines, phenoxy herbicides, triazines,
benzimidazoles, dithiocarbamates, organochlorines,
etc. Among these, organochlorine pesticides are
considered among the most hazardous and have been
banned in many countries.>'> Organochlorine pesticides
have been associated with various adverse health
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effects in humans, including headaches, nausea,
respiratory distress, lung inflammation, nervous
depression, convulsions, reproductive function impair-
ment, and cancer.'> Organochlorine pesticides also
have the potential to accumulate in the environment
and persist in the bodies of living organisms.> Moreover,
they can also negatively impact biodiversity and lead
to a decline the number of animal and plant species.
Although alternative pesticides, such as pyrethroid,
organophosphate, carbamate, and triazole derivatives
are encouraged, their higher costs and sometimes
lack of effectiveness still lead to the continuous use
of organochlorine pesticides in some areas.’
Analytical methods have become increasingly
important in determining pesticide residues in agricultural
products. QUEChERS (Quick, Easy, Cheap, Effective,
Rugged, and Safe) is a widely used method as a
sample preparation procedure for analyzing pesticide
residues.'*'® Overall, QUEChERS consists of serial
steps: (i) extraction of analyte(s) from the sample matrix
using organic solvent(s), for example, (acidified)
acetonitrile (ACN), with the addition of a salt (mixture)
to assist in the partitioning, followed by (ii) clean-up
to remove the matrix components using dispersive
solid phase extraction (d-SPE) with an appropriate
sorbent (mixture).'*'>!” The solution after d-SPE clean-
up can be subjected to instrumental analyses or endured
further purification. The first QUEChERS version
was introduced in 2003 by Anastassiades et al., using
a mixture of magnesium sulfate-sodium chloride
(MgSO4NaCl) of 4:1 during the extraction with
ACN." The second version, presented in AOAC
2007.01, used acidified ACN (1 % acetic acid) and a
mixture of magnesium sulfate-sodium acetate (MgSO,—
CH;COONa) to create a buffer system (pH 4.5)."
The European Committee for Standardization created a
third version (EN 15662), using ACN and citrate buffer.*’
All three methods commonly employ MgSO, in
combination with sorbents, such as primary secondary
amine (PSA), C18, and graphitized carbon black
(GCB) for the clean-up step.'* In detail, PSA is
generally used to remove polar matrix components,
including organic acids and sugars; C18 is applied
for the removal of non-polar interferences such as
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lipids; and GCB is utilized to remove pigments,
particularly chlorophyll and carotenoids. Numerous
studies have successfully applied QuEChERS followed
by chromatography—mass spectrometry techniques,
particularly liquid chromatography, LC-MS/MS, and
gas chromatography, GC-MS/MS, for multi-residue
pesticide analysis in various matrices, demonstrating
high extraction efficiency, good recoveries, low detection
limits, and robust method performance.'3-!%:1721:22

Although QUEChERS has been widely applied for
pesticide residue analysis, continuous optimization is
still required to maximize the analytical performance,
for example, enhancing extraction efficiency, reducing
matrix interference for specific sample matrices, as
well as improving cost-effectiveness. Therefore, the
objective of this study was to optimize, validate, and
apply a QUEChERS sample preparation followed by
GC-MS/MS for the simultaneous determination of
20 organochlorine pesticide residues in agricultural
products. While acidified ACN was used for the
extraction step (i), optimization focused on the clean-up
step (ii), investigating three widely used sorbents,
namely PSA, C18, and GCB. Here, we introduced an
additional liquid-liquid extraction (LLE) concentration
step (iii) to switch the solvent from ACN to n-
hexane, directly subjected to GC-MS/MS analysis,
with the addition of NaCl to create a “salting-out”
effect. The final LLE step (iii) also serves as a post
clean-up step to further remove the matrix components
to enhance the method sensitivity and robustness.
This refined QUEChERS ensured applicable coverage
across different matrices, including tomatoes, cucumbers,
Swiss chard, sweet potato leaves, and sweet potatoes,
with varying background complexity.

2. Experimental

2.1. Chemicals and reagents

The EPA CLP Organochlorine Pesticide Mix solution
(2000 mg/L, Sigma-Aldrich) was used to prepare the
working standard solutions by appropriate dilution in
acetonitrile (ACN, analytical grade, Merck, Germany).
In this study, we focused on 20 organochlorine
pesticides as shown in 7able 1. Triphenylphosphate

(TPP, 99.5 %, Dr. Ehrenstorfer) was used as the
internal standard (IS) for GC-MS/MS analysis. The
commercial QUEChERS salts (CHROMABOND)
comprise of 6000 mg of anhydrous MgSO, and 1500 mg
of anhydrous CH;COONa. Bondesil-C18 (40 pm),
PSA ethylenediamine-N—propyl (polymerically bonded,
40 pm), and GCB (40 pm) were obtained from
Agilent. Other chemicals, including sodium chloride
(NaCl), MgSO,, n-hexane (CgH;4), and acetic acid
(CH;COOH), were of analytical grade and obtained
from Merck (Germany). Ultrapure water (18 MQ-cm,
UW) was used throughout this study.

2.2. Sample collection and pretreatment

A spinach sample (organic farming) with no organo-
chlorine pesticide background was collected and
used for optimizing QUEChERS sample preparation
method throughout this study. The spinach matrix
was spiked with organochlorine pesticide mixture
(pesticide list shown in Table 1) at 20 pg/kg per each
pesticide.

For further application, we purchased tomatoes,
cucumbers, Swiss chard, sweet potato leaves, and
sweet potatoes (five samples/each type) from the
supermarkets in Ho Chi Minh City (Vietnam). These
sample matrices were also spiked with organochlorine
pesticide mixture at different levels of 10, 20,
and 30 pg/kg to test the method recoveries.

The collected samples and spiked samples were
homogenized and stored at -18 °C until further analysis.

2.3. QUEChERS sample preparation procedure

The QuEChERS sample preparation procedure
used in this study includes three serial steps (with the
introduction of an additional LLE concentration) and
is described as below:

(1) Extraction of organochlorine pesticides from
the matrix: The organochlorine pesticides were
extracted from the sample matrix based on AOAC
2007.01."° Briefly, 10 g of the homogenized sample was
weighed into a 50 mL polypropylene (PP) centrifuge
tube. Then, 50 puL of 1000 pg/L TPP were added to the
tube, and the mixture was vigorously vortexed for
one minute and added 10 mL of 1 % w/v acetic acid
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in ACN. The sample mixture was kept at -18 °C for
30 minutes. Subsequently, the tube was added
QuEChERS salts (6000 mg of MgSO,4and 1500 mg
CH;COONa) and vigorously vortexed for two minutes,
then centrifuged at 4000 rpm for eight minutes to
achieve phase separation.

(ii) Clean-up of the co-existing matrix components:
The matrix components potentially co-extracted with
the analytes were removed or minimized by d-SPE
using 4 mL of the supernatant obtained from the
extraction step (i) in a 15 mL PP centrifuge tube already
containing the d-SPE mixture (or salt). The sample
mixture was vortexed for one minute and centrifuged at
4000 rpm for five minutes. After that, 3 mL of the
extract was transferred to a glass vial and evaporated
under a gentle N, stream to around 1 mL remaining
to proceed to the next step. In this study, three
different d-SPE sorbent mixtures were investigated,
including mixture 1 (600 mg MgSO,4 and 200 mg
PSA), mixture 2 (600 mg MgSO, and 200 mg C18),
and mixture 3 (600 mg MgSO, and 200 mg GCB).
To compare the effectiveness among these investigated
sorbents, 600 mg of MgSO,4 was used as the control
d-SPE sorbent. The sorbent recipe followed the
suggestion of AOAC 2007.01 for MgSO,/PSA mixture
of 3/1 w/w and 200 mg per 1 mL of the extract."

(iii) LLE concentration of the organochlorine
pesticides: In the concentration step, 1 mL of n-hexane
and NaCl solution of 20 % w/v were added to the
glass vial containing the extract achieved from step
(ii). High concentration of NaCl was used to sufficiently
generate a strong “salting-out” effect. The mixture
was vortexed for 1 minute and centrifuged at 4000
rpm for 2 minutes. Ultimately, the top layer was
transferred to a 1.5 mL glass vial for GC-MS/MS
analysis. We investigated different volumes of 20 %
w/v NaCl solution, including 1, 2, 5, and 10 mL, to
reach the highest method sensitivity.

2.4. GC-MS/MS operation conditions

The organochlorine pesticides were separated by a
TG-5MS column (0.25-pum film thickness, 0.25-mm
i.d., 30-m length, Thermo Fisher Scientific) and measured
by the GC-MS/MS (Thermo Fisher Scientific). The
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separation was conducted based on a temperature
gradient program, which involved an increase from
60 °C to 140 °C (a rate of 10 °C per minute), followed
by a rise to 200 °C (20 °C per minute), and an
increase to 230 °C (5 °C per minute, keeping for
5 minutes). Finally, the temperature was further
increased to 280 °C (15 °C/minute) and maintained
for 5 minutes. The injection volume was 1 pL, and
the GC inlet was set at 250 °C. The ion source and
GC-MS interface were maintained at 230 °C and
280 °C, respectively.

2.5. Analytical method performance validation

The analytical method for organochlorine pesticide
residues in agricultural products using QUEChERS,
followed by GC-MS/MS measurement was validated
before applying to real samples.

The method limits of detection (LOD) and quan-
tification (LOQ) were estimated by simultaneously
analyzing 10 spinach samples as organochlorine-
pesticide-residue-free or blank samples, spiked with
organochlorine pesticides at the estimated LOD. The
applied equations are LOD = 3SD and LOQ = 10/3
LOD, in which SD is the standard deviation of the
estimated concentrations analyzed from the above 10
separate (spiked) spinach samples. The calibration
curves of organochlorine pesticides were established
based on the linear relationship between the analyte
concentrations (from 10 to 100 pg/L) and the respective
peak areas normalized by the internal standard (IS,
TPP at 50 pg/L).

The spinach samples spiked with two concentration
levels of 10 and 20 pg/kg were used to evaluate the
intra- and inter-day precision (repeatability and
reproducibility) through the calculation of (i) relative
standard deviation from six replicates within the
same working day (RSD,) and (ii) from three separate
working days (six replicates per day, RSDg) using
one-way ANOVA at a significance level of 0.05,
respectively.”? Recovery tests were conducted for
spiked spinach sample at 10, 20, and 30 pg/kg and
other agricultural products at 10 ug/kg, using the
following equation:
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measured concentration)

- : 1009
(spiked concentration) 8 &

Recovery(%) = (

The matrix effect (ME) was evaluated by calculating
the ME ratio (%) using the slopes of the calibration
curves constructed in the organochlorine-pesticide-
residue-free spinach matrix (slopepaix), prepared
using the optimal QUEChERS sample preparation
procedure, and in the pure ACN solvent (slopesoiyent):
slope

ﬂq) < 100%

ME ratio(%) = (slope
solvent

3. Results and Discussion

3.1. Optimization of GC-MS/MS operation
parameters
In this study, a TG-5MS column was used to separate

the organochlorine pesticides. The column contains
5% phenyl and 95 % dimethylpolysiloxane in the
stationary phase, resulting in moderate polarity and

suitability for a wide range of analytes, including
organochlorine pesticides.?* By applying a temperature
gradient program (presented in section 2.4), a
favorable separation was achieved for 20 organochlorine
pesticides within less than 30 minutes (7able 1). The
GC column also allowed a high temperature period
in the gradient program (280 °C and keeping for 5
minutes), ensuring the elimination of the matrix
component residues out of the GC column to avoid
the carryover between injections. Besides, such operation
time is reasonable for routine analysis of various
samples. Running period of less than 30 minutes was
also reported in several publications regarding analyzing
pesticide residues (> 20 species).'>!"*

By applying the MS scan mode in Selected Reaction
Monitoring (SRM) in the software, the quantification
ions and qualification/confirming ions (m/z) were
selected (7able 1). The optimal collision energy
(eV) was also achieved and applied for further
analysis.

Table 1. The GC retention time, quantification and qualification/confirming ions (m/z), and optimal collision energy achieved

from SRM mode

Quantification ions

Confirming ions

No. Analytes tg (Min)  Precursor Product Collision Precursor Product Collision
(m/z) (m/z)  energy (eV) (m/z) (m/z) energy (eV)
1 44-DDD 22.5 235 165 20 237 165 20
2 44-DDT 24.35 235 165 20 237 165 20
3 44-DDE 20.79 316 246 15 246 176 30
4 alpha-BHC 15.82 217 181 5 219 183 5
5 beta-BHC 13.93 219 183 5 219 183 5
6 gamma-BHC 13.93 219 183 5 181 145 15
7  delta-BHC 14.58 217 181 5 219 183 5
8  cis—chlordane 19.33 373 266 20 272 237 15
9  trans—chlordane 19.92 272 237 15 373 266 15
10 methoxychlor 28.10 227 169 25 227 141 40
11 heptachlor 15.82 272 237 15 274 239 15
12 heptachlor epoxide 18.43 353 263 15 355 265 15
13 aldrin 16.93 263 193 35 263 191 35
14 endrin 21.68 263 193 35 279 243 10
15 dieldrin 20.83 263 193 35 279 243 10
16 endrin ketone 26.79 281 245 12 281 209 24
17 endrin aldehyde 229 250 215 18 250 179 16
18 alpha—endosulfan 19.81 263 293 30 195 160 10
19  beta—endosulfan 22.06 241 206 25 207 172 15
20 endosulfan sulfate 24.07 272 237 15 274 239 15
21 TPP (internal standard)  25.62 326 325 10 326 233 10
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3.2. Optimization of QuEChERS sample
preparation

In this study, the spinach was selected as a repre-
sentative sample matrix for QUEChERS sample
preparation optimization due to its deep green color
and relatively high content of co-extracted components,
for example, sugar and chlorophyll, making it one
of the most challenging matrices among the tested
samples. Therefore, successful optimization using
spinach was considered a practical basis for applying
the method to other agricultural products. For the
remaining matrices, recovery tests were conducted
using the optimal conditions to confirm the efficiency
and applicability of the optimized QuEChERS
method.

In the literature, different solvents were widely
investigated for the extraction step (step (i) as described
in section 2.3) in the QuUEChERS for pesticide
analysis, for example, ethyl acetate, ACN, etc., in
which ACN has been widely used for vegetables and
fruits.'*!"?® For instance, acidified ACN was used to
extract pesticide residues for tea samples with complicated
matrix components, showing favorable extraction
effectiveness.?’ Therefore, in this study, we used
acidified ACN (with 1 % acetic acid) in the extraction
step (i) and did not test the effects of extraction
solvents on method recoveries.

Besides the two serial main steps of (i) extraction
and (ii) d-SPE clean-up, we introduced additional
LLE as a concentration step (iii) with the assistance
of the “salting-out” effect to maximize the method
recoveries, targeting different agricultural product
matrices. Subsequently, the study focused on
optimizing the d-SPE clean-up step (ii) and the LLE
concentration step (iii). The discussion highlighted the
effects of the clean-up sorbents and NaCl-induced
salting-out on the recoveries of individual
organochlorine pesticides as shown in sections
3.2.1 and 3.2.2. Accordingly, matrix-spiked samples
at known concentrations to mimic the real sample
matrices were considered sufficient for optimizing
these post-extraction steps via determining method
recoveries.
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3.2.1. Effect of different d-SPE sorbent mixtures
on clean-up effectiveness

During QuEChERS, after finishing step (i) for the
extraction of organochlorine pesticides from the
sample matrix, the extract can contain other matrix
components, possibly interfering with the method
accuracy. The interested matrices in this study were
agricultural products (e.g., vegetables and fruits),
which are rich in vitamins, minerals, fibers, organic
acids, (poly)phenols, carotenoids, and sugars.”* Moreover,
the use of acidified ACN as an extraction solvent could
accelerate the release of (poly)phenolic compounds
and pigments (e.g., chlorophyll, carotenoids), resulting
in a complicated matrix cocktail in the extract (with
organochlorine pesticides as our desired analytes). It
is apparent from the spinach sample that its extract
showed a very deep green color. The pigments can
be retained or trapped in the injector liner or at the
GC column inlet region. Their progressive deposition
leads to the formation of active sites, increased
background signal, peak distortion, and accelerated
stationary phase degradation. Therefore, more frequent
liner replacement, column trimming, and maintenance
are required,”’ thereby shortening the effective
operational lifetime of the GC system. In this study,
d-SPE was employed as a clean-up step (ii) to remove
or minimize the co-extracted interferences. Different
sorbent mixtures (1, 2, and 3) were attempted, i.e.,
the combination of MgSO, with another sorbent as
described in section 2.3. The d-SPE clean-up
effectiveness was assessed through the calculation of
method recoveries of each organochlorine pesticide
(Fig. 1). Single MgSO,4 was used as the control
sorbent in d-SPE, the method recoveries ranged from
42 % to 61 %, indicating the need of another sorbent
as a combination. The use of MgSO, cannot be
eliminated due to its role as a drying agent to remove
the residual water in the extract (in step (i) extraction).'
Removing the water is crucial because water is not
compatible with GC-MS/MS analysis; besides, the
presence of water can result in further interferences
from water-soluble matrix components. The results
show that the additional use of C18 (mixture 2) and
of GCB (mixture 3) did not demonstrate significant
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Fig. 1. The method recoveries of organochlorine pesticides obtained from different d-SPE sorbents. Spinach sample spiked with
organochlorine pesticide mixture (20 compounds) at 20 pg/kg. Three tested d-SPE sorbents included mixture 1 (600
mg MgSO, and 200 mg PSA), mixture 2 (600 mg MgSO, and 200 mg C18), and mixture 3 (600 mg MgSO,4 and 200
mg GCB). 600 mg MgSO, was used as the control mixture condition. The method recovery (%) was calculated by
considering the determined concentration and spiked concentration. The horizontal red lines depict the recoveries of 80
and 100 %. The bar heights represent the averages with error bars indicating standard deviations (SD) from triplicate

experiments.

improvement in the method recoveries, for example,
recoveries of 45 % to 61 % (mixture 2) and from
40 % to 71 % (for mixture 3). Cs-bonded silica was
reported to be effective in removing non-polar
interferences, such as lipids, but less effective in
removing sugars and acids as polar components,'*
which are rich in our interested sample matrices in
this study (spinach and other agricultural products).
Mixture 3 (with GCB) increased the method recoveries
for most analytes, but heptachlor epoxide, 4,4’—
DDD, 4,4’-DDE, and BHC (delta isomer) showed
the recoveries < 50 % and low precision (RSDs of
5.3 up to 21 %) (Fig. 1). Overall, GCB was reported
to demonstrate good removal of pigments (e.g.,
chlorophyll, carotenoids),"* revealing the compatibility
for our sample matrices. However, GCB is also a
strong adsorbent, especially for planar geometry with
one or more active groups in the chemical structures,”
including pesticides, resulting in partial loss of analytes.
For example, mixture 3 containing GCB showed the
lowest recoveries for 4,4’-DDD (42 %), 4,4’-DDE

(47 %), and heptachlor epoxide (40 %) and low
precision (RSD, %) for cis-chlordane (21 %), aldrin
(18 %), dieldrin (12 %), and endrin ketone (20 %).
The results showed that mixture 1 (with PSA) indicated
the most favorable method recoveries (~60—70 %)
and precision for most organochlorine pesticides,
especially guaranteed the higher recoveries than the
control sorbent (single MgSQOy) for all analytes (Fig. 1),
highlighting the need of combination of drying agent
salt with another sorbent to effectively remove or
minimize the interferences (as earlier mentioned).
Even though GCB and PSA sorbents have been
reported to be used in d-SPE clean-up for pesticide
residue analysis,'** they exhibit certain differences.
In details, GCB demonstrates the hydrophobicity
and large surface area to adsorb a wide range of
matrix compounds (for example, planar or aromatic
ring-based structures as discussed earlier), while
PSA with amine group is more selective for polar
interferences, such as pigments, anthocyanins, and
chlorophyll,'* assisting in reducing the loss of pesticides.

Analytical Science & Technology



QuEChERS followed by GC-MS/MS for organochlorine pesticide analysis

Therefore, we defined mixture 1 (600 mg MgSO,
and 200 mg PSA) as the optimal sorbent. However,
the recoveries were still less than 70 % (Fig. 1),
indicating the suppression from matrix effects. The
hypothesis was supported by the fact that the extract
after d-SPE clean-up still indicated a slight green
color due to incomplete color removal. In this regard,
we additionally introduced LLE concentration step
(iii) to further reduce the matrix components as well
as to improve the method recoveries.

322, Effect of NaCl concentratons on LLE
effectiveness

After d-SPE clean-up step (ii), the LLE was applied
as a concentration step (iii) to switch the solvent
from ACN (over 1 mL) to n-hexane (1 mL), subjected
to GC-MS/MS analysis. Moreover, this step (iii) can
be considered an additional clean-up step to further
remove the matrix components, covering different
matrices, especially the pigments still existing in the
solution after the clean-up step (ii), which were believed
to result in low recoveries (Fig. 1). Experimentally,
the slight green color disappeared after the LLE

120

205

step (iii).

Organochlorine pesticides, characterized by moderate
to low hydrophobicity (logKey ~3-7),> can be efficiently
extracted into n-hexane. Besides, NaCl was added to
the extraction system to increase the ionic strength to
increase the partitioning of the analytes to the n-hexane
phase because the “salting-out” effect of NaCl could
decrease the solubility of the targeted organochlorine
pesticides in the ACN phase and increase their
solubility in the n-hexane phase.'*** We can also
observe the effect of added 20 % w/v solution on the
recoveries, in which NaCl volumes of 5-10 mL
demonstrated higher recoveries by factors of around
1.4 to 1.7, compared to 1-2 mL (Fig. 2). The poor
recoveries obtained from 1-2 mL could be explained
due to the effects of extraction ratio and insufficient
dissolution/dispersion of ACN phase in NaCl solution.
In this study, 5 mL of NaCl solution was used to
ensure the recoveries of above 90 % for all compounds.

3.3. Matrix effect (ME) assessment
The ME assessment was conducted to quantitatively

evaluate the effects of the matrix components on the
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Fig. 2. The method recoveries of organochlorine pesticide residues obtained by adding different 20 % (w/v) NaCl volumes
to the ACN extract from the clean-up step in the QUEChERS. Mixture 1 (600 mg MgSO,4 and 200 mg PSA) was used
for d-SPE in the extraction step (i). The method recovery (%) was calculated by considering the determined concentration
and spiked concentration. The horizontal red lines depict the recoveries of 80 and 100 %. The bar heights represent
the averages with error bars indicating standard deviations (SD) from triplicate experiments.
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Fig. 3. The assessment of matrix effect (%ME).

overall analytical method accuracy, through the
calculation of %ME values. Theoretically, there are
ion suppression and ion enhancement matrix effects
when %ME values less than 0 and higher than 0,
respectively. There is no matrix effect when %ME = 0.
However, practically, the matrix effect can be negligibly
considered when %ME value is within + 20 %.’
Fig. 3 presents the results of matrix effect assessment
for 20 pesticide compounds, which all showed %ME
values within + 20 %. Most %ME values were negative,
except for 4,4°-DDD, trans—chlordane, heptachlor,
alpha—endosulfan, and endosulfan sulfate. However,
the amplitude of the enhancement effect was lower
than suppression. The matrix suppression effect was
also revealed from the recoveries of 60-70 % using
the optimal sorbent mixture 1 (without post clean-up
LLE, Fig. 1). The improved recoveries to over 90%,
but still less than 100 %, achieved from the optimal
QuEChERS was consistent with the negative matrix
effect results in Fig. 3. Subsequently, the effectiveness in
matrix removal achieved from the combination of d-
SPE and additional post clean-up LLE was highlighted
via ME calculation.

3.4. Method validation

3.4.1. Limit of detection and quantification (LOD
and LOQ)

Table 2 shows the estimated LOD and LOQ of the
overall analytical method, including QuEChERS
followed by GC-MS/MS. Table 2 also indicates the

Table 2. Estimated limit of detection (LOD), limit of quantification
(LOQ), and maximum residue limits (MRLs) of the
organochlorine pesticides.*?

MLOD MLOQ MRL value

No- - Compound - ruoig) (mgke)  (mgke)
1 44-DDD 0.002 0.006 0.01
2 44-DDT 0.003 0.008 0.01
3 44-DDE 0.003 0.008 0.01
4 alpha-BHC 0.002 0.006 0.01
5 beta-BHC 0.002 0.005 0.01
6 gamma-BHC 0.002 0.007  0.05-0.2"
7 delta-BHC 0.003 0.010 0.01
8 cis—chlordane 0.002 0.005 0.01
9 trans—chlordane 0.003 0.008 0.01
10 methoxychlor 0.003 0.009  0.05-0.2"
11 heptachlor 0.002 0.007 0.01
12 heptachlor epoxide  0.003 0.009 0.01
13 aldrin 0.003 0.008 0.01
14 endrin 0.003 0.010 0.01
15 dieldrin 0.003 0.008 0.01
16 endrin ketone 0.003 0.010 0.01
17 endrin aldehyde 0.002 0.005 0.01
18 alpha—endosulfan 0.002 0.006  0.05-0.2"
19 beta—endosulfan 0.002 0.007  0.05-0.2"
20 endosulfan sulfate 0.002 0.007  0.05-0.2"

(*) 0.05 mg/kg for apples, pears, quinces, medlars, loquats;
0.2 mg/kg for strawberries, raspberries, blackberries, cur-
rants, gooseberries, cranberries, blueberries; 0.01 mg/kg for
other vegetables and fruits.

MRLs of the organochlorine pesticides in different
vegetable and fruit matrices, regulated by the European
Union (EU).** Most organochlorine pesticides have
MRLs of 0.01 mg/kg, except for lindane (gamma-
BHC), methoxychlor, alpha—endosulfan, beta—
endosulfan, and endosulfan sulfate, which have MRLs
ranging from 0.05 to 0.2 mg/kg, depending on the
specific matrices. The LOQs are in the range of 0.005
to 0.010 mg/kg, within the established MRL regarding
the specific organochlorine pesticides. Therefore, this
method was suitable for quantifying organochlorine
pesticides in vegetable and fruit matrices.

3.4.2. Linearity

In this study, we constructed calibration curves
with concentrations ranging from 10 to 100 pg/L for
each organochlorine pesticide (7able 3). The calibration
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Linearity *RSD; (%) *RSDg (%) "Recovery (%)
No. Compound
Equation R? LOQ 2LOQ LOQ 2LOQ LOQ 2LOQ 3LOQ
1 44-DDD y =0.0584x + 0.0046 0.9994 18 19 3.0 3.6 93.6-100 93.0-103 98.5-99.9
2 44-DDT y =0.0244x — 0.0346 0.9988 36 1.7 39 3.6 86.3-89.7 88.5-88.6 89.3-91.1
3 44-DDE y =0.0144x — 0.0088 0.9976 3.7 23 49 32 844873 85.6-88.9 88.1-90.5
4 alpha-BHC y =0.0042x + 0.0134 09951 3.0 31 50 37 82.0-857 84.5-89.0 91.591.7
5 beta-BHC y =0.0115x + 0.0032 0.9972 22 15 52 33 89.6-90.0 90.5-90.6 90.0-90.8
6 gamma-BHC y = 0.0096x — 0.0034 09987 54 14 6.8 3.7 88.1-889 87.2-90.6 86.1-87.7
7 delta-BHC y =0.0042x + 0.0134 09951 3.0 3.0 51 3.6 82.0-835 86.7-89.0 91.7-94.5
8 cis—chlordane y =0.0033x — 0.0035 0.9982 28 32 42 34 859-862 87.1-89.1 87.6-89.2
9 trans—chlordane y = 0.005x + 0.018 09979 35 26 42 29 945946 98.0-98.8 97.8-98.0
10 methoxychlor y =0.0293x — 0.0691 0.9984 3.5 4.0 57 43 81.5-882 852-91.5 87.2-88.4
11 heptachlor y =0.0163x — 0.0139 0.9977 44 42 47 50 829-839 85.6-89.1 89.4-90.2
12 heptachlor epoxide y = 0.0025x — 0.0024 09971 2.1 33 34 39 80.1-804 81.8-85.6 85.7-87.5
13 aldrin y =0.0034x — 0.0012 0.9985 47 28 7.1 43 882-90.6 854-89.8 87.0-90.2
14 endrin y =0.0026x — 0.0036 0.9995 28 43 29 43 81.1-81.7 82.4-86.0 86.6-86.8
15 dieldrin y =0.0018x + 0.0005 0.9993 37 40 49 50 885-89.7 88.7-91.1 90.9-91.6
16 endrin ketone y =0.0012x — 0.0027 0.9969 51 38 54 45 80.2-834 81.2-81.7 86.5-88.0
17 endrin aldehyde y = 0.0003x + 0.0038 0.9959 94 81 69 6.1 828-853 824864 86.5-88.5
18 alpha—endosulfan  y =0.0011x — 0.0002 0.9954 52 34 47 49 86.1-86.2 89.6-90.3 91.3-92.6
19 beta—endosulfan y=0.0011x - 0.002 09953 50 1.1 55 3.0 856894 89.4-89.7 925928
20 endosulfan sulfate y = 0.0027x + 0.0033 0.9996 3.5 44 52 49 90.691.1 89.1-93.1 90.3-93.3

*RSD values were calculated from spinach matrix spiked with organochlorine mixture at 1x and 2 x LOQ (using LOQ of 10 pg/kg as

the highest value among the organochlorine pesticides).

PRecoveries were determined for spinach matrix spiked with organochlorine mixture 1x and 2x, and 3 x LOQ (using LOQ of

10 pg/kg as described above).

curve equation was made by fitting the linearity
between the pesticide concentrations and respective
GC-MS/MS peak areas normalized by the TPP internal
standard. The goodness of linearity was achieved
(R? >0.995).

3.4.3. Repeatabiity and reproducioiity

Repeatability (%RSD;) and reproducibility (%RSDg)
were evaluated at 10 and 20 pg/kg, corresponding to
1xLOQ and 2xLOQ levels, respectively. Repeatability
experiments were conducted in six replicates within
the same day, while reproducibility experiments were
conducted in three separate days (six replicates per
day). The results in Table 3 show 1.8 % to 9.4 %
(%RSD,) and 2.9 % to 7.1 % (%RSDg) for 10 pg/kg.
For 20 pg/kg, the values are 1.1 % to 8.1 % (%RSD;)
and 2.9 % to 6.1 % (%RSDg). These values are in
accordance with the Appendix F of AOAC (2016)
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for analytical method performance.?

3.4.4. Recovery
For analytical method validation, recovery test plays

a crucial role in ensuring accuracy and determining
the compatibility of the developed method with real
samples. The recovery values were determined by
comparing the practically determined concentrations
and the spiked levels of the organochlorine pesticides.
Spinach matrix was spiked with the organochlorine
pesticide mixture at three levels of 10 pg/kg, 20 pg/
kg, and 30 pg/kg, corresponding to the 1xLOQ,
2xL0Q, and 3xLOQ levels (using the highest LOQ
value = 10 pg/kg among the organochlorine pesticides),
respectively. The validation results in 7able 3 show
that all evaluated compounds achieved recovery
values that met the requirements of Appendix F of
AOAC (2016) for the concentration range from 10 to
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100 pg/kg, typically 80-100 %, 82—103 %, and 86—
100 % corresponding to the spiked levels of 1xLOQ),
2xLOQ, and 3xLOQ.%

3.5. Application of the QUEChERS followed
by GC-MS/MS to the real samples

The validated analytical method, based on QUEChERS
extraction followed by GC-MS/MS determination,
was applied to various agricultural products, including
tomatoes, cucumbers, Swiss chard, sweet potato

1341

Relative Abundance
o
3
1

13.92

leaves, and sweet potatoes (5 samples/each). The
results showed that within the sensitivity of the
developed method, no measurable organochlorine
pesticide contamination was present in the tested
products (all target organochlorine pesticides < LODs
shown in Table 2). To further confirm the applicability
of the method, recovery tests were conducted. Five
samples from each matrix were combined and homo-
genized to generate one representative matrix for each
product type, in which a mixture of organochlorine

2248
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Fig. 4. A chromatogram obtained from sweet potato leaves spiked with 10 pg/kg organochlorine pesticide mixture.
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Fig. 5. Recovery of organochlorine pesticides in spiked samples. The pesticides were spiked in each sample matrix at 10
ug/kg. The recovery (%) was calculated by considering the determined concentration and spiked concentration. The
horizontal red lines depict the recoveries of 80 and 100 %. The bar heights represent the averages with error bars
indicating standard deviations (SD) from triplicate experiments.
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pesticides was spiked at 10 pg/kg (1xLOQ level,
using LOQ = 10 pg/kg as the highest value determined
among the organochlorine pesticides). A representative
chromatogram of the spiked sweet potato leaves is
shown in Fig. 4, demonstrating well-resolved analyte
peaks and a relatively clean baseline, which supported
the selectivity and reliability of the optimized method.

The results in Fig. 5 showed the recoveries from
80 % to 103 % across all tested matrices, satisfying
the Appendix F of AOAC (2016) regarding analytical
method performance.> The method also demonstrated
favorable repeatability, with RSD values ranging
from 0.3 % to 7.1 %. These low RSDs confirmed good
method precision across diverse agricultural product
matrices. Collectively, the recovery and precision
results demonstrate that the proposed method is reliable
and suitable for routine monitoring of organochlorine
pesticide residues.

4. Conclusions

In this study, an analytical method using QUEChERS
extraction followed by GC-MS/MS analysis, based
on AOAC 2007.01, was optimized and validated for
the determination of 20 organochlorine pesticide
residues in different agricultural products. Among
the tested clean-up d-SPE conditions, a sorbent mixture
containing MgSO,4 and PSA was identified as the
most effective for matrix purification, providing
efficient removal of co-extractive components while
maintaining satisfactory recoveries and precision. An
additional LLE step based on a “salting-out” effect
was introduced after the d-SPE clean-up. This
supplementary step proved the effectiveness in
enhancing the method recoveries and further reducing
matrix interferences potentially present in different
agricultural products matrices, particularly pigments,
thereby improving chromatographic performance
and prolonging GC system stability. The optimized
method achieved LOQ values ranging from 5 to 10 pg/
kg, complying with the MRLs established by European
Union regulations. Method validation demonstrated
that repeatability, reproducibility, and recovery values
met the performance criteria specified by AOAC at

Vol. 39, No. 3, 2026

the corresponding concentration levels. The validated
method was subsequently applied to various agricultural
products, including tomatoes, cucumbers, Swiss
chard, sweet potato leaves, and sweet potatoes. No
detectable organochlorine pesticide residues were
found in the analyzed samples, while spiked samples
exhibited high recovery rates and good precision,
confirming the robustness and suitability of the
method for routine monitoring of organochlorine
pesticides in agricultural products.
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