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Abstract

A simple and efficient multi-residue analytical method was developed and validated for the determination of
Kresoxim methyl (KM) fungicide applied on chili crop for controlling of several fungal diseases. The fungicide
residues from chili samples were extracted using modified QuEChERS method, followed by analysis through HPLC-
UV. Method validation parameters viz. specificity, linearity, matrix effects, LOD, LOQ, recovery, accuracy and
precision, robustness and estimation of measurement uncertainty were evaluated. Specificity of the method based
on the chromatographic peak purity was observed in the chromatograms of KM, and calibration curve was found to
be linear with R2> 0.99. Matrix effect for KM in chili was < +20 %. The recovery studies were conducted by spiking
the samples at three (LOQ, 5LOQ and 10LOQ) concentration levels. The average recovery of KM at all the three
concentrations ranged between 84-86 % with percent RSD < 3 %. Measurement uncertainty (MU) can be helpful
while deciding the compliance of chili samples against the established MRL. Hence both type A and type B
uncertainties were considered for calculation of combined uncertainty (Uc) in the method validation process. The
combined uncertainty (Uc) was below 25 % default value which is normally considered satisfactory for nonfatty
matrixes (fruit, vegetables, and grain) by many regulatory authorities for enforcement decisions. The proposed
method validation for KM in chili was simple, rapid, and cost effective with high accuracy and sensitivity requiring
minimum use of organic solvents.

Key words: kresoxim methyl; method validation; HPLC; measurement uncertainty.

BAIIJAIIA METOAY BEPX TA BUBHAYEHHA HEBU3HAYEHOCTI AJ11 KIJIBKICHOT'O
AHAJII3Y ®YHTIOUAY KPE3SOKCUM-METHJ1 Y ITEPLI YUJII

Cypxa bxapri, AHpxaHa CpiBactaBa, llumup TanpoH, l'agxannan CiHrx
Kagpedpa ximii, Ynisepcumem ciabcobkozo 2ocnodapcmea i mexto.ioeitl imeni I'osinda Baaaa6a llanma, [lanmHuazap-263145,
YoxamCinex Hazap, YmmapaxkxaHo, IH0is

AHoTanig

ByB po3po6sieHuii Ta BaJif0OBaHUIl NpOCTUIl Ta epeKTUBHMN MeTOJ aHaNi3y 6araTo3a/IMIIKOBHUX PEe4YOBUH AJIS
BU3HaYeHHA ¢yHrinuay kpesokcuMm-metms (KM), siKuMii 3acTOCOBYETbCS Ha KyJIbTypax 4uiai AJg 6GOpoTb6M 3
JAeKi/IbKkoMa TIpUGKOBMMM 3aXBOPOBAHHAMHU. 3anumku ¢yHrinuay 3i 3paskiB uymiai 6y/sM eKcTparoBaHi 3a
paonomorow moaudikoBaHoro Mmetogy QuEChERS, micnia 4voro mnpoBeaeHuit aHasiiz BEPX-Y®. Byiu oniHeHi
napaMeTpu Bajijanii metroay, a came: cnenudivHicTb, JgiHiliHicTb, MaTpuuHi edekTn, LOD, LOQ, BigHOB/IEHHH,
TOYHicTh i npenusiiiHicTh, HaAiliHiCTL Ta OIiHKAa HEBHM3HA4YeHOCTi BHUMipoBaHHA. CnenudiyHicTh MeToOAy,
3aCHOBAHOT0 Ha YMCTOTi XpoMaTorpadiyHoro miky, 6y/ia BusABJeHa B xpomaTorpamax KM, a kas1i6pyBa/ibHa KpuBa
BUsABUJIACA JIiHiMHOI0O 3 R2> 0.99. MaTtpuyHuil edekrt i KM B mepui uwii craHoBUB < *20 %. JociaigKeHHA
BiJHOBJIEHHSI POBOJAWIM LUISAXOM JA0JaBaHHS 3pa3KiB y TpboxX KoHueHTpauisax (LOQ, 5L0Q i 10LOQ). Cepeane
BigHOB/IeHHA KM y BciX TphOX KOHLleHTpauLiAXx cTaHOBUIO 84-86 % 3 BiacoTkoM RSD < 3 %. HeBusHa4yeHicTh
BuMipwBaHHA (MU) Moxe GYyTH KOPHUCHOK IOAO NPUHHATTA pilleHHS Npo BiANOBiAHICTL 3pa3KiB mepui 4uIi
BcTaHoBJieHOMY MRL. Tomy a1 po3paxyHKy koMGiHoBaHoi HeBu3HauyeHocTi (Uc) B npoueci Bajsiganii Metoay 6yiu
BpaxoBaHi HeBU3Ha4yeHocTi Tuny A i Tuny B. Kom6iHoBaHa HeBu3HaydeHicTb (Uc) Gysna HMK4YO0KW0 32 25 % 3a
3aMOBYYBaHHAM, IO 3a3BH4Yall BBAXKAEThCA 3aJ0BiJIbHUM AJISI HEXXKUPHMX MaTpuib (PPYKTH, OBOYi Ta 3epHO)
6araTbMa peryJsSTOPHMMH OpPraHaMM JJsA NPUHHATTA pillleHb 00 3acCTOCYBaHHA. 3anmpoNOHOBaHa BaJjijanis
MeToay A KM y nepni 4ymii 6ysia mpocTolo, BUAKOI0 Ta €KOHOMIYHO e(eKTUBHOIO, 3 BUCOKOI0 TOYHICTIO Ta
YyTJIMBICTIO, i1 BUMaraJjia MiHiMa/JIbHOr0o BUKOPHCTaHHSA OpPraHiyYHMX PO3YMHHHUKIB.

Kawuosi cios8a: KpesokcuM-MeTUJ1; Basifanisa Metoay; BEPX; HeBu3HavyeHicTh BUMiploBaHH4.
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Introduction

Kresoxim methyl, [methyl(2E)-2-
methoxyimino-2-[2-[(2methyl phenoxy) methyl]
phenyl] acetate], (KM) is a broad spectrum
Strobilurin fungicide with a protective, curative
and eradicative mode of action (Figure.1). It is
effective against a wide spectrum of fungi like
ascomycetes, basidiomycetes, imperfecti, and
oomycetes. The mode of action of strobilurins is
inhibition of mitochondrial respiration by
binding to the ubihydroquinone oxidation center
of the mitochondrial bcl complex (complex),
thereby blocking electron transfer [1;2]. In a
short span of time, strobilurins have represented
10 % of the global fungicide market [3] and have
led to major changes in disease control programs
by being registered for cereals, turf-grass,
grapevines, potatoes, fruit, nut, and vegetable
crops.

Exposure to pesticides can occur either
directly, via inhalation (sprays), ingestion or
dermal contact, mostly to persons using them
daily, like farmers, etc., while to consumers they
affect via pesticide residues found in food and
water [4]. The contamination of water, soil, air
and the accumulation in crops, e.g, fruit and
vegetables, pose a potential risk to human health
as it leads to several types of health problems [5].
Hence, the determination of pesticides residues
in food matrices has now become essential in
view of the toxicity and also due to the risk
involved in export potential.

Chili (Capsicum annum L.), a vegetable crop of
family Solanaceae is important commercially due
to its two major attributes, i.e. color and
pungency. The "capsaicin” present in its pericarp
contains the alkaloid which is responsible for the
pungency. However, pathogenic fungi severely
affect the chili crop and cause heavy losses [6].
Due to considerable pesticide exposure to
humans and consequent toxic effects, highly,
sensitive, reliable, and easy-to-use analytical
methods are needed for monitoring pesticide
residues. The development of a method that
enables the concurrent assessment of Kresoxim

methyl (KM) fungicide in chili specifically
becomes essential from the perspective of
toxicology. Method validation includes

determination of suitability, linearity, specificity,
precision, accuracy, robustness, limit of detection
(LOD), and limit of quantification (LOQ) [7].
Uncertainty determination is also compulsory for
any measurement as it ensures the reliability of
the measured results [8]. Studies pertaining to
method validation of KM in soil using HPLC and

in Korean plum using GC have been reported
earlier, too [9; 10]. Some other studies pertaining
to the analysis of KM in grapes and water by
HPLC [11] and evaluation of KM in green chilli by
GC- HECD have been reported [12].

The present study was, however, aimed to
develop and optimize a simple, quick, robust, and
reproducible method that was both cost effective,
appropriate and reproducible for quantification
and uncertainty determination of KM fungicide in
chili by using commonly available equipment like
HPLC which is usually found in pesticide residue
analysis laboratories.
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Fig. 1. Structure of Kresoxim methyl

Materials and methods

Chemicals and reagents

Kresoxim methyl was procured from Dr.
Ehrenstorfer, GmbH, Germany. Other reagents
like HPLC grade acetonitrile, distilled water
(HPLC grade) were procured from M/s Merck,
India, and analytical grade anhydrous magnesium
sulfate and primary secondary amine (PSA) were
purchased from M/s Merck / Thermofisher,
India.

Preparation
calibration curve

A stock solution of Kresoxim methyl was
prepared at a concentration of 100 mg/kg by
dissolving in HPLC grade acetonitrile (CH3CN).
This solution was further diluted to 10 mg/kg
and thereafter serial dilutions in a concentration
range of 0.1 to 5 mg/kg were done using CH3CN
as solvent for the purpose of linearity check. To
prepare the calibration curve, 20 uL. of each
concentration in triplicate were injected into the
HPLC system using the complete loop injection
technique.

Collection of chili and KM extraction

The chili samples without any previous
history of pesticide usage were collected from
Vegetable Research Centre (VRC), GB Pant
University of Agriculture and Technology,
Pantnagar, Udham Singh Nagar, Uttarakhand,
India for method validation purpose.

Extraction of the fungicide from chili was done
using the modified QUEChERS extraction method

of analytical solution and
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[13]. The QUEChERS method presents numerous
advantages over the conventional methods
earlier used for solid - phase and liquid - liquid
extraction processes in terms of recovery,
precision and consumption of solvent etc.
[14; 15].

Instrumentation

HPLC analysis was done using Dionex Ultimate
3000 HPLC system having RP-C18 column
(25x0.46 cm id.) (particle size-5pum), with
injector loop of 20 pl, a dual pump and UV-VIS
detector within a temperature range of 22 + 3 °C.
The RP-C18 chromatographic column was of
Thermofisher make and the software used for
HPLC chromatograms processing was that of
Chromeleon. Ultrasonic Bath (make Spectra lab),
Centrifuge (make Remi) and the analytical
balance (Citizen make) utilized for weighing the
chemicals and reagents were all calibrated by the
NABL 17034 certified firm.

Chromatographic conditions

The chromatographic parameters optimized
for quantification of KM were RP-C18 column
(250%x4.6 mm i.d. packed with 5 pm particle size
silica adsorbed octadecyl silane) and UV detector
at 260 nm. The flow rate was 0.5 mL/min,
injection volume was 20 pL, and column oven
temperature was 25°C. The mobile phase

@

consisted of CH3CN and H;O in a ratio of 80: 20 in
an isocratic mode.

Statistical analysis

Statistical analysis was conducted using Excel
software to calculate the average, regression
equation, standard deviation (SD), and relative
standard deviation (RSD).

Results and discussion

Validation experiments

The method validation of KM was done as per
Europeon Commission document (SANTE
guidelines 2021) [16] with special interest to
specificity, linearity, matrix effects, limits of
detection (LOD), limits of quantification (LOQ),
recovery, accuracy and precision, robustness and
estimation of measurement uncertainty.

Specificity / selectivity

The ability of a method to measure a target
analyte without interference from other
components in a sample is termed as specificity /
selectivity. It was observed that after all specific
injections KM gave the same response in sample
as well as standard with a Rt (retention time)
value of 5.92 min. Specificity of the method based
on the chromatographic peak purity was
observed in the chromatogram, as no
interference of any other matrix peak that would
impede the analysis of the KM was present in the
chromatograms (Figure. 2a & 2b)

sy KRESOXI METHYL 2024 2ND w30 [mocited by Chemisty]

®)

Fig. 2.Chromatogramsof (a) Control chili matrix (b) Kresoxim methyl standard in chili matrix

Linearity and matrix effect

Linearity was assessed using the matrix -
matched calibration curve with concentrations
ranging from 0.1 to 3.0 mg/kg. The linearity of
the method was established by plotting a graph

between mean peak area and concentration. The
results obtained through regression data analysis
and matrix effect determination using the
formula given below are presented in Table 1.

Peak area of pesticide in solvent — Peak area of pesticide in matrix

- 100 %

% Matrix interference

Peak area of pesticide in solvent

LOD and LOQ
The linearity graph plotted was used for
assessing the LOD and LOQ values with the help

of regression equation by using the mathematical
equations
LOD =3.3x0/Sand LOQ =10xa/S,
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where o = Standard deviation of the intercept and
S = Slope of calibration curve

LOD and LOQ were found to be 0.044 and

0.134 mg/kg respectively (Table 1).
Table 1

Regression and statistical parameters for the determination of KM in chili matrix

Parameters Chili (matrix)
Linearity range 0.1 -3.0mg/ kg
Regression equation y =0.937x + 0.006
R2 (Correlation coefficient) 0.999

Slope 0.937

Intercept 0.006

LOD (mg/Kg) 0.044 mg/ kg
LOQ (mg/Kg) 0.134 mg/ kg
SEm 0.0124

Matrix effect (ME) % 2.070
Significance F 3.77944E-10

Recovery, accuracy and precision

Recovery studies were conducted at three
different concentrations (LOQ, 5L0OQ and 10 LOQ)
in five replicates of each. Extraction and clean-up

Recovered concentration

was done as per the modified QUEChERS method
described above. The recovery percent was
obtained using the given formula.

% Recovery =

All the recovery values were in the range of
70-120 % with % RSD < 20 (Table 2), and
thereby acceptable as per SANTE (2021)

Spiked concentration

-100 % (1)

accuracy in terms of % recovery at three different
concentrations were within the acceptance limit
(70-120 %). The % RSD was also below 20 %.

guidelines [16]. Accuracy of the developed Hence, the developed method meets the
method was established using the data of requirement of accuracy.
recovery studies, SD and % RSD values. The
Table
Recovery data of Kresoxim methyl at three concentrations from chili matrix

Parameter LOQ 5L0Q 10 LOQ

% Recovery 84.85 88.22 88.5

(Mean of five

replicates)

SD 1.810 2.117 2.631

% RSD 2.133 2.399 2.974

The precision of a method which refers to the
closeness of agreement between a series of
measurements of a homogeneous sample is also
considered as repeatability (intra-day precision)
and intermediate precision (inter-day precision
[17]. For precision studies repeatability tests
were performed by injecting ten replicate
samples of KM in chili at one test concentration

Precision / Repeatability

and calculating SD and % RSD of both the Rt
and concentration.

The values obtained for SD and % RSD are
presented in Table 3. The % RSD values were <
20 % which confirmed that the method met the
requirement of method precision as per SANTE
guidelines 2021.

Table 3
results of KM in chili matrix

Conc. (mg/Kg) Replicate Rt (min.) Peak area(mAU*min) Obtained conc.
0.5 R1 5.920 0.468 0.493
0.5 R2 5.910 0.481 0.507
0.5 R3 5.920 0.486 0.512
0.5 R4 5.910 0.481 0.507
0.5 R5 5.920 0.476 0.502
0.5 R6 5.930 0.484 0.510
0.5 R7 5.910 0.481 0.507
0.5 R8 5.930 0.478 0.504
0.5 R9 5.910 0.476 0.502
0.5 R10 5.920 0.477 0.503
Mean 5918 0.479 0.505
SD 0.008 0.005 0.005
% RSD 0.133 1.055 1.068
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Robustness robustness results of the proposed method when

The robustness / ruggedness of an analytical altering the mobile concentration ratios and
procedure isa measure of its capacity to remain  detector wavelength were within the permissible
unaffected by small, but deliberate variations in accepted values in terms of Relative Standard
method parameters and provides an indication of Deviation (RSD). So, the proposed method can be
its reliability during normal usage [18]. used in quality control laboratories of the

In HPLC method validation for pesticide pesticide industry at even the commercial scale
analysis, robustness is assessed by deliberately for the determination of KM in chili samples. In
changing parameters like absorption wavelength, their HPLC method validation studies with
mobile phase concentration and flow rate etc. nitenpyram insecticide Yar et al., 2023 [19] have
Acceptable limits are typically defined by a also performed the robustness studies by altering
relative standard deviation (RSD) of less than 2- the flow rate and the mobile phase concentration
5 %. In the present study robustness of the test ratios and found that they were within the
method was demonstrated by change in mobile permissible accepted values in terms of Relative
phase composition and absorption wavelength in  Standard Deviation.
detection of KM by HPLC-UV (Table 4). The

Table 4
Robustness data of KM in chili
Replicate (R) Change in mobile phase Change in absorbance wavelength
no. Peak area at in Peak area at in Peak area at in (mAU) at 260 Peak area at in (mAU)
(mAU) (mAU) nm at265nm
ACN : Water (80:20)  ACN : Water (80:20)
1 1.875 1.782 1.875 1.632
2 1.806 1.782 1.806 1.639
3 1.851 1.635 1.851 1.747
4 1.890 1.630 1.890 1.671
5 1.866 1.730 1.866 1.642
6 1.877 1.752 1.877 1.636
Mean 1.861 1.772 1.861 1.660
SD 0.03 0.065 0.03 0.046
% RSD 1.602 3.756 1.602 2.748

Measurement Uncertainty (MU) in Pesticide uncertainty of purity of analytical standards,
Residue Analysis uncertainty of weighing and measuring,

Measurement uncertainty (MU)is critical wuncertainty of linearity and uncertainty
during compliance statements. The standard MU associated with recovery and precision.

values in the present study were estimated using The combined uncertainty (Uc) was calculated
atop-down approachwhich is based on the as
trueness and precision data generated in the Uc = [(U12+U22+4U32+U42 ---)1/2]

method validation experiment. The range of MU and reported as expanded uncertainty (2U)
values indicates where thetrue valueof a which is twice the value of the combined
measurement is likely to be, reflecting uncertainty at 95 % confidence level. Sanyal et al.
thevariabilityin the measurement process. (2011) in their studies based on development,
Repeatability of determination of analytes in validation, and uncertainty measurement of
spiked samples and uncertainty associated with  multi-residue analysis of organochlorine and
the preparation of the calibration standards organophosphorus pesticides have also used
solutions (weighing, diluting) are significant similar sources to account for uncertainty

sources of combined uncertainty [20]. measurement. The MU values obtained for KM
Calculation of MU Values from different sources are presented in Table 5.
MU values were calculated The expanded uncertainty calculated as per

usingintralaboratory validation data. Combined uncertainty formula was * 0.031 at 0.505 mg/kg
uncertainty in estimation was determined for KM  concentration which was around six percent and
at 5 LOQ level as per the statistical procedure of hence can be considered satisfactory. The Uc of
the EURACHEM/CITAC Guide CG 4, 2000 [21]. less than 25 % default value has been employed
Sources of uncertainty that were taken into for nonfatty matrixes (fruit, vegetables, and
account were of two types: (i) type A, grain) by many regulatory authorities for
representing uncertainty related to repeatability = enforcement decisions [22].

at one concentration, and (ii) type B, related to
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Table 5
Uncertainty Measurement of Kresoxim-methyl fungicide in chili matrix
Uncertainty Budget
Source of Relative Estimate Type  Distribution F Std. Uncertainty DOF
Uncertainty Uncertainty value Uncertainty Contribution
Repeatability ul 0.005 A Normal V10 0.001672845 0.00331 9
CRM- u2 1.14 B Normal 2 0.00574 0.00574 00
Kresoxim-
methyl
Analytical u3 0.5 B Normal 2 0.025 0.025 el
Balance
Digital Balance u4 0.3 B Normal 2 0.015 0.015 o
Volumetric ub 0.01 B Normal 2 0.0005 0.0005 o
Flask (10ml)
Micropipette u6 0.1 B Normal 2 0.0005 0.0005 o
(100 pul)
Micropipette u7 0.1 B Normal 2 0.00005 0.00005 o
(1000 ph
Recovery u8 0.946 B Rectangular V3 0.0062 0.0062 )
Linearity u9 0.001 B Rectangular V3 0.0006 0.0006 ©
Conclusion recommended limits. Hence, the proposed

No matter how impeccable the pedigree of the
method is, the laboratory must ensure that the
degree of validation of a particular method is
adequate for the required purpose, and that the
laboratory itself is capable of verifyingany
claimed performance criteria. The present study
used a small number of inexpensivechemicals
that could be used to extract components for
method validation. Analysis was done using HPLC
equipment which is commonly available in
pesticide residue analysis labs, thus making the
method economical. All method validation
performance characteristics tested in the present
study were found to be satisfactory within the
recommended limits, indicating the reliability of
the method. Realistic uncertainty estimates,
which are important for ensuring the reliability of
results, were also significantly lower than the
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