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Abstract
Three sample preparation procedures were compared for a multi-residue analysis of pesticides in hops: (a) modified Hengel’s
method based on extraction with acetonitrile in combination with clean-up on a C18 SPE column, (b) miniaturized Biendl’s
method based on acetone extraction and PSA SPE sample clean-up, and (c) modifiedQuick, Easy, Cheap, Effective, Rugged, and
Safe (QuEChERS) method which utilizes a specific mixture of three sorbents (PSA, C18, and Z-Sep) for dispersive SPE sample
clean-up. The performance of the methods was evaluated and validated for a mixture of 56 pesticides analyzed by the liquid
chromatography–high resolution mass spectrometry in compliance with the analytical quality control criteria of the SANTE/
11813/2017 guidelines. Strong matrix-dependent signal suppression caused by the co-eluting hop matrix was observed for all
sample preparations involved in this method comparison study. The matrix effects in percentages (%ME) were used for the
evaluation of the effectiveness of the individual sample clean-up procedures. The recovery experiments were performed by
spiking pesticides at the concentration level 0.50 mg/kg into the blank matrix to evaluate the extraction efficiency of the
compared methods. Recoveries obtained for the modified Hengel’s method were in the range of 70–120% with RSDs of less
than 20% for all studied pesticides. The performances of the methods were tested on the set of 24 samples of hops harvested in the
Czech Republic. The method comparison on the determined concentration levels of the pesticide residues clearly showed that the
extraction efficiency of the QuEChERS method is significantly less effective for the extraction residues presented in a sample
above the level 20 mg/kg. In terms of time consumption, labor, materials, and solvents consumptions, the methods were
thoroughly compared, and these demands increase in the following order QuEChERS < modified Hengel’s < miniaturized
Biendl’s method.
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Introduction

Hops are an essential ingredient in beer production that gives
it a typical taste and aroma. Cone flowers of a female hop
plant (Humulus lupulus L.) contain resins and oils inside
lupulin glands, and these are the main source of various com-
pounds responsible for a bitter flavor and unique aroma. A
little-known fact about hop growing is that hop plants are

one of the hardest crop choices in farming. Hops require high
attention throughout the whole year; however, especially dur-
ing the growing period, pesticide treatment against various
pest common in hop yards (insects, mites, fungal diseases,
and weeds) is essential to reach good yields, reduce economic
losses, and improve the quality of the final product. In fact,
hop plants belong to crops with intensive chemical protection
and residues of these agrochemicals are, therefore, widely
presented in hops at various concentration levels.

Hops is a very specific and challenging matrix for an ana-
lyst because of a high content of co-extracted compounds,
such as soft and hard resins, phenolic compounds, chlorophyll
pigments, and essential oils. The co-elution of these interfer-
ing substances with target analytes causes matrix effects that
could dramatically affect analytical performance of a method,
especially when LC-MS with electrospray ionization (ESI)
technique is applied for sample analysis (Zhou et al. 2017).
The significant loss in response (ion suppression) could be,
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therefore, observed due to the alteration of ionization efficien-
cy of most of target analytes in the presence of co-eluting
compounds coming from hop matrix. Thus, it was necessary
to develop a clean-up protocol to eliminate undesirable
interferences and to avoid negative matrix effects. Hengel
and Miller (2008) published the first suitable multi-residue
method for the determination of eleven pesticides in dried
hops in 2008. The list of analytes was later extended by
Hengel (2011) for a wider scope of LC-amenable pesticides.
This method is based on acetonitrile extraction in combination
with a solid-phase extraction (SPE) column clean-up proce-
dure. Biendl et al. (2014) published a method for the determi-
nation of 46 pesticides in hops that is based on extraction by
acetone, partitioning with dichloromethane followed by sam-
ple clean-up of the crude extract using two interconnected
SPE cartridges with silica gel/Florisil sorbents and primary-
secondary amine (PSA) for GC-MS and LC-MS analysis,
respectively. An original unbuffered QuEChERS sample
preparation approach (Anastassiades et al. 2003) with a spe-
cially optimized mixture of sorbents for dispersive SPE clean-
up has been recently published by Dušek et al. (2018a). This
method was optimized for fast high-performance analysis of
48 pesticides. These three methods apply a completely differ-
ent sample preparation approaches using acetonitrile or ace-
tone as an extraction solvent with or without prior addition of
water into the sample, and with or without the salting-out
purification procedure. Thus, the additional clean-up steps
are also unique for each of these methods.

The aim of this study was to compare three different sample
preparation procedures previously published for pesticide res-
idue analysis in hop matrix. These three methods, involving
various sample clean-up approaches, have been thoroughly
optimized and validated following the SANTE/11813/2017
criteria. Our attention was focused on the ability of each meth-
od to effectively minimize co-extraction of matrix compo-
nents (chlorophyll, resins, bitter acids) which might cause a
massive signal suppression, elevated background, and other
negative matrix effects. The methods were combined with
analysis, and 56 pesticides were involved in this study. The
extraction efficiency of each sample preparation procedure,
based on the recovery calculation of 56 spiked pesticides,
was also evaluated.Moreover, pesticide residue results in field
samples, material demands, and laboriousness were also in-
volved in this critical evaluation.

Materials and Methods

Chemicals and Material

Acetonitrile, methanol, formic acid, ammonium formate (all
LC-MS grade), acetone, dichloromethane (ASC grade), sodi-
um citrate tribasic dihydrate, and sodium hydrogencitrate

sesquihydrate were purchased from Sigma-Aldrich
(Steinheim, Germany). Sodium chloride (anal. grade) was ob-
tained from Lach-Ner (Neratovice, Czech Republic).
Magnesium sulfate (anal. grade, >98%) was got from Penta
(Prague, Czech Republic). Supelclean PSA (50 μm,
endcapped, 8.4% carbon load), Discovery DSC-18 (50 μm,
endcapped, 18% carbon load), Z-Sep (22 μm), and Supelclean
PSA SPE Tube (200 mg/3 mL) were obtained from Supelco
(Bellefonte, PA, USA); Strata-X Polymeric Reversed Phase
SPE Tube (33 μm, 200 mg/3 mL) was obtained from
Phenomenex (Torrance, CA, USA). Ultrapure water was ob-
tained using a Milli-Q system from MilliporeSigma
(Burlington, MA, USA) with a resistivity of 18.2 MΩ-cm.

Pesticide standards shown in Table 1 and internal standards
(azoxystrobin-d4, thiamethoxam-d3, and triphenyl phosphate)
were from Sigma-Aldrich (St. Louis, MO, USA). Standard
and internal standard stock solutions (1.0 mg/mL for all pes-
ticides except for 0.2 mg/mL for carbendazim) were prepared
by dissolution of neat standards in acetonitrile or, in case of a
solubility problem, in methanol or acetone. Working standard
mixture, including all 56 pesticides at the concentration of 1
mg/L each, was then prepared by appropriate dilution of the
stock solutions with acetonitrile. All solutions were stored at −
20 °C.

Sample Preparation

Method B

An amount of 2.0 g (± 0.05 g) of homogenized, previously
milled hop sample was weighed into a 50-mL centrifuge tube
(recovery samples were fortified at this point) and 100 μL of
an internal standard spiking solution (10 mg/L) and 10 mL of
water were added. The sample was vortexed for 1 min to let
the water soak into the matrix, and then, volume of 20 mL of
acetone was added. The tube was tightly capped, and the sam-
ple suspension was extracted using a shaking device (260
rpm) for 30 min. Finally, the sample was centrifuged at
5000 rpm for 10 min. Five milliliters of sample extract was
then pipetted into a 15-mL centrifuge tube, and 1 mL of a
saturated sodium chloride solution and 2 mL of dichlorometh-
ane were consequently added. The sample was agitated man-
ually for 1 min, followed by 1 min centrifugation at 2000 rpm
for a complete phase separation. After the separation of the
organic (≈ 5 mL) and the aqueous layer (≈ 3 mL), a 2-mL
aliquot of the upper organic layer was then transferred, using a
glass pipet, into a 25-mL pear-shaped flask, evaporated to
dryness at 40 °C, and then re-suspended in 2 mL of
acetonitrile.

For SPE, a Supelclean PSA column (200 mg/3 mL;
Supelco, Bellefonte, PA, USA) was preconditioned with
1 ml of acetonitrile. When the solvent reached the top of the
packing, a 1.6-mL aliquot of the sample extract previously
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Table 1 Chromatographic and optimized mass spectrometric
parameters for selected compounds and internal standards (in italics)
analyzed by LC-MS/MS. From left to right, the retention times in

minutes (tR), m/z of precursor ion (Q1), quantification (Q2), and
qualification ions (Q3) are shown. The matrix-matched calibration curve,
correlation coefficient, and a limit of quantification (LOQ)

Analyte tR (min) Q1 (m/z) Q2 (m/z) Q3 (m/z) NCE Calibration curve in solvent (n = 3) r2 LOQ (mg/kg)

Acephate 1.5 184.0 142.9919 – 30 y = 0.584·x − 0.008 0.994 0.050

Acetamiprid 4.7 223.1 126.0099 56.0500 38 y = 32.397 x + 0.111 0.999 0.020

Ametoctradin 9.2 276.2 176.0931 149.0822 75 y = 28.512 x + 0.148 0.999 0.020

Azoxystrobin 7.7 404.1 372.0954 344.1006 30 y = 18.609 x + 0.078 0.999 0.020

Azoxystrobin-d4 7.7 408.1 376.1226 348.1277 30 – – –

Bifenthrin 10.7 440.2 181.1011 166.0777 35 y = 4.318 x + 0.022 0.998 0.050

Boscalid 7.9 343.0 307.0614 139.9890 35 y = 10.482 x + 0.106 0.999 0.050

Bupirimate 8.4 317.2 108.0118 166.0975 42 y = 15.025 x + 0.106 0.998 0.020

Carbendazim 3.1 192.1 160.0496 – 45 y = 76.665 x + 0.425 0.998 0.020

Chlorantraniliprole 7.5 482.0, 484.0 283.9221 285.9221 35 y = 2.985 x + 0.004 0.999 0.020

Chlorpyrifos 9.9 349.9 114.9614 197.9275 25 y = 8.272 x + 0.038 0.999 0.020

Clothianidin 4.3 250.0 169.0542 131.9670 15 y = 2.803 x − 0.003 0.999 0.020

Cyazofamid 8.4 325.1 108.0117 261.0900 10 y = 43.832 x + 0.161 0.999 0.050

Cymoxanil 5.1 199.1 128.0454 129.0296 40 y = 0.254 x + 0.0001 0.999 0.020

Dimethomorph (E) 7.8 388.1 301.0608 165.0536 10 y = 9.030 x − 0.006 0.999 0.050

Dimethomorph (Z) 7.9 388.1 301.0608 165.0536 35 y = 25.053 x + 0.018 0.999 0.050

Etoxazole 10.0 360.2 141.0146 158.0412 35 y = 70.756 x + 0.237 0.999 0.020

Fenpropimorph 6.9 304.3 147.1168 130.1227 50 y = 30.909 x + 0.056 0.999 0.020

Fenpyroximate 10.1 422.2 366.1426 231.0988 32 y = 7.157 x + 0.016 0.999 0.020

Flonicamid 3.4 230.1 203.0415 174.0151 45 y = 1.666 x – 0.001 0.999 0.050

Fluopicolide 8.0 383.0 172.9556 174.9526 30 y = 19.629 x + 0.096 0.999 0.020

Fluopyram 8.2 397.1 208.0137 173.0211 30 y = 22.793 x + 0.157 0.997 0.020

Hexythiazox 9.8 353.1 228.0229 114.9609 25 y = 14.426 x + 0.051 0.999 0.050

Imazalil 6.2 297.1 158.9762 69.0454 45 y = 8.827 x − 0.009 0.999 0.020

Imidacloprid 4.2 256.1 209.0576 175.0968 30 y = 5.889 x + 0.001 0.999 0.020

Indoxacarb 9.1 528.1 249.0426 218.0428 18 y = 2.486 x + 0.005 0.999 0.020

Malaoxon 6.4 315.1 127.0391 142.9926 10 y = 44.166 x + 0.120 0.999 0.020

Malathion 8.0 331.0 127.0391 285.0014 10 y = 19.076 x + 0.077 0.999 0.020

Mandipropamid 7.9 412.1 328.1096 356.1044 15 y = 22.015 x + 0.084 0.999 0.020

Mepanipyrim 8.3 224.1 106.0655 104.0499 65 y = 14.302 x + 0.099 0.998 0.020

Metalaxyl 7.3 280.2 220.1319 192.1371 25 y = 55.805 x + 0.166 0.999 0.020

Methoxyfenozide 8.1 369.2 149.0598 133.0649 22 y = 4.794 x − 0.004 0.998 0.020

Metrafenone 9.1 409.1 209.0810 226.9703 15 y = 18.902 x + 0.064 0.999 0.020

Myclobutanil 8.1 289.1 70.0403 125.0147 30 y = 14.653 x + 0.071 0.999 0.050

Oxadiazon 9.7 345.1 219.9554 303.0297 27 y = 8.508 x − 0.011 0.999 0.050

Penconazol 8.7 284.1 70.0403 158.9753 28 y = 23.715 x + 0.079 0.999 0.020

Pendimethalin 9.9 282.1 212.0652 194.0549 30 y = 4.930 x − 0.004 0.999 0.050

Pirimicarb 5.5 239.2 72.0451 182.1289 35 y = 65.483 x + 0.127 0.999 0.020

Propamocarb 1.5 189.2 102.0554 144.1019 45 y = 54.192 x − 0.035 0.999 0.020

Propargite 9.9 368.2 175.1117 231.1742 10 y = 20.011 x + 0.146 0.997 0.020

Propiconazole 8.9 342.1 158.9762 186.9712 35 y = 9.292 x + 0.011 0.999 0.050

Pymetrozin 2.0 218.1 105.0454 - 40 y = 2.602 x − 0.002 0.999 0.020

Pyraclostrobin 8.9 388.1 194.0800 296.0566 15 y = 27.775 x + 0.062 0.999 0.020

Pyridaben 10.3 365.1, 367.1 147.1160 147.1160 35 y = 45.912 x − 0.110 0.999 0.020

Quinoxyfen 8.9 308.0 228.9678 272.0256 60 y = 14.364 x + 0.046 0.999 0.050

Spirodiclofen 10.5 411.1 71.0856 313.0374 12 y = 12.911 x + 0.025 0.999 0.050

Spirotetramat 8.3 374.2 270.1407 302.1748 35 y = 7.713 x + 0.065 0.998 0.020
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suspended in acetonitrile was loaded to the SPE column and
eluted with 10 mL of acetonitrile. The eluate was collected
into a 25-mL pear-shaped flask and evaporated until dryness
using a rotary evaporator at 40 °C. The final extract was di-
luted with 1 mL of acetonitrile to the final concentration
equivalent of 0.1 g matrix per 1 mL and analyzed directly
via LC-MS/MS.

Method H

An amount of 1.0 g (± 0.05 g) of a previously homogenized
hop sample was weighed into a 50-mL plastic centrifuge tube
(recovery samples were fortified at this point), and 50μL of an
internal standard spiking solution (1 μg/mL) and 10 mL of an
extraction solution consisting of acetonitrile/water/toluene
(80:15:5, v/v) were added. The tube was first vortexed for
1 min and then centrifuged at 4500 rpm for 7 min. For the
SPE extraction under the gravity flow, a Strata-X (33 μm, 200
mg/3 mL; Phenomenex, Torrance, CA, USA) cartridge was
pre-conditioned using 1 mL of the extraction solvent. When
the solvent mixture reached the top of the packing bed, 1 mL
of extract was loaded and then eluted with 3 mL of acetoni-
trile. The flow-through and the wash were collected into a
15-mL centrifuge tube and processed by a second SPE
clean-up procedure. For the second SPE procedure, a
Supelclean PSA column (200 mg/3 mL) was preconditioned
with 3 mL of acetonitrile. When the acetonitrile reached the
top of the packing bed, the whole eluate from the first SPE
clean-up was loaded in parts on a preconditioned column, and
the eluate flowed through the sorbent bed under the gravity
flow and was collected into a 25-mL pear-shaped flask.
Finally, the 15-mL centrifuge tube was thoroughly rinsed by
3 mL of acetonitrile and the acetonitrile wash was then loaded
onto the column. This procedure was repeated twice. The
whole eluate was then evaporated to the dryness using a rotary

evaporator at 40 °C and resuspended in 1 mL of acetonitrile
for subsequent LC-MS analysis.

Method Q

An amount of 1.0 g (± 0.05 g) of well-homogenized, previ-
ously milled, hop sample (recovery samples were fortified at
this point) was hand-shaken with 10 mL of cold water in a
50-mL polypropylene centrifuge tube for 1 min to hydrate the
samples. After 15 min, 10 mL of acetonitrile and 50 μL of
internal standard solution (concentration 10mg/L) were added
and the sample was vortexed for 1 min. A pre-weighted salt
mixture containing a blend of 4 g MgSO4, 1 g NaCl, 1 g
trisodium citrate, and 0.5 g disodium hydrogenate
sesquihydrate was dispensed into the tube. The tube was first
immediately shaken by hand for 1 min to prevent the forma-
tion of crystalline agglomerates and then centrifuged at
4500 rpm for 7 min. Six milliliters of supernatant were trans-
ferred into a 15-mL polypropylene centrifuge tube containing
900 mg of anhydrous MgSO4. The tube was sealed and
vortexed for 30 s. The sample was then centrifuged at
5000 rpm for 5 min. An aliquot of 1 mL of supernatant was
transferred into a 2-mL screw cap microtube containing a
blend of 100 mg PSA, 25 mg C18, and 25 mg Z-Sep disper-
sive SPE sorbents. The tube was carefully sealed, vortexed for
30 s, and then centrifuged at 13,000 rpm for 5 min. Finally,
800 μL of supernatants were carefully transferred into a vial
and subsequently analyzed via LC-MS/MS.

LC-MS/MS Analysis

The LC separation was carried out using a Dionex UltiMate
3000 UHPLC system (Thermo Scientific, Waltham, MA,
USA). Analytes were separated on a reversed-phase C18
Atlantis T3 column (2.1 × 100 mm, 3 μm) from Waters

Table 1 (continued)

Analyte tR (min) Q1 (m/z) Q2 (m/z) Q3 (m/z) NCE Calibration curve in solvent (n = 3) r2 LOQ (mg/kg)

Spiroxamine 7.0 298.3 144.1375 100.1119 35 y = 87.420 x + 0.186 0.999 0.020

Tebuconazole 8.8 308.2 70.0403 112.0761 32 y = 21.539 x + 0.027 0.999 0.020

Tebufenozide 8.6 353.2 133.0649 72.0815 25 y = 2.946 x − 0.002 0.997 0.020

Tebufenpyrad 9.6 334.2 117.0217 145.0527 50 y = 11.449 x − 0.005 0.999 0.020

Thiabendazole 3.7 202.0 175.0314 131.0597 77 y = 33.646 x − 0.033 0.997 0.020

Thiacloprid 5.2 253.0 126.0107 186.0140 30 y = 35.663 x + 0.124 0.999 0.020

Thiamethoxam 3.5 292.0 211.0636 131.9663 26 y = 19.707 x + 0.007 0.999 0.020

Thiamethoxam-d3 3.5 295.0 214.0835 131.9670 26 − – –

TPP 8.8 327.1 233.0348 251.0453 40 − – –

Triadimefon 8.1 294.1 197.0716 69.0706 30 y = 9.249 x + 0.056 0.999 0.020

Triadimenol 8.2 296.1 70.0407 99.0809 27 y = 1.999 x + 0.004 0.998 0.050

Trifloxystrobin 9.2 409.1 186.0525 206.0811 20 y = 43.218 x + 0.307 0.998 0.020

Triflumizole 9.2 346.1 278.0554 73.0655 20 y = 12.945 x + 0.043 0.998 0.020
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(Mil ford , MA, USA) with a guard C18 column
(SecurityGuard ULTRA) from Phenomenex (Aschaffenburg,
Germany). A gradient of a mobile phase A (water containing
2 mM ammonium formate and 0.1% formic acid) and a mo-
bile phase B (methanol) supplied at 0.34 mL per minute was
applied. The initial mobile phase started from 85:15 (v/v) of
mobile phase A, and the program consisted of 0–0.5 min at
85:15; from 0.5 to 9 min, the mobile phase was linearly in-
creased to 5:95; and from 9 to 15 min held at 5:95. The gra-
dient was then returned to the initial conditions in 0.1 min and
held there for 2.9 min for stabilization. The column oven was
heated to 40 °C, and the injection volume was 2 μL.

The Q-Exactive hybrid quadrupole-orbitrap mass spec-
trometer (Thermo Scientific, Waltham, MA, USA) was oper-
ated in the positive electrospray ionization (ESI) mode acquir-
ing two high-resolution transitions for each analyte in a paral-
lel reaction monitoring (PRM) data acquisition mode. The
precursor ions from the scheduled inclusion list were isolated
and fragmented within the retention time window of ± 0.3
min, filtered in the quadrupole at isolation window (target
m/z ± 0.7 amu), and fragmented in an HCD collision cell,
and product ions were collected in the C-trap at 17,500 reso-
lution (FWHM, full width at half maximum, at m/z 200), the
AGC target value of 2e5, and maximum ion injection time of
40 ms. The instrument was externally calibrated prior to each
measurement using the mixture of mass calibrants. Data pro-
cessing was performed using TraceFinder software version
4.1 (Thermo Scientific).

The parameters pertaining to the PRM transitions were
developed and optimized by infusion of standard solutions
prepared in the mobile phase mixture (50/50) with a syringe
pump. To determine optimum PRM transitions, the high-
resolutionMS/MS spectrum of each compound was inspected
for two specific fragment ions selected for quantification (Q2)
and confirmation (Q3) purposes in the quantitative assay.
Finally, unique pairs of PRM transitions were monitored per
analyte. The normalized collision energy (NCE) was individ-
ually optimized for each pair of PRM transitions. The PRM
data acquisition mode operates with parallel detection of Q2
and Q3 transitions in a single analysis. Therefore, the NCE
was optimized to strike a balance between the maximum re-
sponse of the quantification ion and the sufficient intensity of
the confirmation ion. The ratio of the quantification and con-
firmation ions was used as an identification criterion. The
maximum allowable deviation from the expected ion ratio
(calculated from standard solutions) of 30% for unknown
samples was applied in accordance with the criteria stated in
the EU guidance document SANTE/11813/2017. The limit of
detection (LOD) and the limit of quantification (LOQ) were
calculated using the equations LOD = 3Sy/x ÷ b and LOQ =
10Sy/x ÷ b, where b is the slope of the calibration curve and Sy/x
is the standard error of regression (Stone and Ellis 2011). The
retention time, mass of precursor ion (Q1, m/z), observed

(experimental) masses of two product ions (Q2 and Q3,
m/z), NCE, and LOQ for each compound of interest are shown
in Table 1.

Quantification

An external matrix-matched calibration method was used, and
concentrations of pesticides were determined by interpolation
of relative peak areas of each pesticide to an internal standard
peak area in the sample. In order to compensate for losses
during sample processing and instrumental analysis, internal
standards (azoxystrobine-d3, thiamethoxame-d4, and
triphenyl phosphate) were used. Corresponding isotopically
labeled internal standards were used for azoxystrobin and
thiamethoxam; triphenyl phosphate (TPP) was used as an in-
ternal standard for all remaining analytes. Quantitation was
performed through 5-point matrix-matched calibrations pre-
pared in the range of 0.010–0.200 mg/L by addition of an
appropriate volume of the pesticide working standard mixture
and the internal standards at a concentration level of 0.5 mg/kg
to the extracts of the organically grown hops. One milliliter of
the blank sample, prepared under the sample preparation pro-
tocols of the abovementioned methods H, B, and Q, was
evaporated to the dryness, and appropriate volumes of sol-
vents were added prior to the solvent reconstitution with ace-
tonitrile to make the final volume of 1 mL.

If the content of a sample was not within the range of
calibration curves, quantitation would be done using a stan-
dard addition method. The diluted acetonitrile extract of each
hop sample (50 or 100 μL each) was pipetted into four 2-mL
glass vials, three of which were fortified with the pesticide
working standard mixture at a concentration of 1 mg/L to
make the standard addition calibration curve corresponding
to 50, 100, and 150% of expected concentration of pesticide
residues in the sample extract. The appropriate volume of
acetonitrile was added to each vial to make the final volume
of 600 μL or 1 mL, respectively.

Methods Validation

The validation study was performed based on the European
SANTE/11813 guidelines (2017). Performance characteristics
of each individual method obtained via the validation process
are summarized in Tables 1 and 2. In order to evaluate the
accuracy (expressed as recovery) and precision (repeatability,
expressed as a coefficient of variation in percentages) of all
three methods, recovery experiments were performed. A
blank sample of organically grown hops was spiked with a
known amount of a pesticide mixture solution (1 mg/L) to
obtain a concentration of all analytes at 0.50 mg/kg level.
The spiking level was chosen to be at least ten times higher
than LOQs and below the current maximum residue limits
(MRL) as well.
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Table 2 Results compilation of matrix effects (%ME), average pesticide recoveries (%), and relative standard deviations (RSDs, %) obtained for three
sample preparation procedures (H, B, and Q) and 56 pesticides spiked at 0.5 mg/kg in hops

Analyte % ME Ave. % recovery (%RSD) (n = 5)

Method H Method B Method Q Method H Method B Method Q

Acephate − 20 − 9 − 15 81 (11) 13 (19) 45 (4)

Acetamiprid − 26 − 10 − 31 105 (5) 91 (1) 86 (3)

Ametoctradin − 64 − 56 − 66 109 (7) 94 (8) 68 (3)

Azoxystrobin − 53 − 50 − 54 101 (2) 102 (2) 90 (2)

Bifenthrin − 92 − 84 − 87 101 (8) 76 (8) 109 (8)

Boscalid − 64 − 61 − 66 106 (5) 100 (1) 90 (1)

Bupirimate − 64 − 63 − 69 103 (4) 96 (6) 94 (2)

Carbendazim − 18 1 − 27 103 (10) 84 (3) 85 (5)

Chlorantraniliprole − 59 − 56 − 65 106 (7) 99 (1) 91 (2)

Chlorpyrifos − 80 − 73 − 80 107 (3) 83 (11) 97 (2)

Clothianidin − 3 − 18 − 36 111 (14) 88 (6) 85 (4)

Cyazofamid − 75 − 74 − 80 105 (4) 94 (9) 90 (7)

Cymoxanil 24 − 26 − 42 104 (10) 91 (5) 90 (6)

Dimethomorph (E) − 50 − 56 − 68 111 (6) 91 (9) 84 (5)

Dimethomorph (Z) − 63 − 58 − 64 110 (6) 99 (3) 90 (2)

Etoxazole − 58 − 47 − 55 103 (4) 96 (3) 86 (3)

Fenpropimorph − 42 − 39 − 50 102 (4) 88 (2) 67 (3)

Fenpyroximate − 81 − 70 − 78 109 (4) 95 (5) 88 (4)

Flonicamid 1 − 5 − 20 111 (10) 95 (5) 81 (6)

Fluopicolide − 68 − 66 − 70 106 (6) 100 (3) 95 (2)

Fluopyram − 69 − 66 − 71 104 (4) 100 (4) 95 (2)

Hexythiazox − 80 − 71 − 78 105 (3) 84 (11) 89 (1)

Imazalil − 30 − 21 − 38 106 (9) 78 (13) 55 (4)

Imidacloprid 1 − 8 − 26 108 (11) 91 (3) 82 (4)

Indoxacarb − 67 − 61 − 72 111 (5) 95 (4) 98 (2)

Malaoxon − 28 − 19 − 36 111 (7) 94 (2) 81 (3)

Malathion − 59 − 61 − 65 106 (5) 93 (3) 75 (3)

Mandipropamid − 68 − 63 − 69 107 (4) 98 (3) 95 (2)

Mepanipyrim − 66 − 62 − 67 105 (2) 98 (5) 88 (1)

Metalaxyl − 45 − 41 − 50 108 (9) 99 (2) 91 (3)

Methoxyfenozide − 65 − 71 − 72 110 (8) 100 (4) 93 (6)

Metrafenone − 85 − 76 − 88 108 (1) 95 (7) 96 (3)

Myclobutanil − 50 − 50 − 54 108 (2) 97 (3) 91 (3)

Oxadiazon − 83 − 67 − 84 105 (4) 97 (4) 103 (2)

Penconazol − 74 − 74 − 77 105 (5) 96 (2) 84 (1)

Pendimethalin − 73 − 67 − 75 102 (6) 86 (7) 89 (3)

Pirimicarb − 24 − 12 − 29 105 (5) 91 (5) 83 (3)

Propamocarb − 9 − 16 − 27 93 (4) 13 (10) 7 (18)

Propargite − 78 − 72 − 78 110 (7) 97 (2) 91 (4)

Propiconazol − 67 − 68 − 72 104 (4) 96 (4) 91 (2)

Pymetrozin − 55 − 35 − 50 105 (12) 34 (3) 9 (8)

Pyraclostrobin − 72 − 68 − 73 105 (6) 98 (3) 92 (1)

Pyridaben − 84 − 69 − 81 105 (4) 93 (4) 79 (9)

Quinoxyfen − 76 − 73 − 78 105 (4) 85 (5) 82 (2)

Spirodiclofen − 87 − 71 − 77 73 (3) 79 (0.1) 77 (2)

Spirotetramat − 34 − 33 − 34 64 (1) 58 (7) 64 (4)
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The limits of quantification (LOQ) were estimated for the
methodsH,B, andQ by dilution of pesticide standard mixture
with the blank sample extracts prepared under the sample
preparation protocols to the expected LOQ, and recovery
and precision were determined using these samples (n = 5).
A precision (RSD, %) of no more than 20% of variation was
considered to be acceptable. The LOQ values for target
analytes were in the range of 0.02–0.05 mg/kg (see Table 1).
The linearity of the developed method was tested over the
concentration range of 0.010 to 0.200 mg/L by a matrix-
matched calibration curves. The calculated regression coeffi-
cient (r) values were found to be > 0.999 for most of the target
analytes.

Results and Discussion

Optimization of Extraction Procedures

Sample preparationmethods for the analysis of pesticide res-
idues in hop matrix published by Hengel (Hengel 2011) and
Biendl (Biendl et al. 2014) had to bemodified and optimized
before the beginning of themethod comparison study.As the
first step of the sample clean-up efficiency comparison, ma-
trix effects of individual methods were evaluated. To make
this possible, it was essential to modify the sample prepara-
tion procedures in theway that thematrix concentration per 1
mL of the final extract was the same for all evaluated
methods. Therefore, the sample preparation procedures B
and H were modified to achieve the matrix concentration
0.1 g sample per milliliter of the final extracts. Practically,
it was not possible to usemore than 2 gof a sample and 10mL
of water as complete water absorption by the sample matrix
was necessary. The method designed by Biendl et al. (2014)
wasmainlymodified to reduce organic solvent consumption

needed for the sample preparation. The solvent requirements
needed for the sample preparation by method Bwere finally
reduced to 20 mL of acetone, 2 mL dichloromethane, and
acetonitr i le compared to 100 mL acetone, 10 mL
dichloromethane, and 10 mL of ethyl acetate previously
used in the original method. Besides the reduction of
solvent demands, the matrix concentration in the final
acetonitrile extract was changed from 0.125 to 0.1 g
sample/mL. The principle of the sample preparation
procedure publishedbyBiendl et al. (2014)was not changed,
and method B, evaluated in this study, newly presents the
miniaturization of the whole procedure that led to five times
lower solvent consumption.

The method published by Hengel (2011) had to be also
modified for the purpose of this method comparison because
the hop matrix concentration was originally only 0.02 g in 1
mL of the final extract. Previously presented results (Dušek
et al. 2018b) clearly showed that matrix effects of the Hengel
method for most evaluated pesticides tend to be higher by
approximately 15% in comparison with the QuEChERS
method (method Q), even though the matrix concentration
per milliliter is five times lower. In the first step of the
Hengel method modification, the extraction solvent was
changed. Especially in case of dry samples, the extraction
solvent has to have a high dissolving ability for pesticides
and good permeability into the matrix (Kolberg et al. 2011).
Both Hengel’s and QuEChERS method use acetonitrile as an
extraction solvent. Nevertheless, the original QuEChERS
method was, for matrixes with water content lower than
25%, modified and water was added to the sample prior to
the extraction to achieve maximum extraction yield and accu-
rate results (Čajka et al. 2012). Therefore, in the first step,
acetonitrile for extraction was replaced by the mixture of ace-
tonitrile–water–toluene (80/15/5). Toluene was added into the
extraction mixture to compensate reduced extraction

Table 2 (continued)

Analyte % ME Ave. % recovery (%RSD) (n = 5)

Method H Method B Method Q Method H Method B Method Q

Spiroxamine − 34 − 33 − 44 101 (4) 85 (7) 28 (1)

Tebuconazole − 65 − 66 − 69 104 (5) 96 (5) 85 (2)

Tebufenozide − 71 − 72 − 75 110 (9) 97 (5) 90 (2)

Tebufenpyrad − 76 − 62 − 74 103 (5) 94 (3) 92 (1)

Thiabendazole − 13 − 6 − 16 105 (8) 86 (5) 70 (5)

Thiacloprid − 28 − 14 − 37 106 (6) 96 (3) 87 (2)

Thiamethoxam − 11 − 5 − 31 82 (2) 100 (1) 90 (2)

Triadimefon − 57 − 57 − 62 106 (4) 99 (4) 90 (2)

Triadimenol − 29 − 50 − 47 111 (10) 97 (2) 87 (4)

Trifloxystrobin − 69 − 61 − 69 111 (2) 98 (5) 95 (2)

Triflumizole − 70 − 67 − 73 110 (5) 81 (14) 83 (1)
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efficiency of acetonitrile-water mixture for non-polar com-
pounds. The mixture of three solvents (sorted in order of in-
creasing polarity index (Harris 1998), PI): toluene (PI = 2.4),
acetonitrile (PI = 5.8), and water (PI = 10.2), was finally used
for the extraction of pesticides with various polarity.
Originally, Hengel method used a solid-phase extraction
(SPE) procedure for removal of mainly lipophilic compounds
such as co-extracted resins and residues of aromatic hop oils.
However, the water presented in the extraction solvent is, in
this case, able to increase the retention of these compounds
during reversed-phase SPE clean-up. Apart from a wide range
of nonpolar compounds, acetonitrile or acetone hop extract
contains mainly various analogues of hop bitter acid (α- and
β-bitter acids) that forms a majority of extractable compounds
of hops matrix (Belitz et al. 2009). The primary-secondary
amine (PSA) sorbent could effectively remove these com-
pounds together with other interfering compounds such as
sugars, fatty acids, organic acids, and anthocyanin pigments
(Schenck and Lehotay 2000; Schenck et al. 2002). Therefore,
the SPE procedure using the PSA cartridge was used for ad-
ditional clean-up of the final acetonitrile extract. The efficien-
cies of the original and modified preparation procedures were
compared evaluating the ability to eliminate matrix suppres-
sion. The method B showed matrix effects (%ME) for most
evaluated pesticides about 10 to 30% lower compared to the
original Hengel method. The proposed modification of
Hengel method, method B, allows efficient pesticide extrac-
tion without any salting-out clean-up step and is applicable
and rugged for selected pesticide analysis in hops at the
screening level that is approximately five times lower than
the original Hengel method.

Comparison of Cleaning Efficiency—Matrix Effects

The influence of matrix effects was used to assess the effec-
tiveness of a clean-up procedure of each sample preparation.
Matrix effects (ME) in percentage were calculated for all
compound–sample preparation procedure combinations (H,
B, and Q) comparing slopes of calibration curves created with
solvent standard and matrix-matched standards. The follow-
ing equation was used: ME (%) = (slope matrix ÷ slope sol-
vent) × 100. Five-point calibration curves from 0.010 to 0.200
mg/L were prepared in solvent and in extracts of the pesticide-
free hops. The linearity of the calibration curves (expressed as
r2) was also evaluated and, in all cases, good linearity was
achieved with correlation coefficients > 0.997. As can be seen
in Table 2, most analytes showed negative values when eval-
uating the matrix effect. Generally, the negative values repre-
sent signal suppression in hop matrix compared to the solvent.
Values lower than 20% indicate no or rather insignificant ma-
trix effects. Values from 20 to 50% correspond to medium
matrix effects, and values higher than 50% are considered as
strong matrix effects. For 56 analyzed pesticides, methods H,

B, and Q showed strong matrix effects for 37, 36, and 40
compounds and medium matrix effects for 13, 10, and 16
compounds, respectively. It seems that all applied sample
preparation methods have comparable efficiency in terms of
a sample clean-up. In addition to that, the ability of each
method to effectively remove the co-extracted matrix compo-
nents is compared through the scatter plots. Figure 1a–c shows
plots of calculated matrix effects for 56 pesticides for one
sample preparation method in comparison with the others
and their linear fit. The satisfactory correlation coefficients
(r) 0.91, 0.93, and 0.96 were found for the scatter plots of
method H vs. method B (see Fig. 1a), method Q vs. method
H (see Fig. 1b), and method Q vs. method B (see Fig. 1c),
respectively. The figures could be also interpreted using the
following rule: if the data point is below the 1:1 ideal regres-
sion line, then the method with the values plotted on the x-axis
has lower matrix effect, and higher matrix effect has the meth-
od with the values plotted on the y-axis. Figure 1a shows the
comparison between the method H and B. It can be seen that
most data points are close to the line of equity, and therefore,
these two methods provide the sample clean-up with the same
effectiveness. The comparisons between methods H and Q
(see Fig. 1b) showed that there is no observable difference
between these twomethods for compounds with strongmatrix
effects but compounds with matrix effects lower than 60%
were significantly less affected by co-extracted matrix com-
ponents when methodH was applied. This was also observed
in the case of method B and Q comparison (see Fig. 1c). The
intercept values of the regression curves of the scatter plots
comparing the matrix effects of the methods H and Q, and
methods B and Q were 20.065 and 19.241, respectively. It
indicates similar effectiveness of the sample clean-up using
method Q in comparison with methods H and B. In addition
to that, Figure 1c also shows that almost all data points are
above the line of equity (x = y line) that indicates that for
majority of 56 analyzed compounds, method B is generally
more efficient than method Q. Table 2 summarized calculated
matrix effects (%ME) for each compound–sample preparation
procedure ordered by increasing retention time. It is obvious
that various sample preparation procedures affected mainly
early eluting compounds for which most significant differ-
ences among matrix effects values were observed. However,
at the same time, all methods produce samples that show
strong signal suppression at the end of the chromatography.
Strong matrix effects at the end of a reverse-phase chromato-
graphic analysis indicate co-extraction of hydrophobic com-
pounds that none of these methods was able to fully remove.

Evaluation of Methods’ Recoveries

The percent recovery values for 56 pesticides and each sample
preparation procedure were calculated using five replicates.
The average recoveries (%) for methods H, B, and Q at
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spiking level 0.50 mg/kg were 103 ± 9, 89 ± 18, and 82 ± 19,
respectively. The recovery data summarized in Table 2 show
that methodH gives recovery within the acceptable interval of
70–120% defined by SANTE document and with precision
(RSD) lower than 20% for almost all evaluated pesticides
except for spirotetramat. The other two methods, B and Q,
provided recovery results for 4 and 8 pesticides outside the
acceptable range of 70–120%, respectively. These two
methods, on the contrary to the method H, involve in the
sample preparation procedures of the salt-induced liquid–
liquid extraction (LLE) step, which has a strong negative ef-
fect on the extraction yield mainly for highly polar pesticides.
Polar pesticides such as acephate, pymetrozin, and
propamocarb are highly soluble in water, and therefore tend
to stay in the water phase during salting-out of the organic
solvent (acetone–water or acetonitrile–water extraction solu-
tions). The recoveries of acephate, pymetrozin, and
propamocarb extracted by methods B and Q were 13% and
45%, 13% and 7%, 34% and 9%, respectively. The recovery
lower than 70% could pass the acceptance criteria (SANTE/
11813/2017) for validation only if (1) the recovery rate is
consistent, (2) the RSD value is lower than or equal to 20%,
and (3) the mean recovery value is not lower than 30%. It is
required that the analytical results are, in this case, corrected
for recovery, or more accurate method should be used, if avail-
able. For example, propamocarb is considered to be a non-
QuEChERS-amenable pesticide. A method, known as a
QuPPe method (Anastassiades et al. 2015), which is based
on the extraction of an acidified sample by a methanol–
water solution could be successfully used for the determina-
tion of propamocarb and other highly polar pesticides. The
recovery rate of pymetrozin, which is pH-dependent, could
be well above 70% if the pH value is increased during the
extraction from pH value around 4 to pH above 5. The pH
value change causes the replacement of the citrate salts with
Na-acetate or Mg-acetate salts (EURL-SRM Analytical
Observation Report 2016). As these two examples show,

alternative approaches or modifications to the method Q that
have acceptable recovery for these two compounds are
available.

The recovery rates of problematic highly polar pesticides
such as acephate, pymetrozin, and propamocarb demonstrated
the main advantage of the method H that meets the method
performance acceptability criteria, accuracy (recovery), and
repeatability, for all 56 evaluated compounds. Potentially,
the scope of the analytes included in the method H could be
broadened to include other highly polar, non-QuEChERS-
amenable, pesticides. The method B gives unsatisfactory re-
covery results for acephate and pymetrozin and the method Q
for pymetrozin and propamocarb. On the other hand, it should
be noted that from these three compounds, only insecticide
pymetrozin is approved for treatment, and moreover, its rou-
tine application against hop aphids is quite rare. The list of
pesticides approved for hop treatment is limited, and for ex-
ample, from 56 pesticides involved in this study, only 18 pes-
ticides are allowed for the application on hops in the
Czech Republic. The data summarized in Table 2 compare
the recoveries of the methods, and it is clearly visible that there
are no significant differences among recoveries of the pesti-
cides approved for hop treatment (highlighted in italics) for
these three sample preparation methods. The method H defi-
nitely seems to be the most universal multi-residue method
applicable for a wide range of analytes in comparison with
the other two methods. Nevertheless, in practice, all three
methods H, B, and Q are applicable for the determination of
pesticides that are approved and routinely used for hop
treatment.

Method Comparison Based on Pesticide Results
in Field Samples

The matrix spike recovery results showed, with a few excep-
tions, that the methods B, H, and Q provided recovery values
near to 100 ± 20% for the fortification level 0.50 mg/kg (see

Fig. 1 Scatter plots with regression line comparing the matrix effects (%ME) of amethodsB andH, bmethodsQ andH, and cmethodsQ and B. Solid
red line represents the line of equity (y = x line)

Food Anal. Methods (2020) 13:503–515 511



Table 2) with RSD < 20%. Therefore, these methods could be
considered as multi-residue methods suitable for the determi-
nation of pesticides in hops. In the next step, 24 samples of
hops were analyzed for pesticide residues by all three methods
to check and verify their performance on the set of field sam-
ples. The residues of fungicides, such as mandipropamid,
boscalid, azoxystrobin, pyraclostrobin, dimethomorph, and
ametoctradin, were detected above LOQ in 23, 15, 13, 13,
12, and 11 samples, respectively. The residues of insecticides
spirotetramat and fenpyroximate were detected above LOQ
values in 11 and 5 samples, respectively. The individual con-
centrations in samples varied up to three orders of magnitude.
For example, the residues of mandipropamid were found at
concentrations ranging from 0.075 to 31 mg/kg. In total, 122
individual pesticide residues were reliably quantified in the
samples, and these data were used for the construction of the
scatter plots (see Figure 2a–c) comparing the residue results of
each method–method pair. Figure 2a shows the scatter plot
illustrating the relationship between the residue results of the
method H and B in 24 hop samples. The scatter points, espe-
cially the scatters for the concentrations lower than 15 mg/kg,
lie tightly to the solid red line, which represents the equity line
with the correlation coefficient r = 0.992 and slope value
0.9193. The slope value is lower than 1, which is the ideal
slope value of the equity line, and indicates that the results of
one method are lower than of the other ones. This is in accor-
dance with the scatter plot in Fig. 2a that clearly shows that the
method H (x line) gives a bit higher results than method B (y
line), especially for concentrations higher than 20 mg/kg. The
results of ametoctradin were, for instance, 52 and 46 mg/kg,
37 and 32 mg/kg, or 29 and 25 mg/kg in a pair of samples
determined by the methods H and B, respectively.
Nevertheless, the results indicate that these two sample prep-
aration procedures, methodH and B, are comparable in terms
of pesticide determination in hop samples because no signif-
icant biases have been noted between them. The other two

plots, Fig. 2b and c, show the results of the method H and B
plotted against results of the methodQ, respectively. The scat-
ter points in these figures appear to be less grouped along the
equity line compared to the scatter points in Fig. 2a, again
especially for the residues higher than 20 mg/kg. Moreover,
the data shows that mainly the scatter points representing re-
sults of the ametoctradin residues lie far above the equity line.
Except the scatter plots of ametoctradin, results of the method
Q are more or less comparable with the results of the methods
H and B. This is indicated by the acceptable correlation coef-
ficients r > 0.9 and the slope values 1.112 and 1.042, respec-
tively, which are relatively close to the ideal slope value (slope
= 1) of the equity line. Overall, from the method comparison
based on the results of all pesticide residues in field samples, it
could be concluded that the significant differences were pri-
marily observed for the residues at the concentrations above
20 mg/kg and that the method B and Q showed significantly
lower results of fungicide ametoctradin than the method H.
The scatter plots for ametoctradin (Fig. 3a–c) and
pyraclostrobin (Fig. 4a–c) were also constructed. Figure 3a
shows that the scatters lay along the equity up to the concen-
tration of 30mg/kg and that the results of the methodB tended
to be lower in comparisonwith the methodH. On the contrary,
the scatter plots on Fig. 3b and c clearly show that all scatters
lay above the equity line on both graphs that indicate that the
method Q gives systematically lower results compared to the
methodsH andB. The percentage recovery of ametoctradin in
spiked hops was 68 ± 2 (see Table 1). This value, which is on
the edge of the acceptable interval defined by the SANTE
document (SANTE 11813 2017), clearly indicates low extrac-
tion efficiency of the acetonitrile/water mixture (50/50, v/v)
compared to the acetone/water mixture (67/33, v/v) used in
the method B or the extraction mixture of acetonitrile/water/
toluene (80/15/5, v/v) as used in the method H. Ametoctradin
is a strong acid (pKa = 2.78) with the octanol–water partition
coefficient log P = 4.4 (PPDB 2007). It is relatively nonpolar,

Fig. 2 Scatter plots with regression line of pesticide residues
(ametoctradin, azoxystrobin, boscalid, dimethomorph, mandipropamid,
fenpyroximate, pyraclostrobin, and spirotetramat, (n = 112) found in 24

samples of hops prepared by amethodsB andH, bmethodsQ andH, and
c methods Q and B. Solid red line represents the line of equity
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and hence, the least polar solvent should be required for its full
extraction from the matrix. A mixture of organic solvents with
different polarities is, therefore, beneficial to use for an effec-
tive extraction of a wide range of analytes, especially from
hop matrix. Although ametoctradin was not involved in the
original study published by Hengel (2011), uses acetonitrile as
well; however, in this case, only 0.5 g of hops is extracted by
15 mL of net acetonitrile. Although ametoctradin was not
involved in the original study published by Hengel (2011),
the data presented by Dušek et al. (2018b) showed the 97%
recovery of ametoctradin spiked at the level of 1.0 mg/kg.
Almost ideal recovery was in this case achieved most proba-
bly due to a relatively small sample dose and its extraction by
net acetonitrile without any water addition. Figure 4a–c shows
the scatter plots for pyraclostrobin, a fungicide found in 13
from 24 hop samples. The method comparison for
pyraclostrobin clearly shows that there are no significant dif-
ferences between the residue results obtained by all tested
methods. The extraction effectivity is almost the same in the
whole concentration range up to 2 mg/kg. Moreover, the com-
parison of the residue results of methods B and Q shows an

excellent agreement between them (see Fig. 4c). Therefore,
the selection of a proper extraction solvent is a crucial step
in the method optimization. The method comparison data
proved that all tested methods have up to approx. 20 mg/kg,
the same effectiveness of the pesticide residue extraction (ex-
cept for fungicide ametoctradin). On the contrary, the pesticide
residues could be found quite often in hops at the levels above
this concentration, and in this case, especially the method Q
tends to be less efficient for the extraction of pesticide
residues.

Comparison of Methods H, B, and Q with Regard
to Labor

This method comparison study evaluated numbers of different
steps involved in the sample handling protocol of three differ-
ent sample preparation methods and as well as the require-
ments on chemicals, solvents, and material. Table 3 clearly
summarizes the steps of each preparation procedure previous-
ly described in the literature and also their modifications
(method H, B, and Q) involved in this study. Evaporation of

Fig. 3. Scatter plots with regression line of ametoctradin residues (n = 11) found in 24 samples of hops prepared by amethodsB andH, bmethodsQ and
H, and c methods Q and B. Solid red line represents the line of equity

Fig. 4. Scatter plots with regression line of pyraclostrobin residues (n = 13) found in 24 samples of hops prepared by a methods B andH, b method Q
and H, and c methods Q and B. Solid red line represents the line of equity
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the sample eluate using a rotary evaporator is definitely the
most time-consuming step of the whole procedure. From this
point of view, the most time-consuming method is the method
B (mini-Biendl extraction method), as it involves solvent
evaporation to the dryness prior and after the sample clean-
up step on SPE column. The modified QuEChERS sample
preparation approach (method Q), on the contrary, does not
involve a solvent exchange step and any SPE column clean-up
procedure, and thus, it could be considered as the fastest and
least laborious method.

Conclusion

In this paper, two sample preparation procedures originally
published byHengel and Biendl for determination of pesticide
residues in hops were modified and miniaturized. The two
methods, H and B, and the QuEChERS-d-SPE sample prep-
aration procedure (method Q) were compared systematically
through the evaluation of recoveries (extraction efficiency)
and matrix effects (the effectiveness of the clean-up ap-
proach). The extraction procedures were evaluated for the
extraction of 56 target compounds covering pesticides fre-
quently applied on hops determined by LC-HR-MS/MSmeth-
od. Mean recoveries (n = 5) were between 70 and 120% with
relative standard deviations (RSD) lower than 20% in most of
the cases except acephate, pymetrozine, and propamocarb
which showed dissatisfactory recoveries for method B and
Q. Moreover, the application of primary secondary amine
(PSA) as a SPE sorbent negatively affects the recovery of
compounds with acidic functional compounds such as
flonicamid metabolites TFNA and TFNG. The matrix effects
of the proposed methods showed that all sample preparation
procedures reduce the influence of the co-extracted matrix
compounds more or less in the same effective way, and no
significant differences between method B and H were

observed. The methods were successfully applied for multi-
residue analysis of pesticides in 24 field samples of cone hops;
six fungicides (ametoctradin, azoxystrobin, boscalid,
dimethomorph, mandipropamid, and pyraclostrobin) and
two insecticides (spirotetramat and fenpyroximate) were
found in the range of 75 μg to 31 mg per kilogram. The
pesticide residue levels determined by eachmethodwere com-
pared, and the results showed that all methods generally pro-
vide comparable results to one another. Nevertheless, the com-
parison of ametoctradin residues in field samples clearly
showed that method Q gives systematically lower results of
this fungicide in the field samples, it is in relation with rela-
tively low recovery of ametoctradin (≈ 70%) in the samples
prepared by the method Q. All procedures for sample prepa-
ration were also compared on the basis of the different labo-
ratory relevant characteristics like time, materials, and solvent
consumptions.

In summary, the results showed that the three different
sample preparation procedures, methodsH, B, andQ, provide
almost the same effective clean-up for analysis of pesticide
residues in hop matrix. Nevertheless, each of these methods
has specific pros and cons that should be taken into consider-
ation prior to a method selection. The method published by
Hengel, methodH, is generally applicable for the widest range
of analysts; miniaturized Biendl’s method (B) seemed to be
the most robust; and method Q, based on QuEChERS sample
preparation approach, has definitely less labor compared to
other methods.
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