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Abstract

This application note describes the use of a quick, easy, cheap, effective, rugged, and
safe (QuEChERS) EN sample preparation approach for the extraction and cleanup of
12 pesticide residues representing various pesticide classes in green tea. The original
EN method involves initial extraction in a buffered aqueous/acetonitrile system, an
extraction/partitioning step by the addition of salts, and a cleanup step using disper-
sive solid-phase extraction (dispersive SPE). The presence of the target pesticides in
the green tea extracts were then determined by liquid chromatography coupled to an
electrospray ionization tandem mass spectrometry (LC-ESI-MS/MS) operating in posi-
tive ion multiple reaction monitoring (MRM) mode. The method was validated in
terms of recovery and reproducibility for all of the analytes of interest. The 5 ng/g
limit of quantitation (LOQ) for pesticides in green tea shown in this application was
well below the maximum residue limits (MRLs). The spiking levels for the recovery
experiments were 10, 50, and 250 ng/g. Most of the mean recoveries ranged between
87% and 108% (average of 93.5%), with RSD below 10% (average of 5.2%).
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Introduction

The EN QuEChERS method has been widely used in the analy-
sis of pesticides in food, especially in Europe [1-2]. The
method uses acetonitrile extraction, followed by salting out of
the water from the sample using anhydrous magnesium sul-
fate (MgS0,), NaCl, and buffering citrate salts to induce parti-
tioning. For cleanup, a dispersive solid phase extraction (dis-
persive SPE) is employed using a combination of primary sec-
ondary amine (PSA) to remove organic acids from the sample
matrix, and anhydrous MgS0, to reduce the remaining water
in the extract. Depending on the food matrix, other ingredi-
ents may be added in this step, such as graphitized carbon
black (GCB) to remove pigments and sterol, or C18 to remove
lipids and waxes.

Green tea is considered to be a highly pigmented sample
since it contains high levels of chlorophyll. Therefore, the EN
dispersive SPE kits for highly pigmented commodities was
selected for this application. These kits for a 1-mL sample vol-
ume, contain 25 mg of PSA, 150 mg of MgS0,. GCB in the
amount of 7.5 mg was added per mL of ACN extracts. GCB
absorbs planar molecules like pigments and sterols; therefore

Table 1. Pesticides Chemical and Regulatory Information [3-5]

it is very helpful in cleaning up pigmented matrices such as
green tea. The efficiency of cleanup is dependent upon the
amount of GCB used. The more GCB used, the more planar
molecules are absorbed, and therefore, a cleaner sample
matrix is obtained. Instead of the relatively high amount of
GCB used in the AOAC method (50 mg of GCB per mL of ACN
extract), a much lower amount of GCB is used in the EN
method (2.5 mg of GCB per mL of ACN extracts for “pigment-
ed” produce, or 7.5 mg of GCB per mL of ACN extracts for
“highly pigmented” produce). The GCB has an impact on the
extraction of planar pesticides. The AOAC method yields a
cleaner final sample matrix but caused significant loss of pla-
nar pesticides. The EN method, on the contrary, caused little
to no loss of planar pesticides but generated a more
complicated sample matrix.

In this study, 12 pesticides were used for evaluating the per-
formance of the Agilent Bond Elut EN Buffered Extraction kit
(p/n 5982-5650) and Bond Elut QUEChERS EN Dispersive SPE
kits for Highly Pigmented Fruits and Vegetables (p/n 5982-
5356). The method was validated in terms of recovery and
reproducibility. Table 1 shows the chemical and regulatory
information for these pesticides in green tea.
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Experimental
Reagents and Chemicals

All reagents and solvents were HPLC or analytical grade.
Methanol (MeOH) and acetonitrile (ACN) were from
Honeywell (Muskegon, MI, USA). Formic acid (FA) was from
Fluka (Sleinheim, Germany). The pesticide standards were
purchased from Sigma-Aldrich (St Louis, MO, USA). The inter-
nal standard (triphenyl phosphate, TPP) was from Agilent
Technologies Inc. (Wilmington, DE, USA).

Standard Solutions

Standard and internal standard (IS) stock solutions

(2.0 mg/mL for all except 0.5 mg/mL for carbendazim) were
made in MeOH, 0.1% FA in ACN, and DMSO, respectively, and
stored at -20 °C. Three QC spiking solutions of 0.2, 1, and
10 pg/mL, were made fresh daily in 1:1 ACN/water with
0.1% FA. A 2 pg/mL solution of TPP in 1:1 ACN/water with
0.1% FA was made as an IS spiking solution.

Equipments and Materials
Agilent 1200 Series HPLC (Agilent Technologies Inc., CA, USA)

Agilent 6410 Triple Quadrupole MS system with Electrospray
lonization (Agilent Technologies Inc., CA, USA)

Agilent Bond Elut QUEChERS EN Buffered Extraction kits, p/n
5982-5650 and Bond Elut QUEChERS EN Dispersive SPE kits
for highly pigmented fruits and vegetables, p/n 5982-5356
(Agilent Technologies Inc., DE, USA)

Agilent Ceramic Homogenizers, 50 mL tubes, p/n 5982-9313
(Agilent Technologies Inc., DE, USA)

Eppendorf microcentrifuge (Brinkmann Instruments,
Westbury, NY, USA)

Flying Pigeon Centrifuge (Anting Science Instrument,
Shanghai, P.R.China)

Sample Preparation
Sample comminution

Organically grown, pesticide free green tea was purchased
from Teavana Corp. The green tea was placed into a clean
plastic bag and frozen at -20 °C overnight. The bag was mas-
saged occasionally to make sure the tea remained separate.
The following day, only the required amount of frozen tea was

Instrument Conditions

HPLC Conditions

Column Agilent Poroshell 120 EC-C18,
2.1 x 100 mm, 2.7 pm,
(p/n 695775-902)

Flow rate 0.4 mL/min

Column temperature 30°C

Injection volume 10 uL

Mobile Phase A: 5 mM FA in water
B: 5 mM FA in ACN

Gradient Time (min) %B
0 5
1 5
3 50
7 90
8 90
8.2 5
9 5

Post run 2 min

Total cycle time 11 min

MS conditions

Positive mode

Gas temperature 350 °C

Gas flow 10 L/min

Nebulizer 40 psi

Capillary 3500 V

Other conditions relating to the analytes are listed in Table 2.

removed and thoroughly blended. Dry ice was added while
comminuting, when possible. Samples were comminuted
thoroughly offering sample homogeneity. It was verified that
no pieces of tea were visible in the final sample.

Extraction/Partitioning

A 2 g (+0.1g) amount of homogenized sample was placed
into a 50-mL centrifuge tube. QC samples were fortified with
100 pL of appropriate QC spiking solution. One hundred micro-
liters of IS spiking solution (10 pg/mL of TPP) were added to
all the samples except the control blank to yield a 50 ng/g
concentration in the samples. Tubes were capped and vor-
texed for 1 min. An 8-mL amount of water was added to each
tube using the dispenser. Tubes were caped and vortexed for
1 min. Two ceramic homogenizers for 50 mL tubes (p/n 5982-
9313) were added to each tube. A 10 mL aliquot of ACN was
added to each tube using the dispenser. Tubes were capped
and shaken by hand for 1 min. An Agilent Bond Elut
QuEChERS EN extraction salt packet, containing

4 g anhydrous MgSO0,,



Table 2.

Instrument Acquisition Data Used for the Analysis of 12 Pesticides by LC/MS/MS

Analyte MRBRM channels (m/z)  Fragmentor (V) CE (V) RT (min)

Acephate 1) 184.0 > 143.0 60 3 1.66
2) 184.0>95.1 21

Pymetrozine 1) 218.1 > 105.1 125 21 1.95
2) 218.1>78.1 50

Carbendazim 1) 192.1>160.1 110 16 3.25
2) 192.1>132.1 32

Thiabendazole 1) 202.0 > 175.1 145 26 3.37
2) 202.0>131.1 38

Imidacloprid 1) 256.1 >209.1 125 1 4,02
2) 256.1>175.1 17

Imazalil 1) 297.1 > 159.0 110 23 4.40
2) 297.1>69.1 17

Propoxur 1) 210.2>111.1 70 1 481
2) 210.2>93.1 23

Carbaryl 1) 202.0 > 145.0 50 5 498
2) 202.0>127.1 30

Cyprodinil 1) 226.1>93.1 125 40 5.84
2) 226.1>108.1 33

Ethoprophos 1) 243.1>130.9 125 19 5.98
2) 243.1>173.0 "

Penconazole 1) 284.0>70.1 120 15 6.20
2) 284.0 >159.0 37

Kresoxim-methyl 1) 314.1 > 2221 90 1" 6.62
2) 314.1>235.1 1

TPP (IS) 1) 3271 >771 160 49 6.80
2) 327.1>152.1 : 49

1) Quantifier transition channel
2) Qualifier transition channel

1.g NaCl, 1 g NaCitrate, and 0.5 g Na,H Citrate sesquihy-
drate, was added directly to each tube. Tubes were sealed
tightly and shaken vigorously for 20 seconds by hand to
ensure that the solvent interacted well with the entire sample
and crystalline agglomerates were broken up sufficiently.
Sample tubes were centrifuged at 4000 rpm for 5 min.

Dispersive SPE Cleanup

A 6-mL aliquot of upper ACN layer was transferred into
Agilent Bond Elut QUEChERS EN dispersive SPE 15 mL tubes
(p/n 5982-5356). The 15 mL tube contained 150 mg of PSA,
900 mg of anhydrous MgS0, and 45 mg of GCB. The tubes
were capped tightly and vortexed for 1 min. The tubes were
centrifuged with a standard centrifuge at 4000 rpm for 5 min.
A 1-mL portion of the extract was transferred into a 10 mL
tube and dried under nitrogen below 40 °C. The resulting

residue was dissolved and made to a constant volume of

1 mL using the ACN/water (1/9). Then the residue was fil-
tered through a 0.45-pm filter membrane (p/n 5185-5836) and
analyzed with LC/MS/MS.

Results and Discussion

According to the recommendation, the EN dispersive SPE kit
for highly pigmented products was used for green tea in our
study. The final sample processed by EN method still
appeared green in color, however, with the powerful selectivi-
ty provided by LC/MS/MS, the MRM chromatogram of matrix
blank did not show any interference peaks to the target ana-
lytes. Figures 1 and 2 show the LC/MS/MS chromatograms
of matrix blank (IS spiked) and 50 ng/g fortified green tea
extract processed by the EN dispersive SPE method.



Figure 1.

A AN N
4.5 5 55 6

05 1 1.5 2 2.5 3 35 4 3 :
Counts vs. Acquisition Time (min)

MRM chromatogram of green tea matrix blank. Peak identification: IS: TPP.
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MRM chromatograms of 50 ng/g fortified sample processed by EN method. Peak identification: 1. Acephate, 2. Pymetrozine, 3. Carbendazim,
4. Thiabendazole, 5. Imidacloprid, 6. Imazalil, 7. Propoxur, 8. Carbaryl, 9. Cyprodinil, 10. Ethoprophos, 11. Penconazole, 12. Kresoxim-methyl,
IS: TPP.



Linearity and limit of quantification (LOQ)

The linearity calibration range for all of the pesticides tested
was 5-500 ng/g. Calibration curves, spiked in matrix blanks,
were made at levels of 5, 10, 50, 250, and 500 ng/g, and the
TPP was used as an internal standard at 50 ng/g. The calibra-
tion curves were generated by plotting the relative responses
of analytes (peak area of analyte/peak area of IS) to the rela-
tive concentration of analytes (concentration of analyte/con-

Table 3. Linearity of Pesticides in Green Tea Extract

Name Regression equation R?
Acephate Y =2.0260x + 0.0347 0.9995
Pymetrozine Y =2.3741x - 0.0141 0.9999
Carbendazim Y =2.9630x + 0.1685 0.9991
Thiabendazole Y =1.5021x —0.0034 0.9998
Imidacloprid Y =0.0625x — 0.0002 0.9998
Imazalil Y =0.9445% + 0.0190 0.9997
Propoxur Y =1.8301x + 0.0362 0.9998
Carbaryl Y =0.3677x - 0.0014 0.9999
Cyprodinil Y =3.0000x + 0.0809 0.9991
Ethoprophos Y =1.2764x + 0.0425 0.9986
Penconazole Y =2.7559% + 0.0259 0.9999
Kresoxim-methyl Y =0.1976x + 0.0119 0.9969

centration of IS). The 5 ng/g quantification limits LOQ (5 ng/g)
established for all pesticides is lower than the MRLs of these
pesticides in fruits and vegetables. Table 3 shows linear
regression equations and correlation coefficients (R2).

Recovery and Reproducibility

The recovery and reproducibility were evaluated by spiking
pesticide standards in comminuted sample at levels of 10, 50
and 250 ng/g. These QC samples were quantitated against
the matrix spike calibration curve. The analysis was per-
formed in replicates of six at each level. The recovery and
reproducibility (shown as RSD) data are shown in Table 4 and
Figure 3. It can be seen from the results that 11 pesticides
give excellent recoveries and precision. The pymetrozine gave
lower recovery but good precision. Pymetrozine is a pH sensi-
tive pesticide that can be affected by the pH of the extraction
procedure, at pH 5-5.5. Carbendazim, thiabendazole, and
cyprodinil, which are planar pesticides like pymetrozine, show
loss in recovery in the presence of the low amounts of GCB
used in the d-SPE step.

Table 4. Recovery and Reproducibility of Pesticides in Fortified Green Tea with Agilent Bond Elut QuEChERS
Analytes 10 ng/g fortified QC 50 ng/g fortified QC 250 ng/ g fortified QC
Recovery RSD (n=6) Recovery RSD (n=6) Recovery RSD (n=6)

Acephate 80.5% 5.4% 91.7% 2.9% 88.9% 8.2%
Pymetrozine 43.1% 3.0% 42.2% 3.4% 43.4% 9.8%
Carbendazim 114.6% 11.6% 97.6% 2.0% 105.0% 6.2%
Thiabendazole 98.1% 6.9% 90.4% 2.4% 81.7% 5.8%
Imidacloprid 104.3% 11.7% 108.6% 2.5% 93.9% 7.9%
Imazalil 97.5% 4.4% 87.8% 5.6% 92.4% 4.6%
Propoxur 98.1% 2.4% 110.2% 1.7% 107.8% 3.9%
Carbaryl 89.7% 11.4% 104.9% 3.3% 108.1% 5.2%
Cyprodinil 84.9% 2.1% 92.5% 3.7% 93.9% 5.5%
Ethoprophos 103.4% 3.1% 111.2% 3.2% 104.9% 5.7%
Penconazole 108.7% 2.9% 94.3% 45% 89.8% 3.3%
Kresim-methyl 105.7% 12.4% 96.4% 2.5% 99.2% 5.5%
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Figure 3. The recovery and precision results of 12 pesticides in green tea.



Conclusions

Agilent Bond Elut QUEChERS EN buffered extraction kits and
dispersive SPE kits for highly pigmented fruits and vegetables
provide a simple, fast and effective method for the purification
of representative pesticides in green tea. The small amount of
GCB used in dispersive SPE does not impact the extraction of
planar pesticides. The recovery and reproducibility, based on
matrix spiked standards, are acceptable for multiclass, multi-
residue pesticide determination in green tea.
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For More Information

For more information on our products and services, visit our
Web site at www.agilent.com/chem.
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