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by LC/MS/MS Detection

Abstract

This application note describes the use of a quick, easy, cheap, effective, rugged, and

safe (QuEChERS) sample preparation approach described in the European Committee

Standard (EN) for extraction and cleanup of 16 multiple class pesticide residues of

interest in apple. The method employed involves initial extraction in an aqueous/ace-

tonitrile system, an extraction/partitioning step after the addition of salt, and then a

cleanup step utilizing dispersive solid phase extraction (dispersive SPE). The two dif-

ferent dispersive SPE clean-up approaches (1 mL and 6 mL sample volume) are evalu-

ated simultaneously after sample extraction. The target pesticides in the apple

extracts are then determined by liquid chromatography coupled to an electrospray ion-

ization tandem mass spectrometer (LC-ESI-MS/MS) operating in positive ion multiple

reaction monitoring (MRM) mode. The method is validated in terms of recovery and

reproducibility. The 5 ng/g of limits of quantitation (LOQ) for pesticides in apple estab-

lished in this application is well below their regulatory maximum residue limits

(MRLs). The spiking levels for the recovery experiments are 10, 50, and 200 ng/g.

Excluding pymetrozine, recoveries of the pesticides ranged between 73 and 111%

(87% on average), and RSDs below 20% (5.8% on average). 

Authors

Limian Zhao, David Schultz, and 

Joan Stevens

Agilent Technologies, Inc.

2850 Centerville Road

Wilmington, DE 19809

USA

Application Note

Food Safety



2

Introduction

Multi-residue analysis of pesticides in fruits, vegetables, and

other foods is a primary function of many regulatory, industri-

al, and contract laboratories throughout the world. Because

of the wide variety of pesticides and complexity of food matri-

ces, the sample must be initially cleaned up using a compati-

ble sample preparation technique before injection into the

detection system. It is unquestionable that the most efficient

approach to pesticide analysis involves the use of multiclass,

multi-residue methods. Once the preliminary analytical quality

requirements of accuracy, precision, sensitivity, selectivity,

and dynamic scope have been met to suit the need for a par-

ticular analysis, other practice considerations should be eval-

uated. These additional considerations include high sample

throughput, ruggedness, ease of use, low cost, labor, minimal

toxic solvent usage, and waste generation.

The QuEChERS method was introduced first by USDA scien-

tists in 2003 [1]. The method was then modified to address

some problematic pesticides by using a buffered extraction

system. [2] There is also a European variation, the prEn

method 15662: 2007 [3], [4]. In summary, the method uses

acetonitrile extraction, followed by the salting out of water

from the sample using anhydrous magnesium sulfate

(MgSO4), NaCl and buffering citrate salts to induce liquid-liq-

uid partitioning. For cleanup, a dispersive solid-phase extrac-

tion (dispersive SPE) is conducted using a combination of pri-

mary secondary amine (PSA) to remove fatty acids from other

components and anhydrous MgSO4 to reduce the remaining

water in the extract. After mixing and centrifugation, the

upper layer is ready for analysis. 

The EN methodology is similar in principal to the AOAC

method, but has several differences. First, the extraction

buffered system in the EN method uses sodium chloride,

sodium citrate dehydrate, and disodium citrate hydrogenate

sesquihidrate instead of sodium acetate in the extraction

step. Second, in the dispersive SPE step, the EN method uses

25 mg PSA per mL of extract rather than 50 mg PSA per mL of

extract used by the AOAC method. 

In this study, 16 pesticides are used to demonstrate the per-

formance of Agilent SampliQ QuEChERS EN Buffered

Extraction kit (p/n 5982-5650) and EN dispersive SPE kit (p/n

5982-5021 and 5982-5056) for General Fruits and Vegetables,

suitable for common fruit and vegetable applications. Most of

the pesticides are from the original 'representative pesticides'

list [1]. According to their experience, a method working well

for these representative pesticides should work equally well

for nearly all of the other pesticides that are routinely moni-

tored in multiclass, multi-residue methods. These pesticides

are from nine different pesticide classes, including acidic,

basic, neutral, base-sensitive, and acid-labile pesticides.

Furthermore, the selected pesticides are suitable for

LC/MS/MS analysis. The MRLs of these pesticides have

been set for 10 ng/g or higher. Table 1 shows the chemical

and regulatory information of these pesticides.  

Experimental 

Reagents and Chemicals 
All reagents and solvents were HPLC or analytical grade.

Acetonitrile (ACN), methanol (MeOH) were from Honeywell

(Muskegon, MI, USA). Dimethyl sulfoxide (DMSO) was from

Sigma-Aldrich (St Louis, MO, USA). Ammonium acetate

(NH4OAc) was from Fisher Chemicals (Fair Lawn, NJ, USA).

Formic acid (FA) was from Fluka (Sleinheim, Germany). The

pesticide standards and internal standard (triphenyl phos-

phate, TPP) were purchased from Sigma-Aldrich (St Louis,

MO, USA), ChemService (West Chester, PA, USA), Ultra

Scientific (North Kingstown, RI, USA), or AlfaAesar (Ward Hill,

MA, USA).

Solutions and Standards
A 1M NH4OAc pH 5 stock solution was made by dissolving

19.27 g NH4OAc powder in 250 mL Milli-Q water. The pH was

adjusted to 5 with HAc and monitored with a pH meter. The

solution was stored at 4 ºC. 20:80 MeOH/H2O containing 

5 mM NH4OAc pH 5 was made by combining 200 mL MeOH

and 800 mL Milli-Q water, adding 5 mL of 1M NH4OAc pH 5

stock solution. 

A 5 mM  NH4OAc in ACN solution was prepared by adding 

5 mL of 1M  NH4OAc pH 5 stock solution to 1 L ACN, mixing

well and sonicating 5 min. A 1% FA in ACN solution was pre-

pared by adding 1 mL of FA to 100 mL of ACN. 
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Table 1. Pesticides Chemical and Regulatory Information [5–7] 
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Name Class Log P pKa Structure (ng/g)*

Acephate Organophosphate –0.89 8.35 20

Carbaryl Carbamate 2.36 10.4 50

Carbendazim Benzimidazole 1.48 4.2 100

Cyprodinil Anilinopyrimidine 4 4.44 50 

Dichlofluanid Sulphamide 3.7 NA 5000

Dichlorvos Organophosphate 1.9 NA 10

Imidacloprid Neonicotinoid 0.57 NA 500

Methamidophos Organophosphate –0.79 NA 10



Penconazole Triazole 3.72 1.51 50

Propoxur Carbamate 0.14 NA 1000

Pymetrozine Pyridine -0.19 4.06 20

Thiabendazole Benzimidazole 2.39 4.73 50

12.00

Thiophanate-methyl Benzimidazole 1.45 7.28 100

Tolylfluanid Sulphamide 3.9 NA 3000

Ethoprophos Organophosphate 2.99 NA 5

Kresoxim-methyl Strobilurin 3.4 NA 50

4

MRLs in apple
Name Class Log P pKa Structure (ng/g)*

Table 1. Pesticides Chemical and Regulatory Information [5–7]

ClCI

N
N

N

O

O

O N
H

N

N

O

N

N

NH

N
H

N N

S

NH

NH

NH O

NH

OS

CH
3

O

OS

CH
3

CH3

N
S

C
O

NS
O CH3

CH3

CI

F

CI

CH
3

S S
P CH

3

O

O

CH
3

O

CH
3

CH
3 OCH

3
N

O

O

*The MRLs numbers list in the table are for apple or lowest level in other fruit and vegetables. They could be higher in different commodities. 
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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, or DMSO, respectively, and

stored at –20 ºC. Three QC spiking solutions of 1,5, and 

20 µg/mL were made fresh daily in 1:1 ACN/H2O with 0.1%

FA. A 10 µg/mL standard spiking solution in 1:1 ACN/H2O

with 0.1% FA was made for preparation of calibration curves

in the matrix blank extract by appropriate dilution. A 

10 µg/mL IS spiking standard of TPP was made in 1:1

ACN/H2O (0.1% FA). 

Equipment and Material 
• Agilent 1200 HPLC with Diode Array Detector (Agilent

Technologies Inc., Santa Clara, CA, USA).

• Agilent 6410 Triple Quadrupole LC/MS/MS system with

Electrospray Ionization (Agilent Technologies Inc., Santa

Clara, CA, USA). 

• Agilent SampliQ QuEChERS extraction kit, p/n 5982-5650,

and dispersive SPE tubes, p/n 5982-5021 and 5982-5056

(Agilent Technologies Inc., Wilmington, DE, USA). 

• CentraCL3R Centrifuge (Thermo IEC, MA, USA)

• Bottle top dispenser (VWR, So. Plainfield, NJ, USA)

• Eppendorf microcentrifuge (Brinkmann Instruments,

Westbury, NY, USA)

• Grinder (St. Joseph, MI, USA) 

HPLC conditions

Column: Agilent Eclipse Phenyl-Hexyl 

150 mm x 3.0 mm, 3.5 µm (p/n 959963-312)

Flow rate: 0.3 mL/min

Column temperature: 30 ºC

Injection volume: 10 µL

Mobile phase: A: 5 mM ammonium acetate, pH 5.0 in 20:80 

MeOH/H2O

B: 5 mM ammonium acetate, pH 5.0 in ACN

Needle wash: 1:1:1:1 ACN/MeOH/IPA/H2O (0.2% FA.) 

Gradient:  Flow rate

Time % B (mL/min)

0 20 0.3

0.5 20 0.3

8.0 100 0.3

10.0 100 0.3

10.01 20 0.5

12.0 100 0.5

13.0 STOP

Post run: 4 min

Total cycle time: 17 min

MS conditions

Positive mode 

Gas temperature: 350 ºC

Gas flow: 10 L/min

Nebulizer: 40 psi

Capillary: 4000 V

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

Instrument Condition
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Sample preparation
Sample comminution

In order to get the most reliable statistical results, it is impor-

tant to spend the necessary effort and time on conducting

proper sampling and homogenization procedures. Organically

grown, pesticide free apples were purchased from a local gro-

cery store. Approximately three pounds of apples were

chopped into small, bean sized cubes. Skin was included, but

the pit was discarded. Then, the chopped apple cubes were

put into a clean plastic bag and frozen at –20 ºC overnight.

The bag was massaged occasionally to make sure the cubes

were frozen loosely to avoid clumping. The following day, a

portion of frozen apple cubes were removed and thoroughly

blended. Certain precautions were exercised while blending

the sample. First, the chopped apple cubes remained in the

freezer until the point of blending. Only the portion of apple

cubes necessary for homogenizing were removed; the rest

was kept in the freezer until the next comminution. Dry ice

was added while comminuting to keep the temperature low.

Second, the blender container was kept dry to prevent clump-

ing. In between blending, the container was rinsed and dried.

Third, samples were comminuted thoroughly to get the best

sample homogeneity. There were not any pieces of apple visi-

ble in the final sample. 

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

Acephate 1) 184.0 > 94.9 60 3 2.55

2) 184.0 > 111.0 15

Methamidophos 1) 142.0 > 94.0 60 8 2.54

2) 142.0 > 124.9 8

Pymetrozine 1) 218.1 > 105.0 115 20 2.97

2) 218.1 > 78.0 50

Carbendazim 1) 192.1 > 160.0 95 18 5.07

2) 192.1 > 105.0 40

Dichlorvos 1) 221.0 > 109.0 110 13 6.57

2) 221.0 > 95.0 40

Thiophanate methyl 1) 343.1 > 151.0 105 17 7.08

2) 343.1 > 117.9 65

Propoxur 1) 210.1 > 111.0 50 12 6.89

2) 210.1 > 92.9 15

Carbaryl 1) 202.0 > 145.0 50 3 7.30

2) 202.0 > 115.0 40

Cyprodinil 1) 226.1 > 93.0 120 35 9.23

2) 226.1 > 108.0 35

Dichlorfluanid 1) 333.0 > 123.0 85 28 9.40

2) 333.0 > 223.9 5

Ethoprophos 1) 243.1 > 130.9 80 15 8.50

2) 243.1 > 172.9 15

Penconazole 1) 284.1 > 158.9 80 32 8.95

2) 284.1 > 172.9 32

Tolyfluanid 1) 347.0 > 136.9 60 25 9.73

2) 347.0 > 238.0 3

Thiabendazole 1) 202.1 > 175.0 110 27 5.65

2) 202.1 > 131.0 38

Imidacloprid 1) 256.1 > 209.1 60 12 5.53

2) 256.1 > 175.0 18

TPP 1) 327.1 > 77.0 70 45 9.49

2) 327.1 > 151.9 45

Kresoxim methyl 1) 314.0 > 222.1 70 10 9.44

2) 314.0 > 235.0 10

1) Quantifier transition channel

2) Qualifier transition channel 

Table 2. Instrument Acquisition Data Used for the Analysis of 16 Pesticides by LC/MS/MS
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Extraction/Partitioning

A 10 g (±0.05g) previously homogenized sample was placed

into a 50 mL centrifuge tube. QC samples were fortified with

100 µL of appropriate QC spiking solution. A 100 µL of IS spik-

ing solution (10 µg/mL of TPP) were added to all of samples

except the control blank to yield a 100 ng/g concentration in

sample. Tubes were capped and vortexed for 1 min. Ten milli-

liters of ACN was added to each tube using the dispenser.

Tubes were then capped and shaken by hand for 1 min. To

each tube, an Agilent SampliQ QuEChERS EN extraction salt

packet (p/n 5982-5650), containing 4 g anhydrous MgSO4, 

1g NaCl, 1g sodium citrate, and 0.5 g disodium citrate sesqui-

hydrate, was added directly. No powders were left in the

threads or rims of the tubes. Tubes were sealed tightly and

shaken vigorously for 1 min by hand to ensure that the sol-

vent interacted well with the entire sample and crystalline

agglomerates were broken up sufficiently. Sample pH was

checked with pH paper, and 5N NaOH was added to adjust

the pH to 5-5.5. Sample tubes were centrifuged at 

4000 rpm for 5 min. 

Dispersive SPE Cleanup

A 1 mL aliquot of the upper ACN layer was transferred into 

an Agilent SampliQ QuEChERS EN dispersive SPE 2 mL tube

(p/n 5982-5021); or 6 mL of aliquot was transferred into an

Agilent SampliQ QuEChERS EN dispersive SPE 15 mL tube

(p/n 5982-5056). The 2 mL tube contained 25 mg of PSA and

150 mg of anhydrous MgSO4; while the 15 mL tube contained

150 mg of PSA and 900 mg of anhydrous MgSO4. The tubes

were capped tightly and vortexed for 1 min. The 2 mL tubes

were centrifuged with a micro-centrifuge at 13,000 rpm for 

2 min, and the 15 mL tubes with a standard centrifuge at 

4000 rpm for 5 min. Ten microlitres of extract were transferred

into an autosampler vial. A 10 µL of a 1% FA in ACN solution

was added immediately, in addition to 800 µL of water or

appropriate standard solution (prepared in water). The sam-

ples were capped and vortexed thoroughly, to prepare for

LC/MS/MS analysis. 

The flow chart in Figure 1 illustrates the sample preparation 

procedure.

Results and Discussion

In addition to being fast, easy, cheap, effective, rugged and

safe, an additional key feature of the QuEChERS method is

the potential for the simultaneous analysis of multi-pesticide

residues. With the new design of Agilent’s SampliQ

QuEChERS kits, the whole procedure is even faster, easier,

and offers more time and labor savings, while ensuring con-

Transfer 200 µL extract to autosampler vial, add 10 µL of 1% FA

in ACN, and dilute with 800 µL water

Weigh 10 g comminuted sample (±0.05 g)

in 50 mL centrifuge tube

Spike samples with 100 µL of IS solution and vortex for 1 min

Add 10 mL of ACN, and shake 1 min

Add SampliQ EN extraction packet, and shake vigorously by hand for 1 min

Centrifuge at 4000 rpm for 5 min

Transfer 1 mL of upper ACN layer to SampliQ EN dispersive SPE 2 mL tube, or

6 mL to SampliQ EN dispersive SPE 15 mL tube

Vortex 1 min, centrifuge at 13,000 rpm for 2 min for 2 mL tubes or at 

4000 rpm for 5 min for 15 mL tubes

Figure 1. QuEChERS EN sample preparation procedures flow chart.

Samples are ready for LC/MS/MS analysis

sistency. An analyst can process 40–50 samples in just a few

hours. Adding a food sample with a high percentage of water

directly to the salts may create an exothermic reaction that

can affect analyte recovery. Agilent's SampliQ salts and

buffers are uniquely prepared in anhydrous packages. This

allows addition AFTER adding solvent to the sample, as speci-

fied in the QuEChERS methology. The final QuEChERS sample

still contains food matrix impurities because it is a very sim-

ple sample extraction and cleanup procedure. The final apple

extract appeared light green. But with the powerful selectivity

of LC/MS/MS multiple reaction monitoring mode, the

extracted apple blank appeared to be clean and free of coelut-

ing impurities, indicating that the cleaned-up apple extract did

not contribute any interferences with the target compounds.

Figure 2 shows the chromatograms of a blank apple extract

and a 10 ng/g fortified apple extract. 
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Figure 2a Chromatograms of apple extract blank. No interference was found in the blank. 
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Figure 2b. Chromatogram of 10 ng/g fortified apple extract. Peak identification: 1. Methamidophos, 2. Acephate, 3. Pymetrozine, 4. Carbendazim, 5. Imidacloprid,
6. Thiabendazole, 7. Dichlorvos, 8. Propoxur, 9. Thiophanate methyl, 10. Carbaryl, 11. Ethoprophos, 12. Penconazole, 13. Cyprodinil, 14. Dichlofluanid,
15. Kresoxim methyl, 16, Tolyfluanid. 
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Linearity and Limit of Quantification (LOQ)
The linear calibration range for all of the pesticides was 

5 – 250 ng/g. Since two different dispersive SPE sizes 

(1 mL and 6 mL sample volume) were used for evaluation and

comparison, two sets of calibration curves were generated

respectively. Matrix blanks were prepared for each size.

Calibration curves, spiked in matrix blanks, were made at lev-

els of 5, 10, 50, 100, 200, and 250 ng/g. The TPP was used as

an internal standard (IS) at 100 ng/g level. The calibration

curves were generated by plotting the relative responses of

analytes (peak area of analyte/peak area of IS) to the relative

concentration of analytes (concentration of analyte/concen-

tration of IS). Table 1 shows that the 5 ng/g quantification

limits LOQ (5 ppb) established for all of the pesticides is sig-

nificantly lower than the MRLs of these pesticides in fruit and

vegetables. Table 3 shows the regression equation and corre-

lation coefficient (R2) for both 1 mL and 6 mL dispersive SPE.

1 mL dispersive SPE 6 mL dispersive SPE
Analytes Regression equation R2 Regression equation R2

Methamidophos Y = 0.3203X – 0.0005 0.9972 Y = 0.3255X – 0.0018 0.9957

Acephate Y = 0.1373X – 0.0021 0.9975 Y = 0.1375X – 0.0010 0.9953

Pymetrozine Y = 0.4688X – 0.0009 0.9961 Y = 0.3821X + 0.0007 0.9782

Carbendazim Y = 1.4253X + 0.0126 0.9931 Y = 1.3379X + 0.0045 0.9903

Imidacloprid Y = 0.0647X – 0.0004 0.9944 Y = 0.0636X – 0.0006 0.9974

Thiabendazole Y = 0.9014X + 0.0127 0.9922 Y = 0.8600X + 0.0050 0.9942

Dichlorvos Y = 0.0364X + 0.0002 0.9884 Y = 0.0362X + 0.0002 0.9892

Propoxur Y = 2.4398X – 0.0001 0.9989 Y = 2.4272X + 0.0029 0.9994

Thiophanate methyl Y = 0.3171X – 0.0015 0.9965 Y = 0.2869X – 0.0020 0.9904

Carbaryl Y = 0.6378X + 0.0017 0.9989 Y = 0.6363X + 0.0003 0.9988

Ethoprophos Y = 1.0897X – 0.0030 0.9984 Y = 1.0628X – 0.0001 0.9992

Penconazole Y = 0.2334X – 0.0012 0.9978 Y = 0.2186X – 0.0003 0.9979

Cyprodinil Y = 0.4805X + 0.0008 0.9992 Y = 0.4697X – 0.0017 0.9985

Dichlorfluanid Y = 0.0552X – 0.0003 0.9970 Y = 0.0562X – 0.0012 0.9946

Kresoxim methyl Y = 0.2958X – 0.0005 0.9978 Y = 0.2762X – 0.0003 0.9966

Tolyfluanid Y = 0.0860X – 0.0011 0.9918 Y = 0.0845X – 0.0008 0.9968

Table 3. Linearity of Pesticides in Apple Extract
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10 ng/g fortified QC 50 ng/g fortified QC 200 ng/g fortified QC
Analytes Recovery RSD (n=6) Recovery RSD (n=6) Recovery RSD (n=6) 

Methamidophos 73.0 5.6 75.6 3.1 84.3 5.3

Acephate 92.8 4.2 87.2 5.6 95.6 5.8

Pymetrozine 27.1 18.2 24.9 10.5 28.1 12.3

Carbendazim 85.1 5.9 89.5 3.4 84.1 4.7

Imidacloprid 91.0 3.3 102.7 5.4 107.2 4.9

Thiabendazole 84.8 6.8 90.4 3.5 86.7 4.0

Dichlorvos 83.1 13.9 92.2 5.2 93.1 4.6

Propoxur 97.8 2.6 100.2 2.9 100.7 3.8

Thiophanate methyl 79.9 8.5 79.9 2.9 85.5 5.7

Carbaryl 89.3 2.8 92.5 3.6 95.8 4.1

Ethoprophos 93.7 1.6 93.5 2.9 95.7 3.4

Penconazole 109.2 6.7 108.1 5.7 110.6 4.4

Cyprodinil 98.9 6.9 101.2 2.7 102.9 4.3

Dichlorfluanid 85.1 7.8 92.2 4.4 99.4 5.5

Kresoxim methyl 90.4 4.8 99.6 3.9 103.7 4.5

Tolyfluanid 98.3 13.7 102.0 4.0 106.0 4.4

Table 4. Recovery and Repeatability of Pesticides in Fortified Apple With 2 mL EN Dispersive SPE Tube (p/n 5982-5021)

Recovery and Reproducibility
The recovery and reproducibility were evaluated by spiking

pesticides standards in comminuted apple sample at levels of

10, 50, and 200 ng/g. These QC samples were quantitated

against the matrix spiked calibration curve. The analysis was

performed in replicates of six (n = 6) at each level. The recov-

ery and reproducibility (RSD) data of 1 mL and 6 mL dispersive

SPE are shown in Tables 4 and 5, respectively. It can be seen

from the results, that all of the pesticides but pymetrozine

give acceptable recoveries (average of 85.7% for 1 mL and

88.2% for 6 mL) and precision (average of 6.0% RSD for 1 mL

and 5.7% RSD for 6 mL). The notorious base-sensitive pesti-

cides such as dichlorfluanid and tolyfluanid showed excellent

recovery and precision. Pymetrozine, an acid labile pesticide,

shows poor recovery using the European method when com-

pared to the AOAC method [2]. With the AOAC method, an

average recovery of 88% with 9.4% average RSD for

pymetrozine was obtained [8]. 
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10 ng/g fortified QC 50 ng/g fortified QC 200 ng/g fortified QC
Analytes Recovery RSD (n=6) Recovery RSD (n=6) Recovery RSD (n=6) 

Methamidophos 77.6 4.9 77.8 6.4 81.2 2.1

Acephate 86.6 7.6 87.8 5.5 91.5 1.5

Pymetrozine 28.1 24.3 27.5 12.2 29.1 10.4

Carbendazim 89.9 6.8 88.9 3.3 81.8 3.6

Imidacloprid 105.3 10.8 105.2 4.8 106.6 5.0

Thiabendazole 89.8 4.8 87.6 3.1 84.2 1.4

Dichlorvos 97.8 14.5 98.2 5.6 98.1 2.5

Propoxur 99.5 3.8 104.0 2.6 100.9 3.3

Thiophanate methyl 87.4 5.8 88.3 4.7 89.0 7.6

Carbaryl 92.9 6.1 93.7 3.0 93.6 2.4

Ethoprophos 94.8 5.5 99.2 3.0 98.8 3.8

Penconazole 106.8 4.9 111.2 3.0 109.0 4.1

Cyprodinil 102.7 4.5 105.7 3.5 102.4 2.6

Dichlorfluanid 99.7 18.9 97.4 4.5 98.9 5.5

Kresoxim methyl 102.6 12.0 106.1 2.0 106.1 5.6

Tolyfluanid 92.0 9.3 105.5 3.3 105.1 4.3

Table 5. Recovery and Repeatability of Pesticides in Fortified Apple With 15 mL EN Dispersive SPE Tube (p/n 5982-5056)
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Figure 3 shows the recovery and precision results comparison

of 1 mL dispersive SPE and 6 mL dispersive SPE. The two dif-

ferent dispersive SPE clean-ups were performed by transfer-

ring 1 mL or 6 mL of ACN extract from the sample tube after

the extraction step. To simplify the comparison, the average

recovery and precision of three fortification concentrations

were used for all pesticides. The results of two dispersive

SPE clean-up approaches appear to be independent of volume

used. There was < 10% difference in recovery and < 5% dif-

ference for RSD. Both approaches provided efficient sample

clean-up, and generated relatively equivalent results. 
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Figure 3. Results comparison of 1-mL dispersive SPE and 6-mL dispersive SPE.



13

Conclusions

The Agilent SampliQ QuEChERS EN fruit and vegetable kit

provides a simple, fast and effective method for the purifica-

tion and enrichment of selective representative pesticides in

apple. The recovery and reproducibility results, based on

matrix spiked standards, were acceptable for selected pesti-

cide residue determination in apple. The impurities and matrix

effect from apple were minimal and did not interfere with the

quantitation of target compounds. The LOQs of the pesticides

were lower than their MRLs in fruits and vegetables. As the

selected pesticides represented a broad variety of different

classes and properties, the Agilent SampliQ QuEChERS EN kit

for General Fruits and Vegetables can be used for other pesti-

cides in similar food matrices. 

References

1. M. Anastassiades, S. J. Lehotay, “Fast and Easy

Multiresidue Method Employment Acetonitrile

Extraction/Partitioning and ‘Dispersive Solid-Phase

Extraction’ for the Determination of Pesticide Residues in

Produce,” 2003, 86, 412- 431.

2. S. J. Lehotay, et al; “Use of Buffering and Other Means to

Improve Results of Problematic Pesticides in a Fast and

Easy Method for Residue Analysis of Fruits and

Vegetables, J. AOAC Int., 2005, 88, 615-629.

3. European Committee for Standardization/Technical

Committee CEN/TC 275 (2007), Foods of plant origin:

Determination of pesticide residues using GC-MS and/or

LC-MS/MS following acetonitrile extraction/partitioning

and cleanup by dispersive SPE-QuEChERS method.

European Committee for Standardization, Brussels 

4. P. Payá, M. Anastassiades, “Analysis of Pesticide

Residues Using the Quick Easy Cheap Effective Rugged

and Safe (QuEChERS) Pesticide Multiresidue Method in

Combination With Gas and Liquid Chromatography and

Tandem Mass Spectrometric Detection,” Anal Bioanal

Chem., 2007, 389, 1697-1714. 

5. http://sitem.herts.ac.uk/aeru/footprint/en/index.htm

6. http://www.m5.ws001.squarestart.ne.jp/foundation/

search.html

7. http://www.mrldatabase.com/?selectvetdrug=0

8. L. Zhao, D. Schultz, and Joan Stevens “Evaluation of the

QuEChERS AOAC Sample Preparation Kit for the Analysis

of Pesticide Residues in Apples with LC/MS/MS

Detection,” Agilent Technologies publication 5990-

3937EN

For More Information

For more information on our products and services, visit our

Web site at www.agilent.com/chem.





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


