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Determination of Pesticide 
Residues in Honey by Modified 
QuEChERS Extraction and a 

Variety of Instrumental Method

Xiujing Lu Baggett
Georgia Department of Agriculture

Chemical Laboratory Division

Introduction
• Samples: Honeys
• Analytes: 11 pesticides
• Methods: QuEChERS
• Instruments:

– GC/XSD
– GC/PFPD
– GC/MSD
– LC/TOF 
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• The New Challenge of LOD –

Fluvalinate: 

Tolerance Level in Honey:

1.0 ppmAmitraz

0.1 ppmCoumaphos

0.05 ppmFluvalinate

F3C

Cl

NH C

H

CH(CH3)2

C

O

C

O

CH

CN

O

Extraction Methods

• The old “Luke” methods

• New QuEChERS method

• The history of our first small scale Luke 
method

• Our modified QuEChERS method

The Old Luke method for Honey Extraction

50g Sample +200 ml 35% 
H2O/Acetone In a blender

Measure and record total
Volume 210-250 ml

250ml separatory funnel + 50ml 
methylen Chloride and 50 ml 
petroleum ether, Shake 1 min 

Graduated cylinder Drying column
(anh Sodium Sulfate)

250 ml separatory funnel + 50
ml methylene chloride, 

shake 1min

Store rest extract 
in refrigerator

Labconco beaker

Concentrate to 2ml + 10 ml
Acetone, then concentrate to 

5 ml final volume

Upper organic layer + 50 ml
Methylene chloride, 

shake 1 min

Blend at high speed 5 min

Pour 50 ml into

Aqueous layer 1st extract organic layer

2n
d extra

ct

3
rdextract

The new QuEChERS method for honey extraction

10g Sample in a 50 ml FEP tube

Add: 10 ml 1 % HAc in MeCN,
1 g anh NaAc and 4 g anh MgSO4

Shake vigorously 1 min
Centrifuge > 1500 rcf 1 min

A 15 ml tube with 0.6 g anh MgSO4 
And 0.2 g PSA

Shake/vortex for 30 sec
Centrifuge > 1500 rcf 1 min

Filter and transfer
1.0 ml to GC/XSD and PFPD

Filter and transfer
1.0 ml to GC/MSD and LC/TOF

+10 ml H2O, Shake for 1 min

+ 100 µl of 50 ppm ISTD 

Transfer 4.0 ml into
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Condition experiment

-31.5-3.5-14.550.4Dev%

131.5103.5114.549.6Avg

117.1103.1113.644.8Cypermethrins

141.0110.7123.553.4Coumaphos

128.099.3109.643.4Permethrins

129.7101.1117.552.0Endosulfan 
Sulfate

115.5100.0115.049.7Endosulfans

141.6106.7116.754.3M-CPRF

20 ml H2O 15 ml H2O10 ml H2O5 ml H2OPesticides

The recoveries
• Experiment Design:

– Extract each sample in triplicate
– Inject each sample extract in triplicate 

• Spike level:
– 100 µl of 50 ppm ISTD in 10 gram sample:

• 0.5 ppm
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m-CPRF 91.5 0.0 83.0 93.9 89.5

endosulfans 82.8 0.0 79.9 82.9 81.9

endosulfan sulfate 94.2 94.6 108.8 85.3 95.7

permethrins 83.0 84.8 109.5 79.8 89.3

cypermethrins 110.6 85.5 116.0 78.5 97.7

coumaphos 85.2 109.8 0.0 80.4 91.8

exp 1 exp 2 exp 3 exp 4 average

Pesticide Recoveries by PFPD 
Amitraz Recovery by MSD
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acephate 88.2 106.0 117.8 103.1 103.8

phosmet 83.9 94.6 109.8 94.6 95.7

azinphos-methyl 85.3 95.1 110.7 93.8 96.2

coumaphos 83.9 85.1 94.0 95.0 89.5

m-CPRF 91.2 102.5 115.0 102.9

amitraz 83.9 95.1 93.5 91.0 90.9

exp 1 exp 2 exp 3 exp 4 average

LC/MS/TOF recovery

84.0
88.9
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Instrumentation
• GC/XSD and GC/PFPD:

GC chromatogram

GC/PFPD GC/XSD

• Instrument:

– Agilent 6890 Gas Chromatography

– OI Analytical 5380: Pulsed Flame 
Photometric Detector (PFPD) 

– OI Analytical 5360: Halogen Specific 
Detector (XSD)

– Agilent 7683 Autosampler

• Temperature Program

• Column Information
– PFPD: ZB-1 (30mx0.32mmx0.25µm)
– XSD: ZB-5 (30mx0.32mmx0.25µm)

16.42285102

5.90200251

0.50.5650(65c)

Run time 
(min)

Holding 
time (min)

Next temp 
(c)

Rate 
(c/min)

Oven 
Ramp

GC/MSD:
• Instrument:

– Agilent 5890 Gas Chromatography

– Agilent 5972 Mass Detector

– Agilent 7683 Autosampler
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• Temperature Program

• Column Information
– DB-5MS (30mx0.25mmx1µm)

• SIM: m/z
– 293, 121, 132, 147, 162

35.071228083

13.1020032

6.401802570c
(Ini 2 min)

Run time 
(min)

Holding 
time

Next temp 
(c)

Rate 
(c/min)

Oven 
ramp

GC/MS chromatogram (in SIM)

LC/TOF Premier
• Instrument: 

– Waters Acquity UPLC System
• Binary solvent manager
• Sample manager
• Column manager
• A specialized column

– Waters LCT Premier oa-TOF mass 
Spectrometer

• (orthogonal acceleration Time-of-Flight)

• Gradient

– Mobile ph A: 5% aqueous MeOH + 2mM CH3CO2NH4

– Mobile ph B: 95% aqueous MeOH + 2mM CH3CO2NH4

• Column Information
– Acquity UPLC BEH C18,  1.7 µM,  2.1x 50mm

101000.4513.50
601000.4511.10
610000.4511.00
610000.458.50

01000.450
Curve% B%  AFlow (ml/min)Time (min)

• MS Conditions

– Ion Mode: ES / W+
– Capillary V: 250V
– Source T: 120 c
– Desolvation T: 350 c
– Gas Flow: 600 L/hr
– Mass Range: 50 – 1000
– Acq. Time: 0.25 s
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LC/TOF chromatogram and S/N
H_16778_a1

Time
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H_051606_010 1: TOF MS ES+ 

294.2 0.50Da
2.48e3

S/N:RMS=559.11

8.16

H_051606_010 1: TOF MS ES+ 
363.02 0.50Da

8.57e3
S/N:RMS=946.11

H_051606_010 1: TOF MS ES+ 
503.13 0.50Da

274
S/N:RMS=56.03

5.174.844.61 7.165.805.555.34 6.776.08 6.32 6.47 6.97 7.817.627.40
8.55

8.33 8.88 9.539.24 9.99

Fluvalinate

Coumaphos

Amitraz

LC/TOF Quanlynx calibration curve and results

Conclusion

Good for 
environmentLess toxic

Save 
money

Save 75%
time

Save 
97%

solvent

Save 
80%

sample
Advantages

Most tubes 
disposable, 

and less 
waste

MeCNTubes1 hr1010QuEChERS

A lot of Dish 
washings

And
Waste

Methylene
Chloride

250 ml 
Glass 

separate 
funnels,

Drying 
columns

4 hrs40050
Old

Luke

OthersToxicityEquipmentExperiment
time

Solvent
(ml)

Sample
(gram)

Method
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Everybody say: Cheese


