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Tobacco Production - 2010 

Statistical data from the Food and Agriculture 
Organization of the United Nations (FAO)   

www.fao.org 

1. China   3000 
2. Brazil  780  
3. India  760 
4. United States 330 
5. Malawi  215 

Top 5 Countries 
Metric Tons x 1000 



Organochlorine 

Organonitrogen 

Organophosphate 

Carbamate 

Fungicide 

Insecticide 

Herbicide 

Fumigant 

Plant Growth Regulator 

Tobacco is ranked #6 

 in amount of pesticides applied per acre  



Pesticides in Tobacco - Regulations 

EPA 

Pesticides used during 
production 

Worker health 
Protect groundwater used for 

drinking 

USDA 

Pesticide residues on tobacco 
Only non-EPA approved 
 Imported and Domestic 



Quick 

Easy 

Cheap 

Effective 

Rugged 

Safe 

QuEChERS 
Pesticides in Fruits and 

Vegetables 

 Simplified shake extraction 
for multi- pesticide residue 

analysis 
 

 Extracted and partitioned 
using acetonitrile and 

salt/buffer solution 
 

Dispersive solid phase 
extraction cleanup 

1. M. Anastassiades, S.J. Lehotay, D. Stajnbaher, F.J. Schenck, J. AOAC International 86, p. 412-431 
(2003). 
2. EN 15662, Foods of Plant Origin—Determination of Pesticide Residues Using GC-MS and/or 
LC-MS/MS Following Acetonitrile Extraction/Partitioning and Clean-up 
by Dispersive SPE—QuEChERS method. 
3. AOAC Official Method 2007.01, Pesticide Residues in Foods by Acetonitrile Extraction and 
Partitioning with Magnesium Sulfate. 



QuEChERS – EN Extraction 
Weigh 2g dry material Vortex 30 min 

Add 10 mL water 

100 µL QuEChERS GCMS 

Internal Standard 

100 µL Pesticide spike mix 

10 mL acetonitrile 

Add EN Buffer Salts 

Shake 1 min 

Centrifuge 5 min 



Cleanup - dispersive 
1 mL extract 

Q-Sep dSPE tubes evaluated 
 

Q213 
25 mg PSA, 7.5 mg GCB, 150 mg MgSO4 

 

Q252 
50 mg PSA, 50 mg GCB, 50 mg C18, 150 mg MgSO4 

Shake 2 min 

Centrifuge 5 min 

Q252 
Q213 

Guide to Sorbents 

Removes 
Sugars and fatty acids Primary secondary amine (PSA) 

Sorbent 

Octadecyl (C18) Lipids 

Pigments and sterols Graphitized carbon black (GCB) 



Cleanup - cartridge 

1 mL extract 

MgSO4 

500 mg GCB 

500 mg PSA 

Elute 15 mL  
3:1 Acetone:Toluene 

Concentrate to1 mL 



Cleanup Evaluation 

Extract 
with NO 
cleanup 

Q213 
25 mg PSA 
7.5 mg GCB 

Q252 
50 mg PSA 
50 mg GCB 
50 mg C18 

cSPE  
500 mg PSA 

500 mg 
GCB 



Q213 
Q 252 
cSPE 

Cleanup Evaluation 



Cleanup Evaluation: Non Volatile Residue 

Extract 
with NO 
cleanup 

Q213 
25 mg PSA 
7.5 mg GCB 

Q252 
50 mg PSA 
50 mg GCB 
50 mg C18 

cSPE  
500 mg PSA 

500 mg 
GCB 

- 50% 

- 70% 

- 70% 

No additional cleanup 
of non-VOA residue 



GC X GC Conditions 

Injection 

Temp: 250°C 
Injection:1 µL fast, splitless (1.0 min) 
Liner:  Sky Single Taper w/ wool  

Column 

Rxi-5Sil MS 30m x 0.25mm x 0.25µm 
Rtx-200 1.3 m x 0.25 mm x 0.25 µm  

Conditions 

Oven: 90°C (1 min), 5°C/min to 310°C 
(2 min) 
Secondary Oven Offset: 5°C 
Carrier:  He, constant flow 2 mL/min 
Modulator Temperature Offset: 20°C  
Modulation Time: 3 sec  

LECO Pegasus®  

TOFMS Conditions 

Transfer Line Temperature: 300°C 
 

Source Temperature:  225°C 
 

Electron Ionization:  70 eV 
 

Stored Mass Range:  45 to 550 u 
 

Acquisition Rate:  100 spectra/sec 
 

Instrument Conditions 



GC x GC Chromatogram 





Q213 

Q252 

Tobacco Extract (TIC) 



Tobacco Extract (60 m/z) 
Q213 25 mg PSA 

Q252 50 mg PSA 



% Recoveries – 500 ppb Spike 
  Q252 Q213 

Acephate 93 87 

Omethoate 97 91 

Hexachlorobenzene 21 61 

Diazinon 88 96 

Carbaryl 94 95 

Metalaxyl 100 98 

Pirimiphos methyl 93 93 

Malathion 98 94 

Chlorpyrifos 83 91 

Parathion 89 100 

Endosulfan I 75 87 

Endrin 75 87 

Endosulfan II 92 93 

Endosulfan sulfate 94 97 

4,4'-DDT 76 79 

Piperonyl butoxide 86 99 

Average (%RSD) 82 (23%) 92 (13%) 



% Recoveries – 50 ppb Spike 
  Q252 Q213 

Acephate 69 105 

Omethoate 76 96 

Hexachlorobenzene 18 63 

Diazinon 98 77 

Carbaryl 79 100 

Metalaxyl 170 78 

Pirimiphos methyl 78 85 

Malathion 93 130 

Chlorpyrifos 77 83 

Parathion 110 98 

Endosulfan I 61 100 

Endrin 87 110 

Endosulfan II 100 91 

Endosulfan sulfate 74 94 

4,4'-DDT 72 74 

Piperonyl butoxide 99 86 

Average (%RSD) 81 (33%) 91 (22%) 



Wool or No Wool? 
No Wool Wool 

Dichlorvos 105 153 

Acephate 138 109 

Omethoate 136 99 

Hexachlorobenzene 93 98 

Chlorothalonil 71 50 

Diazinon 126 142 

Carbaryl 118 85 

Metalaxyl 148 136 

Malathion 143 124 

Chlorpyrifos 120 117 

Parathion 132 126 

Folpet 119 91 

Endosulfan I 102 97 

Endrin 122 105 

Endosulfan sulfate 111 92 

4,4'-DDT 134 106 

Piperonyl butoxide 166 125 

Dicofol 85 14 

Deltamethrin 141 96 

% Recovery 
after 40 

injections of 
Tobacco 

extract with 
Q213 

cleanup 
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Incurred Pesticide – Piperonyl butoxide 



Incurred Pesticide – Piperonyl butoxide 



LC-MS/MS vs. GC x GC-TOFMS  



Shimadzu UFLCXR LC 

AB SCIEX 4000 

Turbo V™ source  

ESI + 

Scheduled MRMTM 

Multiple Reaction Monitoring 

2 transitions each pesticide 

LC-MS/MS  Injection 

Extracts diluted by  
either 10X in initial 
mobile phase  

20 µL injection volume 

Ultra Aqueous C18:  

100mm x 2.1mm x 3µm  

LC Conditions 

Mobile phase gradient  
A = water with 2mM ammonium 

acetate, 0.1% formic acid 

B =methanol with 2mM ammonium 
formate, 0.1% formic acid  

0.5mL/min 

Gradient  

0 – 1.5 min = 10%B 

1.5 – 6.0 min = 70% B 

6.0 – 9.0 min = 70% B 

9.0 – 10.0 min = 100% B 

10.0 – 12.0 min =100B 

LC-MS/MS Conditions 



1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0 11.0 12.0 13.0 14.0 
Time, min 

Restek Ultra Aqueous C18 

3µm, 100 x 2.1mm 

11 minutes  
+ rinse 

methamidophos  
 

acephate  
 

//upload.wikimedia.org/wikipedia/commons/d/d1/Methamidophos.svg
//upload.wikimedia.org/wikipedia/commons/6/65/Acephate2D.png


  LC-MS/MS GC x GC TOFMS 

Methamidophos 63 83 

Acephate 72 87 

Omethoate 67 91 

Dimethoate 82 102 

Mevinphos 85 101 

Carbaryl 84 95 

Metalaxyl 80 98 

Malathion 81 94 

Fenthion 86 88 

Diazinon 87 96 

Pirimiphos methyl 80 93 

Chlorpyrifos 94 91 

trans-Permethrin 182 90 

cis-Permethrin 134 84 

% Recoveries – 500 ppb Spike 

10 x dilution 



Conclusion 
  QuEChERS extraction with dSPE cleanup yields samples clean 

enough to achieve good recoveries for pesticide residues in 
finished tobacco. 

 
  Comprehensive two-dimensional gas chromatography (GC x 

GC) separates potential matrix interferences from target 
analytes. 

 
 A liner with wool may decrease the response of some active 

pesticides, but still provides a good barrier to protect the 
analytical column. 

 
  LC-MS/MS provides comparable results to the GC x GC-TOFMS 

analysis 4 x faster, but cannot analyze target organochlorine 
pesticides.  



Questions?? 


