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Compounds Evaluated % F- % F+

EUPT-FV14 17 1,8 0,9

EUPT-FV15 18 1,4 0,3

EUPT-FV16 22 1,3 0,1

EUPT-FV17 11 0,8 0,5

Similar number/percentage with AcN, EtAc, Acetone based methods 



Solubility of solvents in water 

Solubility in water PubChem Handbook of Chemistry and Physics. 94 th 

Acetonitrile 800 (g/L) to 25ª C miscible 

Acetone 100% miscible 

Dichloromethane 13,2 (mg/L) to 25ºC slightly soluble 

Petroleum Ether  insoluble 

Ethyl Acetate 80 (g/L) to 25º C soluble 

Solubility of fatty acids with various organic solvents 

 No of C atoms 
Solubilities at 20º C 

Ethyl acetate Acetone Acetonitrile 

10 289 407 66 

11 425 706 185 

14 15,3 15,9 1,8 

15 15,4 13,8 1,1 

18 0,5 1,54  <0,1 



2292 Matrix 
compounds 

Citrate QuEChERS 

Mini-Luke-Method 

Ethyl Acetate method 

3227 Matrix 
compounds 

3381 Matrix 
compounds 

Co-extracted matrix components of Tomato 
Absolute height > 10000 counts LC-TOF-MS 



Co-extracted matrix components of orange Dilution 1/5 
Absolute height > 10000 counts LC-TOF-MS 

5776  Compounds 
Total Area 1.61e10   

QuEChERS 
7302 Compounds 

Total Area 1.83e10   

NL-Method 

7302 Compounds 
Total Area 1.83e10   

NL-Method QuEChERS  without clean-up 

9514  Compounds 
Total Area 2.13e10   



QuEChERS Mini Luke 

Ethyl  

Acetate 

4395  Compounds 
Total Area 8.26e9 

4117 Compounds 
Total Area 8.68e9  

3904 Compounds 
Total Area 7.83e9   

0.1 g sample/mL 

Co-extracted matrix components of orange Dilution 1/10 
Absolute height > 10000 counts LC-TOF-MS 



25 Commodites 

Pear Cucumber Potato Orange Green bean 

Melon Lemon Apple Lettuce Strawberry 

Cauliflower Onion Broccoli 

Banana 

Carrot Tomato Parsley Green tea Pepper 

Aubergine Leek Avocado Celery 

Cherry Pumpkin 



• Citrate QuEChERS with clean-up 
o Sample weigh: 10 g 

o Extraction solvent: Acetonitrile 

• Citrate QuEChERS without clean-up 
o Sample weigh: 10 g 

o Extraction solvent: Acetonitrile 

• Ethyl acetate method 
o Sample weigh: 10 g 

o Extraction solvent: Ethyl Acetate 

• NL method 
o Sample weigh: 15 g 

o Extraction solvent: Acetone 

Total number of results= 225 compounds · 25 commodities = 5625 results/comm. 

Methods 

Final extract: 
o GC: 1 g sample/mL extract 

o LC: 0.2 g sample/mL extract 

 

Total injected amount 

2 mg for GC 

1 mg for LC 
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Blue 0.2 min. Green 0.1 min.  

Percentage of Common Transitions by method 

(same transition(s) at different retention time windows) 

GC-QqQ-MS/MS 

1g sample /mL extract 

Citrate QuEChERS 

without clean up 

method 

Citrate QuEChERS 

method 

 



SRM1 
(137>109) 

SRM2 

(246>137) 

SRM1 
(137>109) 

SRM2 
(246>137) 

SRM1 
(137>109) 

SRM2 

(246>137) 

SRM1 
(137>109) 

SRM2 

(246>137) 

SRM1 
(137>109) 

SRM2 

(246>137) 
Ratio = 0,4 % Ratio: 0,3 

Diff .: 25 % 

Ratio: 0,32 

Diff .: 20 % 

Ratio: 0,34 

Diff .: 15 % 

Ratio: 0,27 

Diff .: 33 % 

Fonofos at 10 µg/kg in Avocado. GC-MS/MS 

Std in solvent 

at 10 µg/L  

Ethyl Acetate 

method 
NL method Citrate QuEChERS 

method 

Citrate QuEChERS  

without clean-up method 

http://www.clipartsfree.net/large/6390-ok-button-clipart.html
http://www.clipartsfree.net/large/6390-ok-button-clipart.html
http://www.clipartsfree.net/large/6390-ok-button-clipart.html
http://www.viewpsd.com/wp-content/uploads/2013/04/delete-button.jpg


Ratio: 0,82 
Diff.: 6 % 

SRM1 
(209>133) 

SRM2 
(133>117) 

Ratio: 0,82 
Diff.: 6 % 

SRM1 
(209>133) 

SRM2 

(133>117) 

Ratio: 1,32 

Diff .: 51 % 

SRM1 
(209>133) 

SRM2 
(133>117) 

Metazachlor at 10 µg/kg in Celery. GC-MS/MS 

Std in solvent 
at 10 µg/L  

Ethyl Acetate 
method 

NL method Citrate QuEChERS 
method 

SRM1 (209>133) 

SRM2 (133>117) 

Ratio: 0,87 

http://www.clipartsfree.net/large/6390-ok-button-clipart.html
http://www.clipartsfree.net/large/6390-ok-button-clipart.html
http://www.viewpsd.com/wp-content/uploads/2013/04/delete-button.jpg
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Blue 0,2 min. Green 0,1 min. 

Percentage of Common Transitions by method 

 (same transtion(s) at different retention time windows) 

LC-QqQ-MS/MS 

0.2 g sample /mL extract 



Std in solvent 
at 10 µg/L  

Ethyl Acetate 
method 

Haloxyfop at 10 µg/kg in Aubergine. LC-MS/MS 

NL method Citrate QuEChERS 
method 

Ion Ratio: 0.34 
Diff.: 11% 

Ion Ratio: 0.27 
Diff.: 29% 

Ion Ratio: 0.21 
Diff.: 45% 

Ion Ratio: 0.39 
Diff.: 3% 

Ion Ratio: 0.38 

Citrate QuEChERS  
without clean-up 

method 

http://www.clipartsfree.net/large/6390-ok-button-clipart.html
http://www.clipartsfree.net/large/6390-ok-button-clipart.html
http://www.viewpsd.com/wp-content/uploads/2013/04/delete-button.jpg
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Std in solvent 
at 10 µg/L  

Ethyl Acetate 

method 

NL mehod Citrate QuEChERS  

without clean-up 
method 

Citrate QuEChERS  

method 

Ratio: 
0.37) 

Ratio:  0.08 
Diff.: 78% 

Ratio:  0.09 
Diff.: 76% 

Ratio:  0.06 
Diff.: 84% 

Ratio:  0.46 
Diff.: 24% 

Azinphos methyl at 10 µg/kg in Onion. LC-MS/MS 

http://www.clipartsfree.net/large/6390-ok-button-clipart.html
http://www.viewpsd.com/wp-content/uploads/2013/04/delete-button.jpg
http://www.viewpsd.com/wp-content/uploads/2013/04/delete-button.jpg
http://www.viewpsd.com/wp-content/uploads/2013/04/delete-button.jpg
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Total Area Chromatogram  Nº of  total molecules  

% of compounds >50% suppression 
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2 NRLs 

10 NRLs 

7 NRLs 7 NRLs 

1 NRL 

2 NRLs 



Multiresidue extraction methods 
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pH adjustment

Clean-up step

Centrifugation

Partitioning solvent
addition

Shake (manually1,
ultrasound2, ultraturrax3)

Salts addition

Extraction solvent addition

Sample weighing

1 

1 

2 3 

3 
1 

1 
Shake (manually1, 
autom. shake2, turrax3)  

Automation? 

10 mL 

10 mL 

10 mL 

50 mL 

Volume of organic solvent used 

5 g MgSO4 
1 g NaCl 
125 g PSA 
 

5 g MgSO4 
1 g NaCl 
 

15 g NaCl 
 

10 Na2SO4 



Tricky 

compounds 

Tricky 

compounds 



Flonicamid in tomato  
by LC-MS/MS 

 

0.005 mg/kg 

Calibration curve 

Recovery at 0.010 mg/kg (citrate QuEChERS with PSA)= 102% 

RSD= 5% 



TFNA in tomato 

by LC-MS/MS 

Standard at 

0.100 mg/kg 

Recovery at 

0.100 mg/kg 

Recov= 15% 

RSD= 5% 

Citrate QuEChERS (with PSA) 

Low recovery 

Standard at 

0.100 mg/kg 

Recovery at 

0.100 mg/kg 

Recov= 95% 

RSD= 4% 

Citrate QuEChERS (No PSA) 

Recovery at 0.010 mg/kg with ZrO2 instead of PSA= 7% 

RSD= 13% 



TFNG in tomato 

by LC-MS/MS 

Standard at 

0.100 mg/kg 

Recovery at 

0.100 mg/kg 

Citrate QuEChERS (with PSA) 

Recov= 6% 

RSD= 10% 

Low recovery 

Citrate QuEChERS (No PSA) 

Standard at 

0.100 mg/kg 

Recovery at 

0.100 mg/kg 

Recov= 119% 

RSD= 1% 

Recovery at 0.010 mg/kg with ZrO2 instead of PSA= 5% 

RSD= 14% 



Citrate QuEChERS 
QuEChERs 

without clean-up 

Orange 

Standard 0.010 mg/kg 

Recovery 

Recov= 53% 

RSD= 10% 

Recov= 100% 

RSD= 3% 
Standard 
0.010 mg/kg 

Recovery 

Standard 
0.010 mg/kg 

Recovery 

Recov= 131% 

RSD= 12% 

Citrate QuEChERS with ZrO2 instead of PSA: 

Recov = 94%       RSD = 4% 

Tolylfluanid 

3 x10 

0 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

1 

1.1 

1.2 

1.3 

1.4 

1.5 

1.6 

Counts vs. Acquisition Time (min) 

10.5 10.55 10.6 10.65 10.7 10.75 10.8 10.85 

Standard 
0.010 mg/kg 

Recovery 

NL-Method 

Recov= 120% 

RSD= 9% 
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+EI MRM CID@** (224.0 -> 123.0) R2_10ppb_Mix_Naranja_NL.D   

Counts vs. Acquisition Time (min) 

9 9.05 9.1 9.15 9.2 9.25 9.3 9.35 9.4 9.45 9.5 9.55 9.6 

Citrate QuEChERS 
QuEChERs 

without clean-up 

Orange 

Standard 0.010 mg/kg 

Recovery 

Recov= 47% 

RSD= 12% 

Recov= 92% 

RSD= 1% 

Standard 0.010 mg/kg 

Recovery 

Citrate QuEChERS with ZrO2 instead of PSA: 

Recov = 117%       RSD = 11% 

Dichlofluanid 

Standard 
0.010 mg/kg 

Recovery 

NL-Method 

Recov= 121% 

RSD= 9% 



Citrate QuEChERS 
QuEChERs with conjugate 

acid hydrolysis 

Broccoli 

Standard 0.100 mg/kg 

Recovery 

Recov= 45% 

RSD= 15% 

Recov= 82% 

RSD= 3% 
Standard 
0.100 mg/kg 

Recovery 

Chlorothalonil 
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+EI MRM CID@** (266.0 -> 133.0) R2_10ppb_Mix_Brocoli_N 

Counts vs. Acquisition Time (min) 

7.1 7.2 7.3 7.4 7.5 7.6 7.7 7.8 

Standard 0.100 mg/kg 

Recovery 

NL-Method 

Recov= 87% 

RSD= 13% 



Recoveries in Avocado             (0.01 mg/kg) 

miniLuke QuEChERS 

Chlorpyriphos-methyl 0 % 97 % 

Phenthoate 0 % 92 % 



Procymidone LC-MS/MS in tomato 

 
0.200 mg/kg 

Sheath gas 

temperature: 

200ºC 

 

Area: 329 counts 

Sheath gas 

temperature: 

275ºC 

 

Area: 397 counts 

Sheath gas 

temperature: 

375ºC 

 

Area: 384 counts 

INSTRUMENT A 



MRM1  283.9 256.0 

MRM2 283.9228.0 

Ratio: 

0.208 

20ppb Procymidone dilx30 

MRM1  283.9 256.0 

MRM2 283.9228.0 

Ratio: 

0.235 

10ppb Procymidone dilx30 

Procymidone LC-MS/MS in tomato 

 
INSTRUMENT B 
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C23H32N2O2 

369.2536 C23H30N2O2 

351.2430 

C23H32N2OS 

385.2308 

C23H32N2O2S 

401.2257 
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Standard Broccoli 

R1 Broccoli 

R2 Broccoli 

Diafenthiuron 

Urea 

Sulfomonoxide 

Urea 

Sulfomonoxide 

Urea 

Sulfomonoxide 

[M+H]+ =369.2536 

[M+H]+ =369.2536 

Diafenthiuron 

Diafenthiuron 

[M+H]+ =369.2536 

[M+H]+ =369.2536 

[M+H]+ =369.2536 
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Standard Orange 

R1 Orange 

R2 Orange 

Diafenthiuron 

Sulfomonoxide 

Sulfomonoxide 

Sulfomonoxide 

Diafenthiuron 

Diafenthiuron 

Urea 



   

Present in the sample  

Approved 

 

0.03 mg/Kg 

Not Approved 

 

0.07 mg/Kg 

Residue definition: Methomyl and thiodicarb  

(sum of methomyl and thiodicarb expressed as methomyl)  

ARfD: 0,01 

ARfD: 0,0025 



What are we looking for in a MRM? 
 

 1-Acceptable performance for X? Compounds 
 

 2-Compatible with LC and GC-MS/MS (no evaporation) 
 

 3-Selective 
 

 4-Low matrix effects 

 

 5-Low organic solvent consumption 
 

 6-Cheap and quick 

  
 7-Extensive information available  





Thank You 

for Your Attention 

www.eurl-pesticides.eu 



SRM1 (266>133) 

SRM2 (266>231) 

SRM1 (266>133) 

SRM2 (266>231) 

SRM1 (266>133) 

SRM2 (266>231) 

SRM1 (266>133) 

SRM2 (266>231) 

Citrate QuEChERs 
QuEChERs 

with acid hydrolysis 

100 µg/kg  

Std-Chlorothalonil 

in Broccoli 

Recovery at 100 µg/kg 

Chlorothalonil in Broccoli 

100 µg/kg  

Std-Chlorothalonil 

in Broccoli 

Recovery at 100 µg/kg 

Chlorothalonil in Broccoli 





Cucumber Pepper Tomato Leek Orange Broccoli Grape 
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7% 29% 



Evaluation of Matrix effects 

 vs  

Multi Residue Methods 

 

Evaluation of specific steps 

 



Chlorbromuron at 10 µg/kg in Cherry. GC-MS/MS 

Ratio = 
0,45 

Ratio: 0.15 

Diff.: 67 % 
Ratio: 0,42 

Diff .: 7 % 

SRM1 (233>124) 

SRM2 (233>205) 

SRM1 (233>124) 

SRM2 (233>205) 

SRM1 (233>124) 

SRM2 (233>205) 

QuEChERS  without 
clean-up 

Citrate QuEChERS 
method 

Tomato spiked at 
10 µg/L  

http://www.clipartsfree.net/large/6390-ok-button-clipart.html
http://www.viewpsd.com/wp-content/uploads/2013/04/delete-button.jpg


Aldicarb sulfone at 10 µg/kg in Parsley. LC-MS/MS 

QuEChERS  

clean-up 

Ion Ratio: 0.62 
Ion Ratio: 
0.62 
Diff.: 0% 

Ion Ratio: 
0.57 
Diff.: 8% 

Ion Ratio: 
0.39 
Diff.: 37% 

Ion Ratio 

0.63 
Diff.: 2% 

Tomato spiked 
at 10 µg/L  

Ethyl Acetate 
method 

NL method 
Citrate QuEChERS  

without clean-up 
method 

http://www.clipartsfree.net/large/6390-ok-button-clipart.html
http://www.clipartsfree.net/large/6390-ok-button-clipart.html
http://www.clipartsfree.net/large/6390-ok-button-clipart.html
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Chlorothalonil 

NL-Method Results 

Matrix Recov. (%) RSD (%) 

Broccoli 87 13 

Red Pepper 96 9 

Orange 119 13 

Avocado 85 6 



Citrate QuEChERs 
10 g of sample + 10 ml of AcN 

Centrifuge 5 min at 3500 rpm 

1 g/mL 

Shake 4 min  
Agytax 

4 g MgSO4,1 g NaCl, 
1 g Dihydrated Sodic Citrate 

0.5 g Sesquihydrated Sodic Citrate 

Shake 4 min by  
Agytax 

Take 5 
mL 

750 mg of MgSO4,125 mg PSA 

Shake 30s 

Centrifuge 5 min at 3500 rpm 

50 μL 
Formic 
Acid 5% 

AcN  

10 g of sample + 10 ml of AcN 

+ Formic acid 

Centrifuge 5 min at 3500 rpm 

1 g/mL 

Shake 4 min  
Agytax 

4 g MgSO4,1 g NaCl 

Shake 4 min  
Agytax 

QuEChERs 
with conjugate acid hydrolysis 

Chlorothalonil 

S ¨ 



NL-Method 
(Dutch mini-Luke) 

15 g of sample + 20 ml of 

Acetone + 15 g Na2SO4 

Centrifuge 5 min at 3500 rpm 

0.3 g/mL 

Mix 30 s by Turrax 

Add 20 ml PE + 10 ml DCM 

Mix 30 s by Turrax 

S ¨ 

Chlorothalonil 



Dichlofluanid and Tolylfluanid 

Citrate QuEChERs 

1 g/mL 

10 g of sample + 10 ml of AcN 

Centrifuge 5 min at 3500 rpm 

Shake 4 min  
Agytax 

4 g MgSO4,1 g NaCl, 
1 g Dihydrated Sodic Citrate 

0.5 g Sesquihydrated Sodic Citrate 

Shake 4 min by  
Agytax 

Take 5 mL 

750 mg of MgSO4,125 mg PSA 

Shake 30s 

Centrifuge 5 min at 3500 rpm 

50 μL Formic 
Acid 5% AcN  

NL-Method 
(Dutch mini-Luke) 

15 g of sample + 20 ml of 

Acetone + 15 g Na2SO4 

Centrifuge 5 min at 3500 rpm 

0.3 g/mL 

Mix 30 s by Turrax 

Add 20 ml PE + 10 ml DCM 

Mix 30 s by Turrax 

without clean-up 

Dichlofluanid Tolylfluanid 



Citrate QuEChERS 
QuEChERs 

without clean-up 

Broccoli 

Standard 0.010 mg/kg 

Recovery 

Recov= --- 

RSD= --- 

Recov= --- 

RSD= --- 

Standard 0.010 mg/kg 

Recovery 

Standard 
0.010 mg/kg 

Recovery 

NL-Method 

Recov= 90% 

RSD= 14% 

Citrate QuEChERS with ZrO2 instead of PSA: 

Recov = 61%       RSD = 6% 

Dichlofluanid 



Citrate QuEChERS 
QuEChERs 

without clean-up 

Broccoli 

Standard 0.010 mg/kg 

Recovery 

Recov= 114% 

RSD= 10% 

Recov= 109% 

RSD= 15% 

Standard 0.010 mg/kg 

Recovery 

Standard 0.010 mg/kg 

Recovery 

NL-Method 

Recov= 80% 

RSD= 13% 

Citrate QuEChERS with ZrO2 instead of PSA: 

Recov = 80%       RSD = 4% 

Tolylfluanid 









Standard 10 ppb in Pear  Recovery 10 ppb in Pear  

QuEChERS Citrate  



Standard 50 ppb in Pear  Recovery 50 ppb in Pear  

QuEChERS Citrate  



Standard 100 ppb in Pear  Recovery 100 ppb in Pear  

QuEChERS Citrate  



Standard 50 ppb in Pear  Recovery 50 ppb in Pear  

QuEChERS Citrate quick extraction  



Standard 10 ppb in Pear  Recovery 10 ppb in Pear  

Ethyl acetate extraction  



Standard 50 ppb in Pear  Recovery 50 ppb in Pear  

%R=22% 

QuEChERS Citrate pH 2 (formic acid) 



Standard 50 ppb in Pear  Recovery 50 ppb in Pear  

%R=80% 

QuEChERS Citrate pH 3 (formic acid) 



Pendimethalin in green pepper  
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Standard addition  

EUPT-FV 17 samples 

by LC-MS/MS 

Average concentration: 0.076 mg/kg  
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Standard addition  

EUPT-FV 17 samples 

by GC-MS/MS 

Average concentration: 0.042 mg/kg  

Assigned value: 0.062 mg/kg  


