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PESTICIDES

BENEFITS RISKS

More and better Biocides
Foods (Made to Kill)

Pesticides / Plant Protection Products
BENEFITS

» Crops free of pests with minimun losts (prevention of
losts in the order of 30-40%).

Improvement of the food supply to the world
population (> 6,000 millions growing at 94
millions/year).

Reduction of natural toxins levels in crops, produced
by bacteria and fungui (i.e.: improvement of food
safety).




Pesticides / Plant Protection Products
RISKS

* Risks associated to farmers (working risks).

* Risks associated to fauna and the environment
(environmental risks).

» “Inevitable” presence of PESTICIDE
RESIDUES in the treated foods
(food safety risks).

Typical Behaviour of Pesticide Residues in Treated Cro




“I would prefer to find in a supermarkek a lettuce
containing 0.1 part per million (ppm) of a pesticide
residue rather than discovering in it a cockroach
with 40-50 infectious microorganisms hidden
amongst its legs”




Total of Alert Notifications : 433

- Microbiological: 30%
- Chemical (dioxins, micotoxins, etc):  30%

- Residues of Vet Drugs: 21%

- Others: 9%
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Gas Chromatography (GC)




Liquid Chromatography (LC)

Non-Chromatographic Methods

MUESTRA

Moler y Tamizar

Extraer con Polytron
(1 min)
15 g muestra
3gNa,SO,
100 ml AcOEt

Centrifugar y Filtrar
Centrifugar 5 min (4500 rpm)
Decantar y Filtrar
usando filtro de papel

Concentrar y Redisolver
Concentrar hasta 1 ml en rotavapor
Redisolver en 5 ml AcOEt:Ciclohexano (1+1)
(Extracto de 3 g muestra/ml)

Clean-Up GPC
1 mi de extracto de 3 g muestra/ml
Recoger fraccion 18-38 ml y concentrar
Redisolver en 2 ml AcOEt:Ciclohexano (1+1)
(Extracto de 1.5 g muestra/ml)

CG-ECD
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Analysis LC/MS-MS:100 ppb in pepper

Total

Coelution of 6 pesticides in one segment

5ppb in pepper




Sample Preparation

Clean-up

GC LC

NPD - FPD - PFPD - ECD MS UV/DAD Fluorescencia

QUEChERS Method
Quick, Easy,Cheap,Effective, Rugged Safe

Multiresidue Analysis of Pesticides
in Fruits and Vegetables (< 2 % fat)

EXTRACTION: Acetonitrile (HAc/NaAc) + MgSQ

CLEAN-UP: “Dispervive SPE” (PSA + MgSg

DETERMINATION: GC/MS-MS and LC/MS-MS




QUEChERS Method
Quick, Easy, Cheap, Hfective, Rugged, $fe

2002-2003 Lehotay & AnastassiadeBévelopment and Introducti®
2004 Lehotay, Anastassiades and oth@falidation > 300 pesticideq)
2004:Lehotay(buffered method, toluene for GC)

2004 Lehotay(low fatty matrices)

2004-2005Lehotay(AOAC Collaborative Study)

QUEChERS Publications

# Anastassiades, Lehotay, Stajnbaher, & Schenck, “Fast and Easy Multiresidue Method for the
Determination of Pesticide Residues in Produce by Acetonitrile Extraction/Partitioning and Dispersive
Solid-Phase Extraction” J. AOAC Int. 86, 412-431 (2003).

# Anastassiades, Mastovskd, & Lehotay, “Evaluation of Analyte Protectants to Improve Gas
Chromatographic Analysis of Pesticides” J. Chromatogr. A, 1015, 163-184 (2003).

# MaStovska & Lehotay, “Evaluation of common organic solvents for gas chromatographic analysis and
stability of multiclass pesticide residues” J. Chromatogr. A, 1040, 259-272 (2004).

# Schenck & Hobbs, “Evaluation of the Quick, Easy, Cheap, Effective, Rugged and Safe (QUEChERS)
Approach to Pesticide Residue Analysis” Bull. Environ. Contam. Toxicol. 73, 24-30 (2004).

# Lehotay, de Kok, Hiemstra, & van Bodegraven, “Validation of a Fast and Easy Method for the
Determination of 229 Pesticide Residues in Fruits and Vegetables Using Gas and Liquid
Chromatography and Mass Spectrometric Detection” J. AOAC Int. 88, 595-614 (2005).

# Lehotay, MaStovska, & Lightfield, “Use of buffering to improve results of problematic pesticides in a
fast and easy metl or residue analysis of fruits and vegetables” J. AOAC Int. 88, 615-630 (2005).

# Lehotay, MaStovska, & Yun, “Evaluation of Two Fast and Easy Methods for Pesticide Residue
Analysis in Fatty Food Matrices” J. AOAC Int. 88, 630-638 (2005).

# Lehotay, “Quick, Easy, Cheap, Effective, Rugged and Safe (QUEChERS) Approach for Determining
Pesticide Residues” In Methods in Biotechnology, Pesticide Analysis, J.L. Martinez-Vidal and G.
Frenich (Eds.), Humana Press, Totowa, NJ, 2005, pp. 239-261.




QUECh ERS Method Procedure

. Comminute >1 kg sample with vertical cutter.
(AOAC Collaborative Study * | Homogenize »200 g subsample with probe blender.

Transfer 15 g subsample to 50 mL Teflon tube.

+6 g anh. MgSO , + 75 L I.S. solution.

Shake vigorously for 1 min.

| Add 15 mL 1%Hac in MeCN + 1.5 g anh. NaAc ’
: | Centrifuge >1500 rcf for 1 min. ’

Transfer 1-8 mL to tube with 150 mg anh. MgSO
+ 50 mg PSA per mL extract and shake for 30 s.

Centrifuge >1500 rcf for 1 min.

Transfer 0.5-1 mL extract to GC vial and add TPP.
Transfer 0.15-0.3 mL to LC vial and
add e.g. 0.45-0.9 mL 6.7 mM formic acid.

Transfer 0.25 mL from Step 10 to LC vial.
Add TPP and e.g. 0.86 mL 6.7 mM formic acid.

Add 0.4 mL TPP Sol'n and 1 mL toluene.

Evaporate at 50C with N , to 0.3-0.5 mL.
Add toluene to make 1 mL.
Add 0.2 mL anh. MgSO , and swirl >6 mL mark.

Transfer »0.6 mL to GC vial.

16A/21B. Analyze by (LVI)GC/MS and LC/MS-MS

Transfer 4 mL from Step 10 to grad. cent. tube. ’

20B. | Centrifuge >1500 rcf for 1 min.

Designed by United Chemical
Technologies

For Use With The Quecher's Method*

*Quick, Easy, Cheap, Effective, Rugged and
Safe Approach for Determining Pesticide
Residues By Steven J. Lehotay

Micro-centrifuge tubes with packing

Each 2mL micro-centrifuge tube contains
150mg Anhydrous Magnesium Sulfate and
50mg PSA n-2 aminoethyl.




AOAC Collaborative Study

QUEChERS Method
(Study Director Steven J. Lehotay) Collaborators Labs

U Mary O'Neil, Josée Tully, etal. — Canadian Pesticide Management
- 4 USA Regulatory Agency (PMRA); Ottawa, Canada
U Antonio Valverde & Mariano Contreras ~ — University of Almeria and
Coexphal; Almeria, Spain
U Hans Mol — TNO Nutrition & Food Research; Utrecht, The Nether _lands
U Gunter Lach, et al. — Dr. Specht and Partner; Hamburg, Germany
- 2 HO”and U Richard Fussell et al. — Central Science Laboratory (CSL); York, UK___
U Katelina Mastovskd — USDA ARS Eastern Regional Research Center;
- 1 Denmark Wyndmoor, PA; USA
_ (0 Mette Erecius Poulsen et al. — Danish Institute for Food and Veterinary
1 Canada Research; Soeborg, Denmark
-1 UK (0 Joanne Cook, Amy Brown, & Walter Hammack  — Florida Department of
Food and Consumer Services (FDACS); Tallahassee, FL ; USA
TOta|: 13 U Lutz Alder & Karen Lindtner - Institute for Risk Assessment (BfR);
Berlin, Germany
U Miguel Gamon et al. — General Food Laboratory of Valenciana; Spain
U Marvin Hopper — FDA Total Diet Study Res. Center; Lenexa, KS; USA
U André de Kok, etal. — (VWA KvW); Amsterdam, The Netherlands
U Frank Schenck; Alesia Parker, et al. —FDA ORA Southeast Regional
Laboratory (SERL); Atlanta, GA; USA

AOAC Collaborative Study

(Study Director Steven J. Lehotay)

Inter-laboratory validation of the “buffered” QUEChERS methoc

MATRICES: Orange, Grapes, Lettuce
PESTICIDES 20 “fortified” + 6 “incurred” + 1 QC Homogeinit
“TEST” SAMPLES:7 per matrix

CONCENTRATION RANGE 10 ng/g - 1000 ng/g




Pesticide Use Class pK Analysis
atrazine H fortified 2.§N GCand LC
azoxystrobin F fortified 2.5 LC and GC
bifenthrin I fortified >6 GC
carbaryl I fortified 159 | GCandLC
chlorothalonil F fortified 2.92 GC
chlorpyrifos I fortified 4.7 GCandLC
chlorpyrifos-methyl I QC homogeinity 4.24 | GCandLC

-cyhalothrin I Incurred (lettuce) 6.9 GC
cyprodinil F fortified 4.0 GCandLC
dichlorvos I fortified 1.9 GCand LC
0,p-DDD (n.a.) | fortified 6.02 GC
endosulfan sulfate I fortified 3.6 GC
ethion I Incurred (orange) GCandLC
imazalil (n.a.) F fortified 3.82 LC
imidacloprid I fortified 0.57 LC
kresoxim-methyl F Incurred (grapes) 3.4 LC and GC
linuron (n.a.) H fortified 3.00 | GCandLC
methamidophos I fortified -0.8 | GCandLC
methomyl I fortified 0.093 LC
permethrin | Incurred (lettuce) 6.1 GC
o-phenylphenol F Incurred (orange) GC
procymidone F fortified 3.14 | GCandLC
pymetrozine (n.a.) | fortified -0.18 LC
tebuconazole F fortified 3.7 GCandLC
thiabendazole F Incurred (orange) 2.39 | GCandLC
tolyfluanid F fortified 390 | GCand LC
trifluralin H fortified 4.83 GC

Spiking levels in the 15 g grapes “Test” samples
(unknown for the collaborators labs)
Grape Test Sample

Pesticide_ 1 2 3 4 5 6 7
atrazine 10 400 400 50 10 50
azoxystrobin 10 200 200 10 100 100
bifenthrin 1000 1000 10 10 100 100 -
carbaryl 50 1000 10 1000 10 50 -
chlorothalonil 10 75 75 200 200 - 10
chlorpyrifos 10 - 10 80 500 80 500
cyprodinil - 500 10 150 500 150 10
dichlorvos 100 100 10 - 10 300 300
0,p-DDD 500 10 10 - 50 500 50
endosulfan sulfate 10 - 150 500 150 500 10
imazalil 550 75 75 10 10 -—- 550
imidacloprid 225 45 45 10 225 10 -
linuron 100 1000 10 10 100 1000 ---
methamidophos - 10 100 100 1000 1000 10
methomyl 200 200 -— 50 10 50 10
pymetrozine 500 75 500 75 10 — 10
tebuconazole 10 500 75 75 500 - 10
tolylfluanid 200 200 10 10 -—- 50 50
trifluralin 10 75 75 10 500 500
procymidone 75 500 500 75 10 10

7 Test samples = one blank + six at 10 —1,000 ag&gpaired levels




Others Compounds to be analyzed

1) d,g-Parathion: Internal Standard(IS)

2) dg-a-HCH: Internal Standard(lS)
3) TPP: analytical QC

Materials for the Extraction Step in Lab ¢iv. Aimeria/Coexphal)

Results form for QUEChERS Collaborative Study Feb-April, 2004 Lab:| ALM
# 4
Date of Sample Receipt: 12-feb-2004
Storage Temperature: -20/deg C
Sources of Reagents: MgSO4 Prolabo heated to 500 deg C? YES Purity: 98%
NaAc Panreac anhydrous or x3 H207  anh. Grade: PRS
HAc |Panreac grade: PRS
PSA Varian
Extract wol. taken for d-SPE: 8 mL Extract vol. taken for LC/MS-MS: 0,15/mL
injection solvent: MeCN
Type of centrifuge for initial extracts: Selecta swing-out benchtop (50 mL tubes) Setting: 3700 rpm = 2500
Type of centrifuge for d-SPE: it benchtop (15 mL tubes) Setting: 3700 rpm = 2500

Notes on handling extracts for analysis:

a) The extract wolume taken for d-SPE was 8 mL, but we used Optinon A for handling extracts for Analysis

b) 1 mL final extract from dispersive-SPE tubes was transfered to AS vials for LVI/GC/MS, doubling all volumes given the protocol for Option A (12
c) LC/MS-MS vials were prepared by mixing 0,15 mL extract from GC/MS vials and 0,15 mL reservoir A mixture




GC/MS-MS Analysis in Lab #@niv. Aimeria/Coexphal)

Retention gap:  1,5m Carrier gas: He Flow rate: 1.0 mL/min or constant pressure:| X psi
Injection vol.: 10 uL Injection solvent:  MeCN Liner type: LVI with carbofrit packing
Initial Inj. 70 deg C for 0,5 min ramped to 300 deg C at 100 deg C/min and held | 27,2 min
Venting: open for 0,5 min, close until 3,50 min then splitr  atio 100
Initial Oven T 70 deg C for 3,5min |ramped to 180 deg C at 25 deg C/min hold 10 min
and then to 300 deg C at 4 deg C/min, then to deg C at deg C/min
and held for, 7,1 min 280 |deg C transfer line temp Total run time:| 55 min
MS Conditions: MS2  mode EI/CI  ionization |POSITIVE 1700V multiplier voltage
Segment |rt pesticide Parent lon|Quant. lon |[MODE
2 7,29|DICHLORVOS 221 145|CI-MS2
2 7,33 METHAMIDOPHOS 142 126|CI-MS2
3 9,31|O-PHENYLPHENOL 171 153|CI-MS2
4 10,52 TRIFLURALIN 336 232|CI-MS2
5| 11,22|D6-HCH 224 187|EI-MS2
5| 12,11|ATRAZINE 215 200 [EI-MS2
6] 13,27|CHLOROTHALONIL 266 [133:135  EI-MS2
7 14,86| CHLORPYRIFOS-ME] 286 208|EI-MS2
9 17,98|CHLORPYRIFOS 314 258|EI-MS2
9 18,33|D10-PARATHION 301 271[EI-MS2
10| 20,62|CYPRODINIL 224 208|EI-MS2
10| 20,97| TOLYFLUANID 238 137 [EI-MS2
11 21,84|PROCYMIDONE 283(95:99+215 [EI-MS2
14] 25,53|KRESOXIM-METHYL 206 132|EI-MS2
14 27,26|ETHION 231 175|EI-MS2
16| 28,82|ENDOSULFAN SULF, 387(285:291 [EI-MS2
17| 30,12| TEBUCONAZOLE 250 125 [EI-MS2
17| 30,27|TPP 326 169|EI-MS2
18] 31,93|BIFENTHRIN 181 165|EI-MS2
20 34,72|L-CYHAHLOTHRIN 181 152 [EI-MS2
21 36,81|PERMETHRIN 183 165|EI-MS2

GC Column : DB5-MS (30 m x 0.25 mm x 0.25 um)
GC/MS Instrument : VARIAN SATURN 2000/GC CP-3800/AUTOSAMPLER 8100

LC/MS-MS Analysis in Lab #4univ. Aimeria/Coexphal)

LC/MS-MS Instrumer VARIAN 1200 MS/ GRADIENT PUMP VARIAN PRO STAR/ AUTO SAMPLER 410

LC Conditions

Column type: C-18 Length:| 15cm id: 2mm Particle Size:
Guard column:| 2 mm i.d., 3um C-18 Flow rate: 0.2 mL/min
Injection vol.:. 10 uL Resenvoir A: 2 mM ammonium formate, 0,1% formic acReservoir B: MeOH:MeCN (25:75)

Gradient program:

time(min) %A
0 95
3 65
10 58
12 35
24 30
28 0
Re-equilibration:
33 0
35 95
45 95
MS-MS Conditions: MRM  mode ESI + ionization 1500 V' multiplier woltage
60 deg C housing temp 5000 V ionspray potential 25-60 V | capillary voltage
seg t pesticide Parent lon Quant. lon others
1 6,18 Thiabendazole 202 131 | 143,202
) 6,35 Metomilo 163 88 106,163
2 7,47 Imidacloprid 256 175 = 128,256
3 13,06 Carbaryl 202 145 | 127,202
4 16,53 Azoxistrobin 372 329 | 344,172
5| 21,09 TPP 327 215 152,327




Chromatographic Sequence

0 - STD (matrix blank
250 ng/g STD

10 ng/g STD

Test Sample #1

Test Sample #2

Test Sample #3

Test Sample #4
5ng/g STD

50 ng/g STD

Test Sample #5
Test Sample #6
Test Sample #7

QC Spike (200 ng/qg)
100 ng/g STD

1000 ng/g STD
Reagent Blank

Tebuconazole

Added Calculated
Conc. Signal Conc.
Sample (ng/g) (vs. 1.S.)  (ng/g) %Recovery
0-Std 0 0,000 2,4
5 ng/g Std 5 0,178 51 103%
10 ng/g Std 10 0,482 9,9 99%
50 ng/g Std 50 3,060 50,0 100%
100 ng/g Std 100 5,851 104 104%
250 ng/g Std 250 13,214 244 98%
1000 ng/g Std 1000 53,128 1001 100%
Orange Test #1 200 9,339 170 85%
Orange Test #2 200 8,415 153 76%
Orange Test #3 0,000
Orange Test #4 10 0,425 9,0 90%
Orange Test #5 10 0,375 82 82%
Orange Test #6 50 1,810 30,6 61%
Orange Test #7 50 2,313 38,4 7%
QC Spk 200 12,187 224 112%

QUECHhERS Collaborative Results
(Lab # 4)

ORANGE/Tebuconazole (GC/MS-MS)
(Fortified)

Tebuconazole Calibration
60,00
7 5000{ ¥ =0.0527x + 03673
= 4000 R? = 0,9999
\g 30,00
B 20,00
2 10,00
®
0,00
0 200 400 600 800 1000 1200
Added Concentration (ng/g)
Hi Range: Slope = 0,052702594 per ng/g
Y-Intercept = 0,367
Overall Recovery = 78% 12% RSD
Tebuconazole Calibration
3,50
~ 3,00 y =0,0642x - 0,151
= 250 R2=1
@G 200
=
= 150
g 1,00
» 0,50
0,00
0 10 20 30 40 50 60
Added Concentration (ng/g)
Low Range: Slope = 0,064197 per ng/g

Y-Intercept =" -0,151.




Y-Intercept =" -0,068

Imidacloprid Added Calculated
Conc. Conc. Imidacloprid Calibration
Sample (ng/g) Signal (ng/g) | %Recovery
0-Std 0 0 -1,3 70000
5 ng/g Std 5 508 55  111% ~ 60000 § = 63,108x + 849,37
10 ng/g Std 10 794 94  94% 9 50000 R? = 0,9996
50 ng/g Std 50 3802 50,1 100% g 40000
100 ng/g Std 100 7896 112 112% = 30000
250 ng/g Std 250 16000 240 96% g 20000
1000 ng/g Std 1000 64050 1001 100% @ 10000
Orange Test #1 100 5340 71,2 71%
Orange Test #2 1000 54830 855  86% 0 20 400 600 800 1000 1200
Orange Test #3 0 Added Concentration (ng/g)
Orange Test #4 10 863 10,3 103%
Orange Test #5 100 6238 85,4 85%
Orange Test #6 10 849 101  101%  Hi Range: Slope = 63 per ng/g
Orange Test #7 1000 58360 911 91% Y-Intercept = 849
QC Spk 200 13780 205 102% Overall Recovery = 90% 12% RSD
Imidacloprid Calibration
g 4000 1=
QUECHERS Collaborative Results o [yETesencr 672
Y 3000 R®=0,9995
(Lab # 4) -
2 2000
®
) ) <, 1000
ORANGE/Imidacloprid (LC/MS-MS) &
(Fortlfled) 0 10 20 30 40 50 60
Added Concentration (ng/g)
Low Range: Slope =" 73,96712 per ng/g
Y-Intercept = 99
Cyprodinil Added Calculated
Conc. Signal Conc. Cyprodinil Calibration
Sample (ng/g) | (w.1S.) (ng/g) | %Recovery
0-Std 0 0,000 14 50,00
5 ng/g Std 5 0,204 57  114% -~ ¥ = 0,0453x +0,1085
10 ng/g Std 10 0,380 94  94% @ 4000 R=1
50 ng/g Std 50 2,302 49,7 99% 4 30,00
100 ng/g Std 100 4,706 100 100% = 2000
250 ng/g Std 250 11,343 248 99% g 1000
1000 ng/g Std 1000 45,397 1000 100% [
Lettuce Test #1 10 0,307 79 79% 000
Lettuce Test #2 1000 36,550 805  80% 0 200 400 600 800 1000 1200
Lettuce Test #3 50 1,813 39,5 79% Added Concentration (ng/g)
Lettuce Test #4 10 0,298 .7 7%
Lettuce Test #5 50 1,837 40,0 80%
Lettuce Test #6 1000 41,800 921 92% Hi Range: Slope = 0,0452741 per ng/g
Lettuce Test #7 0,000 Y-Intercept = 0,109
QC Spk 200 9,523 208 104% Owerall Recovery = 81% 6% RSD
Cyprodinil Calibration
g 500 =0,0477x - 0,0681
QUECHhERS Collaborative Results Fao] TR vesos
(Lab # 4) g 3%
3 2,00
L S 1,00
LETTUCE/Cyprodinil (GC/MS-MS) ? 000
7 0 20 40 60 80 100 120
(Fortified)
Added Concentration (ng/g)
Low Range: Slope =" 0,047662 per ng/g




Azoxystrobin Added Calculated
Conc. Conc. Azoxystrobin Calibration
Sample (ng/g) Signal (ng/g) | %Recowery
0-std 0 2,0 120000
5 ng/g Std 5 7 100000 y= 1028‘7>< +2338,2
10 ng/g Std 10 1650 10,1 101% = 80000 R =0,9999
50 ng/g Std 50 7068 49,8 100% 4 60000
100 ng/g Std 100 13940 102 102% % 40000
250 ng/g Std 250 29530 245 98% 5 20000
1000 ng/g Std 1000 111000 995 99% 2] o
Grape Test #1
Grape Test #2 10 1177 6,7 67% 0 200 400 E_‘OO 800 1000
Grape Test #3 200 20840 166 83% Added Concentration (ng/g)
Grape Test #4 200 19360 152 76%
Grape Test #5 10 1410 8,4 84%
Grape Test #6 100 11840 82,7 83%  HiRange: Slope = 109 per ng/g
Grape Test #7 100 12820 91,7 92% Y-Intercept = 2846
QC Spk 200 21870 175 88% Ovwerall Recovery = 81% 10% RSD
Azoxystrobin Calibration
. 15000
QUEChERS Collaborative Results 2 y= 13850 + 267,77
= 10000 -
(Lab # 4) g
T 5000
5
Grapes/Azoxistrobin (LC/MS-MS) o,
e 10 20 30 40 50 70 80 90 10f
(FOftIfIEd) 0 03 %0 & 80 90 100
Added Concentration (ng/g)
Low Range: Slope =" 136,5918 per ng/g
Y-Intercept =" 268

AOAC Collaborative Results of e cide
Grape Test Samples
Presented by S.J. Lehotay
at the MGPR Symposium 2005

Dichlorvos

Imazalil

Imidacloprid

LC/MS-MS Results of

Grape Test Samples _
000 ng/g (7 -13 labs) Methamidophos

Methomyl

Linuron

Pymetrozine

Tebuconazole

Tolylfluanid

Pesticide
Atrazine
Bifenthrin
GC/MS Results of Grape Chiorothalonil
Test Samples Chlorpyrifos
000 ng/g (9-13 labs) 0,p-DDD
Endosulfan sul.
Procymidone
Trifluralin




Tolylfluanid

Sample
0-Std
5 nglg Std
10 ng/g Std
50 ng/g Std
100 ng/g Std
250 ng/g Std
1000 ng/g Std
Lettuce Test #1
Lettuce Test #2
Lettuce Test #3
Lettuce Test #4
Lettuce Test #5
Lettuce Test #6
Lettuce Test #7
QC spk

Added
Conc.
(ng/g)

1000
100

10
1000
100
10
1000
200

Calculated
Signal Conc.
(. 1.S.) (ng/g)
0,000 13
0,043 4,7
0,114 10,4
0,611 50,0
1,382 101
14,722 1000
0,046 5,0
0,000
0,000
2,819 198
0,179 15,5
0,000
1,720 124
2,388 169

QUEChERS Collaborative Results

(Lab # 4)

LETTUCE/Tolylfluanid (GC/MS-MS)

(Fortified)

%Recovery

93%

104%
100%
101%

100%
5%

20%

16%

12%
84%

Tolylfluanid Calibration

Signal (vs. I.S.)
8
=)
8

y=0,0148x - 0,117
R=1

200 400 600 800 1000

Added Concentration (ng/g)

1200

Hi Range: Slope = 0,0148397 per ng/g
Y-Intercept = -0,117
Ovwerall Recovery = 13% 41% RSD
Tolylfluanid Calibration
0,70
3 060 y =0,0125x - 0,0159
= 0,50 R? =0,9998
@ 040
g
= 030
2 020
5
& 010
0,00
0 10 20 30 40 50 60
Added Concentration (ng/g)
Low Range: Slope = " 0,012549 per ng/g

Y-Intercept =" -0,016

(Slide presented by S.J. Lehotay at the MGPR Sympos

Pesticide

red Pesticides

nd OC-Homogeinit
ium 2005)

LC-MS/MS

conc.
(ng/g)

conc.
(ng/g)




Permethrins Added Calculated
Conc. Signal Conc. Permethrins Calibration
Sample (ng/g) (vs. I.S.) (ng/g) %Recovery
0-Std 0,000 2,3 700
5 ng/g Std 5 0,178 91  182% ~ 600 Y =0,026x - 0,059
10 ng/g Std 10 0,233 11,2 112% B 500 R?=0,0997
50 ng/g Std 50 1,251 50,4  101% % 4.00
100 ng/g Std 100 2,475 98 98% = 300
250 ng/g Std 250 6,460 251 100% % 2,00
1000 ng/g Std 1000 27,951 1078 108% o» 100
Lettuce Test #1 3,175 1245 0.00
Lettuce Test #2 3,050 1197 0 S0 100 150 200 250 300
Lettuce Test #3 3,152 123,6 Added Concentration (ng/g)
Lettuce Test #4 3,169 124,2
Lettuce Test #5 3,401 1331
Lettuce Test #6 2,958 116,1 Low Range: Slope = 0,025986 per ng/g
Lettuce Test #7 3,015 118,3 Y-Intercept = -0,059
QC Spk 200 5,183 202 101% Awerage Conc. = 122,8 ng/lg +/- 52 ng/g
QUEChERS Collaborative Results
(Lab # 4)
LETTUCE/Permethrins (GC/MS-MS)
(Incurred)
Thiabendazole Added Calculated
Conc. Conc. Thiabendazole Calibration
Sample (ng/g) Signal (ng/g) %Recovery
0-Std 0 0 1.4 120000
5 ng/g Std 5 826 58 115% ~ 100000 =112,72x - 268,44
10 ng/g Std 10 1288 98  98% 2 o000 R? = 0,9998
50 ng/g Std 50 5814 49,0 98% ¢ 60000
100 ng/g Std 100 11770 101 101% \_m’ 40000
250 ng/g Std 250 26990 242 97% =S 20000
1000 ng/g Std 1000 112600 1001 100% 2]
Orange Test #1 5217 438 0
Orange Test #2 5577 469 0 200 400 600 800 1000 1200
Orange Test #3 6101 51,4 Added Concentration (ng/g)
Orange Test #4 5660 47,6
Orange Test #5 5811 48,9
Orange Test #6 5483 46,1 Hi Range: Slope = 113 per ng/g
Orange Test #7 6123 51,6 Y-Intercept = -268
QC Spk 200 19730 177 89% Average Conc. = 48,1 nglg +/- 2,6 ng/g
Thiabendazole Calibration
QUECHhERS Collaborative Results _ Looo
w y = 115,52x + 159,4
(Lab # 4) = 100001 g2 20,9997
g 8000
= 6000
. 2 4000
ORANGE/Thiabendazole (LC/MS-MS) 2 2000
0
(| ncurred) 0 20 40 60 80 100 120
Added Concentration (ng/g)
Low Range: Slope =/ 115,5175 per ng/g

v

Y-Intercept = 159




Thiabendazole Added Calculated
Conc. Conc. Thiabendazole Calibration
Sample (ng/g) Signal (ng/g) %Recovery
0-Std 0 0 0,1 140000
5ng/g Std 5 722 51  102% 7 120000 y = 116,95 + 18621
10 ng/g Std 0 1387 99 99% 2 100000 R = 0.9991
50 ng/g Std 50 6988 50,0 100% ¢ 80000 '
100 ng/g Std 100 12460 91 91% \_m’ 60000
250 ng/g Std 250 33330 269  108% < 40000
1000 ng/g Std 1000 118400 996  100% @ 20000
ilra 1 i 0 ’ 0 200 400 600 800 1000 1200
Lettuce Test #2 0
Lettuce Test #3 0 Added Concentration (ng/g)
Lettuce Test #4 0
Lettuce Test #5 0
Lettuce Test #6 0 Hi Range: Slope = 117 per ng/g
Lettuce Test #7 0 Y-Intercept = 1862
QC Spk 200 23140 182 91% Awerage Conc. = #iDIV/O! ng/g +/-  #iDIV/O! ng/g
Thiabendazole Calibration
. 8000
QUEChERS Collaborative Results B oo Y T 1305 + 88836
= R°=1
(Lab # 4) £ 4000
T
S, 2000
R 7
LETTUCE/Thiabendazole (LC/MS-MS) 0
(Looking for incurred) Lo oo
g Added Concentration (ng/g)
Low Range: Slope =" 139,5438 per ng/g
Y-Intercept = 9
Chlorpyrifos-methyl Added Calculated
Conc. Signal Conc. Chlorpyrifos-methyl Calibration
Sample (ng/g) (vs. 1.S.) | (ng/g) %Recovery
0-std 0 0,000 0,7 700
5 ng/g Std 5 0,099 45  91% ~ 600{ y =0,0264x - 0,5086
10 ng/g Std 10 0211 105  105% 2 500 R = 0.9962
50 ng/g Std 50 0,954 49,9 100% g 400
100 ng/g Std 100 1,948 92,9 93% :m/ 3,00
250 ng/g Std 250 6,147 252 101% s 200
1000 ng/g Std 1000 21,691 840  84% 7] 3‘83
Orange Test #1 200 3,908 167 84% ’
Orange Test #2 200 2817 6 500 0 50 100 150 200 250 300
Orange Test #3 200 3,071 135 68% Added Concentration (ng/g)
Orange Test #4 200 2,897 129 64%
Orange Test #5 200 3,422 149 74%
Orange Test #6 200 3,453 150 75% Hi Range: Slope = 0,026435201 per ng/g
Orange Test #7 200 4,518 190 95% Y-Intercept = -0,509
QC Spk 200 3,000 133 66% mean conc.(ng/g) = 154,8 12,4% RSD
Chlorpyrifos-methyl Calibration
1,20
g 7 1004,
QUEChERS Collaborative Results @ g0 ¥ T 0088 + 00131
s R® = 0,9996
(Lab # 4) £ o060
B 040
c
2 020
H 0,00
ORANGE/Chlorpyrifos-methyl (GC/MS-MS) 0 10 o e T e
(QC-Homogeinity) Added Concentration (ng/g)
Low Range: Slope = 0,018834 per ng/g

Y-Intercept =" 0,013




LC/MS-MS and LC/TOF-MS determination of
Forchlorfenuron residues in vegetables after
extraction with the buffered QUEChERS method

Antonio Valverde !, Anita Cammarano 2, Carmen Ferrer 1, Luis
Piedra® & Ana Aguilera 1

C.IXPHAL Pesticide Residue Research Group. Universidad de Almeria. 04071 Almeria, Spain
. 2Universita Cattolica del Sacro Cuore, Piacenza, Italy
3Centro de Innovacion y Desarrollo Tecnolégico COEXPHAL, Almeria, Spain

Poster presented at EPRW 2006 (21-24 May, 2006, Cor fu, Greece)

Forchlorfenuron (or CPPU) is a synthetic
phenylurea-derivative cytokinin, with IUPAC name

Cl O 1-(2-chloro-4-pyridyl)-3-phenylurea (M.W. = 247),
= I being extensively used in recent years as a in
N N/C\ N different fruit crops. This “new” plant growth
\ 7/ | | regulator was included in the Annex | to Directive
H H 91/414/EEC on 15t of April 2006, kiwi plants being

the default authorised use (see Directive
2006/10/EC). At present, the MRL legally
applicable in Spain for forchlorfenuron in all fruits
and vegetables is 0.05 mg/kg (LOD).

Forchlorfenuron

Buffered QUEChERS Method for Extraction of Forchlor fenuron
from Tomato, Zucchini and Watermelon Spiked Samples

15 g sample in centrifugate tube

15 mL AcN (1% AcH) Shake during 1 min

—Centrifugate at 3.700

6 g MgSO4 rpm during 2 min
1.5 g NaAc
|
Transfer 5 mL of the extract Shareldunnarzors

in a centrifugate tube with
250 mg PSA + 750 mg
MgSO4
|

Centrifugate at 3.700
rpm during 2 min

Evaporate 1 ml of the extract
with nitrogen

Recompose to 1ml with
MeOH:water 1:9 or MeOH

Analysis by LC/TOF-MS
or LC/IMS-MS

1 g sample/mL




LC/MS-MS (ESI+/MRM 248>129)
Varian 1200 LV System

Solvent A: Water with 2mM ammonium
formiate and 0.1 % formic acid

Solvent B: Acetonitrile:MeOH (75:25)
Column: Varian C18A (150x2.1 mm - 3pm)
Flow: 0.2 mL/min; Injection volume: 10 pL

Chromatogram Plots

Forchlorfenuron
. 0.01 mg/kg in solvent
(MRM 248>129)

Solvernt

RT =6.95 min

Tomaio

RT = 6.95 min
7,00E+07
soogo7 | LCMSMS ] ]
calibration
5006407 {  in tomato extracts Forchlorfenuron
4,008407 0.01 mg/kg in Tomato
3008007 R (MRM 248>129) |
2,00E+07 y = 132099,500x + 209684,510
R?=0,999 |
1,00E+07 = ‘\ “ 1
\
0,00E+00 | ¥ |
0 100 200 300 400 500 600 of M Mot o]
S % 7 £n =
LC/TOF-MS Agilent
G1969A
(ESI+/248.0585 m/z)
Mass range (m/z): 50 - 1000 =RV
TIC
60V
Forchlorfenuron
250V
9.01 mg/kg standard 4000 V oV 375V
in Zucchini extracts
709 V
40 psig
1250 v
190 V
:N Fragmentor 300 °C
voltage (9 L/min)
3.614 x10°7 Torr
20.89 min
XIC (248.0585 m/z)
Forchlorfenuron 6008407 1 | C/TOF-MS calibration Column : Zorbax XDB-C8
0.01 mg/kg standard 500E+07 { iN Zucchini extracts (150x4.6 mm - 5um)
in Zucchini extracts 00807 Elow: 0.6 mL/min
3008407 Injection volume : 50 pL
2005407 Solvent A : Acetonitrile
| . 111579Rlvzi21xv0703071552v135 Solvent B : Water with 0.1%
L0007 formic acid
N 0,00E+00 Mobil phase : 10% A (57) to
\ L 0 100 200 300 400 500 600 100% A in 25°




QUECHhERS + LC/TOF-MS Forchlorfenuron recoveries

0.01 mg/kg std
SPIKE RECOVERY  RSD
MATRIX i
(mg/kg) (%) (%) SIN Ratio Accurate
mass error
TOMATO 0.05 5 65 5 <0.12 mDa
70-110
0.20 5 68 7 <0.47 ppm
ZUCCHINI 0.05 5 82 8 < 0.08 mDa
110-130
0.20 5 82 9 <0.34 ppm
WATER 0.05 5 82 6 < 0.08 mDa
MELON 0.20 5 84 3 350-600 | .34 ppm

QUEChERS + LC/MS-MS Forchlorfenuron recoveries

MATRIX SPIKE n RECOVERY RSD SIN Ratio
(mg/kg) (%) (%) 0.01 mg/kg std
TOMATO 0.05 5 77 5
150-200
0.20 5 80 5
ZUCCHINI 0.05 5 80 5
150-200
0.20 5 93 5
WATER 0.05 5 82 5
MELON 0.20 5 5 4 150-200
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GC-MS Analysis of Deltamethrin and Tralomethrin

Overlay Plots Overlay Plots
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Valverde et al.J. Chromatogr. 243 101-111, 2002
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Table 1. Minimun frequencies for calibration andaeery

Representative
analytes

All other analytes

(Paragraph 62 )

Minimum Calibration in each A rolling programme to

frequency of batch of include all other analytes at

calibration determinations least every 12 months, but

preferably every 6 months*

At least at the level At least at the level
corresponding to the | corresponding to the
reporting limit reporting limit.

Minimum Determination in Each analyte, at the same

frequency of each batch of time as the corresponding

recovery analyses calibration series, as above

At least at the level
corresponding to the
reporting limit

Method Validation

57. For multi-residue methodspresentative matricesay be used.

Table 2. Criteria for quantitative methods

Concentration Repeatability Mean

range (mg/kg) recovery
range (%)

RSD,% RSD_%

0.001 - 0.01 30 32 70-110

>0.01-0.1 20 22 70-110

>0.1-1 15 18 70 -110

>1 10 14 70-110




65. Acceptable limits for single recovery should
normally be in the range 60-140% and may be
adjusted using repeatability (validation) and
intra laboratory reproducibility (routine on-
going recovery) data.

73. ... the relative retention time of the analyte,
should correspond to that of the calibration
solution with a tolerance of £0.5% for GC and
+2.5% for LC.




Confirmation of results
Confirmation by MS (#79 and #80)

Table 3. Recommended maximun permitted tolerance®f
relative ion intensities using a range of spectrontec techniques

Relative intensity EI-GC-MS CI-GC-MS,

(% of base peak) (relative) GC-MSn,

LC-MS, LC-MS"
(relative)

>50 % +10 % +20 %

> 20 % to 50 % +15% +25%

> 10 % to 20 % +20% +30 %

>10% +50 % +50 %

92. Considering the results so far from EU proficiency tests
(for fruits and vegetables, using multiresidue methods), a
default expanded uncertainty figure of 50%
(corresponding to 95% confidence level), in general
covers the inter-laboratory variability between the
European laboratories and is recommended to be used by
regulatory authorities in cases of enforcement decisions
(MRL-exceedances).

... A prerequisite to be allowed to use a 50% default
expanded uncertainty is that the laboratory proves its own
calculated expanded uncertainty to be less than 50%.







European

Union

" &
Proficiency E ¢ & & @
Tests 000 (5\0) ,§’ &
) '\
ki

Num of Labs

. 82 84 110 111 123 126 125
reporting results

Num of pesticides
per EUPT 6 6 14 14 15 13 16

Swedish Swedish Swedish Swedish Swedish Univ. of Univ. of
NFA NFA NFA NFA NFA Almeria Almeria
(vear) (1999)  (2000)  (2001) (2002) (2003) (2004)  (2005)
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EU-PTO7 (2005): Grapes
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http://www.ual.es/GruposIinv/EUPTO7

Acephate Dicofol
Acetamiprid Dimethoate + Omethoate
Acrinathrin Dimethomorph
Aldicarb Endosulfan
Azinphos-Methyl Fenhexamid
Azoxystrobin Fenitrothion
Bifenthrin Fludioxonil
Bromopropylate Flusilazole
Bupirimate Imazalil
Captan + Folpet Imidacloprid
Carbaryl Iprodione

Carbendazim
Chlorothalonil

Kresoxim-methyl
Lambda-cyhalothrin

Chlorpropham Malathion
Chlorpyrifos Metalaxyl
Chlorpyrifos-methyl Methamidophos
Cypermethrin Methidathion
Cyprodinil Methiocarb
Deltamethrin Methomyl
Diazinon Monocrotophos
Dichlofluanid Myclobutanil

List of possible
Pesticides EUPT7

Oxydemeton-methyl
Parathion
Parathion-methyl
Penconazole
Phosalone
Pirimicarb
Pirimiphos-methyl
Procymidone
Propargite
Pyrimethanil
Spiroxamine
Tetraconazole
Thiabendazole
Tolclofos-methyl
Tolyfluanid
Triadimenol + Triadimefon
Vinclozolin

Possible: 62 pesticides

Total Applied: 16 pesticides




EU-PT7 (Grapes, year 2005)

o N° of NA % of results
PESTICIDES N of reported False negatived

results (not sought) from the total 125
Acetamiprid 6 2

Carbaryl 101
Cyprodinil

Diazinon

Dimethoate

H

N
N

80.8
79.2
98.4
95.2
71.2
68.0
51.2
90.4
83.2
56.8
71.2
96.8
78.4
56.0
83.2

Fenhexamid
Fludioxonil
Imidacloprid
Iprodione
Kresoxim-methyl

]
(AR
N

Methomyl
Monocrotophos
Procymidone
Pyrimethanil
Tetraconazole
Thiabendazole

~
(]
PIAIN w N w [ w N

Fudoont | &

I
i
(o]

Number of pesticides
reported for the total 128
N\ participants in EUPT 7

\ 51.2% of Laboratories in Category A

Category A: Sufficient Scope (90%)

Category B: Insufficient Scope

Num of laboratories

14 13 12 11 10 9 8 7
Num of pesticides




Evaluation of the Results (X): z-Score

00

vwvAssigned value (median)
s : Standard deviation

/z] > 2 $FFHSWDEOH
2>/z/>13 AXHVWLRQDEOH
/z] > 3 8QDFFHSWDEOH

Selecting the Standard Deviation: FFP ( S = 0.25x wv

%45 EUPT 7
RSD (CV
20 ( ) @ Acetamiprid
B Carbaryl
35 O Cyprodinil
O Diazinon
@i
30 Dimethoate
B Fenhexamid
25 | B Hudioxonil
O Imidacloprid
20 B |prodione
0O Kresoxim-methyl
15 1 3 Methomyl
O Monocrotophos
10 B Procymidone
B Pyrimethanil
5 B Tetraconazole
B Thiabendazole

FP (%) Horwitz (%) Qn (%)
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2-Score % of pesticide results in EUPT 7
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Questionable 4%
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EU-PTO7 (Grapes): Monocrotophos / 89 Labsnix 0.643 mg/kg)

D o Monocrotophos Acceptable  53%

W or"2"LC Questionable 10%
@ or"3": GC+LC (not specified) Unacceptable 4%




Measurement Uncertainty in
Pesticide Residue Analysis
Concepts used in EU

L. Alder, A. Andersson, R. Bettencourt da Silva,
A. Di Muccio, G. Jamet, A. de Kok,
S. Reynolds, and A. Valverde-Garcia

EPRW 2004
Stockholm, June 13 - 16, 2004

Uncertainty - What does it mean?

Example:
Residue content = 0,45 $,30mg/kg

* Measurement uncertainty is the value behind the “4
 Itis not a standard deviation!

* Normally it defines, with 95% confidence, the
interval around the most probable concentration in
which the trugesidue content occurs.

* Do not believe 0,100 mg/kg £ 0,010 mg/kg!!




Violation or not violation?

- 1,65 mf/kg

The most popular Uncertainty concept
used in practice U = 2x RSD)

» Uncertainty is based on intra-laboratory method
validation (individual data for analyte/matrix
group/level combination).

* Only reproducibility contributes to the uncertgirnd
others sources must be just identified and undetralb
(negligible).




Level of certain violation

MRL NL SE ES IT FR DE PT
(mg/kg)

Plant materials
1,0 2,0 2,0 1,5 1,5 1,5 2,5 14
0,10 0,20 0,20 0,17 0,18 016 0,25 0,14
0,010 0,020 0,020 0,021 0,028 0,019 0,025 0,02

Foodstuff of animal origin

1,0 2,0 - 15 15 15 15
0,10 0,20 - 017 018 0,16 0,18
0,010 0,020 = 0,021 0,028 0,019 0,028

» The exact measurement uncertainty depends on
many parameters, and only the determination of an
estimateseems feasible (as required by ISO 17025).

« Different concepts are used in Europe, which
requires an analytical result which must be
150% — 250% of the MRL, if a violation of the MRL
IS stated.
















