CUTTING EDGE METHODS
FOR PESTICIDE RESIDUE

ANALYSIS
MAY AND THE NEW EU
21-24 GREEN DEAL

12023
Amadeo R, Fernandez-Alba

24 May 2023




Amadeo R. Fernandez-Alba European Reference Laboratory - FV



2t ™
| B ERLFVSY R [ | WR

OUTLINE

-Advances in MRMs related with QqQ-MS/MS analysis
-Sensitivity
-Additional relevant innovations

-Advances in MRMs related with HRMS analisis
-Sensitivity
-Acquisition modes based on TOF and Orbitrap
-lon mobility
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Triple quadrupole

Precursor ion scan e Detector
Product ion scan Q1 —> —»> —»> Detector
Neutral loss scan —= - —= Detector

Selected reaction
monitoring/
Multireaction
monitoring

Detector
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1st selection collision 2nd selection detection

1 Da
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Resolving Power of a quadrupole
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Table 1. Comparison of Calculated and Measured Flows

with Different Orifice Dimensions on a Triple Quadrupole lon Guide for Improved Atmosphere to Mass Spectrometer Vacuum lon Transfer
Mass Spectrometer with HPI Hassan Javaheri and Bradley B. Schneider* : J. Am. Soc. Mass Spectrom. 2021, 32,
1945-1951
orifice
diameter measured How into calculated How with correction 125 em 12.5 em
(rraem ) vacuum (L,/min) factor (L/min) - :
0 0 CUR B OR
(183 (.84
17 2 69 i
1B 287
36 164
9 3 Figure 1. Schematic of the first three differentially pumped vacuum stages of the HPL The schematic shows the curtain plate (CUR), orifice plate
+ 4.6 {OR), first dodecapole ion guide (DJET), first quadrupole ion guide (QJET), and second quadrupole jon guide (QD). The 1000, 100, and 101
T4 7.582 lenses that separate the differentially pumped vacoum stages are also labeled.
10 1041

Computational fluid dynamies (CFD) modeling was
conducted to improve our understanding of the gas flow
characteristics through the DJET. CFD simulations were
performed using the CFD++ commercial software suite
(Metacomp Technologies). Temperature and pressure meas-

urements were taken on the breadboard at various locations on
and around the inlet orifice, DJET ion guide chamber, and

QJET ion guide chamber, and these values were used in the
CFD calculations. Figure 4 shows the calculated Mach number

CP=4 mm
OR =0.72 mm
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Evaluation of a New DC-lon Funnel Drift Tube for Use in Proton Transfer Reaction Mass Spectrometry
Qiangling Zhang, Xun Bao, Qu Liang, Qin Sun, Wei Xu, Xue Zou, Chaoqun Huang, Chengyin Shen,* and Yannan Chu,

Anal. Chem. 2022, 94, 7174-7180

Figure 2. Schematic of the arrangement of rods for a dodecapole ion
guide that captures the gas expansion into the first vacuum stage.

An RF-only ion-funnel for extraction from high-pressure gases
T. Brunnera,et al. International Journal of Mass Spectrometry 379

(2015) 110-120
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Figure 2. lon trajectories of 100 Th in the (a) conventional drift tube and (b)

DC-ion funnel drift tube. (c) Simulation results of E/N on the central axis Z
for the traditional drift tube structure and the DC-ion funnel drift tube.
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MATRIX EFFECTS

EXTRACTION

COMMODITY SCOPE
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TOTAL SIGNAL SUPRESSION DUE TO MATRIX EFFECTS
Matrix spiked at 10 ppb with Chloroxuron

Injection 0.11 g matrix/ml

lon transition:291.2>217.8

150007
14000- Tomato
1300&§
1200(% Ch i I i
11000, Curry
1000(%
900(%
800(%
700(%

6000

5000§

4000- Black pepper \- Turmeric

3000

20007 j \

1000 T~ ‘
] — R
1 <‘-l‘ii>‘<s!lF'__ . - e

7.6 7.7 7.8 7.9 8.0 8.1 8.2 min
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Fenazaquin
2.50 e+07

2.00 e+07

1.50 e+07
Solvent

® Orange
1.00 e+07

Area (counts)

5.00 e+06

0.00 e+00 LBO=—"
0 50 100 150 200
Concentration (ug/kg)
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False positives and false negatives

QOOVM@

Etofenprox

European Union Reference Laboratory - FV

3042>1773  3942->359.1 1394.2-> 107.1 3;4.2 >177.3 394.2->350.1 ,394.2->107.1
o
2 5
g x10 ® | Ratio = 1430.7 (1722.4 %) Coelution Score = 90.1 5 X10 ° 1 Ratio = 625.3 (752.8 %) Coelution Score = 11.2
S Ratio = 341.9 (491.8 %) Coelution Score = 88.7 ° Ratio = 173.7 (249.9 %) Coelution Score = 27.1
1.6 16
SCO03 Sampl 0.010 mg/L
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4 H
04| 0.8
0.6] 0.6
04 0.4
0.2 02
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T T I T I
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Acquisition Time (i Acquisition Time (i
3;4.2»177.3 ,394.2->350.1 ,394.2->107.1 3942->1773 | 3042->359.1 ,394.2->107.1
2
§ x10 > | Ratio = 246.3 (296.5 %) Coelution Score = 15.0 é x10 5 | Ratio = 83.1 (100.0 %) Coelution Score = 45.5
© Ratio = 87.2 (125.5 %) Coelution Score = 65.3 © Ratio = 69.5 (100.0 %) Coelution Score = 92.6
16 14
0.050 mg/L 0.100 mg/L
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14 12
H r
0.8 08
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o
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Methamidophos in paprika

RM (142.1 -234.1) Rec_10ppb_MLGC_Pimenton_R3.d »125.0) Rec_10ppb_MLGC_Pimenton_R3.d
«1044 2344 min. =224 (586 %)
: 10 ppb
(6]
14
054 :
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o LLE
14
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Acquisition Time (min) Acquisition Time (min)
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2 105 2.344 min, £ %104 Ratio =334 (876 % :
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0.4 15
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SOLUTIONS AVAILABLE

IMPROVING
CHROMATOGRAPHY

IMPROVING
IMPROVING \/ \/
CLEAN UP
SENSITIVIY (automated)

Amadeo R. Fernandez-Alba European Reference Laboratory - FV



= B EURL-FV @

Injection .
J Matrix injected in column LC: 5 pL

volume

: 1 ul
LC: 5 L cC:lp

GC: 1L

Green
Tea

Dilx0 Dilx2 Dilx5 Dilx10  Dilx20
1 g/mL 0.5 g/mL 0.2 g/mL 0.1 g/mL 0.05 g/mL
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Matrix effect of leek matrix over tomato matrix

\O . Tomato

o '\fo Oxadixyl . Leek

(2.5 pL)
°)L"'"Jf>
/

5

Concentration

“Matrix effect” at 2.5 yL: -8.9 %

Instrumental response
Instrumental response

"Matrix effect” at 5.0 yL: -37 %

Oxadixyl
(5.0 uL)

Concentration

Amadeo R. Ferndandez-Alba
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Matrix effect of leek matrix over tomato matrix
(250 compounds)
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leek/Tomato  -€€k/Tomato

(2.5 L) (5.0 uL)
+3 Average (%) 6.6 % -19.4 %
§ Median (%) 7.3% -20.9%
_S_<) <= 120 %| 168 111
£ >120%]| &<= |50 %] 76 111
E > |50 % | 6 28
.% <= 120 %| (%) 67.2 % 44.4 %
< > 120%] &<=[50%] (%) 30.4 % 44.4 %
> 150 %] (%) 2.4% 11.2 %

- _________________________________________________________________________
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IMPROVING CLEAN UP
(automated)
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USPE cartridge

e Small dead volumen (< 20uL)
¢ Pressure tolerance: 15 bar
¢ Wide range of sorbent masses: 5-150 mg

¢ Porous filters allow multiple sorbent layers

MgSO, (20mg)
PSA (12 mg)

¢ Sorbent mass accuracy+/-0,5mg

e Composition:
20 mg Anhydrous MgS04+

C18 (12 mg) 12mg PSA+
GCB (1 mg) 12 mg C18+

1 mg CarbonX

pre-mixed beforehand
45mg of the mix in each cartridge

Sample Tray [anridgeTra}r —_— Il\ -

Waste Receptacle == iy

Eluate Tray

Amadeo R. Fernandez-Alba European Reference Laboratory - FV
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TIC of avocado A T
dSPE &% g . Automated
PSA | 4l (% uSPE
and
C S
=4 Al
RT: 0.00- 20.91 N e
8000000000
6000000000
a —
2 )
£ 4000000000
)= ]
2000000000 Iy
_ TR ”L i
il po Aertncman A MMJ'QJ J\’h“‘i ~ iﬁlﬁwﬁf -~ H&%&J{\\, -’4
0 _ T T T T 1 1 1 1 | T T T | |
0 2 4 6 8 10 12 14 16 18 20
Time {min)

- ______________________________________________________________________________________________________
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Fluazifop

Spiked standard 10 pg/kg N Spiked standard 10 pg/kg
Total injected amount: 0.33 mg Avocado Total injected amount: 0.66 mg Avocado

High Sensitive Regular

_ _ 3282 ->254.2 ,328.2->2822
A0ppb_Aguacate PAL dilx5 Fluazifop £ x10 2N [EIO=EAEE53.4 %)
RT: 5.48 H 7
i ; 1.2
12000 s A
i s .
11000 o
10000— 0.9]
9000 0.8]
8000— 0.7
= ;mun: 0.6
= i
£ 6000 08
- 5000 0.4
4000— 0.3
| 0.2
3000 N
. Qualifier
2000 ol .. .
1000 ol transition:
o
"“als | 48 50 52 54 56 \ 64 | b5 329 -> 282
RT{min)
Qu a I Ifl e r P8.2 -> 282.2) 10ppb_Aguacate_dilx5.d Smooth
g i
AOppb_Aguacate_PAL_dix5 Fluazifop miz- 281929 t rans it i on: Ratio = 646.3 (133.4 %)
. 1.3
RT: 5.48 1.2
AA: 38102 329 -> 282
AH: 12682 1.4
R
12000 N
— 0.9
10000 o
-‘% 8000 il
Z - 0.6{
=
G000 0.5
] 0.4
4000
0.3
2000+ 0.2
0.4
o
T T T T T T T T T T T T T T T T T T T T
456 48 50 52 54 56 58 6.0 6.2 6.4 !
RT(min)
T 165 12]6 167 16.8 169 41 1‘11 1]|2 1J13
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Epoxiconazole

Spiked standard 10 ug/kg
Total injected amount: 0.066 mg Paprika

Regular
Spiked standard 10 ug/kg

Total injected amount: 0.13 mg Paprika

High sensitive

10ppb_MLGC_Pimenion_PAL _dikx5 Epoxiconazole
RT. 6.33
.
4 380.1 > 121.0 1.2 b
2000 s IR (124.7 %)
2000 2 22
_ 3 >
7000 =
1.8
B6000— 8l
1 1.4
£ 5000
= | 1.2
= 1000 +
7 0.8
3000—
- 0.6
2000 o0.4]
B 6.24 6.50
1000— 0.2
— o
o T T T T T T T T T T T T T T T T T T T T 0.2{
5.4 5.6 5.8 6.0 6.2 6.4 6.6 8.8 7.0 T2
RT{min) 0.4

Qualifier
transition:
330->101

Qualifier
t ra nsitio n: *éﬂzn:lo(asgon :5121;23612;:;:2; 7: enton_dilx5.d
330->101

25007 +

:%‘ = 0.9{

£ 20003 0.8
= |

| 0.7

1500 0.6

1000 0#)

= 0.4

500 0.3

3 0.2/

0= T T T T T T T T T T T T T T T T T T T 0.1

5.4 5.6 58 6.0 6.2 G4 6.6 &8 70 T2
RT(mim) 11a 115 1he 117 1hs 1o 12 121
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EXTRACTION

Amadeo R. Ferndandez-Alba

Area (counts)

Area (counts)
n
]

|||||

50

Metolachlor

100
Concentration (pg/kg)

Metolachlor

100

Cancantratinn (nafleol

150

150

200

200

TH

1ABR

@ Tomato
@ Broceoli
@ Lettuce
@ Orange
@ Pineapple
® Grapefruit

® Avocado

@ Tomato

@ Broccoli

¥ Lettuce

® Orange

@ Pineapple
@ Grapefruit
@ Avocado
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IMPROVING
CHROMATOGRAPHY
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Orange extract TIC

100
" . 100 mm column
E 80 . 150 mm column
S &0
et
<L ]
2 407
: \J‘(
¢ 2 Lw

O- | | I | | I | | I"'|"'II T I | I I B R | "'|'"I"'I"'I"'I"'|"'I"'I"'I"'I'"|"'I"'I"'I"'I"'|"'I'"I"'I"'I"'|"'I"'I"'I"'I"'|'"I"'I"'I"'I"'|"'I"'I"'I"'I"'|"'I"'I"'I"'I"'|"'I"'I"'I'"I"'|"'I"'I"'I"'I"'

0] 1 2 3 5] 7 8 9 10 11 12 13 14 15
Tirre (min)
Leek extract TIC W 100 |
mm column

10‘3; ||l . 150 mm column
: ]
L) i
o i
5 60
2 %
<
2 407 & ‘
T ' I

A-O_ L A LR | | I |RE R LN B | | | | | | B R R LR | 1 eyt RN R I | IR RN R |"I"I 1 1 | II"'I"'I"'I"'|"I I | I"|"'I"'I"'I"'II | 1 1 I

0 6 7 8 1N 12 13 14 15
Time {min)
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Shorter column or higher gradient:

Chromatographic method length

- 14 minutes
- 10.5 minutes
- 7 minutes

P ik s SN SO § S
W

T T T T T T T T T T T T T T T T T T T T T T T T T T T I T T T T I T T T T T T T T T I T T T T I T T T T I T T T T T T T T T T
2 3 4 5 6 7 3 9 10 1 12 13 14
Time {min)

Onion matrix. TIC m/z 100 - 1000

RT:0.00-1411

50

oo ]

—
=

—
=]
[l ]

50

Relative Abundance
3]
=
NN T I I N T N T A N N Y O O I

I

=
—
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TARGET LIST TARGET LIST
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Tentative false positives and neqgatives: common mass transitions

37C|
Cl Ay O
| 7 352 > 200 b 367 > 350
>
I 14 5o 10t 367 > 125
_PZ > (SN
S© 0 SN 350 > 125
Fenpropathrin 350 > 97
Chlorpyriphos (3’CI3°Cl,) . Exact mass: 349.1678 Da
CoH44Cl,3"CINO;PS .
Exact Mass: 350,9233 Da = IN
o )
o) g.-o 350 >7198 Depending on the selected mass
s Yo 350> 125 transitions in LC-QqQ-MS/MS,
350 > 97 false positives or negatives might
Chlorpyrifos (*5Cl5) be reported for chlorpyriphos and
CgH11CI3NO3PS fenpropathrin

Exact Mass: 348,9263 Da

Amadeo R. Fernandez-Alba European Reference Laboratory - FV
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SOLUTIONS AVAILABLE

IMPROVING
CHROMATOGRAPHY

2 ud IMPROVING
IMPROVING \ W

CLEAN UP
SENSITIVIY (automated)

Amadeo R. Fernandez-Alba European Reference Laboratory - FV



= B EURLFY @ |

Interconversion - clofentezine

030-=1.
a*® x102
1,154
¥.1-
1.05
'| <
0.854 cl
.5
0.B5-
0.8
0.75+
0.7 Cl
065
06+
0.55
R .
0 45 Clofentezine
0.4
0.35-
03
0254
2
0,154
0.1
0.054
0=

Falative Abiandan cs
=2
\ /

Zz-Z

-0.05+
0.1-

T : ] T | ; | I
i 4 5 & 7 é- é 10 N
Scquisition Time [min)

303.0-»138.0 ,303.0-=102.0
2 %1041 Ratio = 25.1 (15.0- 27.8)

244
224
2
18
16
14
12
14
0.2
05
044
0.2
ﬂ I

Cou

-0.24

I I I I I I I I | I
e 1.8 12 122 124 126 128 13 132

303.0->138.0 , 303.0->102.0
£ %102 Ratio = 46.1 (15.0- 27.8)

375
254
325
74
275
2.5
225
2
1754
15
1.25-
14
0.75
0.5
I [ [ [ [ | [

Ciou

0254

I I I
g g2 24 g6 82 9 52 94 96 92
Acquisition Time (min)
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Interconversion - clofentezine

High percentage of formic acid in the mobile fase
and/or little to no ammonium formate

13030-51379  3030-> 1020 . 303.0->75.0
#® x102 | Ratio = 625(103.1 %)
® 15| Ratio=191(1022%)
1.1
1.05+

14
0.95
0.5
.85+
0.8+
.75+
0.7
0.65+
0.6
0.55+
(0.5
0.454
0nd
0.35+
0.3
0.25+
(02

Fralathve Abundan ce

Cl

=2
\ /
z-Z

Cl

Clofentezine

Low percentage of formic acid in the mobile fase
and/or ammonium formate

Cl Cl
HN- NN N SN
HN N NN
Cl Cl
Dihydroclofentezine Clofentezine
6.29

o
-0.05+
0.1

0,154 Dihydroclo:fentezine
0.1 |
0.05- |

T T é : T T
b ) g 10 11
Acquisition Time (min)

1.‘_]_
b
Ln
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o : EUPT
False positives and false negatives UPTSCO3
‘g x10 5 _| Ratio = 13.1 (101.1 %) Coelution Score = 99.9 (avo Cad O)
1.8
1.6
1.4
Cl @] 12
—N
N’/) O\/\N)LN/\\ & Prochloraz
°N H E/N 08 (Prochloraz’s acquisition window)
OH '
Cl Cl
Cl 0.6]
Tebuconazole Prochloraz o4
Chemical Formula: C45H»,CIN;O Chemical Formula: C15H15Cl3N305 03
Exact Mass: 307.1451 Exact Mass: 375.0308 0
Molecular Weight: 307.8220 Molecular Weight: 376.6620
42 1£.1 1£.2 1%.3 1%.4 1%.5 1£.6 1%.7
Acquisition Time (|
328.0 ->70.0 ,308.0->125.0 308.0 -> 70.0 ,308.0 ->125.0
:5; x10 3 Ratio = 4.4 (114.0 %) Coelution Score = 97.2 ‘é x10 4 Ratio = 0.1 (2.5 %) Coelution Score = 24.1
6] 3 1
55 13 Prochloraz
5l 1.2 , " .
- (Tebuconazole’s acquisition window)
4.5
. Tebuconazole *
as (Tebuconazole’s acquisition window) gz
3 0%
2.5 0.6
2 0.5
15 0.4{
" 0.3
0.2
09 0.4
0 o
-0.51 -0.H

42 15.1 15.2 15.3 15.4 15.5 15.6 15.7

Acquisition Time (|

42 1%.1 15.2 1%.3 1£.4 1£.5 15.6 157

Acquisition Time (I
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False positives and false neqgatives

376 > 308

376.0 -< 308.0 >376.0 ->266.0
[2)
§ x10 5 Ratio = 13.1 (101.1 %)

3

18-
16
14+
12+

1
0.8
0.6
0.4+
0.2

0

8.0-370.0 , 308.0 -> 125.0

= X0 4

Cou

308 > 70

1.3
1.2+
1.1

14
0.99
0.84
0.7
0.6
0.57
0.4
0.37
0.29
0.19

Ratio = 0.1 (2.5 %)

f I f
125 12.6 12.7

Acquisition Time (min)

0
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EUPT SCO
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Prochloraz in SC03 sample
(Prochloraz’s acquisition
window)

Prochloraz in SC03 sample
(Tebuconazole’s acquisition
window)
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High-resolution mass spectrometry

100

o Effects of Increased resolution

76 Bl 5000
70 B 10000
00 B 20000
6 B 50000
Il 100 000

Relafiye Abundance
Lxr]
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High-resolution mass spectrometry
Effects of increased resolution

Resolution: 20 000 Resolution: 50 000
200.0000 200.0100 200.0000 200.0040
Ol

| i

199.99 | 200.04 199.99 - | © 200.04
- 200.0000 200.0200 o 200.0000 200.0080

9999 - | 200.04 199.99 a | | 200.04
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EUPT Sample of coriander

mani_714 F24:MRM of 13 channels ES+ [25. Linuroni
100- 125, Linuroni 248=160 migni_719 F24:MRM of 13 channels,ES+
i j 1.3312+006 - 125, Linuron| 248160
J ) 7.490e+004

moni_714 F24:MRM of 13 channels ES+ F % I IVI
100- 125, Linuroni 249=182 neni_7 4 MEM o ;
| E 7.508e+005 100 125. Linuroni 245=182
] \ ] Y 3.762e+004
: ) |
T .'-;.;_II',I" IIII o }-.
- I" |~ %- [} 'kﬁi,' - H
| fER ": K‘“\‘ | a/ ol
bt '-'/: — — T MiN ] ‘/f" 5 ".,\\
2025 2050 2075 @ 21.00 S T T T T e min
20.25 20.50 2075 21.00
Linuron Linuron
Standard in solvent Real sample of coriander
lon ratio: 1.8 lon ratio: 2.4
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Patrén de Fenpropathrin

Real sample Clorpyrifos (48 ug kg?)

LC-QqQ-MS/MS (50 pg kg?)
;(1: 21 Ratio’ :52%2:;?15_-124.6) x10 5., Ra\ioy 352‘;.29-(:;?:5;124v6)
v w  350.2>97.1
7 350.297.1 o 3502 >125.1
s 350.2->125.1 1 Ratio=20.9
5.5 Ratio= 20.5 06
. Falso o9
* Positivo o
272 273 274 275 276 27.7 278 279 38 281 | 272 273 274 275 276 277 278 279 8 251
Acquisition Time (/ Acquisition Time (1
100- 10.68
LC-Orbitrap-MS i _
< wj XIC Chlorpyrifos
s w0l 349.9336 = 5 ppm
= . Diferencia de masa
= [}E 690 ppm ki 1092 10.95
100
80
] XIC Fenpropathrin
0] prop No Detectado
. 350.1751 %+ 5 ppm —
20;
0]
101 102 103 104 105 106 10.7 108 109 110 111
Time (min)
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Orbitrap

1 500 mm
30 mm

Detector Detector
\% Electrode Electrode

Central
lon Pulser Electrode

Time of flight
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Challenges and future directions in LC-MS-based multiclass method development for the quantification of food contaminants

David Steiner, Alexandra Malachova, Michael Sulyok, Rudolf Krska . . . .
Analytical and Bioanalytical Chemistry (2021) 413:25-34

80 %
Fig. 1 Performance comparison between HRMS (blue) and MS/MS

(orange) instruments based on = 3800 LOQ results for pesticides, myco-
T0 9% toxins, veterinary drugs. and plant toxins [22, 24, 26, 30]. The y-axis
represents the percentage of analytes. and the x-axis represents the distri-

bution of LOQs in pg/kg

60 %
50 %
40 %%
30 %
20 %
e

0 %%

= S

—_—
e
"? [ S

Percentage of analytes

Distribution of LOQs [ug/kg]

Amadeo R. Fernandez-Alba European Reference Laboratory - FV



= B EURLFY @ |

AlF

Identified in full compliance with the EU SANTE guideline criteria

Orange %%  Onion

é'w Bell Pepper y
246 pesticides J’/ 246 pesticides

246 pesticides

100% 100 100%
90% 90% 90%
80% 20% 80%
70% 70% 70%
60% 60% 60%
50% 50% 50%
40% 40% 40%
30% 30% 30%
20% 20% 20%
10% 10% 10%
0% 0% 0%

5 ppb 10 ppb 20 ppb 50 ppb 5 ppb 10 ppb 20 ppb 50 ppb 5 ppb 10 ppb 20 ppb 50 ppb

Bl DETECTED IDENTIFIED
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MS vs MS/MS in LC-HRMS

Broccoli

5
x10 +ESI Scan:1 (rt: 11.199 min) Frag=360.0V 20ppb_SM_Brocolix5_Al.d

M S SpeCtru m *275.2150 *293.2308 *315.2115

331.1649
2 209.1541

257.1905
1.5 121.0509 1815964 ’
el \

171.1018
: ]

100.0758 149.0963

‘ 347.1309
L.t

T PR | [ ‘,v ..... ML

‘ ‘ 227.164
61,0076 ottt bt L e b e b

5
x10 +ESI Scan:3 (rt: 11.211 min) Frag=380.0V CID@20.0 20ppb_SM_Brocolix5_Al.d

*315.1964
*337.1776

g MS/MS Spectrum

*107.0866 *149.0973
45 *275.2020

4] 1331019

3.5 *67.0544 *119.0860

159.1169

347.1306
197.1325 247.2054
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Counts vs. Mass-to-Charge (m/z)
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... and Why is Duty cycle important?

What is duty cycle?

% of ions injected into the TOF
* Typically, ~5-25%

Dependent on

HGETRG & 0.6 ”.
Why"s atity cyTCle
* lon losses occur when combining: _

Pulsed measurement technique

Quadrupole region TOF accelerator
— TOF Continuous ion beam lon pulsing
Continuous ion beam
— Quadrupole
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lon Mirror

- -l -—— :-=w Detector
jL_ﬂ_n_
lon Pulser

:

Microchannel
plate (MCP)

Scintillator

+HV
~700V - Optical lens

Photomultiplier
tube (PMT)

Overall gain ~ 2x105

Ground

Figure 2. TOF detector with potentials shown for positive ion operation.
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Q Exactive™ Focus TSQ Altis™
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High-resolution mass spectrometry

Mass
Full scan MS e -
analyser

M
SIM Quadrupole —> — ass
analyser

All ion fragmentation/ Mass
SWATH/DIA/vDIA/ analyser
Q-RAI

PRM/tMS2/MRMHR Quadrupole — — Mass
analyser
(ddMS2) _

— MS2 (MS/MS)
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Co-extracted Matrix Components LC-HR-MS

Mt = Leek Mt = Orange ik
Mass Mass
1200 5870 Matrix compounds 1200 | () - 8017 Matrix compounds —
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BO0 |53 e e BOD 3
500 | e 500
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100 100 G
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ZenoTOF: SWATH windows testing

Density Trace for m/z

Density distribution of all precursor ion m/z

(X 0.001)
3 [ T7 I L e s

C 'Nllean m/z=334.38 ]

2.5 .
2F . . -

> C First experiments ]
B 4 5[ Cycle time =651 ms -
g I !
15 9%x100 Da windows ]

0.5 Z—/ .
AT Y T T P e e e e

0 1 200 300 400 500 600 700 800 900

m/z

First precursor ion (m/z 122)
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ZenoTOF: SWATH windows testing

Density Trace for m/z

Density distribution of all precursor ion m/z

(X 0.001)
3

2.5

1.5

Density

0.5

/

N

Mean m/z = 334.38

Ongoing experiments
Cycle time = 651 ms

7x60 Da windows
1x208 Da window
1x253 Da window

200

300 400

First precursor ion (m/z 122)

m/z

500 600 700 | 800

Isolation of spinosyns

900
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EVALUATION OF THE NUMBER OF ISOLATION WINDOWS

Fragment Mass error
LC-QTOF-MS Tebufenozide at 5 ug/kg

SWATH 1 window (850 Da) SWATH 8 windows (108 Da) SWATH 20 windows (44 Da)
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SWATH Sciex X500R QToF

[ Full scan MS (sccumulation time 200m ms)

- MS? (sccumulation time 50m ms)

32k 32k 32k 32k 32k 32k 32k 32k 32k 32k 32k

32k 32k 32k 32k 32k 32k 32k 32k

32k 32k 32k 32k 32k 32k
32k 32k 32k 32k
| |

0.2s 0.3s 0.4s 0.5s 0.6s 0.7s
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Acetamiprid in Aubergine at 0.01 mg/kg

1 window

+ @ Aubergine_10ppb_1W - A...2), (sample Index: 17)
Area: 1.909e3, Height: 4.594e2, RT: 6.24 min

7000 - L

| €— [M+H]*
6000 S M
5000 4

4000 4

Intensity

3000 -
2000 -
1000 4

Time, min

¥ Peak Details

Precursor m/z Retention Time (min)] Ion Ratio
223.075 6.24 0.0599

Fragment area: 1909 counts

Amadeo R. Ferndandez-Alba

10 windows

+ @ Aubergine_10ppb_10W - ...f2), (sample Index: 9)
Area: 7.614e3, Height: 1.258e3, RT: 6.24 min

-

<— [M+H]*
3000 A

2000 -

Intensity

1000 ;

D = i . * 1 .
60 61 62" 63 64 65

Time, min

¥ Peak Details

- Precursor m/z Retention Time (min)} Ion Ratio
223,075 6.24 0.3633

Fragment area: 7614 counts
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Standard Orbitrap High Field Orbitrap
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LC-HR-ESI-MS/MS
ACQUISITION WORKFLOWS

All lon
Fragmentation or
NOT Ai~?
That Is the question

Targeted SIM PRM, tMS?, MRMFR

_

DDA (ddMS?, IDA) or DIA
ptsLaes Qﬂscan (AIF, vDIA, SWATHD_
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High-resolution mass spectrometry

Mass
Full scan MS e -
analyser

M
SIM Quadrupole —> — ass
analyser

All ion fragmentation/ Mass
SWATH/DIA/vDIA/ analyser
Q-RAI

PRM/tMS2/MRMHR Quadrupole — — Mass
analyser
(ddMS2) |

— MS2 (MS/MS)
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Standard Orbitrap High Field Orbitrap
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Comparison of cycle times

Full scan MS

MS tMS2

Full scan MS @60K + AIF @60K + 10 tMS2 @15K (Exploris 240)

MS tMS2  tMS2 tMS2 tMS2 tMS2  tMS2 tMS2 tMS2 tMS2  tMS2 840 ms

Full scan MS @70K + 10 tMS2 @ 17.5K (QExactive)
tMS2  tMS2  tMS2  tMS2 tMS2 tMS2 tMS2 tMS2  tMS2  tMS2 EENYAR:E

\ 4

| | |
250 ms 500 ms 750 ms 750 ms

Orbitrap Exploris 240 MS
Vs
Thermo Scientific™ Q Exactive™ Hybrid Quadrupole-Orbitrap™ MS systems
(Classic & Plus)
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MS2
m/z 169.05430 * S5ppm

MS2
m/z 131.96700 * S5ppm

MS2
m/z 113.01680 * 5ppm

The Benefit of Using tMS2

5 ppb of clothianidin in orange

426 427
| ‘ I
426 426
T e e AR B "'|"'|---|---|---|---|---|---I"'I"'I"'|"'|"'|'!'"|""||"'|"'|"'|"'|"'|"
4.2 43 4.4 4.2 4.3 4.4 4% 4.3 44
Tirne {rmin} Tirme (min) Tirne {rnin}
AIF DIA 20 windows tMS2
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Current Approach
/ AlE TARGET LIST\

+ Database Lack of

Sensitivity
SAMPLE MS2
TREATMENT DATA
TREATMENT
Matrix

Interference

Problem with sensitivity for some compounds

Amadeo R. Fernandez-Alba European Reference Laboratory - FV



Screening using a Target List & Database

TARGET LIST +\

Library Improve
= Sensitivity
L MS?2
LUl
g
< 5 DATA
@ i TREATMENT
Decrease
Matrix
Interference
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Linearity
100%
90%
80%
70%
60%
50%
40%
30%
20%
10%
0%
up to 100ppb up to 300ppb up to 500 ppb

Onion M Orange M Pepper M Apple

& Wil ‘i -
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Increasing the scope
Identified pesticides/10ppb in Orange

231

- (94% of 246)

200

158
139 (95% of 166)

150

100

50

Thermo Scientific™ Q
Exactive™ Focus hybrid
quadrupole-Orbitrap MS

Orbitrap Exploris 240 Orbitrap Exploris 240
MS MS

Acquistion modes: QE Focus ( FS/AIF), Orbitrap Exploris 240 MS (FS/AIF/tMS2)
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Zeno trap
e For sensitivity gains in MS/MS :

 The Zeno trap provides control of
the ion beam from the collision cell
into the accelerator

Zeno Gate 1Q3

e lons are gated then released based
on potential energy
e Generally, higher m/z ions are

released first then followed by
lower m/z ions

A wide range of ions now arrive in
the accelerator to be pushed during
the same pulse

Quadrupole region TOF accelerator
Continuous ion beam lon Pulsing

Amadeo R. Fernandez-Alba European Reference Laboratory - FV



Percentage of concentrations

at a given level

100.0 %

90.0 %

80.0 %

70.0 %

60.0 %

50.0 %

40.0 %

30.0 %

20.0 %

10.0 %

0.0 %

41.9 %

0.5

62.0%

ZenoTOF: lowest achieved detected concentration in matrix-matched pesticide mixtures

Lowest detected concentration (cumulative) [282 analytes]
(5 yL injected, 5-fold dilution, tomato QUEChERS extract)

93.0%

83.8% ‘

96.8% 98.2%

20

Concentration (ug/kg)

EWLFVOS »

9.6% 100.0% 100.0%
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ZenoTOF: lowest achieved quantitation in matrix-matched pesticide mixtures

EWLFVOS »

Lowest concentration with 22 detected ions [282 analytes]

(5 pL injected, 5-fold dilution, tomato QUEChERS extract)
99.3% 100.0% 100.0%

100.0% 96.1%
91.2%
90.0%
82.0%
80.0%
70.0%
59.9%
60.0%
50.0%
40.0%
30.0%
20.0%
10.0%
0.0%
2 5 100 200 500

10 20
Concentration (ug/kg)

Percentage of concentrations
at a given level

For some compounds, only one ion could be evaluated: 2 at 2 ppb, 1 at 5 ppb, 1 at 10 ppb, 2 at 20 ppb, 2 at 100 ppb, and 1 at 200 ppb

. A Made0 R. Ferndndez-Alba



ZenoTOF: fragment mass accuracy loss with higher concentrations

A« —

o e
* &
e

+ @ MixLC_002ppb_tomato_5ul_SWATH-CID_ZP_A... AcN-H20_1-4.wiff2), (sample Index: 1) + @ MixLC_200ppb_tomato_5ul_SWATH-CID_ZP_A... AcN-H20_1-4.wiff2), (sample Index: 1)
Area: 4,569e4, Height: 1.420e4, RT: 6.09 min Area: 1.426e6, Height: 2.752e5, RT: 6.09 min
s
6.088
265 - 200 ppb

2 10000 s e PP

E 5000 4 E 185

0 - . . . . 0D . . . . .
5.0 5.5 68 T 6 7.0 75 5.0 5.3 I 7.0 75
Time, min Time, min

¥ Peak Details ¥ Peak Details

Fragment m/z Fragment Mass Error (ppm) Retention Time (min) lon Ratio Fragment m/z Fragment Mass Error (ppm) Retention Time (min) lon Ratio

72045 29 6.09 6.7125 72045 857 6.09 23489

200 pg/L (1:4 dilution with water)

2 pg/L (1:4 dilution with water)
Spectrum from MixLC_200ppbk_tomato_Sul_SWATH-C... - 300] (30 - 1000) from 6.237 to 5,471 min]

Spectrum frem MixLC_002ppbk_tomato_Sul_SWATH-C... - 300] (50 - 1000) from 6.175 to 6.325 min]

Intensity, cps

50004 72,0447

2500

2000

15001

1000 ]

500 {58.0661 93052{1005 140.9942 1561745 185.1179 222039?2483384
I R A A e
60 T80 100 120 140 160 180 200 220 240

Mass/Charge, Da

Mass/Charge, Da

ded 72.0507
91.0567 245.2402
58.0655

2 Jed -
= 156.1753 233.0915
= Zed -
E 213.0810

Ted - 02.0580 160.0374

( 140.0274 | 1 214.[]851
DE‘D | L . L . !I | I ! || — ] . . | : Al
&0 80 100 120 140 160 180 200 220 240
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+ '@ MixLC_0005ppb_tomato_5ul_SWATH-CID_WO...AcN-H20_1-4.wiff2), (sample Index: 1)
Area: 1.873e2, Height: 7.354e1, RT: 947 min
Maoise Region Start-End: 8.85-9.35

150 4 .
0.5 pg/kg (dil. 5-fold)
= 5 ulL injection
2 100
- 504
0 . s o PY o onn ! AT, I o)
BS 9.0 35 10.0 10.5 1.0
Time, min
¥ Peak Details

Fragment m/z Jraggqent Mass Error (ppm) Retention Time (min) lon Ratio
06,044 @ 047 0.3145

Pyriproxyfen fragment
SWATH® (Zeno Pulsing OFF)
m/z 96.0444

Calibration for Pyriproxyfen_fragmentl:y = 211.18958 x + 193.64869 (r = 0.99796, r* = 0.99592) (weighting: 1/ x)
1.0e5

Area
w
=}
E

0.0e0

50 100 150 200 250 300 350 400 450
Concentration

ZenoTOF: Zeno Pulsing switching for improved detection and quantitation

EURL-FV

Detect accurately at concentrations as low as
0.5 ug/kg and quantitate between 0.5 and
20 pg/kg with Zeno Pulsing ON

Quantitate between 0.5 and
500 pg/kg with Zeno Pulsing OFF

+ @ MixLC_0005ppb_tomato_Sul_SWATH-CID_ZP_... AcN-H20_1-4.wiff2), (sample Index: 1)

Area: 7.925e3, Height: 2.452e3, RT: 9.48 min

Noj gion 5tart-End: 8.88-9.38
) D — o
9478

20001 | 0.5 ug/kg (dil. 5-fold)
£ a0 ' 5 L injection
&
g 1000 ]

500

0 \\Arvw/\q‘ uhr
85 0.0 iy 5T 10.0 105 1.0
Time, min

¥ Peak Details

Fragment m/z Jrmygent Mass Error (ppm) Retention Time (min) lon Ratio
96,044 @ 9.48 37193

Pyriproxyfen fragment
SWATH® (Zeno Pulsing ON)
m/z 96.0444

Calibration for Pyriproxyfen_fragment1: y = 3460.62014 x + 17461.92477 (r = 0.91273, ¢ = 0.83307) (weighting: 1/x)

1.0e6

Area

5.0e5

0.0e0

50 100 150 200 250 300 350 400 430
Concentration
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Increasing the scope

1600 . . 1500
Targeted Pesticides + Pesticide database +Libraries

1400

1200

1000

800
600

231

139 159 (94% of 246)
(84% of 166) (95% of 166)

400

200

0 .
Thermo Scientific™ Q  Orbitrap Exploris Orbitrap Exploris Orbitrap Exploris
Exactive™ Focus 240 MS 240 MS 240 MS
hybrid quadrupole-
Orbitrap MS

Acquistion modes:
QE Focus ( FS/AIF), Orbitrap Exploris 240 MS (FS/AIF/tMS2),
Orbitrap Exploris 240 MS (FS/AIF/tMS2/ Data Dependent)
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Amadeo R. Fernandez-Alba European Reference Laboratory - FV



SAMPLE| MATRIX

TARGET/QUANTITATIVE

SCREENING

001 Kiwi
002 Kiwi
003 Kiwi
004 Kiwi Phosmet
005 Kiwi
006 Kiwi
007 Kiwi
008 Kiwi Forchlorfenuron
009 Kiwi Boscalid Forchlorfenuron
010 Onion Beauvericin; Penicillic-Acid
011 Onion
012 Onion
013 Onion
014 Onion Beauvericin
015 Onion Beauvericin_M+NH4; Penicillic-Acid
016 Onion
017 Onion
018 Onion
019 Onion
020 Onion
021 Onion
022 Onion Beauvericin
023 Onion Target/Quantitative
024 Onion
025 Oonion Beauvericin
026 Orange Imazalil
027 Orange Acetamiprid; Fenpyroximate; Pyrimethanil Acetamiprid-metabolite-IM-2-1
028 Orange Pyrimethanil; Thiabendazole;Imazalil
029 Orange Acetamiprid; Pyrimethanil; Propiconazole; Imazalil
030 Orange Imazalil
031 Orange Imidacloprid; Pyriproxyfen Imidacloprid,desnitro; Imidacloprid,desnitro-olefin
032 Orange Pyriproxyfen; Imidacloprid Imidacloprid,desnitro; Imidacloprid,urea
033 Orange Acetamiprid; Imazalil
034 Orange Acetamiprid; Pyriproxyfen Acetamiprid-metabolite-IM-2-1
035 Orange Hexythiazox; Pyriproxyfen; Imazalil
036 Orange Thiabendazole; Propiconazole; Imazalil
037 Orange Acetamiprid; Pyrimethanil; Imazalil
038 Orange Acetamiprid
039 Orange
040 Orange Acetamiprid; Fenpyroximate
041 Orange
042 Orange Acetamiprid; Etofenprox; Phosmet; Imazalil
043 Orange Acetamiprid; Imazalil
044 Orange Thiabendazole; Pyrimethanil; Imazalil Imidacloprid,desnitro; Thiabendazole,50H
045 Orange Pyriproxyfen; Imazalil
046 Orange
047 QOrange Imidacloprid,desnitro
048 Pineapple Beauvericin M+NH4
049 Raisins Famoxadone; Fluxapyroxad; Ingoxa}carb; Mandiprppamid; Metalaxyl; Methoxyfenozide;'
Metrafenone; Penconazole; Proquinazid; Pyrimethanil; Sulfoxaflor; Tebuconazole: Zoxamide
050  Strawberry Boscalid; Fluopyram




i 9™
—| B EURLFV S | WR il

C:\Xcalibur\...\0611_screening\Apple_2 11/06/20 16:22:11

RT: 8.98 - 10.02 9 54

Full scan MS Hsc\')Lo/\/\CH
EIC 384.1417 + 5ppm ’

FaCu o
Mass error -0.23 ppm U Fluazifop-Butyl

[

N ®© © 9

o © o o
|

@
=}

Relative Abundance
n w B v
s & S o
vl b b b b b b b b

=
o

o

T T
9.0 9.1 9.2 9.3 9.4 9.5 9.6 9.7 9.8 9.9 10.0
Time (min)

Apple_2#8289 RT:9.52 AV:1 NL:2.87E6
F: FTMS + p ESI d Full ms2 384.1409@hcd25.00 [50.0000-412.4357]

P Mass error 384.1414
] 0.00 ppm
90 3
»3 MS2 spectrum
8703 Mass error Mass error Fragment ion
go03 0.39 ppm 0.91 ppm resent in the database
PP [282.0735] °77PP P
g 4
540
€403 91.0540
20; 238.047 254.0787 328.0792
10 o
N 05038 500377 |o30gay  MO04%0 147.0288 164.0314 198.0525 2270554 “ ‘
65 8(‘) 10‘0 12‘0 14‘0 léO 18‘0 20‘0 22‘0 24‘0 Zéﬂ 28‘0 30‘0 32‘0 34‘0 36‘0 38‘0 40‘0
m/z
5803_Fluazifop-Butyl CE40raw  Scan: 1 RT: 0.13 NL: 1.05e08
FTMS + p ESI Full ms2 384 14@hed40 00 [50 00-394 14]
282.0735
100
90 1
1 Spectral library
= ]
“w
5 60
2 7]
@ 50
ERRa 91.0542
£ 254.0786
o .
30
20|
y 1190491 238.0473 328.0789
0+ 570702 )
N | a0 t10a0| 1370597 1640317 4700188 2130783 227051 | |264._0629 2951365 310.0683 | 338.1360 368.2666
I T T O T O Y e R R e O O A PR
miz
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C:\Xcalibur\...\0611_screening\Avocado_3 11/06/20 21:57:02

OO0 AND -
ENVRENHEN]

1AsR

RT: 7.25 - 8.37
100 4

7.94

Full scan MS 7.80

EIC 399.1681 + 5ppm
Mass error 0.05 ppm

Relgtive Abundance
S o
b o e s e b o

Cl

Valifenalate
in avocado
(2 peaks)

H 0] 0}

HsC.__O._ _N

Y N

CHs O
ch CHS

OCHg

L L

7.30 7.35 7.40 7.45 7.50 7.55 7.60 7.65 7.70 7.75 7.80 7.85 7.90 7.95 8.00
Time (min)

~
N

8.05

8.10 8.15 8.20 8.25 8.30 8.35

Avocado_3 #6821 RT: 7.82 AV: 1 NL: 3.10E5

F: FTMS + p ESI d Full ms2 399.1285@hcd25.00 [50.0000-427.7231] Mass error
100 | 1550258 Ie-
Mass error 1.29 ppm

"1 172 ppm MS2 spectrum
o | 116.0705 I :
5o Mass error Mass error Fragment ion
g 72.0808 .2.34 m Mass error 399.1678 .
B -1.02 ppm 54 pp present in the database
0 -1.60 ppm
* 980599 214.0627 &
20
10 5.0‘542 82.8232 140.0265 1165.0105 weiiz1 | 197.0365 313.1313 367.1412
0 63,9500 | 1.0539 | | N = $19.2218 ) |
4w W w0 o G W o e e
miz
£545_Valiienalate_CEA0 ra Scan.1_RT 0.13 NL 6.76606
FTMS + p ES| Fullms2 399, 17@hca4d 00 [50.00-405.17)
w00 116.0707 155:0260
90
0] Spectral library
70—
z ]
S 60
H 4 72.0809
@ Sl]t
40
o -
30
20 98 0601 197.0367
104 550515 1400263 | 165.0104 214 0632
1 91.0543 | ‘ | | 182.0369 L ovusaB 2550276 2811055 313.1318 353.0164 3725833 403.6632
0 ' e0 s | 00 | 120 | w0 | 160 | 180 | 200 22'0 240 260 | 280 300 | 30 340 360 | 380 | ab0
miz
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ION MOBILITY MS
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Variations of lon Mobility Platforms

Trapped IM
(TIMS)

Field Asymmetric
(FAIMS/DMS/DIMS)

Differential Mobility
(DMA)

Drift Tube Traveling Wave
(DTIMS) (TWIMS)
-

—

O Pulsed lon Packet

O Comprehensive

@ Pulsed lon Packet

@ Comprehensive

[Enmmernial vend-nrs]

Agilent, TofWerk
Excellims

ICnmmerniaI Vendors I

Waters

J

Q Variable Operation
O Both (C & S)

Commercial Vendors

a N N } o
f
@M | 1
L - » v L — ¢ .'. J
Y/ 1 |

O Direct CCS @ cCalibrated CCS O calibrated CCS © No CCS Data © Direct CCS

O Static E Field @ Oscillating E Field O Static E Field O Oscillating E Field O Static E Field

O No Gas Flow @ No Gas Flow O Parallel Gas Flow O Parallel Gas Flow O Perpendicular Flow

© Continuous Filter
O Scannable

Commercial Vendors

Bruker

. J

L\_ Sciex, Heartland j

Owlstone, Thermo

© Continuous Filter
O Scannable

Commercial Vendors

SEADM, TSI

%
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M i

—
B ] >
ESI TIMS1 TIMS?2

accumulation separation
|

‘ ----------------- ] ‘ |
_I. I

m/z m/z

TIMS tunnel 1 TIMS tunnel 2
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MétOdO de procesado = Exactitud de masa

= Tiempo de retencion
= Perfil isotdpico de cada ion (formula de cada una de las seiiales)

Base de datos con los compuestos de interés: parametros Tr y movilidad = Exactitud de masa y perfil isotépico de iones MS2 (DIA)
=  Valor CCS (collision cross section) frente al experimental o calculado

General method settings  timsTOF settings  Calibration settings  Workflow settings Analytes settings  Quantitation settings  Internal Standards Number formats  Colors Definition

T\ Analyte Formula Mass [Da] | RT expected [min]  RT tel [min] = | KT narrow [min] = | RTwide [min] £ 1/K, expected [V*sfcm®]  CCS expected [AY] Rel. 1/Katol. [%] & CCStol. [%]2 | CCSnarrow [%]:  CCS widi ~
T T T T T T T T T T T T
1 Acephate Fragm 143 C:H:0:PS™ 1429926 3.58 0.50 0.25 0.40 0.5650 123713 5.0000 5.00 2.00
2 Acetamiprid CagHaa CING 2220672 487 0.30 0.25 0.40 0.7261 134.26 5.0000 5.00 2.00
3 Acrinathrin (NH2) CrHxuFeMOs 541.1324 13.17 0.50 0.25 0.40 1.0500 21546 7.0000 T.00 2.00
4 Alachlor Fragm 238 CasHyrCING™ 2380993 9.81 0.50 0.25 0.40 0.7079 149,86 5.0000 5.00 2.00
5 Albendazole CazHasN,0:5 265.0885 8.74 0.50 0.25 0.40 0.7847 163.20 5.0000 5.00 2.00
& Aldicarb Fragm 116 CeHiahS™ 116.0328 575 0.50 0.25 0.40 0.5371 119.83 5.0000 5.00 2.00
7 Ametoctradin CasHzNs 275.2110 11.19 0.50 0.25 0.40 0.8439 17735 5.0000 5.00 2.00
) Amisulbrom Mobl CagHasBrFN;0.5; 464.9576 11.58 0.50 0.25 0.40 0.8929 184,08 3.0000 5.00 2.00
9 Amisulbroem Mab2 CazHa:BrFM:0.5; 464.9576 11.58 0.50 0.25 0.40 0.9427 194.24 5.0000 5.00 2.00
10 Anilofos CasHasCINOPS; 367.0233 1037 0.50 0.25 0.40 0.8633 179.33 5.0000 5.00 2.00
" Atrazine CaHaaCINg 215.0938 765 0.50 0.25 0.40 0.7026 149,54 5.0000 5.00 2.00
12 AverrmectinBla (Abamectin) (NH4) CasHyNOss" 890.5260 13.42 0.50 0.25 0.40 1.3800 280.66 5.0000 5.00 2.00
13 Azinphos-ethyl Fragm 160 CeHsN:0" 160.0305 972 0.50 0.25 0.40 0.8532 18855 5.0000 5.00 2.00
14 Azinphos-methyl (Guthion) Fragm 1... | CsHN,0™ 160.0505 829 0.50 0.25 0.40 0.7770 164,66 5.0000 5.00 2.00
15 Azinphos-methy| (Guthion) Fragm 1... | CsHsMN:0™ 160.0505 8.29 0.50 0.25 0.40 0.8158 177.08 5.0000 5.00 2.00
16 Azoiwystrobin CarHirN: 0 403.1168 845 0.50 0.25 0.40 0.9452 195.73 5.0000 5.00 2.00 "
< 1= noa an o mme mens o nen Aas noan noaaan 177 0 10 AnAA anAn ~ e s
lons lon Ratios  Rules
lon lonformula m/z & Spectrumtype Mandatory Quant.ien Referenceion | lon ratio | lon ratio tel. [.. | EIC width[mDa] = | EIC width[ppm] ¢ | mDanarrow £  ppm narrow = mDawide: ppmwide =  1/K: expected [V*s/cm]
T T T T T T T T T T T T T T T T
1 153.070 CacHs™ 153.06%3 bbCID - v O 2.0000 13.0659 1.0 6.53 1.50 9.80 0.3
2 170,086 CazHaaN™ 170.0964 bbCID - b O 2,0000 11,7580 1.0 5.88 1.50 8.82 0.3484
3 184.076 CizHNO™ | 184.0757 bbCID - u O 2.0000 10.8651 1.0 343 1.50 8.15 0751
4 [ CaHeNO™ | 198,0913 FullScan = ] ] 2.0000 10.0964 1.0 5.05 1.50 7.57 0.7151
3 198.091 CuHe:NO™ | 198.0913 bbCID -~ ] O 2,0000 10.0964 1.0 305 1.50 757 0.5
6 Fragm 198 of (M+H) | CaH:aNO™ | 198.0913 FullScan = u O 2.0000 10.0964 1.0 5.05 1.50 757 02424
7 198,091 of (M+H) CaHiNO™ | 198,0913 bbCID ~ [ 2.0000 10.0964 1.0 5.05 1.50 7.57 0.8484
g 1+1 CuHa:NO™ | 199,086 FullScan = [ O 0146 50.000 | 2.0000 10,0455 1.0 5.02 1.50 753 0151
g Bifenazate (M=H) CarHzN:0:"" | 3011547 FullScan = &1 O 2.0000 6.6411 0.9 3.00 21 7.00 0.8484

-
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Cl NHz I e, I
H_} )IN
A Chromatogram Xl & A @ = A M foe® 2l 2E WA N B IA Mobilogram XI Q Q 0= & LI AN P l_;_x Calibr... XI;}'Calibr... Ll Mass 5. @ Mass-... |- Batch .. BE Statist.. [ Chro.. =B
<10° - 5 ppb tomate_14.1.81 = | 0% 5ppbtomate 12181 = EEEENE
RN 5 7| Fehiprole Mobi = CuiHhCl: P‘"'@' 5 | 6| Ethiprole Mob1, (31576x + 3743) (R®: 0.99998) ( oRF 11.58)
) E] i — I %10° iprole Mob1 , + (R*: 0. 1
5.0 4 397 MenH () (P) (q) = 15 |397-MenH () P} (@) Y ] (Origin: IGNOREZERO, Weighting: NONE, Signal: AREA, Function: linear)
R L y e 1399 - M+ nH+2 () . ; = (ks ; 3.0 © Calibrant
4 251 - 350,948 (*) (bbCID) s -1 351 = 350.948 (*) (bbCl ‘ 2 s N
20 J255-254, 970 (bbCID) - 1.0 - 255 - 254.970 (bbCID) | - s ] gg;lmrantm:ssmg
414 - Ethiprole (MH4) 414 - Ethiprole (NH4) ] 3 N I g 17
2z 1387 - M+H of (NH4) = 1397 - M+ H of (NH4) L ENE E ] 8 missing
z 351 - 350.948 of (NH4) (bbCID) E 0.8 4351 - 350,948 of (NH4) (bb¢ID) ; s & Sample
5 304 .@ . =) = O Blank
£ = 7 ' = 154
0.5 ' s - .
., | Cromat. generado ] 5 % 4] Recta de calib.
a partir del pico de 04 - 5 o Isémero 1
104 movilidad a 0.89 . 5 .
0.2 ] 0.0 -
_‘I/KO 7 : LR L B IR B BN B B B LA B B B BN L N N B LR |
0.0 - 0.0 0 10 20 30 40 30 60 70 80 90 100 ppb
L L L L L B ) ’ LI L L L O L Concentration
s o 81 82 83 84 85 &6 87 88 89 9 Time[min)|[@le 07 075 08 08 09 095 1 1K [Vsiem?) || (81 @
Aa Chromatogram X\ B O @ = A M Lo %) 22K W N = B IA Mobilogram xl Q afmee ﬂ LA Pl I){‘ Calibr )(l;.x(alibr... Ll MassS... @ Mass-... |27 Bateh.. [BStatist. [g Chro.. = 8
410> 5 ppb tomate_14.1_81 3 ! «0° Sppbtomate 14181 11 g 1 B#~2 D
7| Ethiprole Mob2 = CisHaCLF:MNaOS = + + 44 - Ethiprole Mob2 - C«;H.CI;F.N.OS— T 6] -
45 - _ 3 i «10° | Ethiprole Mob2 , (25465x - 1547) (R%: 0.99999) ( ORF 7.37)
20 ]397-MenH () P @ 12 ] 387 -M=nH () () (@) =z ! (Origin: IGNOREZERQ, Weighting: NONE, Signal: AREA, Functior: linear)
7399 - MenH+2 (1) " 7388 - MenH+2 () 5 23 © Calibrant
1351 = 250,948 (* -l}‘f._'. = 351 = 350.948 (BCID E_i. : A
33 4255 - 254.970 (bbCID) 1.0 255 - 254970 .[hbch 20 o Eé.::llbrantnmssrng
10 414 = Ethiprole (NH4) 414 - Ethiprole (NH4) gL &
Z 7397 - M+H of (NH4) = 7397 - M+H of (NH4) | LIRS = 4 A QC missing
z 1357 - 350.948 of (MNH4) (bbCID) = 0.8 - 351 = 350,948 of (NH4) (bbC e' ' g 1.5 4 & Sample
g 254 £ ; & 0 Blank
c c - H — -
20 - 0.6 ; g 104
1 Cromat. generado ] | = 5 Fap—.
1.5 = . . i 7
1 a partir del pico de 04 ; 05 4 | ecta ezca ID.
10 . - : _
1 movilidad a 0.92 . 4 o SOSIe
05 - : : 0 -
_‘]/K0 . : e —
00 e 0.0 et e | 0 v 220 3 4 X0 & 7 & % 00 ppo
s 81 82 83 &84 &5 @6 &7 88 89 9 Time[min]||[@le 075 08 08 02 095 1 VKo [Vs/em?] || [#l@ Concentration InnovatiorsyBt 202 rity
1
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TI MS desaCtlvadO 1 ppb Mefentrifluconazole TIMS activado

mChmmatogramxl&Qﬂmmmm’ AEL M N = 8 AMohMogramx 8 Q0 m= e 2k AN = O A,.Chrnmatogramxlg,qomhmﬁ&’ M AL W A N = B AMﬂhilngramxl &QOEaﬂﬂﬁﬂﬁ:&Kﬂxmﬁ
x'\04 | 5 ppb disolvente_2_1_128 - 5 ppb disolvente 2 1_128 x‘lc]3 s ppb disolvente_2_1_76 x10 | 5 ppb disolvente_2 1 76
225  Mefentrifluconazole — CrablyCIFN:0z — +++54 90 -{ Mefentrifluconazole - CygHasCIFNz0z — + +++ - Mefentriflucenazole — CisHasCIF:M:0: — E ] Mefentrifluconazole — CaeHas CIF:N: Oﬂ =
1 E 1 1 z g
20 | 388 - M=nH (9 (1) () g 80 EF o] 398 - M+nH () f?r‘%. = nH (’Jf? (IqD]- g
70.0400 (*) (bbCID) g g a bCID) 2 i D} E
= 70 g N ! = =
2 1 o 20 -| e
£ 60 F A ko
£ = & 1 z | z J K
g | g 30 N 3 5 154 &
£ S £ i 2N . — £ ] 2
1.0 4 40 _
R - 1.0

075 304 N OH 20 A

05 201 wd 7z 5

. ‘ ‘ A -

e e L B I B s 0 T 00~y T T T T T T AR R e e e
Y 10 101 102 103 104 105 106 107 108 108 Time[min] |[[&] e 0 10 20 30 a0 50 60 70 1/Kq [W*s/cm?] % 0 101 102 103 104 105 106 107 108 109 Time[min] |[[&]4 0.75 0.8 0.85 0.9 0.95 1 1/Ke [V*sfem]
JuChrcmatogramXlgqoml\imﬂﬁaﬁmﬂﬂw,fﬁ“:’EI AMubilogramX] Q0 0 = 2R SN B mChmmamgramX]%QﬂﬂﬁmhfﬂmﬂﬁwﬁﬂxmEI AMobilogramX] G QO me® A AN O

x104_ 5 ppb tomate_14_1_133 15 ppb tomate 141 133 x'|[]3i 5 ppb tomate_14_ 1 81 Kma _| 5 ppb tomate_14_1_81 c'!

| Mefentrifluconazole — CigHsCIFsN: 0z — ++++ 90 - Mefentrifluconazole — CosHo s CIFN:0z — ++++ { Mefentrifluconazole — CigHasCIFN: 02 — ++ Mefentrifluconazole - quHuCIF;N; s
4 » ] i 4 o
s 5
175 - 398 nH (*) (PI) (q) ] 80 50 7388 MenH 1 P () 3.0 o 398—-M-+nH () (PI} (q) £
470 00 (*) (bbCID) s 4 45 0 CID) | (bbCID) g
E 70 ] Lz =
= B 40 4 25 =
2 125 ) = ] s 25 . =
> 125 4 5 =z ] & 3 & 2 b
z ] : 2 . Tomate 2 £ 20 .
g - 5 g 5 5
£ 10 7 = 4 £ B £ 7 =
- d = - w4 T 254 - o154
0.75 4 g 201 d
4 30 4 4
0.5 T 1.5 1.0 H
20 9 4
4 1.0 ol
] ] 05 &

0.0 LI L B o o e o e e e 0 I B i e e o o e e o 00 LB L B B L L L L B L L L L L B BB oo \rf‘-f‘\_ = — T LI vy T T _,ﬂ} T T
P 10 101 102 103 104 105 106 107 108 109 Time[min] |[&]e] © 0 20 30 40 50 6 W /K [V*s/em?] %o 10 101 1102 103 104 105 106 107 108 108 Time[min] ||[$]e 0.75 0.8 0.85 0.9 095 1 1Ks [V*s/cm?]
mchromatogramXI&QBEMmhfﬂmﬂﬂW Ny = O AMDbMoqramx\ QA Bme AMMAK A NSO m[hmmamgramxlg_@ﬂmﬁimﬂg&ﬂmﬂﬁﬂ‘&wﬁj\,":'EI AMnhMogramx} Qo @m=e A E AN B

2 8 : - =

«10° | 5 ppb naranjs_14_1_128 - 5 ppb naranja_14_1_138 .‘03 5 ppb naranja_14_1_86 103, 5 ppb naranja_14_1_86 2

s | Mefentrifluconazole - Craftas CIF:NaO: = + 4 45 90 o Mefentrifluconazole - CisHusCIF:N: 0z — ++++ X0 Metentriiucanazole - CrsHasCIFN:0: = ++ 4 5 I Mefentrifluconazole - CsH:sCIFsN:G: 5 v

73 k| 1 225 4 ]

388 - M-nH (*) (PI) (q) £ 80 382 -MenH () (P1) () 2

Kl (*) (bbCID) E - 20 *) (bbCID) (&

= 70 i 6 (bbCID) 2
5 g 1 1.75
z z = ] . 154
& a2 £ E Z 404 2 197
: 5 E o] Naranja =] s ]
2 = 2 1 £ g 99
= = wd = 304 = g
i | 10 4
30: 2.0 0.75 4
20 1 a5 ]
7 1.0 -
104 0.25

T T IR L L 0 LI L L L L B L B LA L L LA NLEL L B L B 0.0 A B B B L LA B S e R RN J.\' =TT
% 10 101 102 103 104 105 106 107 108 108 Time[min] |([&]e 0 10 20 30 40 50 60 70 1/Ks [V*s/em?] a4 0 101 102 103 104 105 106 107 108 109 Time[min] ||{[&]4 0.75 0.8 0.85 09 0.95 1 1/Ks [V*s/em ]
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EUROPEAN
GREEN DEAL

HEUGREENDEAL

Transforming the EU's economy for a
sustainable future,
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CLIMATE PACT
AND CLIMATE LAW

PROMOTING
CLEAN ENERGY

S INVESTING IN SMARTER,
@ - MORE SUSTAINABLE
&‘ TRANSPORT

STRIVING

PROT;EIL':‘: FOR GREENER
INDUSTRY
FROM FARM ELIMINATING
TO FORK POLLUTION
LEADING THE . ENSURING A
GREEN CHANGE é?é JUST TRANSITION
GLOBALLY FOR ALL

MAKING HOMES FINANCING
ENERGY EFFICIENT GREEN PROJECTS
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The Farm to Fork and Biodiversity Strategies set two key targets for pesticides

s
AGENDA =

« Target 1: to reduce by 50% the use and risk of a::hemical pesticides by 2030

+« Target 2: to reduce by 50% the use of more hazhrdous pesticides by 2030

Target 1 - 50% reduction in use ahd risk of chemical pesticides

This target will be measured based on:
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market (sold), and therefore used, in each Memt::er State, and

+ the hazard properties of these active substanfces

Target 2 - 90% reduction in the u;$e of more hazardous pesticides

This will be measured using data on the quantities f}-f more hazardous active substances, the so

called ‘candidates for substitution’, contained in the pesticides which are placed on the market
fsnldy and therefore used n earh Memher State

Amadeo R. Fernandez-Alba European Reference Laboratory - FV



PESTICIDE MONITORING

YEAR 1
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preliminary monitoring in three
European countries throughout
two months

A total of 120 APIStrips were
employed: 40 APIStrips per
country, with 5 apiaries and 4
sampling rounds in each of

APIStrips were employed for a
them
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Identification of LC-QQQ-MS/MS vs ZenoTOF (Zeno Trap Pulsing) SWATH acquisition mode. HR-MRM Confirmation

APISTrips

Pesticides

Ametoctradin

Azoxystrobin
Boscalid
Coumaphos
Cyprodinil

Dimethomorph
Fenoxycarb
Fluopyram
Iprovalicarb
Metobromuron
Oxathiapipronil
Phosmet

Pirimiphos-
methyl

Propamocarb
Spiroxamine
Tebuconazole

Terbutylazine
Thiabendazole

Trifloxystrobin

GR001-3_R1
SWATH HR-MRM
2.4
1.4
6
1.6
CONFIRMED

(Only one ion)

11

1.3

. CONFIRMED
(Only one ion)

0.7

LC Column Kinetex® 1.7um C8 100 A

100 x 2.1 mm
GR002-4_R2 AT004-2_R1
SWATH HR-MRM SWATH HR-MRM
1.7
1.8
3.8 2.3
CONFIRMED CONFIRMED
(Only one ion) (Only one ion)
2.3
4.9
4
0.7
4
0.5
13
0.6
8.8
1.5
11.2 X CONFIRMED
(Only one ion)
0.6
1
2.4 0.6

AT001-2_R1 (pg/kg) AT005-2_R2
SWATH HR-MRM SWATH HR-MRM
1.9
23
CONFIRMED
(Only one ion)
2.8

. CONFIRMED
(Only one ion)
0.95
. CONFIRMED
(Only one ion)
0.8
1.7
1.2



ZenoTOF: Cyprodinil confirmation using HR-MRM acquisition mode

APIStrip sample

SWATH
Zeno Pulsing
Acc. Time TOF MS: 80 ms
Acc. Time TOF MSMS: 50 ms

HR-MRM
Zeno Pulsing
Acc. Time TOF MS: 250 ms
Acc. Time TOF MSMS: 250 ms

Cyprodinil precursor m/z 226.1339

Cyprodinil fragment m/z 108.0808
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Non-targeted screening: ZenoTOF (Zeno Trap Pulsing) using Information-dependent acquisition (IDA)
High-Resolution MS/MS Spectral Library (Pesticides: 557 compounds)

Tentative Identification of Quinmerac

APIStrip sample

. Iso... Fr...
Sample Compo... _ Compo... : g Adduct Precursor . . Library Found Mass
i i 7 ¥ t 7 7 ki - i v B ¥ Us 7| M...
fchent MName Name Group... fres Fasritron T ame / Charge s Mass Ameary; Tt Score ta At Mass Error (ppm) 5
4. AT S 2 R2.. 609.2804.. 2.884ed 1361 [M+H]+ {608.2737... 609.280 Reserpine 959 6092804 N/
4. |AT_5 2 R2.. ) 181.0833.. 1.093ed4 4.26 [M+H]+ (180.0766... 181.083 Theophylline 95.8 181.0837 MN/A =
4. (AT 5 2 R2.. | 146.0601... 1.607e5 A47 [M+H]+ {145.0533... 146.060 8-Hydroxyquinaline 95.6 1460602 MSA ]
I, 4 AT 5 2 R2.. 12220422, 228783 557 [M+H]+ {221.0355... 222.042 iQurnmerac Q5.0 2220316 M A
4.. AT 52 R2.. | 122.0600. 1.096e4  4.39 [M+H]+ | [121.0532... 122.060 2-Phenethylamine 927 122.0599 N/A
Molecular ion (Full Scan) MS/MS Library Matching
.. Spectrum from 202304 18_APISTRIPS_IDA wiff. TOF MS (80 - 950) from 5543 o 5.590 min i Spectrum from 20230418_APISTRIPS_IDA 585 min Precursor: 222 0 Da, CE: 35.0
Herbicide 160 @ Library Specium: Quinmerac (90717-03-6) , CE=35215
Quinmerac 222 0316 100% ™04 0208
140 ua 8088 s | Sample Spectrum
B0% 1
120
OH Cl ]
T
g 100 224 9656 S 20%] 105 0698 1490157 176.0257
O = 80 5 - o1 | | l 204.0466
[~ o = Y T t
g 222118 | 2230636 224.0280 s _ || |
- 60 ! 5 0% 1
N 2211167 i 4% L
| P 40 2230055 | | 2231696 2250015 | . Library Spectrum
T 1. 2239732) 224 0628 sl
20 2210796 11 222 1474 22320683 ||¢ 994 1738 a0 |
, 2211869 |l ¢
- - -100%
221 222 223 224 225 ! B0 &0 100 120 140 160 180 200 220 240
Mass/Charge, Da Mass/Charge, Da
c H CINO ¥ Formula Finder Results W Library Search Results ﬂ
11778 2 Name  Formula m/z(Da) _Error (ppm)  Error MSMS (pp Name cas# Formula MM (Da)  Fit  Rew.Fit
m/z 222.03163 3 cliHsciNo? (928) 22203183 (03 16 [N quinmerac 90717036 C11HBCINOZ 22102435 096 957 950
T ) — g e’

Score (Mass error and Isotope Pattern)




Non-targeted screening: ZenoTOF (Zeno Trap Pulsing) using IDA acquisition and High-Resolution MS/MS Spectral Library
(Pesticides: 557 compounds)
Tentative Identification of Quinmerac

Intensity (cps)

MS/MS Spectrum

600
550
500
450
400
350
300
250
200
150
100

CioH;N*
Mass error 1.4 ppm

141.0571
140.0502

149.0157

Quinmerac

C,,HsCINO,

OH CI

Cl

N

|/

C,oH,CIN*
Mass error 2.8 ppm

176.0257

Cl

C,;H,CINO*
Mass error 1.4 ppm

204.0208

k

128 130 132 134 136 138 140 142 144 146 148 150 152 154 156 158 160 162 164 166 168 170 172 174 176 178 180 182 184 186 188 190 192 194 196 198 200 202 204 206 208

Mass/Charge
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- Muchas gracias _ Y

- por la atencion

amadeo@ual.es
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