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Moderador
Notas de la presentación
I don’t know if you are familiarized with and ion chromatograph, well the setup and structure of the devices is not exactly the same. So I will explain the one that we have here. Well, one of the most important things about this IC is that you only need to use water, fill that bottle with water and just that. The water quality must be milliq or higher, we use fresh daily milliq water. And the gradient will be performed thanks to this eluent generator that will increase the amount of potassium hydroxide as you wish through the software.Then we have a trap, I will explain later in detail but basically if for removing the contamination. Supressor to remove the potassium hydroxide before the mass spectrometer, a conductivity detector (this is optional) and a make-up pump to increase the amount of organic solvent before injection (you know, to improve sensitivity, as water is not the best solvent for ionization).
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Moderador
Notas de la presentación
This is the eluent generator, we are using potassium hydroxide. This is based in an electrolysis experiment. An electric current is applied to generate the hydroxide ions we need. So you dont need to prepare any eluents manually. You just need your deionized wáter.
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Moderador
Notas de la presentación
The continuously regenerated trap column, known as CRTC. It’s also employing a electrolysis mechanism to remove contaminants from the eluent, from the mobile phase. As you can see, the carbonates move through the exchange membrane to the anode, and they take a different path to the waste or degas as water and co2. So, to the injection valve arrive the water of the mobile phase and the ions of the potassium hydroxide, without the contaminant carbonates.


Column
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e Guard column Thermo Scientific Dionex lonPac AG19 (50mm x 2mm x 4um)
e Column Thermo Scientific Dionex lonPac AS19 (250mm x 2mm x 4um)

Particle Pore Size Crosslinking Resin Functional Capacity Hvdroohobicit
diameter [um] Al [%DVB] Group [pneg/column] yarop y

AG19

AS19

4

4

<1

2000

55%

55%

Microporous

Supermacroporous

Alkanol
quaternary
ammonium

Alkanol
quaternary
ammonium

15

60

Ultralow

Ultralow


Moderador
Notas de la presentación
This is the guard column and column that we are using right now. The functional group attached to the stationary phase is an alkanol quaternary ammonium. The column is packed with a supermacroporous reisn and it has and ultralow hydrophobicity. This is the AG and AS 19 but we also tested the 11. Same size, same functional group, but the resin was different and the hydrophobicity was medium-low. This test was carried out by my colleague Lukasz and he definitively checked that the AS19 has better chromatographic performance.
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Moderador
Notas de la presentación
This is other of the most important devices is this system. The suppressor. If the potassium hydroxide reach the ion source, probably we will have some precipitation but the main issue will be that we will experience a huge ion suppression during the ionization process. So this device functionality is to remove this potassium and hydroxide ions from the mobile phase. Again, we have an electrolysis mechanism with two membranes.  A flow of water that comes from the bottle, goes through the membrane and interacts with the hydroxide generating water molecules, but at the same time, the potassium cations goes to the anode and it’s remove to the waste line. So, to the mass spectrometer ion source, reach water with the analytes, with the anaions
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Post-column addition of

organic solvent — sensitivity improvement
100% - peak area without organic solvent

MeOH ACN ACN
0.2 ml/min 0.2 ml/min 0.4 ml/min

AMPA 169% 269% 254%
Chlorate 121% 381% 434%
Glyphosate 145% 269% 235%
Perchlorate 132% 365% 454%
Fosetyl-Al 242% 347% 339%
Phosphonic acid 139% 280% 283%
N-acetyl AMPA 147% 254% 250%
N-acetyl glyphosate 138% 268% 255%



Moderador
Notas de la presentación
Here we can see a table with the different solvents and flows tested and the área increment for the different compounds analyzed. As you can observed, acetonitrile gives us better results but there were not huge differences between .2 and .4 mililiters so we decided to use .2
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Conductivity detector

B Strawberry, extraction without formic acid
B Strawberry, extraction with formic acid

Chromatogram from conductivity detector


Moderador
Notas de la presentación
Well, for us the conducitivity detector does not has a lot of utility. But it can brings you some information. You can observe here that the extract with formic acid provide a chromatogram with higher contamination.
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Moderador
Notas de la presentación
We analyzed the sample using HRMS. I’m not going Deep into the MS because our topic today is more about the chromatographics systems, but it’s true that it has some advatanges compared to TQ. These are the multiple acquisition modes or workflows. Our actual method is using PRM, pararell reaction monitoring. 
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Parallel Reaction Monitoring (PRM)
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List of Pesticides (n 10)
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Perchlorate
(m/z 98.9491)

Br

Bromide ion
(m/z 78.9189)



Column Dionex lonPac AS19 (250mm x
2mm x 4um)

Guard column Thermo Scientific ™ Dionex™ o0
lonPac™ AG19 (50mm x 2mm x 4pm) _ 50
Column temperature 40°C % 40
Mobil phase flow 0.35 ml/min - 30
Suppressor flow 0.60 ml/min e

Suppressor current 52 mA 20
Make-up solvent: acetonitrile 10
Make-up solvent flow: 0.40 ml/min 0

Injection volume: 50 pL
Dilution factor: 5

IC-MSmConditions
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KOH gradient

10 15 20 25

Time (min)

Workflow: FS-MS + SIM-MS + PRM-MS?

— Range 1: m/z78 —212
— Range 2: m/z 109.5 — 110.5 (for AMPA)
— Resolution 70,000 (at m/z 200)
— AGCtarget 1e6

— Max IT auto

~

(0 MS2:

_J

PRM

Resolution 17,500 (at m/z 200)
Quadrupole isolation window 1Da
AGC target 1eb

Max IT auto

_J
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Peak area repeatability

(n=5)

0.01 mg/kg 0.05 mg/kg
100% - 100% -+
o 90% - @ 90% -
T 80% - T 80% -
g 70% - 2 70% -
2 60% - é’ 60% -
5 50% - 5 50% -
B 40% - B 40% -
S 30% - S 30% -
S 20% - S 20% -

10% & 10% - I

0% ' ! 0% : : .
0-5% 6-10% 11-20% 0-5% 6-10% 11-20%
RSD RSD
B solvent orange M onion [l tomato [ melon [l carrot
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FESTILIOES IN FRUITS A

lon ratio robustness
0.01 mg/kg of glyphosate
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Retention time stability

0.05 mg/kg in carrot
(0.005 mg/kg in the vial)

Glyphosate N-acetyl-glyphosate

9,00 9,00

8,95 8,95
o 8,90 o 8,90
pr=i 8185 - 8,85
= c
§ 880 900%8,,%° eee%e0et%s0000 S 8,80 o
€ aus 000000900000,0,0,00000 £ 075 |%aa%ete® 00000000seec%eee o °
gs £ o0 00000000° 00090000900
= 8,70 = 8,70

8,65 8,65

8,60 8,60

0 10 20 30 40 50 60 0 10 20 30 40 50 60

#injection #injection



PC-04 / RR-07 (Ed.00 / Rev.00)

Retention time stability

0.05 mg/kg in carrot
(0.005 mg/kg in the vial)

AMPA N-acetyl-AMPA
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Retention time stability

Glyphosate N-acetyl-glyphosate
9,00 9,00
8,90 8,90
o 880 PP ° ° o 880
%8,70........... ? °c° %8,7000.00000000000 ® ° ° o0 ®
S S
‘qé; 8,60 ‘aé: 8,60
< 8,50 § 8,50
° o ¢
8,40 °® ( J o 8,40
8,30 8,30
40 45 50 55 60 65 70 40 45 50 55 60 65 70
#injection #injection
e Carrot 0.05 mg/kg e Carrot 0.05 mg/kg
Carrot 0.005 mg/kg Carrot 0.005 mg/kg
e Apple 0.05 mg/kg e Apple 0.05 mg/kg
Mandarin 0.05 mg/kg Mandarin 0.05 mg/kg

e Strawberry 0.05 mg/kg e Strawberry 0.05 mg/kg
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Matrix interferences Malate Citrate
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EUROPEAN
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Advantages of high resolution mass spectrometry Bromide ion

Fresa_50ppb_con_FA_patron Bromide m/z: 78.9139 Fresa_50ppb_con_FA_pafron Bromide m/z: 30 9168

RT 9.45 RT: 9.47 M S
AA 20926225

AA 14206213

AH: 1376407 AH: 2073133
| 20664 m/z 80.91684
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1.0E6- 1,566
5 E = E
z ]
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Triple quadrupole:

Transition (?) 1: °Br -> °Br’ NG

f tati
Transition (?) 2: 81Br -> 818 | | oo o anon

High resolution:

lon 1: 78.91889
Very high selectivity

lon 2: 80.91684
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Advantages of SFC-MS/MS
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(Nexera UC coupled to Shimadzu LC-MS 8060)

SFC-MS/MS System

S MS
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ump f
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0,1% Formic Acid
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SFC LC
Run time: 13 min Run time: 20,5min
Flow: 1,3mL/min Make-up Flow: 0,080mL/min Flow: 0,3mL/min
100 100 0 1
90 90
80 80
70 70
60 60
50 50
40 40
30 30
2 20 e—o0
20 20 20 20
10 10
o 0
-1 1 3 5 7 9 11 13 0 5 10 15 20
TOTAL RUN CONSUMPTION TOTAL RUN CONSUMPTION

MeOH (Gradient) : 2,22mL
MeOH (Make-up): 0,96
CO2 Consumption : 13,7mL
Water: OmL

MeOH : 3,5ImL
Water : 2,64mL

} 3,19 mL


Moderador
Notas de la presentación
Respecto a los consumos, bueno, el consumo de metanol es similar, un poco más bajo en supercríticos. En este sistema tampoco consumes agua (el agua filtrada para espectrometría de masas no es muy económica) y bueno el impacto económico del co2 es mínimo. Teniendo en cuenta que con una bombona de co2 de 50m3 puedes llegar a inyectar como 2500 veces. Según nuestros cálculos (aproximados) ahorras en coste de disolventes un 25% aproximadamente. 


Pressures: 270 — 350 bar
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42.000.000

TOTAL FLOW: 1.3 mL/min
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In LC, there is a clear trend; the compounds elute in decreasing order of polarity.
SFC does not follow any polarity criteria for elution.




2064
1,8e4§
1604
1404
1,2e4§
1,0e4§
8,0e3§
6,0e3§
4,0e3§

2063

Vial conc: 1 ug/Kg
ACN 1:4 H,0O
Inj.volumen: 2uL

0230,(-)0>125,00(+) Area: 13018

JR197,21% (111,74)

2134
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31
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RT

Q 230,00>125,00 (+)

2064
18e4

1,664}

1,2e45
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8063 -
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4063 -

2063

Dimethoate

Vial conc: 1 pug/Kg
100% H,O
Inj.volumen: 2uL

Area: 139654

2,02e4

R186,24% (97,13)

0060

-mmmmmm
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Vial conc: 1 pug/Kg
100% H,O
Inj.volumen: 5uL

Q 230,00> 125,00 (+) Are a: 2 2 9 2 2,83e4

R196,21% (108,35)

2864
2,6e4§
2,4e4§
2,2e4§
2,0e4§
1,8e4§
1,6e4§
w,4e4§
1,2e4§
1,0e4§
8,0e3§
6,0e3§
4,0e3§

2063

29 300 305 310 315 320 325 330 335 340 345
RT
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Low methanol flow

70% of compounds: <140 pL/min
(Including make-up solvent)

@® Ion
@ Matrix @ Vethanol
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IONIZATION PROCESS

N=51250
R=15 51250
0.945

43560 O >
0.939 A=74 ps

3
WO OO Ol

Sequence of Droplet Reduction

43560
0.848

O
+ 97026
O

0.844 ar026
20 droplets m’o 0.761
+
320%0 @ @ 5 31472
0.756
25 6"'0 0o—so i
0.07 O o003
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reduction from 1.5 um 3 003
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Time !
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CARBARYL

SFC (Injection vol: 2pL) 100%  98% @
3500000 164 COMPOUNDS
90%
3000000
2500000
2000000 80%
1500000
1000000 70%
500000
0 60%
0 100 200 300 400 500
@ Tomato ®Orange @ Leek 50%
PROQUINAZID
SFC (Injection vol: 2puL) 40%
12000000
10000000 30%
8000000
6000000 20%
4000000
2000000 10%
0
0 100 200 300 400 500 0%

@®Tomato @®Orange @ Leek 0-20 20-50 >50
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2 Compounds 8 Compounds
(1,2%) (4,9%) —— Tomato — Orange =— Leek

100% 98% 98% 002 99% __99% _.
' N ' 6 Compounds i - i
it '

0,
90% (3,7%)

80%

IDENTIFIED COMPOUNDS
(164)

70%

60%

50%

Inj.volumen: 2uL

40%

30%

I The area of each bar surrounded

I by a dashed-line box refers to

I those compounds that presented
isobaric interferences and have

j been identified after adding a third

S ve/ke 10ve/ke | transition.

B Tomato mE Orange mleek - -T-T-T=TT=T=T=========

20%

10%

0%

Sample diluted 5 times: 0,4 pg/Kg in the vial
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Total amount injected: 0.1 mg

MATRIX EFFECT IDENTIFIED COMPOUNDS (162)
100% 100%
91%
90% 90% ]
82%
_ (o)
80% 80% 78%
70% 70%
60% L% 60%
50% 50%
40%
40%
30%
25% 30%
20% 17%
12% 20%
10% 6%
H 6 o 10% 8%
(o)
0% 4% I 2% 2% 2%
<20% 20-50% >50% 0% [ ] = = .
5 10 20 50

B Cayenne M Black Pepper O Cayenne M Black Pepper
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PYRETHROIDS

GC-MS/MS & SFC-MS/MS

Cl CI\ ( O\/<j\o/<j



Achrinathrin
Bifenthrin
Cyfluthrin
Cypermethrin
Deltamethrin
Etofenprox
Fenprotathrin
Fenvalerate
Flucythrinate
Lambda-
cyhalothrin
Permethrin
Phenothrin
Tau-

Fluvalinate
Tetramethrin

SFC

80

70

ESI
MS/MS source
GC E|
MS/MS source

60

50

40

30

20

10
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LOQ
(6 different matrices)



MULTIRESIDUE METHOD

Lambda-Cyhalothrin

Fenpropathrin

Deltamethrin
Tetramethrin \Flucwhrl ate /Cypermethrin /’ermethnn

PC-04 / RR-07 (Ed.00 / Rev.00)

Pyrethroids
Phenothrin
Cyfluthrin 10 pg/Kg Tomato
Bifenthrin Tau-Fluvalinate  Eenvalerate

. : Etofenprox
Acrinathrin (x100.000) \ \ / /
0.594
|
f
|| (]
| i
e
(l |
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1.DD_. ) I‘Illl II' | ||I-rlll Il [ | Il II
n"-J':'-I!.'Ih'I || |'-.|'|lf.' l_ |
z .] \ Al I' | || | 1
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\

Cypermethrin

GC SFC Cyfluthrin

joge
fﬁ*g ] o 451>191 4515127
L ey — %

: = Compound Details - 20ppb_Pyretroids_Tomato_Nedilution - Cyfluthrin
i Chemical Formula: C;HoCl, Chemical Formula: C;HgCl 4510019110 {+) 92324 R1451005127.00 (+} 210e4
Cyfluthrin emical Formula: C;HoCl, 0 e 12770 8 Q {+ AT=2051 = i+ AT=2048
E Exact Mass: 163,0 xact Mass: 127,
o 5.0e4 ] 1R1 22.09% (11045)
0 - -
o) ] 3
N B0=4 Les4
z O \\N ] ]
| ] 3
/ 7.0e4 1=
5022 ] Laet g
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3 b - -
o
8 | 1 1024 5
75 n 4,0e4 - 4
a 1 .
] 80e3 -
6.57 i 3
64 3024 ]
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B 4023
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104 3]
] 2.0e3
3.5 R 3
¥ 0,0=0 ] ® 000 1 ®
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RESOLUTION

PERMETHRIN PERMETHRIN
GC SFC

£ x105
3
8 1.054 RT=2457
1 262 ]
0.95- I
0.9+ czen
0.85- E
0.8
0.754
0.71
0.65
0.6 E
22223
0.55- N
0.51 2 E
0.451 e
0.4+ LBHE
0.35- Lt 3
037 1204 3
0.251 3
0.2+ L 3
0.151 50233
0.1 LERE
0.05- 40233
07 3
-0.054 E @
01— 1 T 1 1 1 1 1 OOEOE--.---........................._r. =
9.4 9.45 9.5 9.55 9.6 9.65 9.7 9.75 21 22 23 2= 2= 28 27 o
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Cyfluthrin
Cypermethrin
Deltamethrin
Etofenprox
Fenprotathrin
Fenvalerate
Flucythrinate

Lambda-
cyhalothrin

Tau-Fluvalinate

Tetramethrin




R E A L S A M P L E S PC-04 / RR.07 a0/ mevoo

Conc. (ng/kg)
SFC-ESI-MS/MS GC-EI/MS/MS

Acrinathrin

Pepper
Cypermethrin PP

Potato 135 119

Deltamethrin Mandarin 158 137
Etofenprox Green Beans 502 516
Lambda-Cyhalothrin Pepper 75 80
Permethrin Broccoli 228 184

Tau-Fluvalinate Mandarin 142 137
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CHIRAL SFC

Column: LUX CELLULOSE-1 H&Q

Stationary phase: Cellulose tris(3,5-
dimethylphenylcarbamate)

Lenght: 250 x 4.6 mm

Particle size: 5 um

Lux Cellulose-1
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COLUMN: LUX Cellulose tris(3,5-
dimethylphenylcarbamate
CELLULOSE-1 ylpheny )
2445740 o - S S
2,30 l 1- Iprovalicarb
s 2 2- Metalaxyl 12- Tau-Fluvalinate
2.1 = % 3- Lambda- 13- Paclobutrazol
. k% B Cyhalothrin 14- Cypermethrin

1.2 ' ; 4- Tetramethrin 15- Penconazole
17 |/ 5- Fipronil 16- Imazalil

' 6- Acephate 17- Fenvalerate
1,5 7- Benalaxyl 18- Zoxamide

8- Phenothrin 19- Fenarimol
1,30 9- Cyfluthrin 20- Metconazole
10- Methamidophos 21- Mandipropamid

1,1
0,80 13
0,70 1
0,5 2

| 15 lfg\ 19
0,30 A 17 ’f a4\ 20
oo U\ e
0'1 | : ! : ' | ' L ’ ! | i ! ! : | ! ! g ! |

7.5 10,0 12,5 15,0 17,5

min
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CYHALOTHRIN

The four isomers of the cyhalothrin mixture can be separated using SFC in
combination with the cellulose polysaccharide column.

100 |..|g/ kg Cyhalothrin mix Lambda-Cyhalothrin enantiomers 304
. ) ¥ .
3&42: 4 67, 1522 5: 1 Gamma-Cyhalothrin Enantiomer
] 467,1>450 [jorg [ j Il j
3394; 467, 1 >141 y 1 F i - i (s) s JL R
3034; FWO ‘:'N pj\é‘/ X(SJ O ‘%N
2&4; |.ratio: l.ratio:
26et] 43.8% 44.9%
o |.ratio: l.ratio:
o 19.2% 20.2%
2264 .ratio: |.ratio;
2t 4% - 402%
3 l.ratio:

et . .
¥ Diastereomeric pair 22.5%

1604

1/ o \
14643 ©/

3 F 0
1243 F>K|/MSJ J]\ (s}

1 |F7 T e Oy

104 cl N
8093; o
6035 F o]
1 F (R) R
083 | FOOPTNA 07y
- cl
289\ /
0007




ION SOURCE
TEMPERATURE
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Same vial: 100 pg/Kg
Same MS Parameters: lon source 125°C, DL 125°C, Heated block 200°C.

SFC-MS/MS LC-MS/MS

80000; 9000+ 80000- 9000
| Captan | Folpet : ]
o, oo, 0P we; — Captan ™ Folpet
6000({ 700&; 6000({ 700(};
f 6000° E 6000-
50000- ] 500001 1
1 50001 ] 5000-
40000 1 40000+ ]
] 4000 ] 4000-
300001 ] 30000+ 1
: 3000° ] 3000,
2000(}; 200({ 2000&; 200&
10000, 1000 1000&\ 1000
0:“\““\“”\““\‘,‘ :\HH\HH\HH\H‘“ OA 0:““““““““‘ .
200 225 250 mn 225 250 275 300 min 725 750 775 800 min 800 82 850 875  min
316,7>264,0 314,6>130,1 316,7>264,0 314,6>130,1
316,7>299,9 314,6>261,8 316,7>299,9 314,6>261,8

316,7>79,1 314,6>102,0 316,7>79,1 314,6>102,0
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ION SOURCE OPTIMIZATION

Temperature test ESI Interface (C°) DL (C9) Heat block (C°)
T1 100 100 150
T2 125 125 200
T3 150 150 300
T4 200 200 300
T5 300 250 400
60000 900000
FOLPET CAPTAN
50000
700000
40000 600000
© (G 500000
L 30000 v
< <C 400000
20000 300000
200000
10000
100000
0 0
1 2 3 4 5 3 4 5
- TEST . TEST
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GC-MS/MS

gxm"’ ax10?
3.2e4 3 FOI pet
2.8e4 55

5

2.4e4 s
2.0e4 4

35
1.6e4 3

25
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Contents lists available at ScienceDirect

Analytica Chimica Acta

ELSEVIER journal homepage: www.elsevier.com/locate/aca

Supercritical fluid chromatography coupled to tandem mass
spectrometry for the analysis of pesticide residues in dried spices.
Benefits and drawbacks

Victor Cutillas #, Maria Murcia-Morales ?, Maria del Mar Gomez-Ramos ?, Sherif M. Taha ®,
Amadeo R. Fernandez-Alba *~
* European Union Reference Laboratory for Pesticide Residues in Fruits & Vegetables, University of Almeria, Agrifood Campus of Intemational Excellence

(ceiA3) Departinent of Hydrogeology and Analytical Chemistry, Ctra. Socramento SN, La Caitada de San Urbano, 04120, Almerfa, Spain
* Agricultural Research Center, Central Laboratory of Residue Analysts of Pesticides and Heavy Metals in Foods, PO, Bax: 12311, Dokki, Giza, Egypr
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FOR FURTHER DATA:

J O URHNAL o F

AGRICULTURAL AND [ Arice |
FOO D C H EMI STRY % Cite This: J. Agric. Food Cherm, XXXX, XXX, KXX—XXX pubs.acs.org/JAFC

Supercritical Fluid Chromatography and Gas Chromatography
Coupled to Tandem Mass Spectrometry for the Analysis of
Pyrethroids in Vegetable Matrices: A Comparative Study

Maria Murcia-Morales, Victor Cutillas, and Amadeo R. Fernandez-Alba*

Agrifood Campus of International Excellence (ceiA3), European Union Reference Laboratory for Pesticide Residues in Fruit and
Vegetables, Department of Hydrogeology and Analytical Chemistry, University of Almeria, Carretera Sacramento s/n, La Cafada de
San Urbano, 04120 Almeria, Spain

Contents lists available at ScienceDirect

Journal of Chromatography A

journal homeapage: www.alsavier.com/locate/chroma

Supercritical fluid chromatography separation of chiral pesticides:
Unique capabilities to study cyhalothrin and metalaxyl as examples
Victor Cutillas, Mar Garcia-Valverde, Maria del Mar Gémez-Ramos,

Francisco José Diaz-Galiano, Carmen Ferrer, Amadeo R. Fernandez-Alba®

European Union Reference Laboratory for Pesticide Residues i Fruie & Veperables, University of Almeria, Agrifood Campus of Internarional Excelience
feeiA3) Cra. Sacramento SN La Caflada de San Urbana, (4120, Atmerta, Spain

Contents lists available at ScienceDirect
Talanta

journal homepage: www elsevier.com/locate/talanta

Overcoming difficulties in the evaluation of captan and folpet residues by
supercritical fluid chromatography coupled to mass spectrometry

Victor Cutillas®, Florencia Jests °, Carmen Ferrer °, Amadeo R. Ferndndez-Alba™

* European Union Reference Laboratory for Pesticide Residues in Fruit & Vegetables. University of Almeria, Agrifood Campus of International Excellence (ceiA3), Ctra

8/N°, La Canada de San Urbano, 04120, Almeria, Spain
® Grupo de Andlisis de Gompuestos Traza, Polo de Desarrollo Universitario “Abordaje Holistico™, CENUR Litoral Norte Sede Paysandif, Universidad de La Repiblica,
Ruta 3 Km 363, 60000, Paysandd, Uruguay
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