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

Analysis of Polar Ionic Pesticides using 
High Performance Ion Chromatography 
coupled with High Resolution Accurate 

Mass Spectrometry

VÍCTOR CUTILLAS JUAREZZ
CURSO 10

18-19/10/2021
ALMERÍA



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

Thermo Scientific
Dionex Integrion

HPIC System

Thermo Scientific
Q Exactive

Focus MS System

Ion chromatography coupled to 
high resolution mass spectrometry



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

IC-MS

pump
(water) trap degasser column suppressor

pump
(water)

Q Exactive MS

pump
(ACN)

Conductivity  
detector

Dionex Integrion HPIC system

eluent 
generator

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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Eluent Generator Cartridge

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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Continuously regenerated trap 
column (CRTC)

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.
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• Guard column Thermo Scientific Dionex IonPac AG19 (50mm x 2mm x 4µm)
• Column Thermo Scientific Dionex IonPac AS19 (250mm x 2mm x 4µm)

Particle 
diameter [µm]

Pore Size 
[Å]

Crosslinking 
[%DVB] Resin Functional 

Group 
Capacity 

[µeq/column] Hydrophobicity 

AG19 4 < 1 55% Microporous
Alkanol 

quaternary 
ammonium

1.5 Ultralow 

AS19 4 2000 55% Supermacroporous Alkanol 
quaternary 
ammonium

60 Ultralow 

Column

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
0.2 ml/min

ACN
0.2 ml/min

ACN
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

Chromatogram from conductivity detector
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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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Acquisition modes
MS MS2
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Data 
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Q Exactive MS 

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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Fosetyl-aluminium
(m/z 109.0060)

Chlorate
(m/z 82.9541)

Perchlorate
(m/z 98.9491)

Phosphonic acid
(m/z 80.9747)

Aminomethylphosphonic acid
(AMPA)

(m/z 110.0012)

Glyphosate
(m/z 168.0067)

N-acetyl aminomethylphosphonic acid
(N-acetyl  AMPA)
(m/z 152.0118)

N-acetyl glyphosate
(m/z 210.0173)

List of Pesticides (n=10)

Etephon
(m/z 142.9670)

Br-

Bromide ion
(m/z 78.9189)
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IC-MS Conditions
• Column Dionex IonPac AS19 (250mm x 

2mm x 4µm)
• Guard column Thermo Scientific ™ Dionex™

IonPac™ AG19 (50mm x 2mm x 4µm)
• Column temperature 40°C
• Mobil phase flow 0.35 ml/min
• Suppressor flow 0.60 ml/min
• Suppressor current 52 mA
• Make-up solvent: acetonitrile
• Make-up solvent flow: 0.40 ml/min
• Injection volume: 50 µL
• Dilution factor: 5
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• MS:
– Range 1: m/z 78 – 212
– Range 2: m/z 109.5 – 110.5 (for AMPA)
– Resolution 70,000 (at m/z 200)
– AGC target 1e6
– Max IT auto

• MS2:
– PRM
– Resolution 17,500 (at m/z 200)
– Quadrupole isolation window 1Da
– AGC target 1e6
– Max IT auto

Workflow: FS-MS + SIM-MS + PRM-MS2
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Peak area repeatability
(n = 5)
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0.01 mg/kg of glyphosate

Ion ratio robustness

+30%

a) b) c)

Solvent Carrot Onion

- 30%
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0.05 mg/kg in carrot 
(0.005 mg/kg in the vial)

Retention time stability
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T: 0.00 - 26.01
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RT: 0.00 - 26.01
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RT: 0.00 - 26.01
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Bromide ion
MSMS

Advantages of high resolution mass spectrometry

m/z 78.91889 m/z 80.91684
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Advantages of SFC-MS/MS
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SFC-MS/MS System
(Nexera UC coupled to Shimadzu LC-MS 8060)
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M
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M
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Pump

Solvent
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Auxiliary
Pump

Back 
Pressure
Regulator

E
S
I

MS

Autosampler

Column

5mM Ammonium formate
0,1% Formic Acid

1mM Ammonium formate
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SFC LC

MeOH : 3,51mL
Water : 2,64mL

Run time: 13 min
Flow: 1,3mL/min

Run time: 20,5min
Flow: 0,3mL/min
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Make-up Flow: 0,080mL/min

MeOH (Gradient) : 2,22mL
MeOH (Make-up): 0,96
CO2 Consumption : 13,7mL
Water: 0mL
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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. 
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5 µg/Kg Tomato (218 pesticides)

TOTAL FLOW: 1.3 mL/min
Pressures: 270 – 350 bar
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ELUTION ORDER

In LC, there is a clear trend; the compounds elute in decreasing order of polarity. 
SFC does not follow any polarity criteria for elution.
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2,02e4Q 230,00>125,00 (+)

R1 86,24% (97,13)

RT
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R1 96,21% (108,35)
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Vial conc: 1 µg/Kg

ACN 1:4 H2O
Inj.volumen: 2µL

Vial conc: 1 µg/Kg
100% H2O

Inj.volumen: 2µL

Vial conc: 1 µg/Kg
100% H2O

Inj.volumen: 5µL
2,13e4Q 230,00>125,00 (+)

R1 97,21% (111,74)
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Low methanol flow IONIZATION PROCESS

Ion Water

MethanolMatrix

70% of compounds: <140 µL/min 
(Including make-up solvent) 
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Inj.volumen: 2uL

IDENTIFIED COMPOUNDS
(164)

The area of each bar surrounded
by a dashed-line box refers to
those compounds that presented
isobaric interferences and have
been identified after adding a third
transition.

Tomato Orange Leek

Sample diluted 5 times: 0,4 µg/Kg in the vial
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5378 compounds 4999 compounds

CO-EXTRACTED MATRIX 
COMPONENTS 
(LC-QTOF-MS)
Extract: 1g/mL

CAYENNEBLACK PEPPER

2408 compounds
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PYRETHROIDS
GC-MS/MS & SFC-MS/MS
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SFC
MS/MS
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MULTIRESIDUE METHOD
10 µg/Kg Tomato

Pyrethroids

Acrinathrin

Tau-Fluvalinate
Deltamethrin

EtofenproxTetramethrin
Lambda-Cyhalothrin

Fenvalerate

PermethrinCypermethrin

Fenpropathrin
Bifenthrin

Flucythrinate

Phenothrin

Cyfluthrin
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Acquisition Time (min)
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Acquisition Time (min)
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Pear Zucchini Orange Onion Tea
SFC GC SFC GC SFC GC SFC GC SFC GC

Achrinathrin 5 10 5 7 0 94 0 44 -22 52
Bifenthrin 10 4 8 8 -7 33 -24 28 -3 5
Cyfluthrin 10 0 15 -1 -4 40 -2 23 -57 -5

Cypermethrin -2 1 4 -2 -8 43 -17 26 -32 3
Deltamethrin 1 11 3 -3 -14 23 -63 15 -18 -

Etofenprox 0 1 -1 0 -8 21 -65 15 -10 -12
Fenprotathrin 18 5 20 4 -7 41 -25 30 -1 13

Fenvalerate 0 -1 4 10 -6 24 -40 12 -32 1
Flucythrinate -5 6 -5 1 -8 52 -37 34 -86 16

Lambda-
cyhalothrin -7 2 -6 2 -9 43 -18 25 -19 18

Permethrin 2 3 8 5 2 48 -11 28 -10 2
Phenothrin 6 9 11 12 -8 53 -17 41 -75 18

Tau-Fluvalinate 6 9 10 -4 -6 62 -12 22 -50 35
Tetramethrin -3 4 3 6 -4 64 -2 35 -11 -38

Pear Zucchini Orange Onion Tea
SFC GC SFC GC SFC GC SFC GC SFC GC

Achrinathrin 5 10 5 7 0 94 0 44 -22 52
Bifenthrin 10 4 8 8 -7 33 -24 28 -3 5
Cyfluthrin 10 0 15 -1 -4 40 -2 23 -57 -5

Cypermethrin -2 1 4 -2 -8 43 -17 26 -32 3
Deltamethrin 1 11 3 -3 -14 23 -63 15 -18 -

Etofenprox 0 1 -1 0 -8 21 -65 15 -10 -12
Fenprotathrin 18 5 20 4 -7 41 -25 30 -1 13

Fenvalerate 0 -1 4 10 -6 24 -40 12 -32 1
Flucythrinate -5 6 -5 1 -8 52 -37 34 -86 16

Lambda-
cyhalothrin -7 2 -6 2 -9 43 -18 25 -19 18

Permethrin 2 3 8 5 2 48 -11 28 -10 2
Phenothrin 6 9 11 12 -8 53 -17 41 -75 18

Tau-Fluvalinate 6 9 10 -4 -6 62 -12 22 -50 35
Tetramethrin -3 4 3 6 -4 64 -2 35 -11 -38

MATRIX EFFECT
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Matrix
Conc. (µg/kg)

SFC-ESI-MS/MS GC-EI/MS/MS

Acrinathrin Pepper 639 633

Cypermethrin
Pepper 397 321

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

REAL SAMPLES
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Column: LUX CELLULOSE-1

CHIRAL SFC

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

Lenght: 250 x 4.6 mm

Particle size: 5 µm 
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COLUMN: LUX 
CELLULOSE-1

Cellulose tris(3,5-
dimethylphenylcarbamate)

1- Iprovalicarb
2- Metalaxyl
3- Lambda-
Cyhalothrin
4- Tetramethrin
5- Fipronil
6- Acephate
7- Benalaxyl
8- Phenothrin
9- Cyfluthrin
10- Methamidophos

11- Flucythrinate
12- Tau-Fluvalinate
13- Paclobutrazol
14- Cypermethrin
15- Penconazole
16- Imazalil
17- Fenvalerate
18- Zoxamide
19- Fenarimol
20- Metconazole
21- Mandipropamid
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CYHALOTHRIN
The four isomers of the cyhalothrin mixture can be separated using SFC in
combination with the cellulose polysaccharide column.
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ION SOURCE 
TEMPERATURE
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314,6>130,1
314,6>261,8
314,6>102,0

316,7>264,0
316,7>299,9
316,7>79,1

SFC-MS/MS LC-MS/MS
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0
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Captan Folpet Captan Folpet

Same vial: 100 µg/Kg
Same MS Parameters: Ion source 125ºC, DL 125ºC, Heated block 200ºC.
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ION SOURCE OPTIMIZATION
Temperature test ESI Interface (Cº) DL (Cº) Heat block (Cº)

T1 100 100 150
T2 125 125 200
T3 150 150 300
T4 200 200 300
T5 300 250 400
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FOLPET CAPTAN
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GC-MS/MSSFC-MS/MS
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FOR FURTHER DATA:
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Thank You
for Your Attention

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