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Ion chromatography coupled to 
high resolution mass spectrometry

Thermo Scientific
Dionex Integrion

HPIC System
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Eluent Generator Cartridge
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Continuously regenerated trap 
column (CRTC)
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Column
• 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 
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Column
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Alkanol 
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• Guard column Thermo Scientific Dionex IonPac AG11-HC (50mm x 2mm x 4µm)

• Column Thermo Scientific Dionex IonPac AS11-HC (250mm x 2mm x 4µm)

Particle 
diameter [µm]

Pore Size 
[Å]

Crosslinking 
[%DVB]

Resin 
Functional 

Group 
Capacity 

[µeq/column]
Hydrophobicity 

AG11
HC

4 < 1 55% ?
Alkanol 

quaternary 
ammonium

1.75
Medium 

Low

AS11
HC

4 2000 55%
?

Alkanol 
quaternary 
ammonium

72.5
Medium 

Low

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

• Column Thermo Scientific Dionex IonPac AS19 (250mm x 2mm x 4µm)
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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)

• Guard column Thermo Scientific Dionex IonPac AG11-HC (50mm x 2mm x 4µm)

• Column Thermo Scientific Dionex IonPac AS11-HC (250mm x 2mm x 4µm)
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Conductivity detector

Chromatogram from conductivity detector

Strawberry, extraction without formic acid

Strawberry, extraction with formic acid
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Q Exactive MS 

Acquisition modes

MS MS2

Full scan PRM

SIM vDIA

AIF

Data 
dependent
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Resolution

Resolution 70,000 at m/z 200
3.7 scans/s

Applied for MS

Resolution 17,500 at m/z 200
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Resolution
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3.7 scans/s

Applied for MS

Resolution 17,500 at m/z 200
12 scans/s

Applied for MS2

0

20000

40000

60000

80000

100000

120000

140000

160000

0 200 400 600 800 1000 1200

R
es

o
lu

ti
o

n

m/z

0

20000

40000

60000

80000

100000

120000

140000

160000

0 200 400 600 800 1000 1200

R
es

o
lu

ti
o

n

m/z



European Reference Laboratory - FV

RESULTS
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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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KOH gradient

• 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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Extracted ion chromatograms (precursor ions)
0.00 - 26.00 SM: 13G

2 4 6 8 10 12 14 16 18 20 22 24 26
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Glyphosate

N-acetyl glyphosate

AMPA

N-acetyl AMPA

Chlorate

Perchlorate

Fosetyl- Al

Phosphonic acid

7.73

11.36

7.73

Etephon

Bromide ion



European Reference Laboratory - FV

0.01 mg/kg of AMPA in onion extract after 5-fold dilution. 

AMPA 
Sensitivity improvement in SIM

RT: 9.93 - 15.46
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B)

110.0012 ± 5 ppm 
extracted from full scan MS (m/z 78 – 212)

A)

110.0012 ± 5 ppm 
extracted from SIM MS (m/z 109.5 - 110.5)
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RT: 14.33 - 19.43
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0.01 mg/kg of glyphosate in carrot extract after 5-fold dilution.

Glyphosate
Sensitivity improvement in MS2

A) 168.0067 ± 5 ppm 
extracted from full scan MS (m/z 78 – 212)

B)

C)

62.9637 ± 5 ppm 
extracted from PRM MS2

78.9588 ± 5 ppm 
extracted from PRM MS2
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Compound Quantifier Qualifier CE [eV]

AMPA 110.0012 62.9641 25

Bromide ion 78.9189 80.9168 -

Chlorate 82.9541 66.9592 55

Glyphosate 62.9641 78.9590 25

Etephon 142.9670 78.9590 35

N-acetyl AMPA 152.0118 78.9590 25

N-acetyl glyphosate 210.0173 78.9590 45

Perchlorate 98.9491 82.9541 25

Fosetyl-Al 62.9641 78.9590 25

Phosphonic acid 62.9641 78.9590 25

Analytes and their ions

MS; MS2
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AMPA

Chlorate

Glyphosate

MS MS2

MS MS2

MS2 MS2
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Perchlorate

Fosetyl- Al

Phosphonic acid

MS2 MS2

MS MS2

MS2 MS2
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N-acetyl glyphosate

N-acetyl AMPA

MS2 MS2

MS2MS2

Etephon

MS MS2
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Bromide ion

MSMS
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Linearity in orange

AMPA Chlorate Perchlorate

Glyphosate Phosphonic acid

SIM-MS FS-MS FS-MS

PRM-MS2
PRM-MS2 PRM-MS2

Range 0.01 – 0.5 mg/kg

Fosetyl- Al
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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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Mass accuracy

Glyphosate in orange
MS2 ion

Chlorate in onion
MS ion
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0.001 mg/kg 0.002 mg/kg 0.005 mg/kg 0.010 mg/kg 0.020 mg/kg

Glyphosate in baby food

PRM MS2: 62.9641 ± 5ppm  
78.9590 ± 5ppm

Extract diluted 5 times

(composition: peach, apple, banana, apricot, orange juice, grape juice)

15 16 17

RT: 16.04

RT: 16.04

14 15 16 17

RT: 16.02

RT: 16.02
15.19

14 15 16 17

RT: 16.03

RT: 16.03

15 16 17

RT: 16.03

RT: 16.03

14 15 16 17

RT: 16.03

RT: 16.03
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R2 = 0.9978

Glyphosate in baby food

Linearity 0.001 – 0.100 mg/kg

(composition: peach, apple, banana, apricot, orange juice, grape juice)
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0.001 mg/kg 0.002 mg/kg 0.005 mg/kg 0.010 mg/kg 0.020 mg/kg

Fosetyl-aluminum in baby food

PRM MS2: 62.9641 ± 5ppm  
78.9590 ± 5ppm

Extract diluted 5 times

(composition: peach, apple, banana, apricot, orange juice, grape juice)

5 6 7

RT: 5.90

RT: 5.90

5 6 7

RT: 5.88

RT: 5.88

5 6 7

RT: 5.88

RT: 5.88

5 6 7

RT: 5.84

RT: 5.84

5 6 7

RT: 5.84

RT: 5.84
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R2 = 0.9973

Linearity 0.001 – 0.100 mg/kg

(composition: peach, apple, banana, apricot, orange juice, grape juice)

Fosetyl-aluminum in baby food
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Linearity 1.0 – 50 mg/kg

Phosphonic acid in strawberry

5-fold dilution 250-fold dilution

R2 = 0.9954 R2 = 0.9996
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Linearity 1.0 – 50 mg/kg

Bromide ion in strawberry

5-fold dilution 250-fold dilution

R2 = 0.9967 R2 = 0.9958
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IC-MS Conditions

• Column Dionex IonPac AS19 (100mm 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: 0.20 ml/min
• Injection volume: 50 µL
• Dilution factor: 5

KOH gradient

• MS:
– Range 1: m/z 150 – 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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RT: 0.00 - 13.01 SM: 7G
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Extracted ion chromatograms (precursor ions)

Column Dionex IonPac AS19 (100mm x 2mm x 4µm) - prototype

Glyphosate

N-acetyl glyphosate

AMPA

N-acetyl AMPA
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N-acetyl-glyphosate

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

Retention time stability
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0.05 mg/kg in carrot 
(0.005 mg/kg in the vial)

Retention time stability
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RT: 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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RT: 0.00 - 13.00 SM: 15G
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MS 82.95414 ± 1 mDa

MS 84.95119 ± 1 mDa

MS2 66.95923 ± 1 mDa

MS2 68.95628 ± 1 mDa

MS2 52.96137 ± 1 mDa

MS2 50.96432 ± 1 mDa

Advantages of high resolution mass spectrometry
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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%

Glyphosat 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%
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Post-column addition of
organic solvent – sensitivity improvement

RT: 0.00 - 26.01
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Prerchlorate 98.9491 ± 5ppm 

No organic solvent

0.4 ml/min of ACN
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RT: 6.17 - 12.02
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m/z 80.9168 ± 5ppm

m/z 78.9188 ± 5ppm

Bromide ion 50 mg/kg in 
strawberry (dilucion 5x)
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RT: 6.17 - 12.02
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SUMMARY
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Advantages of IC-MS/MS

Good retention of very polar compounds

Reproducible retention times

Good sensitivity

Authomatic mobile phase preparation

Easy and fast HPLC-IC change
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