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NEW ADVANCES IN AUTOMATISATION FOR THE ANALYSIS OF PESTICIDE RESIDUES

ISO 17025 accreditation for the analysis of

highly polar pesticides
|IC-HRMS

oo Lome | eme | oo
L0Q (mg/ke)|LOQ (mg/ke)|LOQ (me/ke)|LOQ (me/ke)|LOQ (me/ke)[LOQ (me/ke)|LOQ (me/ke)|LOQ (me/ke)|LOQ (me/ke)

AMPA 0.05 0.05 0.05 0.01* 0.05 0.05 0.01* 0.01* 0.05
Chlorate 0.05 0.05 0.05 0.01 0.05 0.01 0.01 0.01 0.01
Ethephon 0.05 0.05 0.05 0.01 0.05 0.05 0.01 0.05 0.05

Fosetyl- Al 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Glufosinate- ammonium 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Glyphosate 0.01 0.01 0.01 0.01* 0.01 0.05 0.01* 0.01* 0.05
Perchlorate 0.05 0.05 0.05 0.05 0.05 0.01* 0.05 0.01 0.01*
Phosphonic Acid 0.05
N-Acetyl glufosinate 0.05
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NEW ADVANCES IN AUTOMATISATION FOR THE ANALYSIS OF PESTICIDE RESIDUES

ISO 17025 accreditation for the analysis of

highly polar pesticides
|IC-HRMS

Thermo Scientific Thermo Scientific
Dionex Integrion Q Exactive Focus
HPIC System MS System
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NEW ADVANCES IN AUTOMATISATION FOR THE ANALYSIS OF PESTICIDE RESIDUES

ISO 17025 accreditation for the analysis of

highly polar pesticides
|IC-HRMS

Dionex Integrion HPIC system

degasser md column suppressor
Conductivity

detector

Q Exactive MS
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NEW ADVANCES IN AUTOMATISATION FOR THE ANALYSIS OF PESTICIDE RESIDUES

Alternative method for the analysis of
highly polar pesticides
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NEW ADVANCES IN AUTOMATISATION FOR THE ANALYSIS OF PESTICIDE RESIDUES

List of compounds
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NEW ADVANCES IN AUTOMATISATION FOR THE ANALYSIS OF PESTICIDE RESIDUES

LC-MS conditions
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Thermo Scientific™ Thermo Scientific™

Transcend ™ DUO LX-2 TSQ Altis™
UHPLC System Triple Quadrupole Mass Spectrometer
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LC-MS conditions — HILIC Column

Waters™ Anionic Polar Pesticide (APP) Colum

n
(100 mm x 2.1 mm, 5 ym) - Q

o g

HILIC
Stationary phase Diethylamine
Particle shape Spherical
Particle size S UM
Pore size 130 A
Pore volume 0.7 cclg
Surface area 185 m?/g

Endcapped Propietary
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NEW ADVANCES IN AUTOMATISATION FOR THE ANALYSIS OF PESTICIDE RESIDUES

LC-MS conditions - Chromatographic method

Mobile phase A: Water 1.2% formic acid
Mobile phase B: Acetonitrile 0.5% formic acid
Flow: 0.5 mL/min

Injection volume: 10 pL

Mobile phase (%)
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NEW ADVANCES IN AUTOMATISATION FOR THE ANALYSIS OF PESTICIDE RESIDUES

.'\,J.;- - ' . 2 g sample :
‘*——7 5 g sample £ . = T
(] 10 mL H,O
9 mLH,0O ,
+ 10 mL MeOH Shake & Centrifuge
ACN (1:1) + C18 (50 mg mL?)
Shake & Centrifuge
Shake & Centrifuge

19-20/09/2023, Almeria

PC-04 / RR-07 (Ed.00 / Rev.01)




Clean-up for highly polar pesticides

* Very low extractability in typical multiresidue methods
» use of a more-polar solvent such as water, methanol or methanol plus water
» co-extraction of a high level of polar matrix components

e reduction of column lifetime, increase of instrument maintenance
frequency

« several isobaric interferences, reduced sensitivityy, compromised
accuracy and/or strong matrix effects, especially signal suppression

\ 4

[ Evaluation of clean-up strategies ]
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NEW ADVANCES IN AUTOMATISATION FOR THE ANALYSIS OF PESTICIDE RESIDUES

Hypersep SAX (Strong Anion eXchange)

cartridges
HyperSep SAX

Bed Weight 500 mg

Column Capacity 6 mL

Chemical Quaternary Amine
Particle Size 40-63 um
Average Pore Size 60 A

Surface Area 504 m?/g

Pore Volume 0.74 cm3/g

Anion Exchange Capacity 0.239 meq/g
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NEW ADVANCES IN AUTOMATISATION FOR THE ANALYSIS OF PESTICIDE RESIDUES

n = : - -( 2 g sample :
Extraction ' 5 g sample Ak g samp
g ) 10 mL H,O
methods 3 5 mLHO -
E + 10 mL MeOH Shake & Centrifuge
e
o ACN (1:1) + C18 (50 mg mL?Y)
Shake & Centrifuge
Shake & Centrifuge
( Manual SPE Automated pSPE \
500 mg SAX 50 mg SAX
( A ( A

Condi-
o tioning 10 mL MeOH 1 mL MeOH
9
& Washing 10 mL 1 mL
@ (MeOH-diluted extract) (MeOH-diluted extract)
S
é Sample
v Loading 6 mL MeOH 0.6 mL MeOH

. 3mL 0.4 mL
Elution MeOH : HCI (1M) (90:10) MeOH : HCl (1M) (90:10)
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NEW ADVANCES IN AUTOMATISATION FOR THE ANALYSIS OF PESTICIDE RESIDUES
SAX clean-up

SPE workflow
Conditioning 10 mL MeOH
<
T Sample 10 mL
% Loading (MeOH-diluted extract)
<
g Washing 6 mL MeOH
. 3mL
Elution MeOH : HCl (1M) (9:1)
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NEW ADVANCES IN AUTOMATISATION FOR THE ANALYSIS OF PESTICIDE RESIDUES

SAX clean-up evaluation

No SAX clean-up SAX clean-up
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NEW ADVANCES IN AUTOMATISATION FOR THE ANALYSIS OF PESTICIDE RESIDUES

SAX clean-up evaluation

100 -
80
60 — Full-scan (m/z 50-
40i 700) total ion current
. (TIC) chromatograms
20 /
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NEW ADVANCES IN AUTOMATISATION FOR THE ANALYSIS OF PESTICIDE RESIDUES

SAX clean-up evaluation

] =

Solvent
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NEW ADVANCES IN AUTOMATISATION FOR THE ANALYSIS OF PESTICIDE RESIDUES

N-acetyl-glyphosate

Chloride

SAX clean-up evaluation

MeOH : H,O MeOH : H,O MeOH : HCI1 M
(1:1) (1:1) (9:1)
NaCl 0.1 M
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Extracted lon
chromatograms of
standard of N-acetyl-
glyphosate at 0.002 mg
L-7 and chloride in
different Injection
solvents, confirming the
influence of this anion
in the decrease of
N-acetyl-glyphosate
retention and peak
shape improvement on
APP column
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NEW ADVANCES IN AUTOMATISATION FOR THE ANALYSIS OF PESTICIDE RESIDUES

Automation and miniaturization of SAX clean- up

uSPE workflow
USPE cartridge - ~
50 mg SAX Conditioning 1 mL MeOH
Sample 1mL
| Loading (MeOH-diluted extract)
Washing 0.6 mL MeOH
. 0.4 mL
Elution MeOH : HCl (1M) (9:1)
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NEW ADVANCES IN AUTOMATISATION FOR THE ANALYSIS OF PESTICIDE RESIDUES

Automation and miniaturization of SAX clean- up

uSPE workflow
Syringe wash (3 cycles) with MeOH
Load 1000 pL MeOH
Conditioning
Condition uSPE cartridge at 5 pL/s (to waste)
Loading 1000 pL of sample at 5 yL/s (to waste)
Syringe wash (3 cycles) with MeOH
Load 600 uL MeOH
Washing
Wash the cartridge at 5 pL/s (to waste)
Syringe wash (3 cycles) with MeOH
Load 400 pL of MeOH : HCI (1M) (9:1)
Elution

Elution step at 5 yL/s (Collection Vial)
Syringe wash (3 cycles) with MeOH
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NEW ADVANCES IN AUTOMATISATION FOR THE ANALYSIS OF PESTICIDE RESIDUES

USPE workflow - Setup

1

HUSPE Tool LS 3

1

1

LS 2

1

Injection Tool none

|

1

Fast Wash 1

1

Use Wash1 during Sample Prep No

Yes

uSPE Cartridge Tray Cartridge Tray

1

1

Mo

Cartndge Waste Container none

1

1

Elution Tray

1

Eluate Tray Eluate Tray

Off

1

AENNEE
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NEW ADVANCES IN AUTOMATISATION FOR THE ANALYSIS OF PESTICIDE RESIDUES

USPE workflow — Conditioning step
Conditioning solvent: MeOH

@ Conditioning

Solvent Module

Conditioning Solvent Index

Conditioning Solvent Fill Speed

LY

4
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NEW ADVANCES IN AUTOMATISATION FOR THE ANALYSIS OF PESTICIDE RESIDUES

USPE workflow — Sample loading

@Sample pSPE

— At Cartridge Tray

(At Cartridge Tray
At Elution Tray

uSPE Sample Load Volume

uSPE Sample Loading Speed 5 ul/s

@Sample pSPE

uSPE Sample Load Volume 1000 pL
SPE SampleFillSpeed 0w
uSPE Sample Loading Speed 5 ul/s
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NEW ADVANCES IN AUTOMATISATION FOR THE ANALYSIS OF PESTICIDE RESIDUES

USPE workflow — Washing step
Washing solvent: MeOH

@Wash pSPE

Solvent Module1

Wash pSPE Solvent Index

Wash pSPE Solvent Fill Speed

A

S

™
A

4
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NEW ADVANCES IN AUTOMATISATION FOR THE ANALYSIS OF PESTICIDE RESIDUES

USPE workflow — Elution step
Elution solvent: MeOH : HCI (1M) (9:1)

® Elution

Solvent Module

Elution Solvent Index

Elution Solvent Fill Speed

A

S

™
A

4
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NEW ADVANCES IN AUTOMATISATION FOR THE ANALYSIS OF PESTICIDE RESIDUES

Method validation
Spiking levels: 0.005 _9.010, 0.020, 0.050 mg k

LOQ Linear range ME (%) LOQ Linear raﬁe“ o ME (%)
Compound |(MI kg™ (mgkg) spe | upspe |(MIkg?)  (mgkg) SPE | uSPE

AMPA 0.005 0.002 - 0.200 -41 -71 0.010 0.010-0.200 -87 -88
Ethephon 0.005 0.002 - 0.200 -8 6 0.005 0.002 - 0.200 12 4
Fosetyl-Al 0.005 0.002 - 0.200 -2 9 0.005 0.002 - 0.200 13 -9
Glufosinate 0.010 0.010-0.200 -41 -30 0.010 0.010-0.200 -57 -52
Glyphosate 0.005 0.002 - 0.200 -12 21 0.005 0.002 - 0.200 -1 -9
HEPA 0.010 0.010-0.200 -12 -3 0.020 0.010-0.200 -24 -35
MPPA 0.005 0.002 - 0.200 -30 -10 0.005 0.002 - 0.200 31 -20
N-acetyl-AMPA 0.005 0.002 - 0.200 -14 2 0.005 0.002 - 0.200 -31 -37
N-acetyl-glufosinate| 0.005 0.002 - 0.200 -21 -3 0.010 0.010-0.200 -34 -41
N-acetyl-glyphosate| 0.005 0.002 - 0.200 -15 24 0.005 0.002 - 0.200 0 9
Phosphonic acid 0.005 0.002 - 0.200 -5 4 0.005 0.002 - 0.200 4 -16
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NEW ADVANCES IN AUTOMATISATION FOR THE ANALYSIS OF PESTICIDE RESIDUES

Real sample analysis

100

(00)
o

(o))
o

N
o

o

Frequency of occurrence (%)
D
o

AMPA
M Honey (n = 19)

/&

Fosetyl-Al
m Pollen (n = 14)

Glyphosate
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NEW ADVANCES IN AUTOMATISATION FOR THE ANALYSIS OF PESTICIDE RESIDUES

Analysis of coffee beans without clean-up

High ion
suppression
for AMPA
and
Glufosinate

1.0E9
:'72; 5 0ES TIC (50-700 mlz)
cC
2 e oo™ elonr i oyttt I . . —
E 0 A ' " ' ' Ty nabinkiold ARG )

1.0E9
. Chlorogenic acid
:‘é 5 0ES8 XiC (mlz 353)
£

1.0E9
> Quinic acid
2 5.0E8 XIC (m/z 191)
= 0

1.0E9
> Caffeic acid
3 508 XIC (m/z 179)
E o

1 OE4 , Phosphonic acid
. N-acetyl-glufosinate
2 Polar pesticides XICs
E >083 0.100 mg kg™

in coffee beans

v

Time (min)
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NEW ADVANCES IN AUTOMATISATION FOR THE ANALYSIS OF PESTICIDE RESIDUES

Evaluation of different clean-up steps

- 2 g sample
.0
"5 9 mLH,O + 10 mL MeOH + 1 mL EDTA (10% m/V)
J
u>j Shake & Centrifuge
 SPE |\
Evaluated clean-up cartridges ere e
P g 5 mL MeOH + 5 mL H,0 Condltlonmg
’JN
i I 6 mL .
Dionex ~~ ~~ (Two-fold diluted with watery |2@MPle loading
Strata-X  Oasis HLB  Hypercarb
On Guard Il RP |

L)_> Discard first 2 mL

Collect eluate
(Around 4 mL)

| l I
== ’irii_i_ll _gift\!u ﬁl' | D
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NEW ADVANCES IN AUTOMATISATION FOR THE ANALYSIS OF PESTICIDE RESIDUES

Clean-upfor coffee beans
= = e =N SPE_ |

Dionex Onguard [l RP  Strata-X Oasis-HLB  Hypercarb
— ~— —
1 2 . 3 4 [:::]
Automated pSPE clean-up SAX
(SAX cartridges) uSPE

SAX cartridge colour after

passing through coffee extract
P e r—

1 2 3 4
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Intensity

NEW ADVANCES IN AUTOMATISATION FOR THE ANALYSIS OF PESTICIDE RESIDUES

Clean-up for coffee beans _
AMPA std in coffee beans extract spiked at 0.020 mg kg'1

6.0E2 -
5.0E2 —
40E2 —
3.0E2 —
2.0E2 —

1.0E2

On

110 > 63
110>79
110 > 81
z
g
15 2.0 25
Time (min)
Guard II RP + SAX

Area 983

6.0E2 -
5.0E2 —
40E2 —
3.0E2 —
2.0E2 —

1.0E2

110 > 63 6.0E2

110>79 1

110 > 81 5.0E2

4.0E2

2 30E2-

5 ]

£ 2082

1.0E2-

LI N D L L B I B | 0
15 20 25

Time (min)

Strata-X + SAX
Area 1084

OASIS-HLB + SAX

110 > 63 6.0E2
110>79 1
110 > 81 9.0E2
4.0E2
2 30E2-
5 ]
£ 2082
1.0E2-
\'|||'|'|'|'|'|'|'| 0>
15 20 25
Time (min)

Area 1196

110 > 63
110>79
110 > 81
s 'Im'|\'l'l'l'l'|
15 2.0 25
Time (min)

Hypercarb + SAX

Area 1666
V4

g
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NEW ADVANCES IN AUTOMATISATION FOR THE ANALYSIS OF PESTICIDE RESIDUES

Clean-up for coffee beans
Full-scan (m/z 50-700) total ion current (TIC)

100 —

90 — |, Only Hypercarb (SPE)

80 —
70 ] Hypercarb (SPE) + «
60 — 7 SAX (USPE)

50 —
40 -

L L L
30 + 0 1 2 3

0 2 4 6 8 10 12 14 16 18 20 22
Time (min)
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Clean-up for coffee beans: Hypercarb+SAX®

AMPA Glufosinate
0.020 mg kg-' 0.050 mg kg™
Hypercarb gKd Hypercarb+SAX Hypercarb Hypercarb +SAX
205 20835 1583 180 > 63 %97 180 > 63
15E3 7 110 > 63 1563 110 > 63 ] 180 > 95 ] 180 > 95
; 110 > 79 . 110>79 | M0E3 180 > 85 1037 180 > 85
R 110>81 9833 110 > 81 : :
5062 5.0E2 - 5082
0P, /ﬂ"j&ﬂ/wﬁ o
15 20 25 2.0 25 20 25
Time (min) Time (min) Time (min) Time (min)
Area: 1765 Area: 5907 Area: 2446 Area: 3323
Glyphosate N-acetyl-glyphosate
0.010 mg kg 0.050 mg kg’
Hypercarb Hypercarb+SAX Hypercarb Hypercarb+SAX
_ 40E3 _
40831 168 > 150 | 168 > 150 ] 210 > 150 - 210> 150
30e3{ 168>63 3.0E3 168 > 63 4.0E2 - 210> 148 402 210 > 148
1 168>79 . 168 > 79 ] 210 > 168 - 210 > 168
2.0E3 2.0E3
1.0E3: 1.0E3 -
0 Tt T T TT T T T T |0_
35 40 35 40 10 15 . _
Time (min) Time (min) Time (min) ime (min)
Area: 19716 Area: 20705 Area: 21131 Area:12806
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NEW ADVANCES IN AUTOMATISATION FOR THE ANALYSIS OF PESTICIDE RESIDUES

Method validation
Spiking levels: 0.010, 0.020, 0.050, 0.100 mg kg'1

LOQ Linear range
ME (%)
Compound |(mg kg?)|  (mg kg")

AMPA 0.020 0.020 - 0.500 -65
Ethephon 0.010 0.010 - 0.500 5
Fosetyl-Al 0.010 0.005 - 0.500 -5

Glufosinate 0.050 0.050 - 0.500 -40
Glyphosate 0.010 0.010 - 0.500 -20
HEPA 0.050 0.050 - 0.500 -23

MPPA 0.020 0.010 - 0.500 -40

N-acetyl-AMPA 0.010 0.005 - 0.500 10
N-acetyl-glufosinate| 0.020 0.020 - 0.500 2
N-acetyl-glyphosate| 0.050  0.050 - 0.500 11

Phosphonic acid 0.050 0.050 - 0.500 -12
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NEW ADVANCES IN AUTOMATISATION FOR THE ANALYSIS OF PESTICIDE RESIDUES

Real sample analysis

Concentration (mg kg™)

Sample ID Glyphosate Pho:;c)illlomc Sample ID: 01
01 0.014 Glyphosate std . Glyphosate
02 <LoQ in coffee beans extract in coffee beans sample
03 0095 0.010 mg kg 0.014 mg kg
04 < LOQ 0.070
05 7,062 - 7,082 -
ol 168 >150 o=l 168 >150
06 0.220 - 1 168 > 63 - 1 168 > 63
07 0.330 50821 168 > 79 SE271 468 > 79
08 N 4.0E2 > 4.0E2-_
09 0.243 p% 3082 ] é 3082
10 0.016 = gom] - 2082
11 1082 N\ 1.082-
12 B s T T s & 4
1 3 Time (min) Time (min)

Area: 2674 Area: 3793
« LOQ Glyphosate: 0.010 mg kg

« MRL Glyphosate: 0.100 mg kg

« LOQ Phosphonic acid: 0.050 mg kg
* MRL Phosphonic acid: 5 mg kg expressed as fosetyl
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NEW ADVANCES IN AUTOMATISATION FOR THE ANALYSIS OF PESTICIDE RESIDUES

Conclusions

+ SAX clean-up method validated for the analysis of 11 highly polar anionic pesticides in
honey, pollen and coffee beans.

» This clean-up showed to be very effective in terms of removal of matrix components,
leading to improved selectivity and sensitivity, particularly for AMPA and glufosinate

« The analysis of N-acetyl-glyphosate at low concentrations in the same
chromatographic run was possible due to the positive influence of the injection solvent
derived from the clean-up step on the retention, peak shape and intensity of this
compound.

» The automation and miniaturization of the clean-up step using SAX uSPE cartridges
were achieved.

« The automated uSPE method offered benefits such as reduced manual labour,
increased sample throughput, improved reproducibility, and decreased solvent
consumption.
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