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2021 — Future work

W

« Extending our validation scope in more difficult

matrices using the ySPE clean-up.
* Transferring the knowledge.

* Finalizing the automatic calibration curve.
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Automated uSPE clean-up

W

; ITSP cartridge PAL System uSPE cartridges
€ 1000 pl syringe

USPE to0| meeepp | M

= Needle guide

Cartridge body ===

& Sorbent
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Automated uSPE clean-up

W

Instrument Top Sample Preparation Stand Alone Multi-purpose Autosampler

Source: Lehotay, S. J.
U.S. Department of Agriculture, Agricultural Research Service, Eastern Regional National Food Institute, Technical University of Denmark, 2800 Kgs, Lyngby, Denmark
Research Center; 600 East Mermaid Lane; Wyndmoor, PA 19038; USA
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Extending our validation scope in more difficult matrices

using the ySPE clean-up

National Food Institute
Technical University of Denmark

Proficiency Test on pesticide
residues in rapeseed cake

EU Refgrence Laboratory on Cereals & Feeding stuff

EUPT-CF15
2021

Rapeseed cake

GC uUSPE Cartridge
45 mg sorbent mix
(PSA, C18, CarbonX, MgSO,)
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Automated ySPE clean-up Rapeseed cake

W

Initial Manual Step

P After QUEChERS extraction and
Citrate Buffer QUEChERS centrifugation approx. 1 mL of Qc (1S) Solvent
the supernatant is transferred
(EN 1 5662) to 2 mL autosampler vials. The

vials with raw extract are placed
into the sample rack.

2 g sample , : .
N J [ Empty vials capped with non- g &eie1
- 2 Empty vial o A magnetic caps are placed into &
P ; mpty vials capped with non- he dilution tray rack.
\ 10 ml water/ 10 ml acetonitrile extraction ) magnetic caps and split septa il i
are placed into the eluate B o =
( . . . ) rack, covered by the vial lock. / §§°°3333
Salting out/shake/centrifugation / ?.
Transfer 8 ml and place them in -80 / 2323200060 |EB 600000000 |
. . P006666606 ' PRRLPPOOO |
L centrifugation ) WSPE cartridges are placed in 700006606060 ||| 660000000 |
the cartridge rack V000006000 i | 9006066606
: 0000600606606 ' 900LLeeee

0006006060600 000000000 |

=

MSPE Select the uSPE tool with Pull up 300 pL raw extract Transfer the uSPE cartridge Elute extract through the Discard cartridge into waste
1000 uL svringe from the Sample Rack into by syringe needle to the SPE cartridae at 2 uL/s S
clean-up HL syringe. the 1000 pL syringe. Elution Rack. H g HL/s. ptacie.
. . Transfer 100 pL of Change the syringe Transfer in the final Change the syringe Transfer acetonitrile
Dilution clean eluate on final into the 100 pL vial 20 pl of IS (QC) on into the 1000 pL 100 pL (for sample Mixing.
vial. syringe. the final vial. syringe. preparation).




_Validation of Automated uSPE Extract Clean-up for pesticides
in Rapeseeds by GC-MS/MS

HE

Rapeseed Rapeseed cake Rapeseed meal

ﬂ n

7

Dispersive ITSP u-SPE Dispersive ITSP u-SPE Dispersive ITSP u-SPE
PSA/EMR PSA/EMR PSA/EMR
= 0.005 mg/kg = 0.01 mg/kg = 0.05 mg/kg m Not Validated



01U ,(é{/yalidation of Automated USPE Extract Clean-up for pesticides
= in Rapeseeds by GC-MS/MS

Rapeseed cake Rapeseed meal

Rapeseed
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Validation of Automated uSPE Extract Clean-up for pesticides

Rapeseed

in Rapeseeds by GC-MS/MS

Rapeseed cake

Rapeseed meal

ITSP p-SPE  Dispersive PSA

Dispersive
PSA+EMR-Lipid

ITSP p-SPE  Dispersive PSA Dispersive

PSA+EMR-Lipid

ITSP u-SPE

Dispersive PSA  Dispersive

PSA+EMR-Lipid

® Remaining Co-extract

® Removed Co-extract
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EURL CF-15 Rapeseed cake

Assigned value CF-15 results
Analytes Clean up
mg/kg mg/kg

W

0.04 PSA/EMR 0.034 -0.80
_ MSPE clean up 0.042 -0.01
0.11 PSA/EMR 0.097 -0.32
_ MSPE clean up 0.110 0.21
0.08 PSA/EMR 0.074 0.10
_ MSPE clean up 0.070 -0.29
0.04 PSA/EMR 0.028 -1.21
_ MSPE clean up 0.033 -0.74
0.06 PSA/EMR 0.058 0.04
_ MSPE clean up 0.063 0.27
0.07 PSA/EMR 0.069 -0.05
_ MSPE clean up 0.070 -0.01
0.02 PSA/EMR 0.020 0.08
_ MSPE clean up 0.023 0.61




=
—]
—

2021 — Future work

W

* Transferring the knowledge.




Automated ySPE Extract Clean-up for pesticides in cereals

HE

Citrate Buffer QUEChERS 5g sample Citrate Buffer QUEChERS

(EN 15662) 10 ml water/ 10 ml acetonitrile extraction

Dispersive clean up Salting out/shake/centrifugation p-SPE clean-up

Transfer 8 ml and place them in -80 /

\ centrifugation )
p A 4 < v
Dilute 1/1 viv matrix extract with Transfer 6 mL of cold extract
ACN. Add internal standard containing 150 mg PSA and 900
\ / mg MgS04.
Vortex filter Shake for 30 sec.
) N ——— Automated pSPE Extract
Transfer the filter solutionin a 2 Centrifuge: 5 min. at 4500 rpm Clean-
mL glass vial with inset. \ ea Up
) Transfer4 mL the extracttoa 15
\ ml single use centrifuge tube.
LC-MS/MS [ Add 40 plof 5% formic acid |
solutionin acetonitrile.
a _ ) GC-MS/MS
Dilute 1/1 viv matrix extract with
ACN. Add internal standard andlor
; . LC-MS/MS
GC-MS/MS
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0Ty Automated uSPE Extract Clean-up for pesticides in cereals

W

Hands on training |
* Barley, group DTU spike 0.01 (*5) and 0.02 *(5) mg/kg
* Wheat, group 1 spike 0.01 (*5) and 0.02 (*5) mg/kg

* Qat, group 2 spike 0.01 (*5) and 0.02 (*5) mg/kg

\ Initial Manual Step

H After QUEChERS extraction and
Citrate Buffer QUEChERS centrifugation approx. 1 mL of ac (1s) Solvent
the supernatant is transferred
(E N1 5652) to 2 mL autosampler vials. The

vials with raw extract are placed
into the sample rack.

5 g sample — . =
Empty vials capped with non- 2
- magnetic caps are placed into
10 ml water/ 10 ml acetonitrile extraction Emply vial cabpad Wit oh- B the dilution tray rack.

magnetic caps and split septa
are placed into the eluate
rack, covered by the vial lock.

Salting out/shake/centrifugation

Transfer 8 ml and place them in -80 /
centrifugation

—
__J L _J L _JL_J

WSPE cartridges are placed in '
the cartridge rack.

I‘lspE Select the pSPE tool with 'Pull l:ﬁ 3050 rl:l'lsgefri:f; Trt‘-:"sri: the uSPdEI C’;Tg?ge Elute extract through the Discard cartridge into waste
- 1000 pL syringe. Al Ll L EYRNR [0 e HUSPE cartridge at 2 pL/s. receptacle.
clean-up the 1000 pL syringe. Elution Rack.

. . \ Transfer 100 pL of N Change the syringe . Transfer in the final \\ Change the syringe Transfer acetonitrile . B
Dilution clean eluate on final p into the 100 pL vial 20 pl of IS (QC) on into the 1000 pL 2> 100 pL (for sample P Mixing.
vial. 7 syringe. the final vial. 7 syringe. 2 preparation).
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== Automated ySPE Extract Clean-up for pesticides in cereals
o
m0.01 mg/kg w=0.02 mg/kg
Recovery in % RSD in %
GC-MS/MS Oat GC-MS/MS Oat
120 gg
F :
TR . ..
40 10 I
zg A A g .I -I -I _I : A .I lI -I (] | I ml -I -I
GC-MS/MS Barley GC-MS/MS Barley
120 gg
30 2
60 20
0 T
g o cnmMall ol W il
GC-MS/MS Wheat GC-MS/MS Wheat
120 40
100 35

80 25
60 20
15
2 I s | - 1.1
0 g .I -I -I _l l. l -I (] | I ml - -
., 7 N &\Q . ., ., \
N
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Automated ySPE Extract Clean-up for pesticides in cereals

m0.01 mg/kg w=0.02 mg/kg

Recovery in % RSD in %

LC-MS/MS Oat LC-MS/MS Oat

15
10
5
0

LC-MS/MS Barley

15
10
5
0

LC-MS/MS Wheat

LC-MS/MS Barley

LC-MS/MS Wheat
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2021 — Future work

W

* Finalizing the automatic calibration curve.




Uncertainty contribution during manually preparation of the calibration

curve
Working
solution
2*1 ml 1ml 1ml 1ml 1ml 1 mil
Pipet Pipet Pipet Pipet Pipet Pipet
Volumetric Volumetric Volumetric Volumetric Volumetric Volumetric
flask flask flask flask flask flask
2*Cal 3 2*Cal 4 2*Cal 5 2*Cal 6 2*Cal 7 2*Cal 8
100 pl pipet 100 ul pipet 100 pl pipet 100 pl pipet 100 ul pipet 100 pl pipet
2* CAl 3 sol 2* CAl 4 sol 2* CAl 5 sol 2* CAI 6 sol 2* CAIl 7 sol 2* CAI 8 sol
A4 A4 A4
100 i pipet J 100 pl pipet J 100 pl pipet J 100 pl pipet 100 pl pipet J 100 yl pipet
for Matrix for Matrix for Matrix for Matrix for Matrix for matrix
20 pl pipet 20 pl pipet 20 pl pipet 20 pl pipet 20 pl pipet 20 pl pipet
for IS for IS for IS for IS for IS f(l':r IS
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Uncertainty contribution during automatic preparation of the calibration

100 pl

syringe

1 ml

syringe

1ml
syringe

-

1ml
syringe

Working
solution

100 pl
syringe

1ml
syringe

1ml
syringe

100 pi

syringe

1ml

syringe

_—

1ml

syringe

1ml

syringe

1ml
syringe

curve
100 pl 100 pl 100 pl
syringe syringe syringe
1ml 1ml 1ml
syringe syringe syringe
1ml 1ml 1ml
syringe syringe syringe
v
A
1ml 1ml 1ml
syringe syringe syringe
Dilution
B
1ml
syringe

1ml
syringe

QC/IS

Matrix
Blank

ACN
addition




=)
=
—

== Automatic Preparation of Calibration Curve
oo
Comparison between manually and automatic prepared calibration curves Stand Alone Multi-purpose Autosampler
Azoxystrobin Chlorpyrifos
2.00E+07
1.80E+07 3.00E+06 ; e s
bpossipa IR I R B = ® Stock solution Empty vials in Empty vials in
hpsibed = 2505406 in position 19 index 20 - 21 index 1 - 11
1.20E+07 2.00E+06 ——
1.00E+07 o Acetonitrile in
8.00E+06 ‘.‘_..--,'.'.-,-- 1.50E+06 '.'..,.- the pOSition 1
6.00E+06 -8 1.00E+06 ,.
4.00E+06 o ot
200406  @*"" 5.00E+05
0.00E+00 @' ooome0 O
0 20 40 60 80 100 120 0 20 40 60 80 100 120
--------- Linear (ACN manual calibration) +veveees Linear (ACN manual calibration) "0 400 e e e
....... Linear (ACN automatic calibration ) «+ee--+. Linear (ACN automatic calibration I)
Dimethoate Methamidophos
1.80E+07 1.20E407
1.60E+07 O :
140B%07 e 1.00E+07 9
1.20E+07 B e (R (N
8.00E+06 et
teoER07 et PR e
800E+06 " 6.00E+06 et
BOOE+06 et e
= 4.00E+06 =
400E+06 et T [
200E+06 = g 200406 .
noosian oanesoo @ Matrix blank Internal
0 20 40 60 80 100 120 ’ dlrix plan nterna
0 20 40 60 80 100 120 extract Standard
......... Linear (ACN manual calibration) ++eee++e Linear (ACN manual calibration)
~~~~~~~~~ Linear (ACN automatic calibration I) evveeve Linear (ACN automatic calibration I)
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Fully automatic matrix matched calibration curve in blank matrix extract

W

Preparation of Calibration Curve

Stand Alone Multi-purpose Autosampler
Dilution from 10 to 3000-fold were prepared by using the ‘
automatic dilution workflow starting from working solution | 3
mix (2 mg/mL-manually prepared). ﬁ.. = ‘
Solutions with concentration 0.2, 0.06, 0.02, 0.066, 0.002 and e ﬁc
0.0006 mg/L, were prepared in acetonitrile (workflow design
by DTU/CTC on Chromeleon software).

- Preparation of AU/
SPE ‘ 4
H Calibration 1\

Clean-up

USPE Clean-up

Blank extract was cleaned through the nSPE cartridge
(workflow design by DTU/CTC on Chromeleon software).

Sample dilution

100 pl from each calibration solution was automatically
diluted with 100 pl of matrix extracted previously clean
through the ITSP.

Final concentrations were 0.1, 0.033, 0.01, 0.0033, 0.001 and
0.0003 mg/L (workflow was designed by DTU user using the
PAL method composer).




HE

LC

GC

Fully automatic matrix matched calibration curve in blank matrix extract

Methamidophos

Pyridate

lodosulfuron-methyl-sodium

External Standard Analysis
Curve Fit: Linear, Ignore, 1/X
Resp. Fact RSD: 9.714%
y = +2812.0085x -280 2770

230317 _insekt mth: EVOQ LC-TQL40 lodosulfuron-methyl-sodiurm

Coefi. Det (r2).0.999800 .

Level: 7,
Replicates

Replicate: 1, Dewiation. 1.24%
1 1

K

ECER]

L)

25 '50 75 100
Amount

Azoxystrobin

230317 _insektmth: EVOQ LC-TQ 40: Metharmidophos 230317 _insekt.mth: EVOQ LC-TQ 40. Pyndate
External Standard Analysis External Standard Analysis
Curve Fit: Linear, Ignare, 1/X urve Fit: Linear, Ignore, 1/ )
Resp. Fact RSD: 6.605%, Coeff. Det (r2):0.999369 Resp Fact RSD: 14.14%, Coeff. Det (r2):0.999851
y= +1.0145e+5x -322 8930 y= +8.5911e+4x -2.5699e+4
Level. 7, Replicate. 1, Deviation 9.89% Level 7, Replicate: 1, Deviation 14.12%
3 1
1 1 7 -
M M |-
) A
106 // R ol J
B
7.5{ 1 & ]
- P
e
e a B 4
2 k
K
5.0l J s + ]
s i
i / z
z e
B J
e
2 J
25 - L /
+ J
o
o I T T T
25 50 75 100
Amaunt
! 25 50 75 100 =
Amnount
2-phenylphenol Endosulfan-sulfate
pTv—— Endosdliansulale
¥ = 6.56685X + 8.02204: R/ 0.0984; Origin: nore; W: 1/X; Area ¥ = 6.32504X - 7.63362 RY2: 0.9985; Origin: gnore; W: 1/x: Area
7500000
75000000
7000000
70000000-]
6500000
65000000-]
5000000
50000000-]
5500000-]
55000000
5000000
500000003
4500000
45000000-]
A 4000000
§ 40000000 H
£ H
35000000 35000009
30000000 30000003
25000000 2500000
20000000 2000000
15000000 1500000
10000000 1000000
5000000-] 5000003
o T T T T T T T T T T T ] o T T T T T T T T T T T ]
10 2 30 W 50 60 7 0 % 100 o 120) 10 £y ' & 50 0 7 Y %0 100 1o 120

9500000
90000003
8500000
80000003
7500000}
7000000
6500000
6000000
5500000
5000000
= asoonno ]
4000000
500000
3000000
2500000
2000000
1500000
1000000
500000

o

Azoxystrobin
Y =7.99704X - 9.49763; RA2: 0.9989; Origin: Ignors; W: 1/X; Area
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Determination of pesticides in insects using automatic sample
preparation




ETE QuEChERSER method
= “Quick, Easy, Cheap, Effective, Rugged, Safe, Efficient and Robust”.
_ _ ITSP
2 g comminuted sample Instrument Top Sample Preparation

test portion

<
S Add 10 mL
S 4/1(v/v) MeCN/water
k>
e Shake for 10 min
, Centrifuge for 3 min
/ v .,I | v :
Transfer 204 uL of extract =~ Pour the extractinto2 g
into 571 uL water . 4/1 (w/w) MgSO,/NaCl

,. _ _ Shake for 5 min
- Ultracentrifuge for 5 min

Centrifuge for 3 min

Transfer 500 plL into an

autosampler vial Transfer 1 mL extract to

an autosampler vial

Pesticides and
Veterinary Drugs
Pesticides and
' Environmental Contaminants

UHPLC-MS/MS  ITSP+LPGC-MS/MS

Source: Lehotay, S. J.
U.S. Department of Agriculture, Agricultural Research Service, Eastern Regional Research
Center; 600 East Mermaid Lane; Wyndmoor, PA 19038; USA

Ninga et al., 2022- Analytical Methods, 14 (2022), pp. 2761-2770, 10.1039/d2ay00713d



https://www.sciencedirect.com/science/article/pii/S0956713523000567#bbib19
https://doi.org/10.1039/d2ay00713d
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2 g of test portion

Add 10 ml (8/2 MeCN/H,0)

Shake 5 min at 1000 rpm.

Centrifuge 3 min 4500 rpm.

Pure the extract into:

2 g MgSO,/ 0.5g NaCl/ 0.5 g Na, citrate
dihydrate and 0.25 g Na,H citrate
sesquihydrate.

Shake 5 min at 1000 rpm.
Centrifuge 3 min at 4500 rpm.

Transfer 1 mL of upper layer on an
autosampler vial

Stand-Alone Multi-purpose
Autosampler

GC-MS/MS and/or LC-MS/MS

Flowchart of QUEChERSER method for determination of pesticides in insects

Stand Alone Multi-purpose Autosampler

=l Preparation of \
SPE |
- Calibration !

Clean-up

National Food Institute, Technical University of Denmark, 2800 Kgs, Lyngby, Denmark



s Determination of pesticides in insects - sample preparation
oo |

Freeze dry samples were homogenized in a blender in presence of dry ice.



=)
=
—

Full Scan GC-MS of insect larvae

W

RT: 7.00 -30.50
100

Before ITSP Clean-up

95]

902 After ITSP Clean-up

857 ITSP Clean-up after 2 hours — 80 (lower the response to = 80 %)
802 ITSP Clean-up (lower the response to = 80 %)
757

704
65

60

557

50

457

Relative Abundance

407
35
30
25]

207

\«M t \
Ué ;_L'_«!F___#LIJIMI._I_IIAIITIH_JIHHII-HIQMI I|IIl'thIIII|ILT"I_II(_lIIII|IIII|I|A|||IIII|LIIII|IIII||IIIHT_IIII|IIII|IIII|IIII1_I_I_I_I_I_I_F

7 8 9 10 M 12 13 14 14 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
Time (min)




ot Recovery of spiked extract (50 ug/kg) before the ySPE clean up

% OF COMPOUNDS-GC

% OF COMPOUNDS-LC
0% 3% 17

0% 2%

<40 m>40<70 m70-120% m>120 Not evaluted

m<40 m>40<70 m70-120% m>120 Not evaluted

Compounds with low recovery (<40 %) -LC ; Bromoxynil, Fenpropidin, lodosulfuron-methyl-sodium, Metsulfuron-methyl, Propamocarb,

Prosulfuron, Spinosad_A/D, Spiroxamine.
Haloxyfop did not pass through the uSPE column.
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Determination of pesticides in insects - Validation design

Quantitative BSF larvea MO larvae Tech
analysis 1

Initial full validation

Initial full validation

On going validation

On going validation

On going validation

On going validation

On going validation

On going validation

6 replicates * 3 level

2 replicates * 3 level

2 replicates * 3 level

2 replicates * 3 level

6 replicates * 3 level

2 replicates * 3 level

2 replicates * 3 level

2 replicates * 3 level

1

January — April
2023



Determination of pesticides in insects - Recovery
Still on going
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m<70 m70-120 = >120 = Not Validated

LC-MS/MS GC-MS/MS

100% 100%

90% 90%

80% 80%

X 70% X 70%
£ c

o 60% » 60%
© °

§ 50% S 50%

g— 40% é— 40%

S 30% S 30%

20% 20%

10% 10%

0% 0%

5 ng/kg 10 ug/’kg 100 pg/kg 5 ng/kg 10 ug/’kg 100 pg/kg

Distribution of recoveries (at three spiking levels), for BSF and MO larvae.
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RSD %

80

70

60

50

40

30

20

10

Determination of pesticides in insects - RSD

LC-MS/MS GC-MS/MS

80
70
4 60

50

40

RSD %

30 . °
20
+ 10

M 5 ug/kg M 10 pg’kg = 100 pg/kg

T

M 5pug/kg W10 pg’kg ™ 100 pg/kg

RSD % (at three spiking levels), for both BSF and MO larvae.
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Determination of pesticides in insects - Samples

D o
>
>
Pesticides concentrations in pg/kg for MO larvae dry Pesticides concentrations in pg/kg for BSF larvae dry
samples samples
500 500
400 400
o
=<
<) (=2]
2 300 =X 300
£ (o]
= =1
5 =
o -
£ 200 c 200
< >
(®)
S
100 I ' < 0o '
: . ' M ; [ .

Boscalid Etofenprox Fluopyram Boscalid Etofenprox Fluopyram
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Thank you for your attention!

edni@food.dtu.dk
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