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Workflow development
for fruit and vegetables




QuEChERS is the quick, easy, cheap effective, rugged and safe sample preparation method originally
developed by M. Anastassiades and S.J. Lehotay in 2003. In the original QUEChERS method, acetonitrile is
used as extraction solvent, followed by adding NaCl and buffer salts, vortexing and centrifugation.

: : Transfer 10 g + 10
Step 1: Homogenize Food o oM 1o Vortex Sample Add Extraction Vortex Sample +
Extraction Matrix e (e Salts centrifuge

" Add formic acid
[ Vortex dSPE Tube I Centrifuge I 5% in AcN ]

dSPE
Step 2: Transfer or —
m
Clean up supernatat HSPE [“ ot ] How
long?




Citrate buffered

o QUEChERS extraction _!: ;
Clean-up q

Clean-up salts for the d-SPE and ySPE QC method
d-SPE MSPE

MgSO, + PSA (6:1)
Tomate/Orange Vortex 30 s
Centrifuge 4000 rpm 5 min

Z-Sep Mini cartridges containing 45 mg of
Avocado Vortex 30 s MgSQO, + PSA + C18 + CarbonX
Centrifuge 4000 rpm 5 min (20:12:12:1)
CaCl, + PSA (2:1)
Black Tea Vortex 30 s
Centrifuge 4000 rpm 5 min
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_/NAIYSIS OF SPICESUSING AW AUTOMATED yiSPECLEAN-UPMETHOD
Extraction Step: Citrate QUEChERS

10 g of spinach

Agytax
10 mL 4 g of magnesium sulphate, 1 g of r Agytax
AcN sodium chloride, 1 g of trisodium : Centrifuge:
citrate dihydrate and 0.5 g of disodium ’ 3700rpm (5
hydrogen citrate sesquihydrate min)
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I Manual dSPE

Clean up Step

5 mL of the supernatant +
750 mg of anhydrous
magnesium sulphate and
125 mg of PSA and
vortexed for 30 sec.
Centrifuge 3700 rpm for 5
min and supernatant was
transferred to a 4-mL vial to
which 10 pL/ mL extract of
formic acid solution in

acetonitrile (5% volume).

b MSPE Cartridge:

20 mg Anhydrous
MgSO4+ 12mg
PSA+ 12 mg C18+ 1
mg CarbonX

I Automated pSPE |

Offline Version

Steps:
1. Condition uSPE cartridge (100
‘ uL ACN)
2. Elution cartridge step with
sample (200 pL)
3. Elution cartridge with AcN (5%
formic acid) (100 pL)
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-
dSPE Clean up

Manual dSPE

Weigh the salts (750 mg of anhydrous
magnesium sulphate and 125 mg of PSA) 3:30 min

and transfer 5 mL of the supernatant

Vortex for 30 sec.

4:00 min
Centrifuge 3700 rpm for 5 min (It
actually takes 8 minutes to reach 12:00 min
those revolutions and stop.)
supernatant was transferred to a 4-
mL vial to which 10 pL/ mL extract
13:30 min

of formic acid solution in

acetonitrile (5% volume).
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USPE Clean up

l f"}
e 200 pL sample L
* 50 uL ACN
¢ Calibration curve:

200 pL blank + 50
uL of standard mix
at 4 times the level
assessed in the
recovery.

What is the automatic clean up robot like?
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*Small dead volume (< 20uL)

» Wide range of sorbent masses: 5-150 mg

* Composition: 20 mg Anhydrous MgSO4+ 12mg
PSA+ 12 mg C18+ 1 mg CarbonX
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Cartridge Tray == Hﬂiﬁ'ﬁ*?i,,
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Waste Receptacle ==» %

Sample Tray

Fluate Tray

19/09/2023 ALMERIA




PARAMETERS ®Setup
_“-Ofﬂine as Local Script

pSPE Tool LS2

4

4

4

LS1

Injection Tool LS1

4

4

HF Fast Wash 1

Use Wash1 during Sample Prep Yes

4

=
o
4

USPE Cartridge Tray Rack 5

4

Cartridge Waste Container none

4

Rack 4

4

4

Eluate Tray Rack 2

4

Off

@ Conditioning

Solvent Module

4

=

Conditioning Solvent Index

SRUNENNN

l

100

Conditioning Solvent Fill Speed 100 plfs

w




PARAMETERS

@Sample pSPE

At Elution Tray >

uSPE Sample Load Volume 200 pL

100

USPE Sample Loading Speed 2 ulis

®@Wash pSPE

Wash uSPE Solvent Index 2

T :

Wash uSPE Solvent Fill Speed 10 plss

@ Elution

Solvent Module ~

Elution Solvent Index 2

100

Elution Solvent Fill Speed 100 upl/s

|

@®@Transfer Eluate to 2mL Vial

none i

Transfer Eluate Volume 0 L
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PARAMETERS

@ Protectants

none

Protectant Index

4

Protectant Fill Speed

@ Internal Standard

5 plis

none

4

Internal Standard Index

-

o

Internal Standard Fill Speed

@Target Standard

none

4

Target Standard Index

[p%]

Target Standard Fill Speed

® Solvent Addition

none

4

Solvent Index

w

o

o
= =
& &

Solvent Fill Speed

5 ulis
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PARAMETERS

®Mixing

No

4

Syringe Mixing Cycles

[=]

300

Vortex Mixer none

4

2000

Vortex Mixing Time

@Sandwich Injection

-
(&)

No

4

Sandwich Injection Top Layer Source none

1

—

Rear Air Gap Volume

0 pL

o

Sandwich Injection Air Gap Volume

0 pL

-

Sample Air Gap Volume

-

Filling Strokes Count

[+2]

W
AN

-
=
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@ Injection

4

Normal

Injector Penetration Depth

45 mm

Post-Inject Delay

Pre- & PostWash

I

Syringe Wash Cycles

Solvent1

Solvent Selection Wash Step 2 Solvent2

50

1Tl




H PALscript Executor - Beta - for internal use only -
B ATC H ;Al.} "Mlnh;d js::‘pl:m Job List Cjﬂ!lcls ?
W [ Method Sample Rack Index Sample Parameter
—— Vial Selection =]
Ty Hlder | hﬁ\d\d:\'lx ";:y&:ﬂgfg&Lxxxxx\\x\m
000000000
Q00000000
| O0DDODDDD
200000000
000000000
09000009009
000000000
QOO DODO
. OD0DDDDDD
0009000000
200000000
0000090000
000000000
Lol LoLn L Lo L Lok
00020 DODD
200000000
900000000
000009009
oo W CE CE W
in Sequence by Column by Row by shortest X by shortest Y
(o | [ Conce ]
Connection State:  Connected to 192.168.99.230 (GC1) - V3.125 1 Status Message:
Driver State: Ready l Valve Status: PalScriptExecutors’s current Lock: None

4 f_q 2|
Aborted: False | Start: 11.09.2023 08:43 | Remaining Tim¢: 00:05:26 | Quration: 00:00:00 | Nr Samples: 1 ‘
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_ AWAIVSISOF SPICES USING AN AUTOMAVED uSPECLEAN-UPMETHOD
The PAL uySPE QUEChERS clean-up workflow

Steps
Syringe wash (3 cycles) with AcN
Conditioning Load 100 pL of AcN
Condition pSPE cartridge with ACN
(Waste)
Load 200 pL of diluted sample (200 |.|Llraw extract + 50 pL AcN) (Collection
Vial)

Load 100 pL of AcN (5% formic
acid)

Elution step (Collection Vial)

Elution

i
{1 | ‘
* 200 pL sample I f A X
e 50 uL ACN r\
100 pL raw

* Cdlibration curve:

Pre- Elute the ) SPE
200 L blank + 50_ — condition - Load into P cartridge = H e :
pL of standard mix the the £ . with100 * 400 pL H,O with
: cartridge carlridge | & pl of i =
at 4 times the level \ soliu \ 200K o1 ‘ o dimethoate-d, -
assessed in the uL of sample \ formic . 53.33 L of matrixin 500
ACN acid) X uL of solution
stk AziE 160L of matrix Injection volumen: 5 pL
300 pl of solution Totalinjected amount:
0.53 mg
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ANALYSIS OF SPICES USING AN AUTOMATED uSPE CLEAN-UP METHOD

WORKFLOW

CHRONECT

ROBOTIC




_/NALYSIS OF SPICESUSING AW AUTOMMATED ySPECLEAN-UPMETHOD
Optional step




_AMAIYSIS OF SPICES USING AN AUTOMATED uSPECLEAN-UPMETHOD
The PAL uySPE QUEChERS clean-up workflow

With Elution Step
SPE

® Sample ;s

Load Location At Elution Tray

USPE Sample Load Volume

USPE Sample Loading Speed

©®Wash pSPE

Wash uSPE Solvent Index

Without Elution Step

Wash uSPE Solvent Fill Speed

® Elution

. Solvent Module

Elution Solvent Index

Elution Solvent Fill Speed

@Transfer Eluate to 2mL Vial
e Fe . |

Transfer Eluate Volume 0 pL




Results
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Optlmlzatlon of PAL ySPE QUEChERS clean-up workflow
> Qe - Spinach blank extract spiked at 10 ppb

o]

Fluazifop i*@{@xﬁj\m

Without elution With elution step
step

328.2->254.2 ,3282->2822 328.2->254.2 ,3282->2822
£ x1024 Not Found £ x102 | Ratio =266.3 (78.5 %)
3 854 3
o O 859
84 8
754 754
74 74
6.5 654
6 6
5.5 5.5
54 5
4.5 4.5
44 44
3.5 354
34 3
2.5 2.5
2 2
154 154
] w iy
0.5 T T 0.5
04 04
| | | | | | | | | | | | | | | | | | | |
104 105 10.6 10.7 10.8 10.9 1 111 11.2 1.3 104 10.5 10.6 10.7 10.8 10.9 1 111 11.2 1.3
Acquisition Time (min) Acquisition Time (min)
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362.1->288.1 ,362.1->316.2
£ x102

Cou

26+
24+
224

24
1.8
1.6
144
1.2

14
0.8+
0.6+
0.4+
0.2+

04

Not Found

Without elution

step

Haloxyfop

T |
124 125
Acquisition Time (min)

FF N Cl (o] JL
prdog s

o]

With elution step

362.1->288.1 ,362.1->316.2

£ x102 |

Cou

26+
24+
224

24
1.8
1.6
144
1.2

14
0.8+
0.6+
0.4+
0.2+

04

Ratio = 229.5 (90.4 %)

Optlmlzatlon of PAL ySPE QUEChERS clean-up workflow
' Spinach blank extract spiked at 10 ppb

I I | T | | | I
11.9 12 121 122 123 124 125

Acquisition Time (min)
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5

4.5

44

3.5

3

2.5

24

1.5+

14

0.5

04

345.0->299.0 , 3450 -> 254.9
2 x102
5.5

Not Found

Without elution
step

/s —

1.3

I I [ T T
1.8 1.9 12 121 122

Acquisition Time (min)

5

4.5

4-

3.5

3

2.5

24

1.5+

14

0.5

04

Optlmlzatlon of PAL ySPE QUEChERS clean-up workflow
Spinach blank extract spiked at 10 ppb

Quizalofop AL @QTOH

[¢]

With elution step

345.0->299.0 , 345.0 ->254.9
i

£ x10

5.5+

Ratio = 9.3 (124.7 %)

Acquisition Time (min)
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Optimization of PAL ySPE QUEChERS clean-up workflow

Tomato blank extract spiked at 10 ppb

o

CEE

8000 8000

7000~ Haloxyfop 7000~ Quizalofop ] Fluazifop Triple
15000 d y

6000 6000 . Quadrupole

5000 5000 ] 75Q Altis™
1 |

4000 4000 0000 ]

3000 3000 ]

2000 2000 50007

1000 1000 E

0 T [ T T A/t\/\ T [ 0 T T T T T T 0 T 1 1 T
6.5 7.0 6.5 7.0 5.0 55 . 6.0

8000 Time (min) 8000 Time (min) Time (min)

7000 7000 15000

6000 6000 ]

5000 5000 ]
10000

4000~ 4000~ ]

3000 3000 ]

2000 2000 5000i

1000 1000 7

0 roT T T 0 T 1 [ 1 XT/\ I 0 ‘ T T ‘
6.5 7.0 6.5 7.0 5.0 55 6.0
Time (min Time (min Time (min)
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_/NAIYSIS OF SPICES USING AN AUTOMUATED ySPECLEAN-UPMETHOD
Comparison ySPE and dSPE

i { '] i
e 200 uL sample L f | _
+ 50 L ACN ry...m‘..w.u..w.._
100 L raw

¢ Calibration curve:

Pre- Elute the 4
200 pL blank + 50_ condition Loadinto <. carlidge 1 WSPE exiract .
uL of standard mix the the with 100 * 400 pL H,O with
: carfridge carfridge pl of i .
at 4 times the level S 200t o ol . dimethoate-d,
assessed in the . ul of sample formic 53.33 WL of matrixin 500
ACN acid) . UL of solution
[ECO e 160uL of matrix Injection volumen: 5 L
300 pL of solution Total injected amount:
0.53 mg

* 440 pL H,O with dimethoate-d,
* 59 pL of matrix and 51 yL of ACN
* Calibration point at 10 ppb: 440 pL H,O with dimethoate-d; + 59 pL blank + 51 pL of

standard mix at 11.57 ppb in ACN 59 L of matrix In 550

uL solution
Injection volurmen: 5 pL
Total injected amount:
0.53 mg

19/09/2023 ALMERIA




TIC’s comparative (dSPE extract vs uSPE)

RT: 0.00 - 20.91 Spinach

NL:
9.00E8

800000000 BODES
il spinach_pal_f
-.600000000— s
B ] NL:
5 ]
3 . 9.00E8
E 400000000 00058
] spinach_qc_f
200000000 S
e
0

Time (min)

SPINACH

{




' TIC's of the spinach blank

RT of :
Neburon

Without clean-up
dSPE cleon-up

s No Clean-up

Interference in w

the spinach -
blank "
275.1>57.1 -

T T
na ] u2 A s
Sezgasann {eves ()

Sppb
Neburon
(Spinach)

275.1>57.1

dSPE Clean-up

|2 23

o uz uA

Aazpa senrn Teves ()

Acxpmatam Deres )

s

« Wy

Coiren

T

Cmiren

xm ¢
24
22
18
18

14

ot
24

22

14
18

14

HUSPE Clean-up

o Y

T T
2 u2 124 ue
e qamtazn Liree (ram)

151 =0 50.9) Sppks_Sgmrach_ 1AL iS4

T T T
o uz 124 us

T
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Matrix effect

Tomato

Broccoli

Blank avocado sample spiked
at 10 pg L with pesticide mix

METAMITRON

Matrix Effect

[V} (V] [V} [e] o = Q
S ® a2 T 5 8 3
E & 0§ &8 5 ¢ 3
L
a
dSPE
H<20% m20-50% m>50%
dSPE
60000
50000
40000 203 > 104 Interference
30000
20000
- 203 > 175
10000 /\
Git\tlt\ttl\ltt\lt
24 2.6 2.8 3.0 3.2
Time (min)

(V] [V} o
& 2 B
© 3 S
15 o
© £ z
a.
usPE
60000
50000
a 203 > 104
40000 o
30000
20000 203 > 175
10000
071\1\1\[1\\\1\\\
24 2.6 2.8 3.0
Time (min)
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Linearity

Acephate (USPE) Acephate (dSPE)
1.40E+07 1.40E+07
o
1.20E+07 1.20E+07 .
® Solvent @ Solvent

1.00E+07 1.00E+07
> ® Tomato i ® Tomato
c c
§ 8.00E+06 . ® Broccoli § 8.00E+06 ® Broccoli
" 6.00E+06 _.--‘:;:3:.‘&. Lettuce © 6.00E+06 Lettuce
p RO p
< RSRAY <

4.00E+06 ot ©® Orange 4.00E+06 ® Orange

_,.‘-;{{t‘ @ Pineapple ® Pineapple
2.00E+06 e 2.00E+06
..,.n‘ ® Grapefruit ® Grapefruit
(2
0.00E+00 @ Avocado 0.00E+00 ® Avocado
0 50 100 150 200 0 50 100 150 200
Concentration (ug/kg) Concentration (ug/kg)
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Recoveries

Tomato Orange
328
210
S 180 5 180
g 150 8 150
g 120 g 120
90 90
o 60 o< 60
° 30 ° 30
(Z) O —— [y (Z) O —— o .
<50 % 50-80 % 80-120 % >120% <50% 50-80% 80-120% >120
Recovery (%) Recovery (%)
m dSPE (10 ug/kg) m dSPE (50 ug/kg) m dSPE (10 ug/kg) mdSPE (50 pg/kg)
WSPE (10 ug/kg) m uSPE (50 ug/kg) WSPE (10 ug/kg) m USPE (50 ug/kg)
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Proficiency test on lemon material was analysed using the automated uSPE clean-
up method, obtaining Z score values lower than + 1.2 in all cases

PROFICIENCY TEST FV-19 (MATRIX: LEMON)

COMPOUND Calculated Concentracion (mg/kg)  Zscore
BOSCALID 0.4 0.2
CARBENDAZIM 0 0.1
CHLORANTRANILIPROLE 0.166 -0.3
CHLORFENAPYR NA NA
CHLORPYRIFOS 0.109 -0.7
DIAZINON 0.118 -1.2
ETHOPROPHOS 0.034 -0.5
FAMOXADONE 0.043 -0.1
FIPRONIL 0.02 0.2
FLUBENDIAMIDE 0.054 -0.2
FLUOPYRAM 0.136 0.3
IMIDACLOPRID 0.134 -0.6
IPRODIONE NA NA
LUFENURON 0.43 -1.0
OMETHOATE 0.017 -0.7
PROPAMOCARB 0.104 -0.6
PYRACLOSTROBIN 0.143 -0.9
PENFLUFEN 0.536 0.4
SULFOXAFLOR 0.029 -0.3

NA: Not Analysed.
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GC
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Moédulo PAL RTC (online) Moédulo PAL RTC




+EI TIC Scan Frag=70.0V Blank_orange_QC.D
1

Orange

No. of compounds
oBBEs8BaELEE

<50% 50-70 % 80-120 %
Recovery (%)

=ySPE =QC |

Tomato

<50% 50-70 % 80-120 %
Recovery (%)

No. of compounds
obBuassAngEE

® ySPE = QC |

No. of compounds
oBBEsEs388EE

No. of compounds

S
So

obBYELBIBE

11 12 13

Counts vs. Acquisition Time (min)
Orange

<50% 50-70 % 80-120 %
Recovery (%)

= ySPE = QC |

Tea

<50% 50-70 % 80-120 %
Recovery (%)

=ySPE = QC

14

15

No. of compounds
oBBEsnaIngEE

R RO PPN Y TV N AUV NOUOY USRS U A NIUVID NP Wl IV U SO

17 18 10 20

Rice

<50% 50-70 % 80-120 %

Recovery (%)
BISEETRIC

dSPE

MSPE
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Chlorthalonil o I o

Orange spiked at 10 pg/kg of Chlorthalonil c ) c
(Analysis by GC-QqQ)
dSPE PAL (uSPE)
266.0 -> 231.0 , 266.0 -> 133.0

% x10*] Ratio = 266.0 > 231.0 , 266.0 -> 133.0

S 17l g x10 4] Ratio = 81.8 (93.4 %)
161 S 7]
1.5 164
144 15
1.3 14]
1.2 13l
1.14 1.24
LN 1.1
0.9 1
0.8 09
0.7 08
06 074
0.5 06
0.4 0.5
0.3 041
0.2 034
0.1 024
ol ALl o1
-0.14 04
-0.11

‘ 58 585 59 585 6 6.05 61 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
Acquisition Time (min) 5.8 5.85 5.9 5.95 6 6.05 6.1
isition Time (min)
Recovery: 0 % Recovery: 96 %

EURL-FV (2022-M44) Automatisation of the clean-up step of multiresidue methods in GC-MS
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Evaluation of the USPE
for the analysis of spices




Citrate buffered
QUECHhERS extraction

4 g anhydrous
magnesium sulphate
1 g sodium chloride
1 g trisodium citrate
dihydrate and 0.5 g
disodium hydrogen
citrate sesquihydrate

Paprika Curl
DY ry

Axial agitator for 6
min and centrifuge
at 3700 rpm for 5
min.

Black
6 & pepper Step 1: 2 g of sample added 10 ml acetonitrile

- 1‘, 7 mL distilled water shaken for 6
Dry ;

Extraction (vortex). minutes.
chili Turmeric

Step 2: Clean-up

Steps
Syringe wash (3 cycles) with AcN
Conditioning Load 100 pL of AcN
Condition puSPE cartridge (Waste)

'll - %
Load 200 pL of diluted sample (200 pL raw extract + 50 pL AcN) (Collection
Vial)

R Load 100 pL of AcN (5% formic
e acid)

Elution step (Collection Vial)

Elution
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Curry

>
/i

Black pepper

Turmeric

\

y

S ?
N
t—:.—-

e

g

J
-
32
>

g Dry chilli
A B s i\ ; i
N
.: i
3
N

v . r/y
Nwowerk )| \
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Matrix Effect

uSPE dSPE uSPE dSPE uSPE dSPE uSPE dSPE uSPE dSPE uSPE dSPE

18

(=}

16

(=}

14

(=}

12

(=}

10

N° of compounds
B [*) [ele]
S (=) S (=)

[y}
(=}

Paprika Curry Turmeric Chilli Black Pepper Average

m<20 m20-50 ®m>50
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Triflumuron

o 0 O F
J FF
N™ "N
H H HSPE
Blank curry sample
M Transitions
1 359.0>139.0
*#1 359.0>156.0
15&3—
1.0&3§
50&%
00502
Ves e as 0 s a0 an a0 85 &0 85 on w5 90
RT (i)
QFO-TE) Curry spiked at 0.02 mg kg-! 58
28839R1 6723%(578)
2663

Transitions
*31 359.0>139.0
23 359.0>156.0

Triflumuron \/

Q3AM>1390(+)
10e34R100%(0)
90224
dSPE
ae]
0] . Blank curry sample
Transitions
1 359.0>139.0
s2]  359.0>156.0
202]
30e2q
20e2
10e24
0004
Tas | ew | e w0 e &0 & e es a0 & | a0 a5 90
o
REN 0 Curry spiked at 0.02 mg kg e
R1 54467 (4684
11e34
el Transitions
1 359.0>139.0
21 359.0>156.0
]
b Matrix
ey interference Triqumuronx
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Curry spiked at 20 ppb Quinoxyfen
Y SP PPb Qinoxyt RT:9.90 min o

40e3-

3563

30e3

2563

20e3

Highion supression . dspe

2037

5062

0007

T
%5 90 95 9% 9%  9» 9% 00 G 1010 015 D 105 1030
RT (mir)
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R50

R100 R100
Paprika Curry Turmeric Chilli Black pepper

Recoveries using pspe clean-up

100
90
80
70
60
50
40
30
20
10
0 — — — —
R50 R50 R50 R50

R100 R100 R100

% of compounds

m<50 m50-70 m70-120 =>120

A lowest MRL of 0.05 mg kg™ ! or higher for 99% of the analytes
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Conclusions
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Advantages of the PAL nSPE QuEChERS clean up workflow

v One pSPE cartridge configuration for a wide variety of food matrices
v" Very effective clean-up by uSPE facilitates the homogeneity in the calibration curves

v' Automation means that submitting the calibration curve to the clean-up is not such a
tedious and time-consuming step.

v' Better clean-up performance compared to dSPE

v’ Instrument maintenance is also positively affected because, generally, cleaner extracts
are obtained and so the lifespan of certain instrument parts (such as the ion source and
columns) increase.

v Miniaturisation means less sorbent material is required.

v Automation allows you to increase the number of samples in a working day by 25%. For
example: increase from 20 to 25 samples.
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