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SFC Overview

- Technical and operational parameters
- Efficacy in Multiresidue Methods
- Additional Advantages
-  Lowerion suppression
- Wider scope
- Chiral separations
- Efficiency with a low ion source temperature




European Reference Laboratory - FV

T E EYRL-FV @

SFC Overview

- Technical and operational parameters
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SFC-MS/MS System

(Nexera UC coupled to Shimadzu LC-MS 8060)
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METHANOL AS CO-SOLVENT

SFC LC
Run time: 13 min Run time: 20,5min
Flow: 1,3mL/min Make-up Flow: 0,080mL/min Flow: 0,3mL/min
100 100 0 1
90 90
80 80
70 70
60 60
50 50
40 40
30 30
20 20 ”: - H
10 10
0 0
1 0 5 10 15 20
TOTAL RUN CONSUMPTION TOTAL RUN CONSUMPTION

MeOH (Gradient) : 2,22mL
MeOH (Make-up): 0,96
CO2 Consumption : 13,7mL
Water: OmL

MeOH : 3,51mL

} 3,19 mL
Water : 2,64mL
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TOTAL FLOW: 1.3 mL/min

Pressures: 270 — 350 bar

32.000.000

min

5 nug/Kg Tomato (300 pesticides)
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Too much coelution with this short run time?

IS A THIRD TRANSITION NECESSARY?

Acquisition window: +-0,3

S|

| ] Dwell Time Calculation/Loop Time

asinen Loop Trne 267 events (pesticides)
Target Value: 0,574 zec
MS 8060- | Calcuate Dwell Tme
SWItChlng polarity: 5msec Start - End Tmmefmin)|  1.856- 1.870- 1.872- 1.882- 1884 1.889- r
Scan speed: 555 MRM/sec o Tmeea] s | usw | osm [ s ) use | s
Dwel Timefmsec)] 5.0 5.0 5.0 50 /J 50 5.0
1 [ k l
Maximum Event: 44 Maximum Loop Time(sec): 0,574
MrimumDnel Tme(mez): 50 Maximum cycle time 0.574
Maximum Dwell Time(msec): 5,0

Apply to Method | Close I

These cycle times allow us to add another transition to compounds without
compromising peak shape. Enough points per peak will be obtained.
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Some compounds need a more selective transition for their identification at low
concentrations in difficult matrices.

e e "I lon Ratio:
51,5

lon Ratio:
53,2

P EEE P E BB EEREOEOEG

10 pg/kg
Tomato

5 & § ® & = o8 @ = = 5 o & B o= 5 &
8 8 £ B £ 8 8 B E 8 B & B ¥ & {§ %
I3

0]
0]
£

A
LN 0] 2]

FENARIMOL ., —o17208 ...331>110 3315180

- lon Ratio:
- 54,1

<30%

10 pg/kg
Leek

R TR TR R TR TR TR R e e T TR TR TR
E £ 8§ EEERERERER £ EBEEE R

P
£ 2R E B EEBEEEE L E

£

i




T E EYRL-FV @

logPow
w

0%

European Reference Laboratory - FV

ELUTION ORDER

°
@ ° %
° °
e ¢ ) 0.0
. ° ° ,° ... oo
., o *° . e ° . e ...o :‘ °
[ J Y L/ ‘
:.3. [ ] o © ® ¢ .0:’ [ J ¢
o oo, o® ° : o o..:oo\ °
PY : PY o0 o L) . o O O...’ ..’
° ° o, ° ° o o0
® ' :C ) ° o Py [ ] [ J
. e .. e © .. o o o o° 8 N | o:*h. °
¢ ° .o o 8° ° : oo ¢ * ’
R L] ° °o® ) ) . oo:, °
° °
Coo ... ¢ : .. .. :.". ¢ Y
° ® o o ° S ® o0
° °
s °
‘ ° 3. .: * o ° ¢ ¢ o
° °
.: e ° e o : ® ¢ ®e ¢
10% & 20% 30% 40% o 50% 60% 70% 80% 90% 100%
[ °
° .’ ([} ® Py L] (] T

End of

RT(%)
o I .

chromatographic

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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ESI IONIZATION PROCESS

SFC MOBILE PHASE:

Surface tension ): 72.80 mN/m

METHANOL
Surface tension (20°C): 22.70 mN/m

@ Ion @ ater
@ Matrix @ Viethanol
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CO2 loss his supercritical state before ionization
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SMALL AMOUNT OF ORGANIC SOLVENT REACHING THE SOURCE
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IONIZATION PROCESS

Low methanol flow
70% of compounds: <140 YL/min
(Including make-up solvent)

@ Matrix @ Viethanol
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INJECTING 100% WATER VIAL

As SFC mobile phase does not use water as solvent. Injecting high volumes
of 100% water samples can disturb the peak shapes of some compounds.

Vial conc: 1 ng/Kg Vial conc: 1 nug/Kg Vial conc: 1 ug/Kg
ACN 1:4 H,0 100% H,O 100% H,O
Inj.volumen: 2uL Inj.volumen: 2uL Inj.volumen: 5uL
Area: 163018 Area: 139654 Area: 269292
Q23000>12500(+) 2132 Q23000>12500 (+) 24 Q23000>12500(+) 284
R19721%(111,74) b 2084 4R1 86.24%(97,13) 28@4; R19621% (10835 &
2.0e4: 2@45
o = o
: 1404 2094%
eosé aosg soa%
40&'55 408- 603%
4055%
203 ] 20e3] ]
] : =1
quo- ace0 ] 00c0-
2:1I o I3I2I o I3I3I o I3I4I o I?:SI o I3;6I o I?;7I o 2% 300 305 310 315 320 325 330 335 340 345 ’ 2% 300 305 310 315 320 325 330 335 340 345
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SFC Overview

- Efficacy in Multiresidue Methods
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TESTING SFC-MS/MS
VALIDATION OF THE METHOD

Tomato Orange Leek
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— Tomato — Orange — Leek
2 Compounds 8 Compounds &
(1,2%) (4,9%)
100% 98% 98% 2 s T .

6 Compounds
(3,7%)

90%

IDENTIFIED COMPOUNDS

80%

70% .
Inj.volumen: 2uL

60%

50%

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

40%

30%

20%

10%

0%

5 pg/kg 10 ug/kg

B Tomato O Orange W Leek
Sample diluted 5 times: 0,4 ug/Kg in the vial
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— Tomato — Orange — Leek

CARBARYL 5

SFC (Injection vol: 2pL) 100%  98%
4000000
3500000
90%
3000000
2500000
2000000 80%
1500000
1000000 70%
500000
0 60%
0 100 200 300 400 500
®Tomato ®Orange ® Leek 50%
PROQUINAZID
SFC (Injection vol: 2uL) 40%
12000000
10000000 30%
8000000
6000000 20%
4000000
2000000 10%
0
0 100 200 300 400 500 0%
®Tomato ®Orange ® Leek 0-20 9 20-50 % >50%
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SFC Overview

- Additional Advantages
-  Lowerion supression
- Wider scope
- Chiral separations
- Efficiency with low ion source temperature
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SFC Overview

- Additional Advantages
- Lower ion suppression
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TESTING SFC-MS/MS
SPICES

BLACK PEPPER CAYENNE
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Total amount injected: 0.1 mg

MATRIX EFFECT IDENTIFIED COMPOUNDS (162)
100% 100%
91%
90% 90% ]
82%
80% 80% 78%
70% 70%
60% 57% 60%
50% 50%
40% 40%
30% 25% 30%
20% 17% 20%
12% 10%
(o]
10% 6% 10% 4% 8%
? 2% 20 2%
0% oot [ ] . — .
<20% 20-50% >50% 5 ug/Kg 10 ng/Kg 20 ug/Kg 50 pg/Kg

O Cayenne M Black Pepper O Cayenne M Black Pepper
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2 gr of sample + 7 ml of Water

Wait
30 min

Add 10ml of AcN

1

4 g MgSO: + 1 g NaCl +
1 g NaCit-2H.0 +0.5 g NaCit-1.5 H-0O

Shake 4 min
automatically

Shake 4 min
automatically

Centrifuge 5 minutes at 3500 rpm

o

Transfer 5 mL of extract to preaconditioned EMR-
Lipid tube, then transfer 5mL to EMR-Polish tube

Shake with vortex 30 s ‘ l

Centrifuge 5 minutes at 3500 rpm

|

Analysis
(Extract diluted 5 times with H,O)
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REAL SAMPLES
(SPICES)

Number of pesticides detected

23
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15
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7
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5 44 ‘ 4 W4
. ” | FE |1| ||||| ||
o
0 I I m m l m II III
NN Y S A N W
Qe} /(\QQ,/Q(\@/(\QQ,/ 2 ((\o(\/ (\Q,/ k/((\\(\ /*((\Q,/\e\\/%(\/é\kﬁ/,b(\o QQ}/QQ}/QQ}/QQ}/ K\g/&&g/oc)q,/\o&z,/ eoo/ oo/
QQ;Q ’b*z ,bAQ/ ’§® * (\ *Q/ QQ,Q k ,\‘(\ Q’b k’b ‘7@ ‘QJ% QQ’Q QQ'Q QQ’Q Q \((\ C e C \&\, (\'b
SRS A APV QQ PR X N
‘0 QY Q)\’b Q}'Z} Q)\’b Q)\’b
Number of samples analyzed 48
Samples with pesticides 43 (85%)
Range of pesticides detected per sample (LOQ: 5 pg/kg) 0-23
Samples with pesticides above MRL 25 (52%)
Most detected pesticide Carbendazim
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SFC Overview

- Additional Advantages

- Wider scope
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PYRETHROIDS

GC-MS/MS & SFC-MS/MS

X a0

This study describes a comprehensive comparison between supercritical
fluid chromatography (SFC) and gas chromatography (GC) coupled to
mass spectrometry for the analysis of pyrethroids in vegetable matrices.
The ionization process used was electrospray ionization (ESI) in SFC and
electron ionization in GC.
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MULTIRESIDUE METHOD 10 pug/Kg Tomato
Pyrethroids
Phenothrin
Cyfluthrin
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METHOD SELECTIVITY

GC SFC
Cypormethrn ESI

El
source
source

. EX —»N Cyfluthrin

Cyfluthrin Chemical Formula: C;HgCl," Chemical Formula: C;HgCI’ 45 1> 19 1 45 l> 1 27
Exact Mass: 163,0 Exact Mass: 127,0

9 O
i
Cl
= N
\‘/\\%‘\0 Sy

Cl

= Compound Details - 20ppb_Pyretroids_Tomate_Medilution - Cyfluthrin

F
O
o)
¢l Q 451,00> 191,10 {+) 92324 R1 451,00>127.00 {+) 210e4
= 0 N RT=2051 RT=Z48
N
Cl

504 ] Jr1 2209% (11045,

/ ] 2.0e4 o
. . 80s4 1504 ]
163051220 260> 2060 Cyfluthrin  Cypermethrin ] :
é x105 | Ratio = 25.1(100.0 %) 7_0545 1ge4
© 751 ﬂ ] 3
71 “ £,024 Laet
6.5 ] ]
64 n ] 12243
5,024 ]
5.5 n ] i
5 1 10s4
451 4024 ]
41 £0s3
3.5 3024 ] ]
3] E 60=3 ]
251 2004 ] 1
24 . 4063
1.5 /\ /\ £ ] ]
1 u | Roet] 2083 ]

0.5 ] @ ] ®
0 G_OEGE = 00203

051 —— — T

L8 20 22 1e 20 22

T T T T T T T T T T T T AT RT
10.35 10.4 10.45 10.5 10.55 10.6 10.65 10.7 10.75 10.8 10.85
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RESOLUTION

PERMETHRIN PERMETHRIN
GC SFC

% x105 4
8 1.05 Z,
14 z6e2 g
0.95 A
0.9 E
I Zet 4
0.85 3
0.8 3—0“-'4?
0.75+ 28e4 3
0.7 ELSE
0.65 24&45
0.6+ 2.2.3-4%
0.55 1 oes
0.5 2 E
0.45 ze=s 3
0.4 15243
0.35- raes ]
0.31 12e2
0.25 e
0.2- 3
0.154 5-0=3§
0.1 a0z J
0.05 20033
0+ 20e2
-0.05+ om0 3
-0.1 =

5 {08

T T T
9.4 9.45 9.5 9.55 9.6 9.65 9.7 9.75 =
Acquisition Time (min)
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MATRIX EFFECT

Zucchini

" EEE EURLFV

Cyfluthrin
Cypermethrin
Deltamethrin
Etofenprox
Fenprotathrin
Fenvalerate
Flucythrinate

Lambda-
cyhalothrin

Tau-Fluvalinate
Tetramethrin
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Conc. (ng/kg)
SFC-ESI-MS/MS GC-EI/MS/MS

Matrix

Acrinathrin

Pepper
Cypermethrin PP

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
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SFC Overview

- Additional Advantages

- Chiral separations
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CHIRAL SFC

Supercritical fluid chromatography coupled to mass spectrometry (SFC-ESI-MS/MS)
has been demonstrated to perform fast and highly efficient separations without the
need to change the mobile phase employed in multiresidue pesticide analyses.

CH,
Column: LUX CELLULOSE-1 H,C

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

NH
@)
O
Lenght: 250 x 4.6 mm /
P e
Lux Cellulose-1

Particle size: 5 um
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COLUMN: LUX CELLULOSE-1 Cellulose tris(3,5-dimethylphenylcarbamate)

42.445.740
i el 2 1- Iprovalicarb 12- Tau-Fluvalinate
E ey 2- Metalaxyl
2,10 - \ . 13- Paclobutrazol
= \ 3- Lambda-Cyhalothrin :
E \ ; 14- Cypermethrin
1,90+ 7 4- Tetramethrin
P93 ) : 15- Penconazole
= / 5- Fipronil :
] 16- Imazalil
1,704 6- Acephate
E 17- Fenvalerate
] 7- Benalaxyl 18- Zoxamide
1,503 8- Phenothrin :
£ 9- Cvfluthrin 19- Fenarimol
1,30~ 10- I\x;lethamido hos 20- Metconazole
E P 21- Mandipropamid
1.10—;
0,90- 13
3 X
0.70- | )1
T | 16
0,50 4 < /\ 18
F AN 1 15 A 19
0,30 6 14 |12 \ 17 7
: 8 of\ 175 \ 20
o10d S\ JL )\ AUCNAA KT L
0,10°

7,5 10,0 12,5 15,0 17,5
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100 ug/kg Cyhalothrin mix

European Reference Laboratory - FV

Lambda-Cyhalothrin enantiomers

4 Gamma-Cyhalothrin

Enantiomer )

304

1l
3643 467,1>225,1

] 0]
we] 467,1>450 Cy Cr
3294§ 467, 1 >141 ,1 F F - 0 o F;kl/” © \ﬁ\ (R)
3084

] -
2843 |.ratio: l.ratio:
2604 43.8% 44 .9%
] |.ratio: l.ratio:

] 19.2% 20.2%
2264 |.ratio: |.ratio:
2024 44% 40.2%
1&45 l.ratio:

1 Diastereomeric pair 22.5%
164
1494; / 0 \

I ® 0
12844 F o (S) ‘\\IJ\ ()
0] Fj\f 'Xm 7w
8053 o
60&3' F : 0

. " P ®l
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LAMBDA-CYHALOTHRIN MIXTURE

ENANTIOMER

(R)-a-cyano-3-phenoxybenzyl (1S)-cis-3-

[(Z)-2-chloro-3,3,3-trifluoropropenyl]-
2,2-dimethylcyclopropanecarboxylate

ARfD: 0.005

Source: Reg. (EU) No 1334/2014

GAMMA- CYHALOTHRIN

(S)-a-cyano-3-phenoxybenzyl (1R)-cis-3-
[(Z)-2-chloro-3,3,3-trifluoropropenyl]-
2,2-dimethylcyclopropanecarboxylate

F
F jl:

H.
= Cl

0]
o
N
(0]

\"‘x“q\c

(0]

C

ARfD: 0.0025
Source: Reg. (EU) No 1334/2014
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INCURRED LAMBDA- CYHALOTHRIN/METALAXYL

Two experiments were carried out in a greenhouse located in Almeria. Lettuces
were planted in their grown stage and spiked with a commercial formulation
containing the mixture of lambda- cyhalothrin enantiomers. The same experiment
was repeated with metalaxyl in tomatoes.
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DEGRADATION SLOPES OF BOTH ENANTIOMERS

4.0 35
> 3.0
3.0
— 2.5
< ?
.25 X
2 220
§ 2.0 8
(@]
O S 15
9015 o0
3 3
1.0
1.0
0.5
0.5
0.0 0.0
0 5 10 15 20 0 5 10 - 15 20
Sample collection day Sample collection day
i [ ]
® Lambda-Cyhalothrin Metalaxyl_M
® Metalaxyl

® Gamma-Cyhalothrin

Lambda-cyhalothrin degradation in lettuce was the same for both isomers. However,
metalaxyl-M (mefenoxam) degradation in tomato matrix was 2 to 6-times lower than its

less active S- enantiomer.
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SFC Overview

- Additional Advantages

- Efficiency with a low ion source temperature
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ION SOURCE OPTIMIZATION

Area

Temperature test ESI Interface (C°) DL (C9) Heat block (C°)
T1 100 100 150
T2 125 125 200
T3 150 150 300
T4 200 200 300
T5 300 250 400
60000 900000
FOLPET CAPTAN
50000
700000
40000 600000
(C 500000
30000 ot
<C 400000
20000 300000
200000
10000
100000
0 0
2 3 3 4 5

TEST

TEST
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SFC-MS/MS GC-MS/MS

; 3.45¢4 . x10*
3.2e4 | 4.0e3] g
_ Captan .., .
2.8e4 | o 331
] 10 ME/KE 323 51
2.4e4 | ] 4.51
] s 2.8e3] .
2.0e4 | ]
. 2.4e3] 3.5
1.6e4 ] 2.0e3] 3
[+] G
] | o ] 2.51
1.2¢4 ] \ e L6e3 27
] \ 1.23] 1.51
8.0€3 \ o ] . ]
] ' 8.0e2] 5] '|||ﬁ
] 0.51 ] /
4063 s Mty A iy Dl M sl
| \ ] 4.0e2 ol ol
0.0e0 ¥ 0.0e0{— 05— I — S B

T T T I I I I I I
21 23 25 27 29 24 26 28 30 32 7 70571 7.157.2 72573 69 695 7 7.057.1 7.157.2 7.25
RT (min) RT (min) RT (min) RT (min)
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Same vial: 100 pg/Kg

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

80000, 9000 80000- 9000,
600001 e 60000- o
] 6000 f 6000
50000 ; 50000+ :
5000 ] 50001
400001 ] 40000- ]
; 4000- ; 4000
30000 ] 30000 ]
: 3000 ] 3000°
200001 2000 20006, 2000]
10000- 1000 10000, \ A 1000
O;\\\‘\\\\‘\\\\‘\\\\‘\.\ 0;\‘\\\\‘\\\\‘\\\\‘\\\\ 0;““““““““““ 07\\\\‘\\\\‘\\\\‘\\\\.‘
2,00 2,25 2,50 min 2,25 2,50 2,75 3,00 min 725 750 775 800 min 800 8,25 8,50 8,75  min
316,7>264,0 314,6>130,1 316,7>264,0 314,6>130,1
316,7>299,9 314,6>261,8 316,7>299,9 314,6>261,8

316,7>79,1 314,6>102,0 316,7>79,1 314,6>102,0




T E EYRL-FV @

120%

100%

80%

60%

40%

20%

0%

European Reference Laboratory - FV

Recoveries

(same extraction)

SFC-MS/MS

101% 10p%101% 0
966 97% 98% 96%
s‘/ |

10ppb tomato 10ppb Pepper 50ppb Tomato 50ppb Pepper

B Folpet ECaptan

140%

120%

100%

80%

60%

40%

20%

0%

GC-MS/MS

85p%

8204

7604
72p6 74y 69%
| 670 l

10ppb tomato  10ppb Pepper 50ppb Tomato 50ppb Pepper

B Phthalimide (Folpet) @ Tetrahydrophthalimide (Captan)




European Reference Laboratory - FV

| = fRLFVO™ » [ _____________________________________________________________________________________________

FOR FURTHER DATA:

Contents lists available at ScienceDirect

Analytica Chimica Acta

journal homepage: www.elsevier.com/locate/aca

Supercritical fluid chromatography coupled to tandem mass
spectrometry for the analysis of pesticide residues in dried spices.
Benefits and drawbacks

Victor Cutillas #, Maria Murcia*-Morales 3 Maria del Mar Gémez-Ramos ?, Sherif M. Taha ®,
Amadeo R. Fernandez-Alba *

2 European Union Reference Laboratory for Pesticide Residues in Fruits & Vegetables, University of Almeria, Agrifood Campus of International Excellence

(ceiA3) Department of Hydrogeology and Analytical Chemistry, Ctra. Sacramente $/N°, La Canada de San Urbano, 04120, Almeria, Spain
Y Agricultural Research Center, Central Laboratory of Residue Analysis of Pesticides and Heavy Metals in Foods, PO. Box: 12311, Dokki, Giza, Egypt

J OURNAL o F

AGRICULTURAL AND
FOOD CHEMISTRY

pubs.acs.org/JAFC

& Cite This: J. Agric. Food Chem. XXXX, XXX, XXX—XXX

Supercritical Fluid Chromatography and Gas Chromatography
Coupled to Tandem Mass Spectrometry for the Analysis of
Pyrethroids in Vegetable Matrices: A Comparative Study

Maria Murcia-Morales, Victor Cutillas, and Amadeo R. Fernandez-Alba*

Agrifood Campus of International Excellence (ceiA3), European Union Reference Laboratory for Pesticide Residues in Fruit and
Vegetables, Department of Hydrogeology and Analytical Chemistry, University of Almeria, Carretera Sacramento s/n, La Cafiada de
San Urbano, 04120 Almeria, Spain

Contents lists available at ScienceDirect

Journal of Chromatography A

journal homepage: www.elsevier.com/locate/chroma

Supercritical fluid chromatography separation of chiral pesticides:
Unique capabilities to study cyhalothrin and metalaxyl as examples

Victor Cutillas, Mar Garcia-Valverde, Maria del Mar Gémez-Ramos,
Francisco José Diaz-Galiano, Carmen Ferrer, Amadeo R. Fernandez-Alba*

European Union Reference Laboratory for Pesticide Residues in Fruit & Vegetables, University of Almeria, Agrifood Campus of International Excellence
(ceiA3) Ctra. Sacramento S/N° La Caflada de San Urbano, 04120, Almeria, Spain

Contents lists available at ScienceDirect

Talanta

Talanta

& [

ELSEVIER

journal homepage: www.elsevier.com/locate/talanta

Overcoming difficulties in the evaluation of captan and folpet residues by
supercritical fluid chromatography coupled to mass spectrometry

Victor Cutillas %, Florencia Jesiis °, Carmen Ferrer, Amadeo R. Fernandez-Alba™

* European Union Reference Laboratory for Pesticide Residues in Fruit & Vegetables. University of Almeria, Agrifood Campus of International Excellence (ceiA3), Ctra.
Sacramento $/N°, La Canada de San Urbano, 04120, Almeria, Spain

® Grupo de Analisis de Compuestos Traza, Polo de Desarrollo Universitario “Abordaje Holistico”, CENUR Litoral Norte Sede Paysandtf, Universidad de La Repiblica,
Ruta 3 Km 363, 60000, Paysandt, Uruguay




T E EYRL-FV @

e

9
0% 1% 2%

>50%

W

European Reference Laboratory - FV

CONCLUSIONS
SHORT RUN TIMES

LOWER SOLVENT CONSUMPTION

REDUCTION OF ION SUPPRESSION IN DIFFICULT MATRICES

SCOPE ENLARGEMENT (PYRETHROIDS)

FAST CHIRAL SEPARATIONS

SENSITIVITY WITH A LOW ION SOURCE TEMPERATURE
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