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LC-MS analysis of pesticide residues

A typical LC-MS method:

* Column length 100 mm

* Particle size 1.7-3 um

* Flow rate 300-400 pL/min

 Analysis time (gradient + column equilibration) 15-20 min
* Number of pesticides 150 — 400 (300 — 800 transitions)




How to decrease the analysis time?

* Shorter column, steeper gradient, higher flow:

« Compromised separation

» More coeluting pesticides
 Shorter dwell times -> lower sensitivity
« Longer duty cycle -> Less data points per chromatographic peak -> worse peak area reproducibility
« Common transitions
* Possible cross-talk




The consequence of faster analysis times
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How to decrease the analysis time?

* Shorter column, steeper gradient, higher flow:

« Compromised separation

» More coeluting pesticides
 Shorter dwell times -> lower sensitivity
« Longer duty cycle -> Less data points per chromatographic peak -> worse peak area reproducibility
« Common transitions
* Possible cross-talk
* More coeluting matrix (especially in “dirty matrices”)
 Higher matrix effects -> lower sensitivity
 Possible interferences




The consequence of faster analysis times

The crowded portion of the chromatogram is particularly affected

RT:0.00-11.91

RT: 000- 1189

1009 100

B(k: 90-

] . z

] Onion P Orange
o 1] g 1=

- § o

g 6] g 60

5 1] 5

2 503 2 5

PR °

2 ] 2

% 4] ERY

o 1 [

L 14

30 %

204 20

10 10

UL L B B B B B D B B B R e e L o L I e A L o AR EEE
00 05 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 105 110 115 R P

Time (min) Time (min)

RT:0.00-11.92
10

£ Leek

Relative Abundance
BB B BB LRBLE

LB L L B B B B B L B e B B B R R B N R N N RN
05 10 15 20 25 30 35 40 45 50 55 6.0 65 70 75 80 85 90

95 100 105 110 115
Time (min)




Another option to decrease the analysis time
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Last analyte
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Analysis time can be decreased by the application of multi-channel chromatography
and reduction of the idle time of the mass spectrometer




Hardware




Instrumentation
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Thermo Scientific™ Thermo Scientific™

Transcend™ DUO LX-2 TSQ Altis™
UHPLC System Triple Quadrupole Mass Spectrometer




Instrumentation

Pump 2
Column oven 1

Autosampler with
two independent
injection units

Column oven 2



Dual-Channel LC-MS/MS: general diagram

__________________________________________________________________
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Gradient pumps Autosampler Columns Divert valve Divert valve TSQ
(two injection valves) Altis







Schematic of the Dual Channel Configuration
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Autosampler

Injection
valve 1

Injection
valve 2







Transcend Duo LX-2 — channel selector

Column 1 >

By-pass
Select
elector > [by-pass/inline] >

[1/2]

Column 2 >

waste
waste







Dual-Channel LC-MS/MS: time segments

Elution Column re-equilibration

| Two columns are operated in
First analyte retention time Last analyte retention time parallel. Then, consecutive
injections are partially
overlapped and synchronised in
the way that the first analyte
from the second column elutes
just after the elution of the last

Pump 1/Column 1 M analyte from the first column.

Pump 2/Column 2 | BEE———

mmmmmmm

Pump 1/Column 1 Il 4 e
. to waste .to MS




Software




Aria

M Aria MX Direct Control - m] X
Systems Detector Tools Samples Help

AutoSampler 1
= Channel 1
Pumpl
TCC

Chan Status NOT RERE
Chan Status READY
Chan Status READY
Detector Bypassed

HEURL




Aria MX — Method setup

Method setup is very easy.
The user has to specify only
the retention time when the
acquisition should start and
how long it should take.
Other parameters are the
same as in a single-channel
system.

| Edit Tools

C Methed

| Autosampler
1| TCC

E Comment

H .2 u]l42|E | & E Total Method Duration  17.10 min




MS Method setup

TSQ Altis

QE Focus

Global Parameters Scan Parameters Summary

Method Timeline 37Tl ACTIONS W
1 SRM
Method Duration (min)

| 1045 ‘ c
i
i Experiment # 1 CLEAR [
[
g
B — == | |
E SRM Table 400 | 0=eE =g | meorT IRy | Exporr Gy
E Compound = | Retention Time (min) RT Window [min} Polarity Precursor (m/z) Product [m/z) Collision Energy V] Min Dwell Time [ms] RF Lens [V) -
g
E 1 |24-D 4.65 0.5 | Megative | 218962 125 274 36
g
g 2 24D 465 0.5 Megative | 218962 160.958 12.24 36

Properties

Properties of the method
4 Global Settings
User Role Standard

Experiments

General a

@ Ful MS
0 sim

o PRM
Q00 Ful MS - AIF
EOFul MS -vDIA

@ AF

Use lock masses off

Method duration 10.55 min

Properties of Full MS

4 General
Polarity positive
dd-M52 -

4 Full MS
Resolution 70,000

Scan range 100 to 1000 m/z




Aria MX — Logic settings

‘ Legic Settings x
*F1 or button for Help Logic Options
— mlﬂw CrOSS'EEq Opt|m|zat|0r|
ByPass Override Paced

Timing Parameters [] strictly Ordered

DT Reset Delay EIS []sequential

Method Change Delay DS Wait on DT Ready

DT Allowance ES [ Always

LC Allowance EIS Method Changed

AS Failsafe Emin On AS Error

LC Timeout Emin [ pelete Sample & Continue
[]Pump Failsafe Override Skip Sample & Centinue
Optimize AS Methods []Step Logic

| Apply Defaults | Cancel | | oK I




Xcalibur — sequence setup

File Name " Path

Inst Meth | Position | Inj Voll ChannelSelect
Dvte c1_03 C:\=caliburhdatat 20200143000 _multiplesing_100n C:ATraceFinderD ata'nstrumenthd ethods i=h'Mulpls_T00mm_wDold R:a1 10.00
Divte_c2_03 C: A caliburhdatas 20200143001 _multiplesing_100r C:ATraceFinderD atatnstrumenttd ethods\ anguish®, b0 Dl R:a1 10.00
Tomate_100mm_c1_5Sppb C A caliburhdata 20200143001 _multiplesing_1000 C:ATraceFinderD atahngtrumenttd ethods ' anguigh\Mulpl:_100mm_ R:B1 10.00
Tomate_100mm_c? Sppb C\ecaliburhdatas 202001453000 _multiplesing_100n C:ATraceFinderD ata'nstrumenthd ethods s angquishhsulpls 1 00mm_wDild : 10.00
Taomate_100mm_c1_10pph C: N caliburhdatat2020_014%3001_multiplexing_100n C:AT raceFinderD ata'nstrumenttd ethodz\W anquishhyhulpls 1 00mm_wD1A : 0.00
Tomate_100mm_c2_10ppb C:A\Healburdatat 2020 0743007 _multiplexing_100n C:ATraceFinderD atabnztrumenttd ethodz Y anguizhhWulpls_ 1 00mm_wDild, 00
Tomate_100mm_c1_50ppb C: N+ caliburhdata 202001453000 _multiplesing_100n C:ATraceFinderD ata'nstrumenttd ethods Y anguishhykulpls_100mm_wD1A R:B3 10.00
Tomate_100mm_c?_50pph C:\caliburhdatat2020_014%3001_multiplexing_100n C:AT raceFinderD ata'nstrumenttd ethodz\W angquishhyhulpls 1 00mm_wDI1A R:B3 10.00
Tomate_100mm_c1_100pph C\ecaliburhdatas 202001453000 _multiplesing_100n C:ATraceFinderD ata'nstrumenthd ethods s angquishhsulpls 1 00mm_wDild R:B4 10.00
Tomate_100mm_cZ_100pph C: N+ caliburhdata 202001453000 _multiplesing_100n C:ATraceFinderD ata'nstrumenttd ethods Y anguishhykulpls_100mm_wD1A R:B4 10.00
Tomate_100rmm_c1_500ppb A caliburhdata 20200143000 _multiplexing_100n C:ATraceFinderD ata'nstrurmenttd ethods\W anguishhMulple 1 00rmm_wDild R:B& 10.00

Tomate_100mm_cZ 500pph C\ecaliburhdatas 202001453000 _multiplesing_100n C:ATraceFinderD ata'nstrumenthd ethods s angquishhsulpls 1 00mm_wDild R:B5 10.00




Dual-Channel LC-MS/MS: time segments

elution reequlibration

) )

- 10.45 min 2.45 min 3 min
e O R 2 R I
| | TsQ Altis
methamidophos pyridalyl Column length 100 mm

0 1 2 H i 5 6 7 H s 10 1" 12 13 14 15 16
min)
0 1 2 3 4 5 6 7 8 s 10 1 2 13 1 15 16

0 1 H 3 4 H 6 7 i s 10 1" 12 3 1 15 16

rrrrrrr

W . . . H
. to waste Total time in a single-channel system: 17 min

- . to MS (acquisition time 10.45 min) (+ 1 minute for needle wash, sample aspiration, etc.)
HEU




Dual-Channel LC-MS/MS: sample throughput

Data window To waste

Channel 1

Channel 2




Dual-Channel LC-MS/MS: sample throughput

Channel 1

Channel 2

Channel 1

Output data

Datafile 1 Datafile 2 Datafile 3




Dual-Channel LC-MS/MS: sample throughput

Channel 1

Channel 2

Channel 1

Output data

Datafile 1 Datafile 2 Datafile 3




Dual-Channel LC-MS/MS: sample throughput

Number of injections per unit of time

150
137

125

» With Dual-Channel chromatography, pre-acquisition
and post-gequisition MS-idle times are removed

=
o
o

Number of injections
~N
(5]

« Sample ghput is increased over 70 %
50 4>(45 injec in an 8 hr period)
26
25
0 |
1 hour 8 hours 24 hours

M Single-channel Dual-channel




Dual-Channel LC-MS/MS: retention time

Retention time is measured differently in single channel and in Dual-Channel

Single channel:
« Sample injection 2 0.0 min
+ Data window beginning = 0.0 min
» Retention time (absolute) - time an analyte spends on the LC-MS sys

Absolute

Relative

A

Dual-Channel: )
« Sample injection > 0.0 min 0 1 N 3
. . . . Tirae [min)
+ Data window beginning = > 0.0 min
» Retention time (relative) - time an analyte spends on the LC-MS system since the start of the data window

The chromatographic process is the same in both cases




Dual-Channel LC-MS/MS: retention time

100 3.22
] Acephate analysed with a single-channel system
3 " Absolute retention time 3.22 min
< 60 .. . . . .
K Sample injection marks the retention time 0.0 min.
4 3(%
]
-
0(;0“”0‘.5””1‘0“H‘HH‘HH 0 T s 4o 45 so ss s0 65
Time (min)
100 0.61
0 Acephate analysed with a multi-channel system
3 " Relative retention time 0.61 min
< sét Data window beginning marks the retention time 0.0 min.
In the multi-channel analysis zi
the data window starts here o
007.0””&5”H1ﬁ0”“1‘.5””2‘.0“‘‘2ﬁ5””3‘.0““3‘.5““4‘.0““4‘.5””5‘.0”“5‘.5””6‘.0““6‘.5HH

Time (min)




Dual-Channel LC-MS/MS: retention time stability

________

1.80!'| Solvent Apple Bell pepper Orange

() () 0.0.0.0 0,0.0.0.0.0.0_0

1
= 165 ! 00000%000000001000°000000000°0%0°00000000000%°0%0¢0%0%°%6%6%6%0%000 %% % % ®c0c000e

10 4 8 12 16 20 24 28 32 36 40 44 48 52 56 60 64 68 72 76 80 84 88 92 96 100104 108 112 116
Injection number

Relative retention time

________

Retention time stability of pymetrozine. A sequence of 116 injections, alternate injections on channel 1 and
channel 2. Red horizontal lines represent the +0.1 min tolerance specified in the DG SANTE Document.

The red lines mark + 0.1 min




Dual-Channel LC-MS/MS: retention time stability

Methamidophos

qg’ 0.5 solvent tomato zucchini pear orange solvent

=041 °
c
+ 03 0%, o’o’.”",o“"‘.'ooooooo.“”'"oq‘.ooooo.ooo"oo.’oo..oo.ooo’oo'.o’oo‘o..,,,.‘o.ooo,”‘o’,.‘,-,.o’,”‘o.”.“.o...

é 0 20 40 60 80 100 120
Injection number

120 injections alternating on column 1 & column 2

The red lines mark + 0.1 min
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Dual-Channel LC-MS/MS: retention time stability

Demeton-S-Methyl-Sulphone

solvent

tomato

zucchini

pear

orange

solvent

The red lines mark + 0.1 min

20

40

60
Injection number

80

100

120

120 injections alternating on column 1 & column 2




Dual-Channel LC-MS/MS: retention time stability

Kresoxim-methyl

£ . solvent tomato zucchini pear orange solvent

o od o o.o.‘.. .“ooo’.oo‘.‘.‘o‘o.‘..o‘.“.‘.....‘.‘oo..o“o"..o“‘o‘.‘..‘ooooooc.‘,o‘ooo o...“.oooﬂ...‘.o 00 (XIYT Y
) )

£6.6 .

i: 0 20 40 60 80 100 120
Injection number

120 injections alternating on column 1 & column 2

The red lines mark + 0.1 min
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Dual-Channel LC-MS/MS: retention time stability

T
© ©
o) RN

10.5
10.4
10.3

Etofenprox

solvent

tomato

zucchini pear

orange

solvent

The red lines mark + 0.1 min

20

40

60
Injection number

80

100

120

120 injections alternating on column 1 & column 2




Single and Dual-Channel validation

Validation experiments were performed employing single channel and Dual-Channel

A Thermo TSQ Algtis Triple Quadrupole Mass Spectrometer was used for the measurements

A total of 273 LC-amenable pesticide residues were evaluated

Three matrices belonging to two different commodity groups were studied




6 Single and Dual-Channel validation: apple

Both channels were used simultaneously

Technique <70% 70-120% >120% ”
o

Single channel %
0.01 mg/kg 2 269 2 g
(‘Dual-Channel ~ _  __ o2
00tmghg % A g
L]

ngle ckhannel 7 270 1 £

.1 mg/kg S

{ """""""""""""""""""""""""" S ()]
Dual-Channel 5 270 1 i -4

' 0.1 mg/kg

100%

90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

Bias
o\o o\o o\o o\o o\o o o\o o\o o\o
39»999@5\“,%9@&&&
ST SRR S N §f o ©
N N
Recoveries

m 0.01 mg/kg dual-channel m 0.01 mg/kg single-channel

m 0.1 mg/kg dual-channel 0.1 mg/kg single-channel




6 Single and Dual-Channel validation: apple

[ 10 g of sample }

Shake automatically
in Agitax

N
Vv

Add 10 mL acetonitrile

Add 4 g MgSO, + 1 g NaCl
+ 1 g Na;C,H:0,-2 H,0
+0.5 g Na,HC¢H;0;-3/2 H,0
Shake automatically . |

in Agitax _ _
[ Centrifuge 5 min. J

3700 r.p.m.

QuEChERS without clean-up
[ 100 pL of extract + }

400 plL of water

TSQ Altis QExactive Focus
(injection volume 2.5 plL) (injection volume 10 pL)




6 Single and Dual-Channel validation: apple

Repeatability

(n=15)
100%
Technique <5% 5-20% >20% 5 0%
Single channel 879 13% é 80%
0.01 mg/kg ? ° § B 70%
Dual-Channel 8 60%
0.01 mg/kg 88% 12% ) E 50%
Single channel g 10%
0.1 ma/kg 98% 2% . § 30%
5 20%
g ;'ar:]'g/hkag““e' 98% 2% . * 10%
i 0% L . — .- ——
<5% 5-10% 10-15% 15-20% >20%
RSD
m 0.01 mg/kg dual-channel m 0.01 mg/kg single-channel

m 0.1 mg/kg dual-channel 0.1 mg/kg single-channel




‘ Single and Dual-Channel validation: bell pepper

Technique <70% 70-120%
o2 m
Dbl 2 m
srgesamel ;o
(IilfarL-S;C/lllznnel 5 271

Percentage of pesticides

Bias
— Hm ‘| ‘| .-

o\o oo oo oo oo oo oo oo oo oo
N A S P P
B B S S S R AN S SR S

~ N

Recoveries

m 0.01 mg/kg dual-channel
0.1 mg/kg dual-channel

m 0.01 mg/kg single-channel
0.1 mg/kg single-channel




‘ Single and Dual-Channel validation: bell pepper

Technique <5%
Single channel o
0.01 mg/kg S
Dual-Channel o
0.01 mg/kg A%
Single channel o
0.1 mg/kg e
Dual-Channel 98%

0.1 mg/kg

5-20%

11%

9%

2%

2%

Percentage of pesticides

100%

90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

Repeatability

(n=

<5% 5-10%

5)

N |
10-15%
RSD

15-20% >20%

m 0.01 mg/kg dual-channel
m 0.1 mg/kg dual-channel

m 0.01 mg/kg single-channel
0.1 mg/kg single-channel




Dual-Channel LC-MS/MS: (cross-channel) calibration

« Calibration curves can be injected using one channel, two channels, or either channel

carbaryl
¥ =2.314ed4X - 9.605e3; RM2: 0.9993; Origin: Ignore; W: 10X; Area

13000000—

12000000 Channel 1 Channel l\

11000000—

10000000
9000000 Channel 2
8000000

T0O0000 —

Area

GO00000—

Channel 1

000000 —

Channel 2

4000000 —
3000000 —

2000000 —

Channel 1
Channel 2

0 50 100 150 200 230 300 350 400 430 500 550

1000000 —

0 o)

-
O N
Channel 1 Channel 1 & 2 Channel 2 H
R = 0.9995 R = 09993 R? = 0.9997 @

Carbaryl




Dual-Channel LC-MS/MS: cross-channel calibration

fludioxenil
¥ = 2.25e3X - 3.088e2; R*2: 0.9997, Origin: Ignore; W: 1/X; Area

1300000~
1 200000—_
1100000 ]
1000000:
BDDDUU—_
BDDDUO—_
E ?DDDUO—_
B00000—
500000—_
400000—_ A
300000;
200000—_

100000~ T
ol 4

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
o 40 40 60 80 190 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 5p0 520 540 560

Channel 1

Channel 2
Channel 1

Channel 2
Channel 1

Channel 2 H

Channel 1 Channel 1 & 2 F/ro \
R2 = 0.9997

Fludioxonil



‘ Single and Dual-Channel validation: orange

Bias
100%
Technique <70% 70-120% >120% " 90%
a
80%
Single channel 5 271 i E oo
0.01 mg/kg § 70%
[o)
Dual-Channel 7 271 i & 605’
0.01 mg/kg o 50%
o 40%
Single channel 5 271 ) ..g 300/0
0.1 mg/kg g °
= 20%
o
gt{arL-C/lLannel 5 271 i & 10% I
- M9/x9 0% - 1 (T | . | | -
oo oo oo oo oo oo oo oo oo oo oo
S S S R T I S SV S
O SN S N ML S~ AN SR A
~ ~
Recoveries
m 0.01 mg/kg dual-channel m 0.01 mg/kg single-channel

m 0.1 mg/kg dual-channel 0.1 mg/kg single-channel




} Single and Dual-Channel validation: orange

We don't think it is a consequence of DC use Repeatability
100% (n=3)
Technique <5% 5-20% >20% " 90%
(7]
. 3 80%
sgechamel g % - 2o
__________________________________________ "]
[ Dual-Channel 0 o o2 60%
| 0.01 ma/kg 65% 35% - ' 0 50%
N L D o o e e e / v
o 40%
Single channel 98% 29 ) -g 30(;
0.1 mg/kg ? ° g °
= 20%
(R (e~~~ """ TTTTTmTmmmmmmmmmmmmmmees ~ 0
: gl{ar:] C/Ir(annel 69% 319% i i & 0% III I
oo oo z 0% . ——
<5% 5-10% 10-15% 15-20% >20%
RSD
m 0.01 mg/kg dual-channel m 0.01 mg/kg single-channel

m 0.1 mg/kg dual-channel 0.1 mg/kg single-channel




FAPAS FCPM2-VEG76 In-channel In-channel Cross-channel Cross-channel

(tomato) Compound calibration/sample calibration/sample calibration/sample calibration/sample
injected on channel 1 injected on channel 2 injected on channel 1 injected on channel 2
Cymoxanil : 0.6 Lo 0.7 L 0.6 D 0.7 :
Dimethomorph i 0.9 i i 12 i i 11 i i 11 i
Fluopyram i 0.1 i i 0.1 i i 0.1 i i 0.0 i
Methoxyfenozide i 0.7 | i 08 | i 08 | i 0.8 |
Oxadixyl i 03 i i 0.2 i i 0.2 i i 0.2 i
Pirimicard : 04 L 0.3 Lo 04 L 0.4 :
Pyridalyl i i cc;mpound detected/standar’:d né)t injected -> not quantiﬁeid i i
Teflubenzuron :\ 1.0 ,: :\ 11 ,: :\ 1.0 ,: :\ 1.0 ,:

Cal.: Channel 1 Cal.: Channel 2  Cal.: Cross-ChannelCal.: Cross-Channel
Sample: Channel 1 Sample: Channel 2 Sample: Channel 1 Sample: Channel 2

Z-scores

||Z] |S 2.0 2> Acceptbte

= 3.0 > Questionnable
3.0 -2 Inacceptable




Dual-Channel LC-MS/MS: proficiency test samples

EUPT-FV 13 In-channel In-channel Cross-channel Cross-channel
(mandarin) Compound calibration/sample calibration/sample calibration/sample calibration/sample
injected on channel 1 injected on channel 2 injected on channel 1 injected on channel 2
Carbendazim 0.7 0.7 0.7 0.6
Chlorpyriphos 0.5 0.6 0.4 0.5
Diazinon 0.6 0.7 0.6 0.7
EPN 0.1 0.2 0.0 0.3
Imazalil 0.1 0.1 0.1 0.1
Indoxacarb 0.7 0.5 0.7 0.5
Malathion 0.6 0.5 0.5 0.5
Methidathion 0.4 0.3 0.4 0.3
Methomy! 0.2 0.2 0.2 0.3
Oxamyl 13 1.6 14 16
Pendimethanil 0.2 0.3 0.2 0.3
Phosalone 0.7 0.8 0.6 0.7
Prochloraz 0.7 0.8 0.8 0.9
Pyriproxifen 0.5 0.4 0.4 0.3
Spinosad 0.7 0.6 0.8 0.6

Thiabendazole




Dual-Channel LC-MS/MS: proficiency test samples

EUPT-FV 14 In-channel In-channel Cross-channel Cross-channel
(pear) Compound . c.alibration/sample . c.alibration/sample . cialibration/sample . c.alibration/sample
injected on channel 1 injected on channel 2 injected on channel 1 injected on channel 2
Boscalid 0.5 0.4 0.5 0.4
Cyprodinil 0.2 0.1 0.1 0.1
Diazinon 0.5 0.5 0.5 0.5
Fludioxonil 0.5 0.5 0.6 0.6
Flufenoxuron 0.5 0.6 0.8 0.5
Indoxacarb 0.5 0.3 0.5 0.4
Methoxyfenozide 0.1 0.0 0.0 0.0
Phosemt 0.4 0.4 0.3 0.4
Pyraclostrobin 0.7 0.7 0.8 0.7
Pyrimethanil 0.4 0.4 0.4 0.4
Spirodiclofen 0.2 0.3 0.3 0.3
Thiabendazole 0.7 0.5 0.7 0.5
Thiacloprid 0.5 0.5 0.7 0.5

Triflumuron 0.6 0.7 0.7 0.6




' Dual-Channel LC-MS/MS: proficiency test samples

EUPT-EV 16 In-channel In-channel Cross-channel Cross-channel
(bell pepper) Compound . c.alibration/sample . c.alibration/sample . c.alibration/sample _ c.alibration/sample
injected on channel 1 injected on channel 2 injected on channel 1 injected on channel 2

Acetamiprid 0.2 0.2 0.2 0.1
Buprofezin 0.0 0.0 0.1 0.0
Chlorpyriphos 0.3 0.2 03 0.2
Cyprodinil 0.4 0.2 0.4 0.2
Diazinon 0.2 0.3 0.2 0.4
Difenoconazol 0.3 0.4 0.4 0.4
Fenamiphos 0.8 0.9 0.8 1.0
Fenamiphos Sulfone 0.6 0.5 0.6 0.5
Fenamiphos Sulfoxide 0.6 0.5 0.7 0.5
Fenhexamid 0.5 0.5 0.6 0.6
Fludioxonil 0.5 0.6 0.4 0.6
Methoxyfenozide 0.5 0.5 0.5 0.5
Pirimicarb 0.1 0.1 0.1 0.1
Pyridaben 0.3 0.4 0.4 0.4
Spinosad 0.3 0.3 0.2 0.1

Tetraconazole




Dual-Channel LC-MS/MS: proficiency test samples

EUPT-FV 17 In-channel In-channel Cross-channel Cross-channel
(broccoli) Compound calibration/sample calibration/sample calibration/sample calibration/sample
injected on channel 1 injected on channel 2 injected on channel 1 injected on channel 2
Bupirimate 0.2 0.1 0.2 0.2
Carbendazim 0.0 0.1 0.0 0.0
Diazinon 0.5 0.0 0.5 0.0
Difenoconazole 0.2 0.4 0.4 0.2
Diflubenzuron 0.2 0.2 0.1 0.3
Methoxyfenozide 0.7 1.0 0.8 0.9
Pendimethalin 0.5 0.1 0.6 0.1
Permethrin 0.7 0.7 0.6 1.0
Spinosad 0.6 0.6 0.1 0.0
Thiabendazole 0.5 0.4 0.5 0.4

Trifloxystrobin 0.0 0.2 0.3 0.1




D Dual-Channel LC-MS/MS: proficiency test samples

EUPT-FV 18 In-channel In-channel Cross-channel Cross-channel
(spinach) Compound . c.alibration/sample . c.alibration/sample . c.alibration/sample . c.alibration/sample
injected on channel 1 injected on channel 2 injected on channel 1 injected on channel 2
Chlorantraniliprole 0.4 0.4 0.4 04
Difenoconazole 0.3 0.4 0.3 0.5
Diflubenzuron 0.6 0.2 0.0 0.2
Dimethoate 0.3 0.3 0.7 0.7
Z%il;/;)ooil;i+omethoate) 1 11 11 11
Famoxadone 0.2 0.4 0.1 0.5
Fluopyram 0.3 0.2 03 0.2
Imidacloprid 0.4 0.7 04 0.6
Indoxacarb 0.3 0.3 0.3 0.5
Metalaxyl 0.1 0.1 0.3 0.1
Omethoate 0.9 0.9 0.9 0.9
Thiaclorpid 0.3 0.3 0.3 0.3

Triadimenol 0.5 0.3 04 04




Dual-Channel LC-MS/MS: increased column length

Migration form a single-channel
to a multi-channel system

Column selection?

Keep 100 mm column Use a longer column

Decrease the time of analysis Maintain the time of analysis

Increase the throughput Improve the separation




Dual-Channel LC-MS/MS: increased column length

Chromatographic columns of 100 mm and in length were compared

Remaining properties were kept identical (porosity, particle size, type)

1.5x length = 1.5x increase in each gradient step

Elution time also increased 1.5x, 14 min = 21 min

Data window 14.83 min (TSQ Altis) and 15.85 min (QOrbitrap)

Longer analysis time of longer columns compensated by Dual-Channel time savings




Dual-Channel LC-MS/MS: increased column length

Column lenghth 100 mm
100

é Gradient used with the triple quadrupole
B 50

S

£

S o

0 2 4 6 8 10 12 14 16 18
Time [min]

Column length 150 mm
100

80
60
40
20

0

Composition [%]

0 2 4 6 8 10 12 14 16 18 20 22 24 26
Time [min]
—Mobile phase A =——Mobile phase B




Dual-Channel LC-MS/MS: increased column length

QExactive Focus elution reequlibration
Column length 150 mm A A
3 min 15.5 min 2.5 min 4.5 min
6 4 T \é\ 3\ T \4\\ T \5\\ T \é\ T \\7\ T \é\ T \é\ T \1\0\ T \1\1\ T \12 T T T TTT \1\4\ T \1\5\ T \1\6\ T \1\7\ T \1\8\ T \1\9\ T \2\0\ T \2\1\ T \2\2\ T \2\3\ T \2\4\ T \2\5\ T
methamidophos pyridalyl
Less than the 100 mm
column
Channel 1 i .
L in a single-channel system!
Channel 2 e
Channel 1 e
to waste o : .
. Total time in a single-channel system 25.5 min

- . to MS (acquisition time 15.5 min) (+ 1 minute for needle wash, sample aspiration, etc.)
= '



Dual-Channel LC-MS/MS: increased column length

1.1 min 10.45 min 5.45 min
1.9 min 14.83 min 8.87 min

Using Dual-Channel chromatography and a

150 mm column results in shorter analysis times
per sample compared to a single channel
4., | analysisonal00 mm column

The use of a longer column results in improved
separation, increasing selectivity and sensitivity
without compromising analysis time




Dual-Channel LC-MS/MS: retention time stability

100%
90%
‘%’3 80%
2 70%
9 60%
E 50%
T 40%
g 30%
3 20%
10%

0% s . .

<1% 1%-2% 2%-3% 3%-4% 4%-5%

RSD

B 100mm column m 150mm column
n=25




Dual-Channel LC-MS/MS: pesticide distribution

1 |‘ h
0 1

PR NN W W
o UL O U»n O um

Number of pesticides

9 10 11 12 13 14 15

Relatlve retention time [min]

o un

2 3

H100mm m150 mm




Dual-Channel LC-MS/MS: pesticide distribution

300 pesticides / 600 transitions

100 mm column 150 mm column

Number of transitions per cycle Number of transitions per cycle
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oo o o e - s a = = - o - = cmm o o a - — oo =
[r] O - fara i) -1 OO - o [== -_ oo - == o e o f=ay=1
0 = -_ o O [1] 10 - o - o OmD e oy - oo — O -
(1] a ol 1] o o L L] L I=] (=N sl -
- [1] - L] L L] L=}
[ -— - —
2 6 2 10 12 4 & 8 10 . 2 14 16 18
. . Time (min)
Time (min)

Dwell time < 10 ms Dwell time 10 — 50 ms Dwell time > 50 ms

A longer column separates better the analytes. The dwell times can be increased without increasing the duty cycle.




Dual-Channel LC-MS/MS: increased column length

- B -H 752 10.25
Bromuconazole (first peak) cl

Full scan MS

375.9614 + 5 ppm N cl

Cyproconazole (first peak) [ a]*

Full scan MS NC: "

292.1211 £ 5 ppm I |

Paclobutrazole o 1" A [

Full scan MS W / \

294.1368 + 5 ppm “ "7 o

__________________________________________________________

100 mm column



Dual-Channel LC-MS/MS: solving analyte coelution

Azinphos methyl & phosmet coelution

m/z318 -> 132 m/z 318

-> 159

TSQ Altis
Triple quadrupole
100 mm column

Mix_1-6_500ppb_10cm_top2 guthion (azinphos-methyl) Mix_1-6_500ppb_10cm_top2 gquthion {azinphos-methyl)
F: + ¢ ESI SRM ms2 318.013 [131.803-131.805, 159.892-159.804] F: +c ES| SRM ms2 318.013 [131.803-131.805, 159.892-159.8094]
RT: 5.91 RT: 5.99
AA 2112318 AAZ 22073042
AH: 585347 AH: 5836516
5.0E5 5.0E6+
= 4.0E5- = 4.0E6
2 S
5 ] 5 I
£ 3.0E5- £ 3.0E6-
2 0E5- 2.0E6
1.0E54 1.0E6- \
il 1= =, 0 P= =,
s T T T T T T T T T T b T T T T T T T T
5.7 58 59 6.0 6.1 58 5.9 6.0 6.1 6.2
RT{min) RT{min)
m/z 131.804 - m/z: 159.893
Apex RT: 5.91 Left RT: 5.83 Right RT: 6.00 - 1059.47% - 1009.47% 159.805/131.804 = 1044.97%%

Interfering transition of phosmet



Dual-Channel LC-MS/MS: solving analyte coelution

Azinphos methyl & phosmet coelution

m/z318 -> 132

Mix_1-6_500ppb_15cm_top2 guthion {(azinphos-methyl)
F: +c ESI SRM ms2 318.013 [131.803-131.805, 159.892-150.894]

RT: 8.54
AA 2277818
AH: 714751
7.0E54
6.0E5+
= B5.0E5+
- |
2 40E54
E i
3.0E5+
2.0E5+
1.0E5+
i} i -
0= T T T T T T ; T
83 8.4 85 86 87
RT(min)
m/z: 131.804
Apex RT: 8.54  LeftRT: 843 Right RT: 879

m/z 318 -> 159

TSQ Altis
Triple quadrupole

Combine
slide 29
and 30 in
one single

slid

%ﬁx 1-6_500ppb_15cm_top2 guthion (azinphos-methyl
Mix_1-6_500ppb_15cm_top2 guthion (azinphos-methyl) —1-b_2tlpph_focm_fops g (azinp v)
F: +c ES| SRM ms2 318.013 [131.803-131.805, 159.892-159.894] ML 7.15E5
miz: 131.204
7.0EG ML: 7.35E6
i miz: 159.883
7.0E6 6.0E6
5.0E6] 8
. 5.0E6
= 5.0E6 4
g _
= —
2 4086 Z 406
- 4 = 4
5
3-0E6+ £ 3084
z'uEﬁj RT: 8.54 2 0E6
1.0E6.] AA 1271922 -
S5 AH: 406933 1
0 1.0E6]
e ' 84 ' Py Y ' 87
RT(min) ol ax 3-.3|9 :
m/z 159.893 83 24 3
35.00% - 75.00% 159.893/131.804 = 57:34% RT(min)

Phosmet is separated from azinphos methyl




Dual-Channel LC-MS/MS: increased column length

35%

30%

25%

20%

15%

10%

5%

0%

Percentage of compounds with suppression > 50%
(QOrbitrap)

m 100mm 150mm ME (%) =

slope in solvent —slope in matrix

slope in matrix 100
* Due to larger injection volumes
on QOrbitrap (10 ulL) compared
to TSQ (2.5 ul), matrix effects
were more pronounced on the

former
» Reducing ion suppression
achieves greater sensitivity and
- MBstter quamtitation
Onion Orange Bell pepper Leek Tomate

iCUla v

.. Paoortant for matrix-
atched '



Dual-Channel LC-MS/MS: increased column length

QExactive Focus
High-resolution MS
100 mm column

0.01 mg/kg of azinphos-methyl
Full Scan MS
m/z 318.0131 + 5 ppm

QExactive Focus
High-resolution MS

Dvte_10ppb_dii0 Azinphos-methyl mz: 218.0131

Solvent @
AA 2429536
AH: 686276
6.0E5
5.0E5
- ]
Z 40859
2
£ ]
3.0E54
2.0E54
1.0E5
0= T T T f T T T T
36 38 40 42 44
RT(min)

Dvte_10ppb_dil10_150mm Azinphos-methyl mdz: 218.0131

SO |Ve nt 2; ?s?gsasg

AH: 340408
3.0E5
2.5E5

2.0E5

Intensity

1.5E5.

1.0E5

5.0E4

Intensity

3.0E57
2.5E5§
2.l]E5§
1 .5E5§
1 .0E5§

5.0E4

—

Maranaja_10ppb_dil10_100mm Azinphos-methyl miz: 218.0131

Orange
extract

RT. 413
AT 146736
AH: 3130023

-94%

b, 1
T T T T

[ Matrix effectsJ

T T T
38 4.0

T T
42 44 46
RT(min)

Intensity

2.5555
2,l]E5£
1 .5E5§
1 .l]Eﬁé

5.0E4

E’_I

Maranaja_10ppb_dil10_150mm Azinphos-methyl miz: 218.0131

Orange
extract

RT: 6.08
AAC 835537
AH: 271275

|




Dual-Channel LC-MS/MS: increased column length

QExactive Focus
High-resolution MS
100 mm column

0.01 mg/kg of formetanate
Full Scan MS
m/z222.1237 £+ 5 ppm

QExactive Focus
High-resolution MS

Dvie_10ppb_dif0 Formetanate miz: 222 1237

RT. 0.52

So Ivent AAL 12729301
AH: 5299319

5.0E6

4 5E6
4 DE6:
3.5E6
3.0E6

Intensity

2.5E6
2.0E6
1.5E6
1.0E6
5.0E5

o

T T T T T T T
0.2 0.4 0.6 0.8
RT{min)

T
1.0

Dvte_10ppb_dil10_150mm Formetanate mvz: 222.1237
Solvent
AA 10790884
AH: 3543668
3.5E6

3.0E6

2.5E6

Intensity

2.0E6

1.5E6:

1.086
5085
T T a2 T Tda T Tds 0 os

RT(min)

Puerro_10ppb_dil10_100mm Formetanate mvz: 222 1237

Leak s

AH: 3087449
3.0E64
jextract
2.5€6]
o 20683
E 3
= 15663
E L]
Matrix effects
] -30%
LE T T T T T T T T ]l
0.2 04 06 08 1.0
RT(min)
Puerro_10ppb_dil10_150mm Formetanate miz: 222 1237
Leak i
AH: 3434171
jextract
3,[IE6:
2.5E6§
= 3
& 20663
2 3
153 4
1.5E6
1.I]E6§
5.I]E5;
03 T T T T T T T T
02 04 06 08 10
RT(min)




Dual-Channel LC-MS/MS: scientific paper

Journal of Chromatography A 1633 (2020) 461614

Contents lists available at ScienceDirect

Journal of Chromatography A

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

Dual-channel chromatography a smart way to improve the analysis )
efficiency in liquid chromatography coupled to mass spectrometry =
tukasz Rajski? Florencia Jests® Francisco José Diaz-Galiano?,

Amadeo Rodriguez Fernandez-Alba®*

“European Union Reference Laboratory for Pesticide Residues in Fruit & Vegerables. University of Almeria, Agrifood Campus of International Excellence cei

A3, Crra. Sacramento §/n. La Cafada de San Urbano 04120-Almeria, Spain

® Group for the Analysis of Trace Compounds (GACT), Polo de Desarrollo Universitario Abordaje Holfstico, CENUR Litoral Norte Sede Paysandi, Universidad

de la Repiiblica (UdelaR), Ruta 3 km 363, Paysandd, CP 60000, Uruguay

ARTICLE INFO ABSTRACT

Article history: Dual-channel chromatography was evaluated for pesticide residue analysis in fruits and vegetables and
Received 30 August 2020 for unknown compounds detection. A dual-channel system was tested coupled to triple quadrupole and

Revised 7 October 2020
Accepted 9 October 2020
Available online 11 October 2020

high-resolution mass spectrometry. The first part of the investigation was related to the improvement of
the sample throughput with a 100 mm column. The dual-channel system provided the same analytical
results as the single-channel system, however, with the throughput higher of abour 70% (80 injections

Keywords: vs 137 injections in 24 h). Two types of calibration (in-channel and cross-channel) were checked. In the
Duak-channel chromatography article, also solvent consumption is discussed. Six proficiency test samples were analysed to assess the
Pesticides quality of the results. Nor false positives neither false negatives were found. Calculated z-scores were
liquid chromatography typically <1. In the second part, a different approach was investigated. The 100 mm column was replaced

Mass spectrometry
High-resolution mass spectrometry
Triple quadrupole mass spectrometry

by a 150 mm column keeping shorter run times than single channel system and 100 mm. The longer
column improved the sensitivity and selectivity what was demonstrated in the target pesticide residue
analysis. Additionally, the 150 mm column was compared with the 100 mm column in the analysis of
unknown natural matrix compounds by high resolution mass spectrometry. The longer column allowed
to detect up to 26% unknown compounds more than the shorter column.

© 2020 Elsevier B.V. All rights reserved.
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Dual-Channel LC-MS/MS: independent mobile phases

Positive polarity

e \obile phase A ~ emmmm\obile phase B

100% . .

90% Mobile phase A: Mobile phase B:
Sg; 98 % water 98 % methanol

7 OO

60% 2 % methanol 2 % water

jg; 0.1% formic acid 0.1 % formic acid
30% 5 mM ammonium format 5 mM ammonium format
20%

10%

0%

0 2 4 6 8 10 12 14 1

6 18

Time [min]

Negative polarity

@ \obile phase A  emmmmmMobile phase B

100%

90% Mobile phase A: Mobile phase B:
o Water + 0.05 % acetic acid Acetonitrile + 0.05 % acetic acid
60%

50%

40%

30%

20%

10%

0%

0 2 4 6 8 10 12

Time [min




Dual-Channel LC-MS/MS: independent mobile phases

Gradient 1

Water:-MeOH
Formic acid (0.1 %)
Ammonium formate (5 mM)

Gradient 2

Water:AcN
Acetic acid (0.05 %)

Elution Reequlibration

10.45 min

Methamidophos Pyridalyl
Elution Reequlibration
) \
e 3.9 min 2.75 min 3 min

TFNA Meptyldinocap




Dual-Channel LC-MS/MS: independent mobile phases

Sample 1 (C1)

8 9
Time (min)

Sample 2 (C1)
On a single-channel instrument with polarity switchi Sample 1 (C2) ‘

h L | T T T T T T T T T T
0 1 2 3 4 5 6 7 8 9 10 1
Time (min)

On a dual-channel instrument with optimized mobile phases, sample analysis is 18 min

Improved method efficiency without time loss — no compromises




Dual-Channel LC-MS/MS: independent mobile phases

Channel 1 [ T Two injections of sample 1
Channel 2
Channel 1 B Two injections
T of sample 2

Channel 2 P
Channel 1 | ssm—
Channel 2
Output data

18.00 min 18.00 min 18.00 min

On a single channel instrument with polarity switching only one analysis in 18 min



#9 Dual-Channel LC-MS/MS: total ion chromatograms

TomatO -14.01 SM: 158 N |
TIC positive polarity

TIC negative polarity

c?\H\%H\\$H\\%H\\$H\\%HH%HH%‘HH%HH%HH%%

100%
90%
80%

o
70%

g (]
© 60%
£
@ 50%
2
S 40%
[]

S 30%
20%
10%




a Dual-Channel LC-MS/MS: total ion chromatograms

TIC positive polarity
TIC negative polarity

Rel Abund
Of.)\H\EE‘H\\$H\\%H\\$H\\%HH$HH§‘HH$HH$HH$§

100%
90%
80%
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70%
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&) Dual-Channel LC-MS/MS: total ion chromatograms

onion -14.00 SM: 15G N |
TIC positive polarity

TIC negative polarity

Rel Abund
Oo\H\%H\$\H\%H\$\H\c?n\H\%H\;\H\%H\%H\%g

100%
90%
80%

o
70%

g (]
© 60%
£
@ 50%
2
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10%




Dual-Channel LC-MS/MS: total ion chromatograms

> TIC positive polarity
» TIC negative polarity

Relative Abundance

100%
90%
80%

[~}
70%
g (]
© 60%
£
@ 50%
2
‘s 40%
o
s 30%
20%
10%




DuaI Channel LC-MS/MS: improved ionisation

_____________________________
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Dual-Channel LC-MS/MS: improved ionisation

Fipronil

Mix12345DD_001ppb_Orange_ditx5_neg Fipronil_neg m/z: 230.04

0.001 mg/L
Orange extract
ACN/AA/H,0

Negative polarity

Mix12345DD_001ppb_Orange_ditx5_pos fipronil miz: 329 85

0.001 mg/L
Orange extract
MeOH/FA/AF/H,0

Negative polarity

Fipronil_neg
Y =3.472e4X + 3.092e2; R*2: 0.9994; Origin: lgnore; W. 1/X; Area

RT: 3.95
Af3TE
AH: 15000
] v
1.4E4
1.2E4
= 1.0E4-
i ]
5
£ 8.0E3
6.0E3+
4.0E3
2 0E3-
0.
07 T T T T T T
37 38 39 4.0 41
RT(min)
Mix12345DD_001ppb_Orange_dilx5_neg Fipron ...
RT.3.95 75000003
AA 11604 3
AH: 4014 7000000
4.0E3 o E
] 65000003
35637 60000003
E 55000003
3.0E3 50000003
] 4500000
2 2563 E
g 3 E 40000003
E 20e3] 3500000-]
] 30000003
15835 2500000
10633 2000000
E 1500000
5.0E2 1000000
1 500000
0 T T T T 3
38 4.0 o s T
RT(min)

fipronil
¥ =1.504e4X - 1.594e3; R*2: 0.9930; Origin: lgnore; W. 17X, Area

RT: 6.61
AAC 130967
AH: 3594
3.5E3] Y
3.0E3
25637
=z ]
@ ]
5 20E3]
E ]
1.5E3]
1.0E3
5.0E2]
7
" T T T T T T T T T T
6.4 6.5 6.6 6.7 6.8
RT{min)
Mix123450D_001ppb_Orange dilx5 pos fipronil
RT: 6.61 3
AA: 3555 3200000-]
AH: 749 3000000
7 0E24 2800000
| 2600000
6062 2400000
p 2200000
i 2000000
o 002 .
3 4 1800000
= = E
2 40E21 £ 16000004
- g 1400000-]
3.0E2+ 12000004
b 10000004
2.0E2+ 800000
) 600000
1.0E2] E
400000
N 200000
"T85 66 67 68 ol
RT(min) o=




Dual-Channel LC-MS/MS: improved ionisation

Fipronil desulfi
&
fipronil sulfon

o
7\
‘N7 ~NH,
cl cl
FINF

MixNeg_001ppb_dibs Fiproni-desulinyl_neg miz: 351.04

nyl

0.001 mg/L
Solvent
ACN/AA/H,0

Negative polarity

MixMeg_001ppb_dikc5 Fipronil-sulfone_neg miz: 414 96

0.001 mg/L

Fipronidesulinyl_neg
Y = 4.891e4X + 9.2922; R*2: 0.9979; Origin: Ignore; W: 1/X; Area

RT: 4.07
AA 39574
AH: 17893
4
e 1.6E4
1.4E4
1.2E4
1.0E4
8.0E3+
6.0E3+
4.0E3
2.0E3+
0
0 T T T T T T T T
39 40 41 42 43
RT(min)
ixNeg_001ppb_dik5 Fipronil-desuffinyl_neg
RT: 4.07 1
AA- 5E10 2800000
AH: 2892 2600000
E 2400000-]
25633 2200000-]
. EHHHUOD—-
2063 1800000
3 1600000-]
3 E E
B 1400000-]
1.5E3- 1
E 1200000
E 1000000-]
1.0E34 ]
3 800000
3 500000
5.0E24 1
E 400000
E l 200000
0 1
T T T T T
4.0 42 e 5
RT({min)

R L e e LR A a8 LA A I o B
2 10 132 20 25 30 35 40 45 o0 a9

ppb

RT: 4.25
AA 38788
AH: 17928
1.8E4+ +
1.6E4-]
Solvent
1.2E4
1.0E4-
ACN/AA/H,O
6.0E3
4.0E3-]
E . .
N t larit
] egative poliari
o
T T T T T T T T
4.1 42 43 4.4 4.5
RT{min)
ixNeg_001ppb_dix5 Fipronil-sulfone_ne Fipronil-sulfone_neg
Y =6.09%9e4X - 1.447e4; R*2: 0.9931; Origin: lgnore; W: 1/X; Area
AT 425 3600000-]
M 33309 3400000-]
AH: 15579 32000001
b 3000000
1.4E4 2800000
b 2600000
1.2E4+ 2400000
b 2200000-]
1.0E4-| 2000000
7 g 1800000
8.0E3 1600000
] 1400000
6.0E3-] 1200000
] 1000000}
4 0E3+ 3
800000
] 500000
2.0E3— 3
400000
- . VRIS . 200000
o R R IEA e e e S et
42 44 680 452 & a0 36 40 45 50 55
RT{min) ppb




Dual-Channel LC-MS/MS: improved ionisation

Hexaflumuron

Cl Cl

O
=z
==

Mix12345DD_001ppb_tomato_dikx5_neq Hexaflumuron_neg miz: ..

0.001 mg/L
Tomato extract
ACN/AA/H,0

Negative polarity

Mix12245DD_001ppb_tomato_dik5_pos hexaflumuron mJz: 158.04

0.001 mg/L
Tomato extract
MeOH/FA/AF/H,0

Positive polarity

Hexaflumuron_neg

Y = 2.24463% + 1.233¢3; RA2. 0.9964; Origin: lgnore; W: 17X, Area

RT- 423
AA 3137
AH: 1047
1.0E3 ]
8.0E2-
E -
2
5 6.0E2-
£ ]
4 0E24
2.0E2-
0—ery T T LR RS T T
4.0 41 42 43 4.4
RT(min)
Mix12245DD_001ppb_tomato_dix5_neg He
RT- 423
AA 2015
AH: 961
8.0E2-
E 6.0E2-
2
= i
4.0E2-
2.0E24
N
U= T T T T
4.0 42 4.4
RT{min)

hexaflumuron
¥ = 4.39862X + 1.494¢2; R"2: 0.9911; Origin: lgnore; W: 11X; Area

RT773
AA 536
AH 323
3562 =
3.0E2]
25E2
2.0E27
1.5E2
1.0E25
5.0E13
3
T T T T T T T T T
75 76 77 7.8 7.9
RT(min)
ix12345DD_001ppb_tomato_dik5_pos hex
RT: 7.79
AR 601
F AH:214 |
2.062]
1562
1.0E25
5.0E1]
9
" 1 T T T
76 78 80
RT{min)




Dual-Channel LC-MS/MS: improved ionisation

Ioxynil

I Z

HO

N

Orange extract
- ACN/AA/H,0
;:EE . Negative polarity

Mix12345DD_001ppb_Orange_dibx5_pos iocynil miz: 126 96

Mix 1234500 _001ppb_Orange_dix5_neg lo.

loxynil_neg
¥ = 1.14%e4X - 1.043e3; R*2- 0.9992; Origin: Ignore: W 1/X; Area

RT:3.10 ]
AA 1305 2400000
AH: 591 q
E 2200000
5.5E2 1
3 2000000-]
5.0E23 ]
3 1800000
452 ]
e 1600000+
g 3 -
(- . 1400000
£ 30823 £ 1200000
25623 1000000
2.0E27 300000
1.5E2] 600000-]
1.0E23 400000
5.0813 200000
[E T T T T ]

3.0 32 o T

RT(min)

0.001 mg/L
Orange extract
MeOH/FA/AF/H,0

Negative polarity

ioocymil
Y = 7.334e3X + 2.64462; R*Z: .9990; Origin: Ignore; W: 1/X; Area

RT: 477
AN 8280
AH: 1637
1.6E3 Y
1.4E3+
1.2E34
E 1.0E3+
— B.0E24
6.0E2
4.0E24
2.0E2
Chor T /\T : T ‘*’\/\/./
48 47 43 49 5.0
RT(min)
Mix123450D_001ppb_Orange_dilx5_pos i
RT- 479 1600000]
AR 996 q
AH- 335 1500000
E 1400000
3.0E2 1300000
E 1200000-]
25623 1100000
3 1000000
£ 502 900000
kK 3 3‘ 200000-]
- 15E2£ 700000
3 s00000-]
1.0623 5000007
3 400000
E 300000
5.0E14 B
3 200000
3 100000
[E o
46 43 5.0 LA ML L
RT(min) o 2 4080




Dual-Channel LC-MS/MS: improved ionisation

(£)-Metaflumizone

F
F
o

HN

H

Mix12345DD_001ppb_tomato_dikx5_pos metaflumizone miz: 177 97

o
N
N

Mix12345DD_001ppb_tomato_dikx5_neg Metaflumizone_E_neg miz: 302 16
0.001 mg/L
4 v
2.0E4-
1.8E4 t t t
] fomato extrac
1.6E4
= 1.4E4]
& ]
S 12649
£ : RT- 465
1.0E4 An: 19324 2
8.0E3 AH: 7694
6.0E3
4.0E3] . .
Negative polarity
I .
L T T T T T T 1
45 46 47 48 49
RT{min)
Mix123450D_001ppb_tomato_dibks_neg Metaflu Metaflumizone_E_ne
Y = 1.56e4X + 2.214e3; R"2: 0.9994; Origin: lgnore; V. 1/X; Area
3400000
3200000
o 3000000
1683+ 2800000
14E3] 2600000
] 2400000
1263 2200000
= B 2000000
‘@ 1.0E3 = 18000003
2 ] L Q-
E ] RT: 4.64 E
S'DEZ_ AA 1593 1400000
6.0E2] AH: 503 1200000
] 1000000
4.0E2 800000
E 500000
2 0E2 4000003
N 200000
0% T T T T 3
4.4 4.6 48 o L O L W L I AL ALY I
) G 20 40 60 &0 10 120 140 160 a0 200 220
RT{min)

0.001 mg/L
Tomato extract
MeOH/FA/AF/H,0

Negative polarity

metaflumizone
¥ = 1.056e4X - 4.382e3; R*2: 0.9980; Crigin: lgnore; W: 1/X; Area

J -7
4.0E3
35637
3.0E37
z ]
8 25E3]
= 3
= 7
2.0E3]
1.5E33 RT- 8.25
] AA 261
1.0E3 AH: 845
5.0E2
.
S U B N BN IR YR NS DR B L S N B |
76 78 8.0 82 84 86 a8 9.0
RT(min)
Mix12345DD_001ppb_tomato_dik5_pos metafli
2200000
18E34 zuunooo—_
7] 1800000
1600000-]
1400000
= ]
s
E 1200000
£ ]
1000000
800000-]
600000-]
400000
200000
2.0 85 9.0 o
RT{min)




Dual-Channel LC-MS/MS: improved ionisation

(2)-Metaflumizone

F Mix12345DD_001ppb_tomato_dix5_neg Metaflumizone_Z neg miz: 202.16 ix123450D_001ppb_tomato_dilx5_pos metaflumizone miz: 177.97
"5 0.001 mg/L 0.001 mg/L
F~ >0 AA’ 54269 AA: 11762
AH: 21907 AH: 4230
1 ¥ | 7
2.0E4 40E37
1.8E4] t t t 35635 t t t
; [omato extrac ] [omato extrac
1.6E4 3.0E33
HN o 2z 1.4E44 = E
a E @ 2537
HN g 12647 5 E
*N ~ 1.0E4] = 20837
o4 5 : e 2
| 8.0E3 15E3]
6.0E3 1
E 1.0E3
4063 . . ] .
1 .
3 5.0E2] I t
Negative polarity : Negative polarity
0. n3 fonn ™,
F F “ T T T T T T T T T N T T T T T T T T T T T T 1 T 1
43 44 45 46 47 70 72 74 76 78 80 82 84
RT(min) RTi{min)
i i Metaflumd : 7 neq 7 i taflum
“ ix12345DD_001ppb_tomato_dikx5_neq Metaflu - 4 268 x+5158e3?;,;”§9"£6; On“g,n gnore; W 10K Area i1234500_001ppb_tomato_dikx5_pos metaflu vt ¥+ 183502 R“g_ﬁum“gﬂ i lgnore: W. 11K, Area
RT 451 ] RT-7.70 1
AA 3855 9000000~ AA: 6040 2200000
AH: 1680 i AH: 1858 ]
16630 _ 5000000 1863 v 2000000-]
7 1 ] 1300000
1.4E3- 7000000 1.6E3 ]
4 B 7 1600000
12E3 6000000 1.4E3 1
7 1400000
g 10e2] 5000000 g 128 1
= - ] -] | = - = 1200000
£ ] H 1 £ 10e3 H ]
=  B.0E24 4000000~ - - 1000000
1 _ 8.0E2- 1
6.0E2-] 2000000 soer] sa0000-|
] 1 B 500000-]
4.0E2- 2000000 4.0E2 ]
] 1 b 100000
2062 ]
i 2.0E2
b 1000000 E 200000-]
0t T T T o 0- o
44 _ 48 4 20 & e 8 1o 130 1do  1bo  1do 200 2o 70 75 80 b ed | 81 100 120 140 | 160 | a0 | 200 | 23
RT(min) RT(min)




Dual-Channel LC-MS/MS: improved ionisation

Teflubenzuron ]

Cl

o
-

Mix122345DD_001ppb_tomato_dikx5_neg Teflubenzuren_neg miz: 339.04

0.001 mg/L
Tomato extract
ACN/AA/H,0O

Negative polarity

ix123450D_001ppb_tomato_dikx5_pos teflubenzuron mfz- 157 97

0.001 mg/L
Tomato extract
MeOH/FA/AF/H,0

Negative polarity

Tefubenzuron_mn

¥ = 1.375e4X + 1.12e4; R*2: 0.9950; Origin: Ignore; W: 1/X; Area

RT 436
AA 22231
AH- 6519
6.0E3-
5.0E3
2 40E3
=
2 3
£
3.0E3]
2.0E3
1.0E3
o
w T T J T T T I 1 T
42 43 4.4 4.5 4.6
RT(min)
Mix123450D_001ppb_tomato_dix5 neg Teflubenz
RT: 4.37 3000000-]
MA: 2932 1
MH: 1136 2800000
. - 2600000
1.0E3] 2400000
i 22000004
2000000
8.0E2-] ]
E 1 1800000*_
g w 1600000
£ 60E2- £ 1400000-]
g 1200000
4.0E2 1000000
] 800000-]
2 0E2-] 600000-]
400000—-
0. ,\' T T T T T T T 2000“;_,
42 43 4.4 45 T T
RT(min) o

teflubenzuron
¥ =5.231e2X + 9.11e2; R*2: 0.9958; Origin: ignore; Y¥. 1/X; Area

RT. 8.35
AA 083
g AH_225
25€24
2.0E2
= 3
= E
g 3
£ 1'5E2t
1.0E23
5.0F1]
E
0 T T T T T T T T
8.2 3.3 8.4 8.5 8.6
RTimin)
Mix12345DD_001ppb_tomato_dikx5_pos teflubes
110000
E 100000
4.0E2] 1
4 90000
3-5E2§ 80000
3.0e25 70000—-
= E 1
E 25E2 g 50000
E 7 ]
2.0E29 50000
15€2] #0000-]
R 30000
1.0E2 )
3 20000
50E13 g
B 10000
-3 J
T T T T .
8.2 8.3 8.4 8.5 e T 26 T
RT{min)




Dual-Channel LC-MS/MS: improved ionisation

Triclocarban

Cl
H
J:O
H
Cl Cl

Mix12345DD_001ppb_tomato_dix5_neg Triclocarban_neg m/z: 160.04

0.001 mg/L

Mix12345DD_001ppb_tomato_dikx5_neg Triclocarban miz: 127.05

0.001 mg/L
Tomato extract

ACN/AA/H,O

Positive polarity

RT: 425 RT: 431
AA 23875 AAZ 900
AH: 8068 AH: 711
8.0E3+ 7.0E2 Y
7.0E3- ]
- fomato extract
6.0E3] b
J 5.0E2-]
£ 5.0E3- z R
2 e
3 g & 4.0E2-]
e ACN/AA/H,0O T ]
2053 2 3.0E2
2053 2.0E2
Negative polarit
i g P y R
T T T T T I T T T T T T T T T
4.1 42 43 44 45 41 42 43 44 45
RT(min) RT(min)
i i i Triclocar: 7 i i
Mix12345DD_001ppb_tomato_dix5_neg Tricloc 1 S50+ 1,055 s SRR i lamore: W 41K:Avea Mix12345DD_001ppb_tomato_diks_neg Tricloc
RT:425 3 RT: 424
AAC 1310 3 AA 458
AH: 513 400000074 AH: 297
50E2 ] i
u | 3500000 -
45E2 3 E
3 3 25625
4.0E2 3000000 E
= 3'5E2§ 2500000-] = Z-UEZE
2 30£23 E ‘3 3
£ 35p23 20000003 E 15E23
2.0E2 15000005 3
15E23 E 1.0E23
E 1000000 3
1.0E23 3 E
3 5.0E13
5.0E1] 500000 E
95 n: =1
4|2 I 4I4 o T LA S ML WAL UL SR WAL R WAL N ! ' J
- N - 0 20 60 80 100 120 140 160 180 200 20 4. 4.2 4.4
RT(min) ppb RT{min)

Triclocarban
¥ = 5,827e2X + 3.902e2; R"2: 0.9938; Origin: Ignore; W: 1/X; Area




Dual-Channel LC-MS/MS: improved ionisation

RT 5.14 RT-4.28

RT: 5.50

4 400 412
T
4.0 42 44 46

460

[ L
T R (min)
MeOH/FA/AF/H,0 ACN/H,0 ACN/AA/H,0
Negative polarity Negative polarity Negative polarity

Peak area 7 606 Peak area 74 079 Peak area 36 193




Dual-Channel LC-MS/MS: improved ionisation

NEG_001ppb_Apple_BF_dilxb Dithianon m/z: 264.
F: - c ESI SRM ms2 295.950 [264.041-264.043, 267. 95? 267.959]

RT: 1.36
AAAD51
1.5E3 AH: 8
=
[}
& 1.0E3
£
5.0E2:
0-
u T T T T T T T T T
12 13 14 15 1.6
RT(min)

0.001 mg/kg

MNEG_001ppb_Apple_BF_dilx5 Dithianon miz: 26796
F: - c ESl SRM ms2 295950 [264_041-264.043, 267 .957-267.959]

RT 1.36
AN 1181
AH: 437
4.0E2+
= 4
2 3.0E2-
2 4
E
2.0E2-
1.0E2 M
0 - ; . : - . . . /‘\J/\.«
12 B - 15
RT(min)

Gradient 2

Water:AcN
Acetic acid (0.05 %)

Dithianon

POS_020ppb_Apple_BF_dikx5 dithianon m/z: 162 .93
F: - c ES| SRM ms2 204.964 [162.928-162.930, 263.999-264.001]

RT. 9.37
AA: 426
AH: 111
1.0E2
% 8.0E1
£ 6.0E1
4.0E1
2.0E1
0= T T T T T T T T T
9.2 93 9.4 95 96
RT{min)
0.020 mg/kg

POS_020ppb_Apple_BF_dix5 dithianon miz: 264.00
F: - c ESI Id SRM ms2 294 964 [162.928-162.930, 263.999-264.001

1.0E24
8.0E1

6.0E1

Intensity

4.0E1

2.0E1

=

T
9.1 9.2 93 94 95

RT{min)

Gradient 1

Water:MeOH
Formic acid (0.1 %)
Ammonium formate (5 mM)




nannel LC-MS/MS: apple validation

Gradient 1

Water:MeOH
Formic acid (0.1 %)
Ammonium formate (5 mM)

Gradient 2

Water:AcN
Acetic acid (0.05 %)

Compound 0'?:;’ \rl:ri/e; 0 oosRsnIn) /K 0':;:’: \'l:ri/eks 0 006Rfrlr) /K calib:::iv::tlevel calibi-rlelxst’itftlevel
Soemg/kg | TR mg/ikg | BATom/Ag - BATH mg/kg (mg/kg) (mg/kg)
2,4-D 97-% 11-% 109 % 6% 0.004 0.02
Bromacil 100 % b % B4% 3% 0.0005 0.02
Dithianon 96 % 3% 96 % 3% 0.0005 0.02
Diuron 9B % 3% 9% 2% 0.0005 0.02
Fensulfothion % 3% 109 % 3% 0.0005 0.02
Fensulfothion-oxon-sulfone 109 % 8% 1B% 2% 0.0005 0.02
Fipronil 108 % 1% % 1% 0.0005 0.02
Fipronil-desulfinyl ™% 2% 100 % 2% 0.0005 0.02
Fipronil-sulfone uB% 2% 108 % 2% 0.0005 0.02
Flubendiamide % 22866 98 % 2% 0.02
Fludioxonil % 6 % 1032 % % 0.0005 0.02
Haloxyfop 98 % B% R % B % 0.003 0.02
Hexaflumuron 94 % 5% 108 % B % 0.02
loxynil 108 % 2% 1083 % B % 00amas 0.02
Lufenuron BB% B % 2% D% 0.02
MCPA 114 % 7% 99 % B% 0.001 0.02
MCPB - - 115 % 10% 0.006 0.02
Meptyldinocap 86 % 14 % 138 % B% 0.008 0.02
(£)-Metaflumizone BB% 2% 85 % & % oamas 0.02
(H-Metaflumizone 108 % 3% 1038 % 2% Q0amas 0.02
Penthiopyrad 108 % 2% 100 % 1% 0.0005 0.02
Prothioconazole 108 % R% KO% H% 0.02
Prothioconazole-desthio 106 % 2% 0% 2% 0.0005 0.02
Teflubenzuron 100 % 9% 9B % 2% Q0amas 0.02
TFNA - - 98 % 7% 0.006 0.02
TFNG 28866 K% B% 0.003 0.02




Dual-Channel LC-MS/MS: apple validation

Bias
100%
Technique <70% 70-120% >120% . 90%
v 0
Dual-Channel g 80%
1 257 - omm 70(y
0.003 mg/kg b °
a8 60%
Dual-Channel 5 260 i -
0.006 mg/kg ° 50%
> 40%
T 30%
256 pesticide residues validated at 0.003 mg/kg 5 20%
260 pesticide residues validated at 0.006 mg/kg * 10%
0% — — _ - .
oo oo oo oo oo oo oo oo oo oo oo
B)Q/@?)QEOQAQ%QQQ@Q&{}Q{}Q
OSSR B AN SR A
N N

Recoveries

0.003 mg/kg  m 0.006 mg/kg




Dual-Channel LC-MS/MS: apple validation

264 total pesticide residues (ESI+ and ESI-)

100%

Technique <5% 5-20% >20% a J0%

v o)

- 1 1 :E 80/0

utchel o x| E o
° 1 1 P

1 1 o 60%

3332?;'&?' 74% 25% 1% 5 50%

—= o 40%

‘qé; 30%

o S 20%

& 10%

0%

N o HO, o
N
\\ - ' ~ oo oo,
(0] ’

Cyhalofop-butyl

Repeatability
(n=15)

<5% 5-10 % 10-15 %
RSD

0.003 mg/kg m0.006 mg/kg

[
15-20 %

> 20 %




Dual-Channel LC-MS/MS: apple validation

Lowest calibration level

264 total pesticide residues (ESI+ and ESI-)
100%

Calibration level No. of
(mg/kg) analytes 90%
0.0005 216 L 80%
[]
0.001 26 g 70%
g
0.003 17 g 60%
0.006 3
© 50%
0.010 1 g
0.020 0 g 40%
ND 1 S 30%
5

20%

10%




Non detections

0.006 mg/kg

(o)
(0]
\N)LO/N\ é/
H g

Aldicarb-sulfone

(o)
8

Aldicarb-sulfoxide Avermectin B1a Emamectin B1b TFNA




nannel LC-MS/MS: banana & orange validation

Gradient 1

Water:MeOH
Formic acid (0.1 %)
Ammonium formate (5 mM)

Gradient 2

Water:AcN
Acetic acid (0.05 %)

Compound 0'?:;’ \rl:ri/e': 0 oosRsnIn) /K 0':;:’: \'l:ri/eks 0 OOGRfrlr) /K calib:::iv::tlevel calibi-rlelxst’itftlevel
Soemg/kg | TR mg/ikg | BATom/Ag - BATH mg/kg (mg/kg) (mg/kg)
2,4-D 94-% 10-% 1BB% 8% @B 0.02
Bromacil 9R% b % 9% 2% 0.0005 0.02
Dithianon 81-% 6% 86 % 6% 0.603 0.02
Diuron 106 % 3% 100 % 2% 0.0005 0.02
Fensulfothion 99 % 3% 102 % 2% 0.0005 0.02
Fensulfothion-oxon-sulfone 5% 3% 100 % 8% 0.0005 0.02
Fipronil 97 % 2% BB% 0% 0.0005 0.02
Fipronil-desulfinyl 98 % 6 % 5% 1% 0.0005 0.02
Fipronil-sulfone 99 % & % 2% 2% 0.0005 0.02
Flubendiamide 98 % B % B¥% 2% OmIs 0.02
Fludioxonil 102 % % B®% 8 % (DammB 0.02
Haloxyfop 1% 3% BB% R% 0.002 0.02
Hexaflumuron 95 % 6% 83 % B% (O[(111135) 0.02
loxynil 103 % 2% 102 % 2% 0.0005 0.02
Lufenuron 96 % % 103 % D% Q@mis5 0.02
MCPA % B% 98 % 0% 0.003 0.02
MCPB - - 115 % 18 % 0.606 0.02
Meptyldinocap 93% 16% 119% 34 % 0.008 0.02
(£)-Metaflumizone 89 % D% 98 % 1B% 0.0005 0.02
(H-Metaflumizone IR % 3% 9B % 8% 0.0005 0.02
Penthiopyrad 99 % 2% 109 % 2% 0.0005 0.02
Prothioconazole 98 % 5% 102 % % O35 0.02
Prothioconazole-desthio 7% 8% 106 % 2% 0.0005 0.02
Teflubenzuron 1% W% 100 % W% O111)) 0.02
TFNA - - 99 % 3% 0.606 0.02

TFNG

9%

95 %

5%

0.0603

0.02




Dual-Channel LC-MS/MS: banana & orange validation

Bias
100%
Technique <70% 70-120% >120% . 0%
- 80%
Dual-Channel 0 256 ) 'S o
0.003 mg/kg g 0%
a8 60%
Dual-Channel 1 261 ) S oo
0.006 mg/kg ° 0
o 40%
E 30%
256 pesticide residues validated at 0.003 mg/kg £ 20%
260 pesticide residues validated at 0.006 mg/kg * 10%
0% - — W= O
oo oo oo oo oo oo oo o oo oo oo
XM SIS N A I S O T G
~ N

Recoveries

0.003 mg/kg m0.006 mg/kg




Dual-Channel LC-MS/MS: banana & orange validation

Repeatability

264 total pesticide residues (ESI+ and ESI-) (n=5)
100%
Technique <5% 5-20% >20% . 0%
()]
80%
Dual-Channel ! ' o
0.003 mg/kg e 37% L - B 70%
: 8 60%
Dual-Channel - i
0.006 mg/kg 73% 25% <% % so%
o 40%
e 30%
(3}
o 5 20%
& 10% l
0% - —

<5% 5-10 % 10-15 % 15-20 % > 20 %
RSD

N o HO, o
N
S} : F oj)Lo/\/\ o110
O/C 2

Cyhalofop-butyl

0.003 mg/kg  m 0.006 mg/kg




Dual-Channel LC-MS/MS: banana & orange validation

Lowest calibration level

264 total pesticide residues (ESI+ and ESI-)
100%

Calibration level No. of
(mg/kg) analytes 90%
0.0005 200 L 80%
(]
0.001 32 g 70%
2
0.003 26 g £0%
0.006 4
S 50%
0.010 1 %
0.020 0 g 40%
ND 1 S 30%
o

20%

10%

- i B -
&) &)
N N
S S
N S




5

Dual-Channel LC-MS/MS: banana & orange ND

Non detections

(o]
0.008 mg/kg N\\@: J@(H)Lo/\/\

Cyhalofop-butyl
® (0]
~N N)l\oz N NS é/
H d ~
NH
\=N

Aldicarb-sulfone

\
DMPF
o (0]
Y
NN G0 /[:C\/\)LOH
H o)
. Cl
Aldicarb-sulfoxide Avermectin B1a Emamectin B1b

MCPB




Dual-Channel LC-MS/MS: carry over test

Sequence:

1. Calibration curve 0.0005 — 0.020 mg/kg (ppb)
2. 3injections at 0.020 mg/kg

3. Baby food blank

4. 6 injections at 0.020 mg/kg

5. Baby food blank

6. 12 injections at 0.020 mg/kg

7. Baby food blank

Carry over | Carry over | Carry over | Carry over | Carry over | Carry over
after 3 after 3 after 6 after 6 after 12 after 12
Compound s . s s S S . s
injections injections injections injections | injections injections
[ppb] [%] [ppb] [%] [ppb] [%]
Acetamiprid 0.2 1.0 % 0.2 1.0% 0.2 1.1%
Deet 0.6 2.8 % 0.5 27 % 0.5 2.6 %
Demeton-S$methyl 0.9 4.6 % 0.9 4.6 % 1.0 51%
Fluometuron 0.7 34% 0.6 31% 0.7 33%
Dimethomorph 0.2 11% 0.2 12% 0.2 0.9 %
Fenamiphos-sulfoxide 0.5 2.6 % 0.5 2.6 % 0.5 27 %
[mazalil 0.3 1.3 % 0.2 0.8 % 0.2 0.9 %
Imidacloprid 0.4 22 % 0.5 24 % 0.4 21%
Oxadixy! 0.2 1.1% 0.3 13% 0.2 11%
Pendimethalin 3.6 18.2 % 3.2 16.2 % 2.9 147 % |
2,4-D [neq] 0.8 41 % 11 53 % 11 54 %




Dual-Channel LC-MS/MS: carry over test

Compound Details
Quan Peak

=

Confiming lons

Baby _food 05ppb imazall m/z: 158.96
F- + c ESI SRM ms2 297 055 [158 957-158 959, 200.862-200.864]

Baby food 05ppb imazalii m/z: 200.86
F- +c ESI SRM ms2 297 055 [158 957-158 959, 200 862-200.864]

Imazalil
0.5 ppb in baby food

RT 418 RT 418
AAC 20487 MA: 9365
AH 6613 MH: 3544
7 .0E3~ 4.0E3
6.0E34 e
5.0E3 ] e
= ] z2
2 ] B 25E3
S 40E34 £
E ] E 2083
30E34
] 1.5E3
2.0E3-] 10E3
1.0E34 5.0E2
0 T T T T T T T 0y T T T T T T T T
40 4.1 42 43 44 4.0 41 42 43 24
RT(min) RT(min)
[m/z 158.96 ~||| [miz 20088 ~|
|ApexRT: 419 LeftRT: 414 RightRT: 428 ||| |40.82% - 61.23% 200.86/158.96 = 45.71% e

Compound Details
Quan Peak

[FIx]

Baby_food_blanco_20210423062022 imazalil m/z: 158.96
F: + ¢ ESI SRM ms2 297.055 [158.957-158.959, 200.862-200.864]

Baby_food_blanco_20210423062023 imazalil m/z: 200.86
F: + C ESI SRM ms2 297.055 [158.957-158.959, 200.862-200.864]

Quant ion peak area 2.0E4

Cl

Cl
0 \F

<k

Imazalil

Blank baby food after 12 injections of

RT:4.19 RT: 4.18
AA: 5940 AA: 3203
AH: 2111 AH: 968
E 1.263-]
z.cuzaE 1083 ]
= E = 1]
Z 15635 2 g.0E2-]
5 E s ]
E E E
3 6.0E2-]
1.0E3 ]
E 4.0E2
5.0E2 1
E 2.0E2-|
o4 n_
" T T T T T T T ' T T T T T T T T T
40 41 42 43 44 40 41 42 43 44
RT(min) RT(min)
|m/z 158.96 | myz 200.86 ~
|ApexRT: 419 LeftRT: 414 Right AT: 427 |40.82% - 61.23% 200.86/158.96 = 53.92% ]

20 ppb standard
Quant ion peak area 6.0E3




Dual-Channel LC-MS/MS: carry over test

Compound Details

Quan Peak -~ ¥ | % [[[confirminglans  ~| = [x]

Baby_food_05ppb acetamiprid m/z: 125.70 Baby_food_05ppb acetamiprid miz 55.79
F: + € ESI SRM ms2 223.074 [55.785-55.787, 125.701-125.703] F: + CESI SRM ms2 223.074 [55.785-55.787, 125.701-125.703]
RT-271 RT-271
AR 94423 AA: 24893
AH: 41180 AH: 11372
40E4 i A ° °
cetamiprid
3.0E4 .
0.5 ppb in baby food
= 2
£ 2ses P ] D PPDO 1IN Daby TO0O0
] 3 1
i k area 9.4E4
Quant ion peak area 9.
1.0E4 i
2083
5.0E3 1
o o
T T T T T T T T T 2 T T T T T T T T T T
25 26 27 28 29 25 26 27 28 29
RT(min) RT(min) N
m/z 12570 | [miz 5570 ~ ~
ApexRT: 271 LeftRT: 2.6 Right RT: 2.84 Ul (21979 - 32.96% 55.79/125.70 = 26.36% 8 X N \N //
Compound Details
Quan Peak v = | X[ confirming lons ~| = [|x]
Baby_food_blanco_20210423062023 acetamiprid_miz: 125.70 Baby_food_blanco_20210423062023 acetamiprid_miz: 55.79
F: +c ESI SRM ms2 223 074 [55.785-55 787, 125.701-125.703] F: +c ESI SRM ms2 223 074 [55 785-55 787, 125 701-125.703]
RT 271 RT-271
MA: 23878 AA 6951

Acetamiprid

' Blank baby food after 12 injections of
20 ppb standard

Quant ion peak area 2.4E4

8.0E3-

6.0E3—

Intensity
Intensity

4.0E3—

20E3+

T T T T T T T T T T T T T T T T T T T T
27 238 29 25 26 27 28 29
RT{min) RT{min)

[miz 125.70 Al [mizs5570 ~
ApexRT: 271 LeftRT: 268 Right RT: 2.8 L 2197 - 32.96% 55790125




Dual-Channel LC-MS/MS: carry over test

Compound Details

Quan Peak ¥ X | Confiminglons = (%[l
Baby_food_05ppb bupirimate m/z 165.93 A X Baby _food 05ppb bupirimate m/z: 237.01
F: + ¢ ESI SRM ms2 317.164 [165.928-165.930, 237.011-237.013] = F: +c ESI SRM ms2 317.164 [165.928-165.930, 237.011-237.013]
RT. 6.02 RT. 6.03
AAC 35453 AAC 22349
AH: 11571 AH: 7224
1 7.063 B o o
upirimate
7] .
B g 0.5 ppb in baby food
.5 ppb in baby foo
£ soes B 1B .
! k area 1.2E4
_ Quant ion peak area 1.
4 2.0E3
2.0E3 1053
o T T T T T T T T T T 0Ly T T T T T T T T T
5.8 5.9 6.0 1 6.2 58 59 6.0 6.1 6.2
RT(min}) RT(min) N N
|m/z: 165.93 Al m/z 237.01 ~

|Apex RT: 6.02 LeftRT: 597 Right RT: 6.12

|42.04% - 63.06% 237.01/165.93 = 63.04% o

| |
| ”/)\H/\

Compound Details N
|| Quan Peak ~| ¥ | X | Corfiminglons v | X PR
Baby_food_blanco_20210423062023 bupirimate m/z: 165.93 Baby_food_blanco_20210423062023 bupirimate m/z: 237.01
F: +CESI SRM ms2 317.164 [165.928-165 930, 237.011-237.013] F: +c ES| SRM ms2 317.164 [165.928-165 930, 237.011-237.013]
L3 L3
: ’ Bupirimate
4.0E24 o . .
f Blank baby food after 12 injections of
-‘E’:' 3.0E2-] g
P 20 ppb standard
2062 =
.
/\ Quant ion peak area 0.0EQ
0 T . T ‘/n\ T T T T \/ 0y T T T T T T T
58 59 6.0 6.1 62 58 5.9 6.0 6.1 62
RT(min) RT(min)
|miz 165.93 A frvzzm7m ~
ApexRT: N/F  LefURT: 00D Right AT: 0.00 o | fe20e-m0s 370G S = A




Dual-Channel LC-MS/MS: carry over test

Compound Details

Quan Peak v| = | X | Confirminglons v ¥ x
Bahy food_05ppb carbendazim m/z: 159. Baby_food_05ppb carbendazim miz: 13
F: + C ESI SRM ms2 192.076 [131.928-131 330, 150 028150 930] F: + ¢ ESI SRM ms2 192,076 [131.928- 51850, 150.028-150 930]
RT-2.19 RT-2.19
AA 144935 AA 28772
AH: 66578 AH 12425
i 1 L3
Carbendazim
5.0E4-| 0B .
= ] = ]
| s f s 0.5 ppb in baby food
g e = —t g
£ il g ]
ti k area 1.4E5
] ] uant iIon peak area 1.
2084 4063
1.0E4-| 2063
n’ n’
T T T T T T T T T T T T T T T T T T T T
20 21 22 23 24 20 21 22 23 24 H
RT(min) RT(min)
m/z 15993 A mmine: ~
ApexRT: 219 LeftRT: 214 RightRT: 2.35 | 14179 - 21.26% 131.93/150.93 = 19.85%

Compound Detsils

Quan Peak v ¥ X || Confirminglons v X
Baby_food blanco_20210423062023 carbendazim m/z: 159.93 Baby_food blanco_20210423062023 carbendazim mJz: 131.93
F: + ¢ ES| SRM ms2 192.076 [131.928-131.930, 150.928-159.930] F: + ¢ ES| SRM ms2 192.076 [131.928-131.930, 150.928-159.930]
L

: : | Carbendazim

25E4 ]

] k| . . .
e } Blank baby food after 12 injections of
A 20 ppb standard

| 1.0E3

1.04] E X
j Quant ion peak area 0.0EQ
5.0E3 i
od T T T T T T T T T T ol T T T T T T T T T T
20 21 22 23 24 20 21 22 23 24
RT{min) RT(min)
m/z 15003 || fmiz 12193 ~
ApexFT: N/F  LeftRT: 000 Right RT: 000 3 T417% - 21.26% 1 3‘193259495: Nal% —




Dual-Channel LC-MS/MS: carry over test

Compound Details
Quan Peak v| = | ¥ | Confirminglons =[5
Baby_food_05ppb Demeton-S-methylsulfoxide miz: 169.05 Baby_food 05ppb Demeton-S-methylsulfoxide miz: 109.04
F: + ¢ ESI SRM ms2 247.000 [109.041-109.043, 169.053-169.055] F: + ¢ ESI SRM ms2 247.000 [109.041-109.043, 169.053-169.055]
RT 2.08 RT 208
AA 54435 AA- 31906
AH: 24557 AH: 14188
hylsulfoxid
Demeton-S-methylsulfoxide
E = .
2 e 0.5 ppb in baby food
2 15649 2 7 o DD In a V OO
2 E S 80E3 + T Ca
E 3 E
3 6.0E3-
, Quant ion peak area 5.5E4
E 4.0E3-
5.0E34 |
E 2.0E34
o4 n7
T T T T T T T T T T T T T T T T T T T T
19 20 21 22 23 19 20 21 23 23
RT(min) RT(min)
mfz 160.05 ~ m/z: 100.04 ~| o o
Apex RT: 2.08 Left RT: 2.04 Right RT: 2.16 v 39.72% - 59.58% 109.04/169.05 = 58.55% g ﬂ
P P S e S T e T T e an ~ V\S'b\o/
~N
Compound Details
Quan Peak ~ ¥ X Confirming lons ~| ¥ X
Baby_food_blanco_20210423062022 Demeton-S-methylsulfoxide m/z: 169.05 Baby_food_blanco_20210423062023 Demeton-S-methylsulfoxide m/z: 109.04
F: + c ESI SRM ms2 247.000 [109.041-109.043, 169.053-169.055] F: + ¢ ESI SRM ms2 247.000 [109.041-109.043, 169.053-169.055]
hylsulfoxid
: , Demeton-S-methylsulfoxide
lank baby food after 12 injecti f
] s Blank baby food after 12 injections o
3 1 z 2.0E3 - -
g £ 20 ppb standard
E 3 =
ppb standar
] ;
E 1.0E3.
Quant ion peak area 0.0EQ
3 5.0E2
ix 0.
19 20 21 22 23 19 20 21 22 23
RT(min) RT(min)
mfz 169.05 ~ m/z 109.04 ~
Apex RT: N/F Left RT: 0.00 Right RT: 0.00 " 39.72% - 59.58% 109.04/169.05 = NaN%
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@ Conclusions

» Dual-Channel LC-QqQ-MS/MS can be used to increase sample throughput 70 %

 This technique can also be used to improve selectivity without sacrificing analysis time

* Furthermore, two different mobile phases can be employed simultaneously

» Most compounds could be validated on baby food at 0.003 mg/kg, with minimum carry over

* In summary, Dual-Channel instrumentation provides laboratories advantages in analysis time,
selectivity, and sensitivity
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