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Dual channel liquid chromatography: a 

versatile technique to improve quality and 

sample throughput
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Amadeo R. Fernández-Alba

Moderador
Notas de la presentación
Cromatografía líquida de doble canal: una técnica versátil para mejorar la calidad y el rendimiento de los análisis
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How to reduce the analysis time?  
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Moderador
Notas de la presentación
Una de las preguntas más frecuentes en los laboratorios es cómo reducir el tiempo de los análisis. Para esto hay diferentes estrategias que se pueden seguir. Una sería usar columnas más cortas, o gradients más rápidos, o flujos mayores. El problema es que esto puede tener algunos inconvenientes, ya que al ser más pequeña la separación, hay más compuestos coeluyendo y puede haber problemas de interferencias o de efecto matriz que lleven a una disminución de la sensibilidad. 
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Notas de la presentación
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Another option to reduce the analysis time
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First analyte Last analyte

Moderador
Notas de la presentación
Una estrategia que se puede seguir es usar un Sistema de cromatografía dual channel, que se basa en aprovechar los tiempos en los que el espectrómetro de masas está inactivo. En este cromatograma, el MS está adquiriendo datos desde que eluye el primer analito hasta que eluye el último,. El tiempo antes y después, el MS está inactivo, mientras la columna se está equilibrando. 



Another option to reduce the analysis time
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First analyte Last analyte

MS is idle MS is idle

Moderador
Notas de la presentación
Una estrategia que se puede seguir es usar un Sistema de cromatografía dual channel, que se basa en aprovechar los tiempos en los que el espectrómetro de masas está inactivo. En este cromatograma, el MS está adquiriendo datos desde que eluye el primer analito hasta que eluye el último,. El tiempo antes y después, el MS está inactivo, mientras la columna se está equilibrando. 
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Dual-Channel LC-MS/MS: general diagram

Triple 
Quadrupole 

Thermo Scientific ™ Transcend™ Duo LX-2 UHPLC System

Moderador
Notas de la presentación
Este tipo de cromatógrafo es similar a un cromatógrafo convencional de cromatografía líquida, pero tiene dos bombas, dos válvulas de inyección y dos columnas cromatográficas. 



Dual-Channel LC-MS/MS: sample throughput
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Notas de la presentación
Entonces, cuando trabajamos con un solo canal, si tenemos dos análisis consecutivos, la ventana de datos sería el tiempo en el que el nuestros analitos están eluyendo y el MS está adquiriendo datos. Y el tiempo antes y después el eluyente va al desecho. E igual ocurre para el siguiente análisis. Pero si trabajamos con dual channel, mientras la columna del canal 1 se está reeqiuilibrando, en el segundo canal se puede inyectar otra muestra 



Dual-Channel LC-MS/MS: sample throughput
 

  

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
Time (min)

 

   

 
       

  

Channel 1

Channel 2

Channel 1

 

  

2 3 4 5 6 7 8 9 10 11
Time (min)

 

   

 
       

  

Output data

Datafile 1

 

  

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
Time (min)

 

   

 
       

  
 

  

2 3 4 5 6 7 8 9 10 11
Time (min)

 

   

 
       

  

Datafile 2

 

  

1 2 3 4 5 6 7 8 9 10 11 12 13
Time (min)

 

   

 
       

  

 

  

2 3 4 5 6 7 8 9 10 11
Time (min)

 

   

 
       

  

Datafile 3

Moderador
Notas de la presentación
De esta forma, dos inyecciones consecutivas se solapan parcialmente, y lo único que entra en el MS son nuestros analitos, lo que se encuentra dentro de la Ventana de datos. 
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Datafile 3

1.1 min 10.45 min 5.45 min

Moderador
Notas de la presentación
De esta manera, el tiempo total de análisis de este ejemplo se reduciría de 17 a 11 minutos



Dual-Channel LC-MS/MS: sample throughput
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• With Dual-Channel chromatography, 
pre-acquisition and post-acquisition
MS-idle times are removed

• Sample throughput is increased over
70 %
(45 injections in an 8 hr period)

Moderador
Notas de la presentación
Lo cual, en una hora puede que no suponga mucho, pero si el equipo trabaja durante la jornada de trabajo, unas 8 horas, el tiempo de análisis ya pasa de 26 a 45, y si estuviese todo el día funcionando, el aumento ya sí sería considerable.



Dual-Channel LC-MS/MS: strategies

Channel 1

Channel 2

Reduce time of analyses

1 • Same column

• Same mobile
phases

• Same method

• Different samples
injected in each
channel

Moderador
Notas de la presentación
Trabajando en dual channel se pueden seguir diferentes estrategias, dependiendo de lo que necesitemos y de lo que queramos conseguir. Por ejemplo, una primera estrategia sería tener la misma columna, mismo método y fases móviles en los dos canales, e inyectar diferentes muestras en cada canal. En una secuencia, la primera muestra iría en el canal 1, la 2ª en el 2, la tercera de nuevo en el 1 y así sucesivamente. Esto permite reducir el tiempo de análisis, como hemos visto anteriormente. 



Single and Dual-Channel validation

• Validation experiments were performed employing single channel and Dual-Channel

• A total of 273 LC-amenable pesticide residues were evaluated

• Three matrices belonging to two different commodity groups were studied

• Samples were extracted employing citrate-buffered QuEChERS method

• Validation criteria as per the Document Nº SANTE/12682/2019

Moderador
Notas de la presentación
Trabajando de este modo se llevó a cabo una validación del método, comparándolo con el modo en un solo canal, que sería la cromatogra´fia convencional. La validación se hizo para 273 pesticidas applying the QuEChERS extraction method, en manzana, pimiento y Naranja. 



Single and Dual-Channel validation: apple
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Single and Dual-Channel validation: bell pepper

Technique <70% 70-120% >120%

Single channel 
0.01 mg/kg 2 271 -

Dual-Channel 
0.01 mg/kg 2 271 -

Single channel 
0.1 mg/kg 2 271 -

Dual-Channel
0.1 mg/kg 2 271 -
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Moderador
Notas de la presentación
Similar results were obtained for bell pepper



Single and Dual-Channel validation: orange

Technique <70% 70-120% >120%

Single channel 
0.01 mg/kg 2 271 -

Dual-Channel 
0.01 mg/kg 2 271 -

Single channel 
0.1 mg/kg 2 271 -

Dual-Channel
0.1 mg/kg 2 271 -
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Notas de la presentación
And for orange



Single and Dual-Channel validation: apple

Technique <5% 5-20% >20%

Single channel 
0.01 mg/kg 87% 13% -

Dual-Channel
0.01 mg/kg 88% 12% -

Single channel
0.1 mg/kg 98% 2% -

Dual-Channel
0.1 mg/kg 98% 2% -
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Moderador
Notas de la presentación
In terms of repeatibility, all pesticides presented RSD values below 20% with both approaches for apple



Single and Dual-Channel validation: bell pepper

Technique <5% 5-20% >20%

Single channel 
0.01 mg/kg 89% 11% -

Dual-Channel
0.01 mg/kg 91% 9% -

Single channel
0.1 mg/kg 98% 2% -

Dual-Channel
0.1 mg/kg 98% 2% -
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Notas de la presentación
as well as for bell pepper



Technique <5% 5-20% >20%

Single channel 
0.01 mg/kg 85% 15% -

Dual-Channel
0.01 mg/kg 65% 35% -

Single channel
0.1 mg/kg 98% 2% -

Dual-Channel
0.1 mg/kg 69% 31% -

Single and Dual-Channel validation: orange
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Notas de la presentación
And orange



Dual-Channel LC-MS/MS: retention time stability
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Notas de la presentación
También se evaluó la estabilidad del tiempo de retención. Aquí se muestra una secuencia de más de 100 inyecciones de pymetrozina en diferentes matrices, alternando canal 1 y canal 2. The relative retention time was very stable and in compliant with the ±0.1 min requirement. Pero cuando se trabaja con dual channel, el tiempo de retención es tiempo relative.



• Retention time is measured differently in single channel compared to Dual-Channel

• Single channel:
• Sample injection 0.0 min
• Retention time (absolute) time an analyte spends on the LC-MS system

• Dual-Channel:
• 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

Absolute

Relative

Moderador
Notas de la presentación
En cromatografía normal, el tiempo 0 se establece en el momento de la inyección de la muestra, y el tiempo de retención del cromatograma está relacionado con el tiempo que el analito pasa en el Sistema. En este caso sería tiempo de retención absolute. 
Pero en dual channel, el tiempo de retención 0 corresponde con el comienzo de la Ventana de datos, no de la inyección. Por eso, en dual-channel el tR es relative, y es más corto que el de un solo canal. 



• Calibration standards can be injected using one channel, two channels, or either channel

Dual-Channel LC-MS/MS: (cross-channel) calibration
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Moderador
Notas de la presentación
the linearity was also evaluated.
Calibration standards can be injected using in-channel calibration for channel 1 and for channel 2
In the cross-channel calibration approach, one part of the points is injected on channel 1 and the other on channel 2. 
Samples injected on both channels are quantified using this calibration curve



• Calibration standards can be injected using one channel, two channels, or either channel

Dual-Channel LC-MS/MS: (cross-channel) calibration
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Moderador
Notas de la presentación
the linearity was also evaluated.
Calibration standards can be injected using in-channel calibration for channel 1 and for channel 2
In the cross-channel calibration approach, one part of the points is injected on channel 1 and the other on channel 2. 
Samples injected on both channels are quantified using this calibration curve



Single and Dual-Channel validation
Compound

In-channel 
calibration/sample 

injected on channel 1

In-channel 
calibration/sample 

injected on channel 2

Cross-channel 
calibration/sample 

injected on channel 1

Cross-channel 
calibration/sample 

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

EUPT-FV 17
(broccoli)

Cal.: Channel 1
Sample: Channel 1

Cal.: Channel 2
Sample: Channel 2 

Cal.: Cross-Channel
Sample: Channel 1

Cal.: Cross-Channel
Sample: Channel 2

ǀz scoresǀ

Moderador
Notas de la presentación
To evaluate the applicability of dual-channel chromatography, six proficiency test samples were injected on both channels and quantified using in-channel and cross-channel calibration
These are the z-score values calculated for each pesticide and the results were very similar using both quantification approaches
This is the example of broccoli



Single and Dual-Channel validation
Compound

In-channel 
calibration/sample 

injected on channel 1

In-channel 
calibration/sample 

injected on channel 2

Cross-channel 
calibration/sample 

injected on channel 1

Cross-channel 
calibration/sample 

injected on channel 2

Carbendazim 0.7 0.7 0.7 0.6

Chlorpyrifos 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

Methomyl 0.2 0.2 0.2 0.3

Oxamyl 1.3 1.6 1.4 1.6

Pendimethalin 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 0.1 0.2 0.1 0.3

EUPT-FV 13
(mandarin)

ǀz scoresǀ

Moderador
Notas de la presentación
And for mandarin similar results were obtained



Single and Dual-Channel validation
Compound

In-channel 
calibration/sample 

injected on channel 1

In-channel 
calibration/sample 

injected on channel 2

Cross-channel 
calibration/sample 

injected on channel 1

Cross-channel 
calibration/sample 

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 0.3 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 0.1 0.2 0.0 0.1

EUPT-FV 16
(bell pepper)

ǀz scoresǀ



Single and Dual-Channel validation
Compound

In-channel 
calibration/sample 

injected on channel 1

In-channel 
calibration/sample 

injected on channel 2

Cross-channel 
calibration/sample 

injected on channel 1

Cross-channel 
calibration/sample 

injected on channel 2

Chlorantraniliprole 0.4 0.4 0.4 0.4

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

Dimethoate 
(dimethoate+omethoate) 1.1 1.1 1.1 1.1

Famoxadone 0.2 0.4 0.1 0.5

Fluopyram 0.3 0.2 0.3 0.2

Imidacloprid 0.4 0.7 0.4 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 0.4 0.4

EUPT-FV 18
(spinach)

ǀz scoresǀ



Dual-Channel LC-MS/MS: strategies

Channel 1

Channel 2

Better separation with longer columns, 
increase sensitivity and/or selectivity. 

2 • Same column

• Same mobile
phases

• Same method

• Different samples
injected in each
channel

Moderador
Notas de la presentación
Una segunda estrategia a seguir trabajando con dual channel podría ser intentar mejorar la separación de los analitos usando columnas más largas. De esta manera, parte del tiempo que se pierde al aumentar el tiempo de análisis, se recupera trabajando en dual channel. De esta manera tendríamos la misma columna cromatográfica larga en cada canal, la misma fase móvil, y se irían inyectando las distintas muestras. Así se consigue una mejor separación de los compuestos, evitando posibles interferencias o efecto matriz.



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

• Chromatographic columns of 100 mm and 150 mm 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 (Thermo Scientific™ Q Exactive™ Focus
system)

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



Dual-Channel LC-MS/MS: longer column length
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Using Dual-Channel chromatography and a
150 mm column results in shorter analysis
times per sample compared to a single
channel analysis on a 100 mm column

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

Moderador
Notas de la presentación
The gradient developed for the shorter column was multiplied by 1.5 to obtain the gradient for the longer column
The corresponding data window was set for the new gradient
Here you can see that the time needed to analyze one sample using the longer column with dual channel chromatography, was still shorter than the time needed to analyze one sample using the shorter column with the single channel approach



Dual-Channel LC-MS/MS: longer column length
TSQ Altis
Triple quadrupole
100 mm column

Azinphos methyl & phosmet coelution

m/z 318 -> 132

Interfering transition of phosmetAzinphos methyl

m/z 318 -> 159

Moderador
Notas de la presentación
With the shorter column, azinphos-methyl and phosmet have very similar retention times, and they share one transition.
As the sensitivity for Phosmet is much higher, it makes impossible the integration of azinphos-methyl. 



Dual-Channel LC-MS/MS: longer column length
TSQ Altis
Triple quadrupole
150 mm column

Azinphos methyl & phosmet coelution

m/z 318 -> 132

Phosmet is separated from azinphos methylAzinphos methyl

m/z 318 -> 159

Moderador
Notas de la presentación
However, with the longer column, both compounds are well separated, and this problem does not exist.




Dual-Channel LC-MS/MS: longer column length
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𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑖𝑖𝑖𝑖 𝑚𝑚𝑚𝑚𝑠𝑠𝑚𝑚𝑖𝑖𝑚𝑚

·100

• Matrix effects were more
pronounced on Q-Orbitrap than
in TSQ

• Reducing ion suppression
achieves greater sensitivity and
better quantitation

• Particularly important for matrix-
matched calibration



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

Solvent Orange 
extract

Matrix effects
-94%

Matrix effects
-47%

0.01 mg/kg of azinphos-methyl
Full Scan MS

m/z 318.0131 ± 5 ppm
Solvent Orange 

extract

QExactive Focus
High-resolution MS
100 mm column

QExactive Focus
High-resolution MS
150 mm column

Moderador
Notas de la presentación
Cuando se inyecta con alta resolución es más lento y por eso se tienen menos puntos por pico. En esos casos es más clara la ventaja de usar una columna más larga. 



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

Bromuconazole (first peak)
Full scan MS
375.9614 ± 5 ppm

Cyproconazole (first peak)
Full scan MS
292.1211 ± 5 ppm

Paclobutrazole
Full scan MS
294.1368 ± 5 ppm

Common fragment ion
AIF MS2

70.03997 ± 5 ppm
(Most sensitive fragment)

 

  

7.3 7.4 7.5 7.6
 

 

7.52

7.56

7.48

7.48

 
   

      
   

 
   

      
   

 
   

      
   

 
   

      
 

   

 

  

9.7 9.8 9.9 10.0 10.1 10.2 10.3 10.4
Time (min)

 

10.25

10.06

9.82

9.81

 
     

      
 

 
     

      
 

 
     

      
 

 
      

    
   

100 mm column 150 mm column

N
N

N

Cl

Cl

O

Br H+

N
NN

HO
Cl H+

OH

Cl
N

N
N

H+

N

N
N

N
N

N

Cl

Cl

O

Br H+

N
NN

HO
Cl H+

OH

Cl
N

N
N

H+



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

100 mm column 150 mm column

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

Dwell time 10 – 50 msDwell time < 10 ms Dwell time > 50 ms

300 pesticides / 600 transitions

Number of transitions per cycle Number of transitions per cycle

Moderador
Notas de la presentación
A longer column can also improve the sensitivity of the method because The dwell times are longer  
El dwell time se ajusta automáticamente y con la columna larga se obtienen mayores tiempos, que se traduce en una major sensibilidad. 



Dual-Channel LC-MS/MS: strategies

Channel 1

Channel 2

3

Improve sensitivity

• Same column

• Different mobile
phases

• Different method

• Same sample
injected in each
channel

+

-

Moderador
Notas de la presentación
Una tercera estrategia para usar el Sistema de dual channel sería inyectando la misma muestra en los dos canales, con la misma columna cromatográfica, pero con métodos distintos, en este caso don distintas polaridaddes, y con distintas fases móviles, cada una la óptima para cada polaridad. De esta manera lo que se pretende no es un ahorro de tiempo sino de sensibiidad, al trabajar con las condiciones específicas para cada polaridad. 



Area 507372
Height 25570

Area 290732
Height 64745

Area 202545
Height 34897

Area 338508
Height 65184

Area 307571
Height 65242

Water/MeOH/formic acid/ammonium formate Water/AcN Water/AcN + 0.01 % acetic acid

Water/AcN + 0.02 % acetic acid Water/AcN + 0.05 % acetic acid

Gradient 1 Gradient 2

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

Ioxynil
I

I
HO

N

Moderador
Notas de la presentación
the majority of LC amenable pesticides ionise in the positive mode. So, the mobile phase is usually optimised to increase the sensitivity in this polarity mode. The goal of this study was to develop two chromatographic methods (one for positive and one for negative polarity) to improve the overall sensitivity of the analytical method. The method for the positive polarity compounds had been already developed for the applications I already mentioned.
the second method, designed to improve the sensitivity of the negative polarity compounds, was optimised.
After several trials, water and acetonitrile were selected for the final testing.
Acetic acid at different concentrations was used as a modifier
With pure water and pure acetonitrile, some compounds showed a very high response but very strong fronting 
The addition of acetic acid improved peak shapes resulting in an increased peak height and improved S/N ratio
No significant differences were observed when comparing different concentrations of the modifier
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TIC positive polarity
TIC negative polarity

0%
10%
20%
30%
40%
50%
60%
70%
80%
90%

100%

0 2 4 6 8 10 12 14

M
ob

ile
 p

ha
se

 B

Time [min}

Tomato

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

Moderador
Notas de la presentación

En negative los tiempos son menores porque son menos compuestos.
For method 2, a steeper and shorter gradient was employed. 
It was posible because the number of analytes was lower than in gradient 1, and also because the negative ionization is more selective than the positive mode. 
This higher selectivity means that fewer compounds are ionised in this mode .
Therefore, the possibility of matrix interferences was lower, as you can see in the total ion chromatograms of tomato blank extracts obtained with gradient 1
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Dual-Channel LC-MS/MS: different mobile phases

Moderador
Notas de la presentación
A similar profile was observed for orange
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Dual-Channel LC-MS/MS: different mobile phases

Moderador
Notas de la presentación
For avocado



TIC positive polarity
TIC negative polarity
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Dual-Channel LC-MS/MS: different mobile phases

Moderador
Notas de la presentación
And for onion



Positive polarity
Gradient 1

Water:MeOH
Formic acid (0.1 %)

Ammonium formate (5 mM)

Negative polarity
Gradient 2

Water:AcN
Acetic acid (0.05 %)

. . To MSTo waste
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1.85
min 3.9 min 2.75 min 3 min

Elution

TFNA Meptyldinocap

Reequilibration

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

Moderador
Notas de la presentación
Here you can see the 2 optimized gradients and the corresponding data windows
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Channel 2

Two injections of sample 1

Two injections
of sample 2

S1 (+)

S1 (-)

S2 (+)

S2 (-)

S3 (+)

S3 

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

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

Moderador
Notas de la presentación
In this methodology, the two columns were synchronised for the simultaneous analysis of two injections of the same sample extract. One injection on column 1 using gradient 1 and one injection on column 2 using gradient 2
The sample throughput using the dual channel was equivalent to the sample throughput of a single channel using polarity switching�Another practical aspect, is that Each gradient has its column, so there was no problem with column re-equilibration




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

Dithianon0.001 mg/kg 0.020 mg/kg
O N

N
O

Single channel
Gradient 1

Water:MeOH
Formic acid (0.1 %)

Ammonium formate (5 mM)

Dual-channel
Gradient 2
Water:AcN
Acetic acid (0.05 %)

Moderador
Notas de la presentación
In the case of dithianon we could not detect the compound at 20 ppb using gradient 1 , but when gradient 2 was employed, it was posible to detect it at 1 ppb



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

Ioxynil0.0005 mg/kg 0.001 mg/kg

Single channel
Gradient 1

Water:MeOH
Formic acid (0.1 %)

Ammonium formate (5 mM)

Dual-channel
Gradient 2
Water:AcN
Acetic acid (0.05 %)

I

I
HO

N



Compound Recoveries
0.003 mg/kg

RSD 
0.003 mg/kg

Recoveries
0.006 mg/kg

RSD
0.006 mg/kg

Lowest 
calibration level

(mg/kg)

Highest 
calibration level

(mg/kg)

2,4-D - - - - 0.006 0.02
Bromacil 110 % 5 % 97 % 3 % 0.0005 0.02
Dithianon - - - - - -
Diuron 103 % 5 % 101 % 3 % 0.0005 0.02
Fensulfothion 102 % 5 % 104 % 3 % 0.0005 0.02
Fensulfothion-oxon-sulfone 104 % 5 % 95 % 4 % 0.0005 0.02
Fipronil 100 % 4 % 92 % 3 % 0.0005 0.02
Fipronil-desulfinyl 99 % 7 % 100 % 3 % 0.0005 0.02
Fipronil-sulfone 103 % 3 % 108 % 3 % 0.0005 0.02
Flubendiamide 25 % 224 % 98 % 14 % 0.003 0.02
Fludioxonil 93 % 6 % 102 % 6 % 0.0005 0.02
Haloxyfop 97 % 13 % 93 % 6 % 0.003 0.02
Hexaflumuron - - 106 % 11 % 0.003 0.02
Ioxynil 118 % 3 % 105 % 6 % 0.001 0.02
Lufenuron 83 % 22 % 75 % 30 % 0.003 0.02
MCPA - - 94 % 13 % 0.003 0.02
MCPB - - - - - -
Meptyldinocap - - 130 % 29 % 0.006 0.02
(E)-Metaflumizone 84 % 5 % 85 % 6 % 0.001 0.02
(Z)-Metaflumizone 109 % 3 % 102 % 5 % 0.001 0.02
Penthiopyrad 100 % 2 % 100 % 1 % 0.0005 0.02
Prothioconazole 107 % 12 % 110 % 11 % 0.003 0.02
Prothioconazole-desthio 106 % 8 % 94 % 5 % 0.0005 0.02
Teflubenzuron 100 % 9 % 105 % 2 % 0.001 0.02
TFNA - - - - - -
TFNG 26 % 224 % 47 % 93 % - -

Single channel
Gradient 1

Water:MeOH
Formic acid (0.1 %)

Ammonium formate (5 mM)

Dual-channel
Gradient 2

Water:AcN
Acetic acid (0.05 %)

Compound Recoveries
0.003 mg/kg

RSD 
0.003 mg/kg

Recoveries
0.006 mg/kg

RSD
0.006 mg/kg

Lowest 
calibration level

(mg/kg)

Highest 
calibration level

(mg/kg)

2,4-D 97 % 11 % 109 % 6 % 0.001 0.02
Bromacil 101 % 6 % 104 % 4 % 0.0005 0.02
Dithianon 96 % 3 % 96 % 3 % 0.0005 0.02
Diuron 99 % 3 % 99 % 2 % 0.0005 0.02
Fensulfothion 99 % 3 % 100 % 3 % 0.0005 0.02
Fensulfothion-oxon-sulfone 100 % 4 % 103 % 2 % 0.0005 0.02
Fipronil 103 % 1 % 101 % 1 % 0.0005 0.02
Fipronil-desulfinyl 101 % 2 % 100 % 2 % 0.0005 0.02
Fipronil-sulfone 98 % 2 % 100 % 2 % 0.0005 0.02
Flubendiamide 104 % 1 % 97 % 2 % 0.0005 0.02
Fludioxonil 105 % 5 % 103 % 2 % 0.0005 0.02
Haloxyfop 96 % 5 % 101 % 3 % 0.003 0.02
Hexaflumuron 94 % 5 % 104 % 8 % 0.0005 0.02
Ioxynil 101 % 2 % 103 % 3 % 0.0005 0.02
Lufenuron 108 % 6 % 102 % 3 % 0.0005 0.02
MCPA 114 % 7 % 99 % 3 % 0.001 0.02
MCPB - - 115 % 10 % 0.006 0.02
Meptyldinocap 86 % 14 % 118 % 6 % 0.003 0.02
(E)-Metaflumizone 103 % 2 % 95 % 1 % 0.0005 0.02
(Z)-Metaflumizone 104 % 1 % 105 % 2 % 0.0005 0.02
Penthiopyrad 103 % 3 % 101 % 1 % 0.0005 0.02
Prothioconazole 106 % 3 % 90 % 5 % 0.0005 0.02
Prothioconazole-desthio 101 % 2 % 100 % 2 % 0.0005 0.02
Teflubenzuron 107 % 3 % 95 % 2 % 0.0005 0.02
TFNA - - 98 % 7 % 0.006 0.02
TFNG 103 % 8 % 101 % 5 % 0.003 0.02

Dual-Channel LC-MS/MS: apple baby food validation

Moderador
Notas de la presentación
The methodology was evaluated for the analysis of pesticide residues in baby food.
According to the legislation, baby food shall not contain pesticide residues above 10 ppb.
However, there is a group of pesticides with maximum residue level set at 3 ppb.
So the recovery studies were performed at 3 and 6 ppb for all pesticides.
The behavior of 26 selected pesticides was compared using gradient 1 and 2.
The table shows recoveries and rsd values at the two spiking levels for apple baby food.
These are the results for gradient 1, where at 6 ppb some compounds couldn’t be detected
With the application of gradient 2, all the compounds complied with the validation criteria



Compound Recoveries
0.003 mg/kg

RSD 
0.003 mg/kg

Recoveries
0.006 mg/kg

RSD
0.006 mg/kg

Lowest 
calibration level

(mg/kg)

Highest 
calibration level

(mg/kg)

2,4-D - - 123 % 9 % 0.01 0.02
Bromacil 100 % 1 % 100 % 5 % 0.0005 0.02
Dithianon - - - - - -
Diuron 100 % 3 % 100 % 4 % 0.0005 0.02
Fensulfothion 93 % 4 % 104 % 2 % 0.0005 0.02
Fensulfothion-oxon-sulfone 92 % 4 % 100 % 5 % 0.0005 0.02
Fipronil 94 % 5 % 94 % 6 % 0.0005 0.02
Fipronil-desulfinyl 96 % 6 % 95 % 4 % 0.0005 0.02
Fipronil-sulfone 99 % 6 % 99 % 3 % 0.0005 0.02
Flubendiamide 76 % 14 % 95 % 8 % 0.001 0.02
Fludioxonil 107 % 10 % 93 % 8 % 0.0005 0.02
Haloxyfop 74 % 5 % 99 % 10 % 0.003 0.02
Hexaflumuron - - 84 % 36 % 0.006 0.02
Ioxynil 103 % 5 % 103 % 3 % 0.0005 0.02
Lufenuron 95 % 17 % 103 % 20 % 0.001 0.02
MCPA 96 % 73 % 98 % 10 % 0.003 0.02
MCPB - - - - - -
Meptyldinocap - - 119 % 30 % 0.006 0.02
(E)-Metaflumizone 94 % 40 % 99 % 18 % 0.0005 0.02
(Z)-Metaflumizone 102 % 5 % 108 % 8 % 0.0005 0.02
Penthiopyrad 99 % 3 % 104 % 2 % 0.0005 0.02
Prothioconazole - - 108 % 12 % 0.006 0.02
Prothioconazole-desthio 107 % 5 % 100 % 3 % 0.0005 0.02
Teflubenzuron 115 % 15 % 109 % 17 % 0.001 0.02
TFNA - - - - - -
TFNG - - - - - -

Single channel
Gradient 1

Water:MeOH
Formic acid (0.1 %)

Ammonium formate (5 mM)

Dual-channel
Gradient 2

Water:AcN
Acetic acid (0.05 %)

Compound Recoveries
0.003 mg/kg

RSD 
0.003 mg/kg

Recoveries
0.006 mg/kg

RSD
0.006 mg/kg

Lowest 
calibration level

(mg/kg)

Highest 
calibration level

(mg/kg)

2,4-D 94 % 10 % 94 % 6 % 0.003 0.02
Bromacil 95 % 6 % 95 % 4 % 0.0005 0.02
Dithianon 81 % 6 % 86 % 6 % 0.003 0.02
Diuron 106 % 4 % 100 % 2 % 0.0005 0.02
Fensulfothion 99 % 3 % 102 % 2 % 0.0005 0.02
Fensulfothion-oxon-sulfone 105 % 3 % 101 % 3 % 0.0005 0.02
Fipronil 97 % 2 % 103 % 0 % 0.0005 0.02
Fipronil-desulfinyl 97 % 0 % 105 % 1 % 0.0005 0.02
Fipronil-sulfone 99 % 1 % 112 % 1 % 0.0005 0.02
Flubendiamide 98 % 3 % 104 % 2 % 0.0005 0.02
Fludioxonil 102 % 6 % 102 % 5 % 0.001 0.02
Haloxyfop 102 % 4 % 103 % 3 % 0.001 0.02
Hexaflumuron 95 % 6 % 95 % 8 % 0.0005 0.02
Ioxynil 103 % 2 % 102 % 2 % 0.0005 0.02
Lufenuron 96 % 6 % 103 % 5 % 0.0005 0.02
MCPA 102 % 4 % 94 % 7 % 0.003 0.02
MCPB - - 115 % 18 % 0.006 0.02
Meptyldinocap 93 % 16 % 119 % 14 % 0.003 0.02
(E)-Metaflumizone 89 % 2 % 96 % 2 % 0.0005 0.02
(Z)-Metaflumizone 96 % 3 % 98 % 5 % 0.0005 0.02
Penthiopyrad 99 % 2 % 100 % 2 % 0.0005 0.02
Prothioconazole 98 % 5 % 102 % 7 % 0.0005 0.02
Prothioconazole-desthio 92 % 3 % 106 % 2 % 0.0005 0.02
Teflubenzuron 94 % 4 % 120 % 4 % 0.0005 0.02
TFNA - - 99 % 3 % 0.006 0.02
TFNG 96 % 9 % 95 % 5 % 0.003 0.02

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



Dual-Channel LC-MS/MS: strategies

Channel 1

Channel 2

4 • Different columns

• Different mobile
phases

• Different methods

• Different extracts
of the same sample
injected in each
channelReduce time of analyses

MRM

SRM



Fosetyl-aluminium

Glufosinate

N-acetyl-glufosinate

Phosphonic acid

AMPA

Glyphosate

N-acetyl -AMPA

N-acetyl glyphosate

Etephon HEPA MPPA

H

H

Dual-Channel LC-MS/MS: MRM and SRM compounds
List of SRM compounds



9 mL H2O 
+ 10 mL MeOH

Shake & Centrifuge

5 g sample

9 mL H2O + 10 mL MeOH
+ 1 mL EDTA (10% m/V)

Shake, & Centrifuge

2 g sample

Extraction
SRM 

compounds

1 mL
(MeOH-diluted extract)

0.6 mL MeOH

0.4 mL
MeOH : HCl (1M) (90:10)

1 mL MeOH

Automated µSPE
50 mg SAX

6 mL
(H2O-diluted extract)

5 mL MeOH + 5 mL H2O

Manual SPE
500 mg Hypercarb

Condi-
tioning

Sample
Loading

H
ypercarb

clean-up

Dual-Channel LC-MS/MS: MRM and SRM compounds

Visit Poster A19
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Moderador
Notas de la presentación
En SRM se usa columna HIIc, que se ensucian mucho y no se limpian bien despu´çes de cada análisis, por lo que es importante llevar a cabo un clean up más exhaustivo.



Mobile phase A: Water 1.2% formic acid

Mobile phase B: Acetonitrile 0.5% formic acid

Flow: 0.5 mL/min

Injection volume: 10 µL
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Dual-Channel LC-MS/MS: MRM and SRM compounds
C18 column HILIC column

Mobile phase A: Water (2% MeOH, 0.1 % formic 
acid, 5 mM ammonium formate)

Mobile phase B: MeOH (2% water, 0.1 % formic 
acid, 5 mM ammonium formate)

Flow: 0.35 mL/min     Injection volume: 2.5 µL

Moderador
Notas de la presentación
APP anionic polar pesticides Waters (HILIC)



Gradient 1
Water:MeOH

Formic acid (0.1 %)
Ammonium formate (5 mM)

Gradient 2
Water 1.2% formic acid

AcN 0.5% formic acid

. . To MSTo waste

0 2 4 6 8 10 12 14 16 18 20
Time (min)

1.10 min 9.35 min10.45 min

1.00 min 10 min12 min

MRM
Compounds
C18 Column

Highly polar
pesticides

HILIC Column

Dual-Channel LC-MS/MS: MRM and SRM compounds

200 2 4 6 8 10 12 14 16
Time (min)

18 20 22

Using Dual-Channel chromatography and 2
different columns allows the simultaneous analysis
of MRM and SRM compounds



Channel 1
C18 Column

Channel 2
HILIC Column

Channel 1
C18 Column

Output data

Datafile 1 Datafile 2 Datafile 3

0 2 4 6 8 10 12 14 16 18 20
Time (min)

0 2 4 6 8 10 12 14 16 18 20
Time (min)

200 2 4 6 8 10 12 14 16
Time (min)

18 20 22

0 2 4 6 8 10
Time (mi

Datafile 4

Channel 2
HILIC Column

Dual-Channel LC-MS/MS: MRM and SRM compounds

Two injections of 
sample 1

(acetonitrile and 
MeOH/H2O

based extractions)



Channel 1
HILIC Column

Channel 2
C18 Column

Channel 1
HILIC Column

Output data

Sample 1 (SRM) Sample 1 (MRM)

0 2 4 6 8 10
Time (min)

0 2 4 6 8 10 12 14 16 18 20
Time (min)

200 2 4 6 8 10 12 14 16
Time (min)

18 20 22

200 2 4 6 8 10 12 14 16
Time (min)

18 20 22

Channel 2
C18 Column

Dual-Channel LC-MS/MS: MRM and SRM compounds
Two injections of 

sample 1
(MeOH/H2Oand 

acetonitrile based
extractions)

Sample 2 (SRM) Sample 2 (MRM)
21.45 min 21.45 min

On a single-channel instrument,
only one analysis in 22 min of

SRM or MRM compounds

Moderador
Notas de la presentación
In this methodology, two different columns were synchronised for the simultaneous analysis of two injections of two extracts of the same sample. 
One injection on a HILIC column using SRM gradient and one injection on a C18 column using MRM gradient 
The sample throughput using the dual channel was equivalent to the sample throughput of a single channel using only one of the columns



Dual-Channel LC-MS/MS: MRM and SRM compounds

34

66

0

10

20

30

40

50

60

70

Single channel Dual channel

N
um

be
r o

f s
am

pl
es

 (2
 in

je
ct

io
ns

 p
er

 sa
m

pl
e)

24 h

34.8
17.4

36.7

19.1

0
10
20
30
40
50
60
70
80

Single channel Dual channel

Ti
m

e 
(h

ou
rs

)

100 samples

MRM SRM



Channel 1
APP Column
SRM analysis

Channel 2
C18 Column

MRM analysis

Sample 1

Datafile 2Datafile 1

Dual-Channel LC-MS/MS: MRM and SRM compounds
Analysis of real samples

Sample 2

Epoxiconazole
2 ppb

Glyphosate
14 ppb

Relative Retention Time (min)

Relative Retention Time (min)Relative Retention Time (min)

Relative Retention Time (min)

Moderador
Notas de la presentación
7x2



Azoxystrobin
6 ppb

Channel 1
APP Column
SRM analysis

Channel 2
C18 Column

MRM analysis

Sample 3

Datafile 2Datafile 1

Dual-Channel LC-MS/MS: MRM and SRM compounds
Analysis of real samples

Sample 4
Glyphosate

15 ppb

Relative Retention Time (min)

Relative Retention Time (min)Relative Retention Time (min)

Relative Retention Time (min)

Moderador
Notas de la presentación
7x2



Channel 1
APP Column
SRM analysis

Channel 2
C18 Column

MRM analysis

Sample 1

Datafile 2Datafile 1

Dual-Channel LC-MS/MS: MRM and SRM compounds
Analysis of real samples

Sample 2

Acetamiprid
12 ppb

Glyphosate
7 ppb

Relative Retention Time (min)

Relative Retention Time (min)

Relative Retention Time (min)

Fosetyl-Al
10 ppb

Glyphosate
< 5 ppb

Relative Retention Time (min)

Flonicamid
2 ppb

Dimethoate
1 ppb

Acetamiprid
8 ppb

Thiacloprid
1 ppb

Boscalid
0.7 ppb

Fluopyram
0.4 ppb

Moderador
Notas de la presentación
7x2



Channel 1
APP Column
SRM analysis

Channel 2
C18 Column

MRM analysis

Sample 3

Datafile 2Datafile 1

Dual-Channel LC-MS/MS: MRM and SRM compounds
Analysis of real samples

Sample 4

Acetamiprid
0.8 ppb

Glyphosate
13 ppb

Relative Retention Time (min)

Relative Retention Time (min)

Glyphosate
42 ppb

Relative Retention Time (min)

AMPA
< 5 ppb

Relative Retention Time (min)

Azoxystrobin
1 ppb

Thiacloprid
0.4 ppb

Moderador
Notas de la presentación
7x2



• Dual-Channel LC-MS can be used to increase sample throughput

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

• The possibility of using two different mobile phases allows better sensitivity for some
analytes

• Dual-Channel LC-MS showed very good results when used for the simultaneous analysis
of SRM and MRM compounds

Conclusions
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Thank you for
your attention
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