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Dual-channel chromatography
a smart way to enhance the
laboratory throughput

Dr. tukasz Rajski
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How to decrease the analysis time?

* Shorter column, steeper gradient, higher flow:

 Compromised separation
* More coeluting pesticides
e Shorter dwell times -> lower sensitivity

* Longer duty cycle -> Less data points per chromatographic peak -> worse peak area reproducibility
* Common transitions

e Possible cross-talk
* More coeluting matrix (especially in “dirty matrices”)

* Higher matrix effects -> lower sensitivity
* Possible interferences
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Another option to decrease the analysis time?

First analyte

Last analyte
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MS is idle MS is idle

Analysis time can be decreased by the application of multi-channel chromatography
and reduction of the idle time of the mass spectrometer




Hardware




tukasz Rajski

How does a dual-channel system work?

Elution Column re-equilibration

‘ ‘ Two columns are operated in
First analyte retention time Last analyte retention time pa_m.”e/-. Then, ConseF“t’Ve
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/C0|Umn 1 _ analyte from the first column.

mmmmmmmm

Pump 2/Column 2 _

mmmmmmmm

Pump 1/Column 1 _

- to waste - omMs
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Chromatographic output from a dual-channel system

Channel 1

Channel 2

Channel 1

Output data ‘ " Mhm h Ilhmmlnh ““l | Im

Time (min)

Datafile 1 Datafile 2 Datafile 3




Pump 2

Autosampler with
two independent
injection units

Pump 1
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Columnoven 1

Column oven 2
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Autosampler is
equipped with two
sample loops and
two injection
valves.
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Schematic of the Dual Channel Configuration

Autosampler

Injection
valve 1

Injection
valve 2




tukasz Rajski

Dual Channel Configuration— channel selector

By-pass
[by-pass/inline]

Selector

[1/2]

»

Column 2 >

waste
waste




Software
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A Aria MX Direct Contral — m| s
Systems Detector Tools Samples  Help

| rodausanger | A el

AutoSampler 1 , Aut

Channel 1

159 bar

Chan Status READY
Chan Status READY
Detector Bypassed




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.

Aria MX Method setup

| Edit Tools
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LC Method

i Autosampler
¢ | TCC

E Comment

S S EElEEENE Total Method Duration  17.10° min
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Evaluation of 100 mm columns
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Time segments in dual-channel chromatography

elution reequlibration

Column length 100 mm

methamidophos pyridalyl

t T T T T T T T T T T T T T T T T
0 1 2 3 a 5 6 7 8 9 10 11 12 13 14 15 16

mmmmmmmm

Channel 2 | I 00
Channel 1 Il = e
- to waste L : .
Total time in a single-channel system: 17 min

- to MS (acquisition time 10.45 min) (+ 1 minute for needle wash, sample aspiration, etc.)
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Improved sample throughput using a 100 mm column

24 hours
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Retention time stability
(methamidophos)

Methamidophos

qu 0.5 solvent tomato zucchini pear orange solvent
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Injection number

The red lines mark £ 0.1 min

120 injections alternating on column 1 & column 2




“T B EURLFV @ |

Retention time stability

(kresoxim-methyl)

Kresoxim-methyl
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solvent

tomato

zucchini

pear

orange

solvent

‘ooooooc.‘.o.ooo.o......0001...°.o.o.0....
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The red lines mark £ 0.1 min
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120 injections alternating on column 1 & column 2
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10.7
10.6
10.5
10.4
10.3

Relative retention time

Retention time stability

(Etofenprox)

Etofenprox
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solvent
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120 injections alternating on column 1 & column 2




tukasz Rajski

“T B EURLFV @ |

Recovery data (apple): single-channel vs dual-channe[A

Recoveries in apple

0
Single channel 8 80%
0.01 mg/kg ‘%’ 60%
Dual channel 2 270 1 qg' 40%
0.01 mg/kg o 20% I
Single channel 2 270 1 £ 0% - —= | -
Q
DAL & 2 ﬁ@@@@@@@@yﬁ
Dual channel 2 270 1 o HwF AN F N & & 7
0.1 mg/kg NN

Recoveries

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

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

Number of compounds: 273
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Repeatability data (apple): single-channel vs dual-channel

| e | s B
100%

Single channel 87% 13% _8 .
0.01 mg/kg é 80%
()
Dual channel 88% 12% - = 60%
(@)
0.01 mg/kg o 40%
Single channel 98% 2% - g s
0.1 mg/kg z ? -
Dual channel 98% 2% - & 0% B - —
0.1 mg/kg <5% 5-10% 10-15%  15-20% >20%

RSD

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

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

Number of compounds: 273
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Recovery data (bell pepper): single-channel vs dual-channel

Single channel
0.01 mg/kg

Dual channel 2
0.01 mg/kg

Single channel 2
0.1 mg/kg

Dual channel 2
0.1 mg/kg

Recoveries in pepper

0
T 80%
O
2 60%
(]
271 - o 40%
o 20% I
& o
271 - = 0% -
S Q°\°0\Q\Q\QQQQ°°Q°Q°
Eg;,v%bl\oog\/o\/\,@@,
& Q. O L O QO O
271 ; %b&")‘o’\‘bo)g\/gQ\:\/Q

Recoveries

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

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

Number of compounds: 273
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Repeatability data (bell pepper): single-channel vs dual-channel

| % | sao e
100%

Single channel  89% 11% 5 )
0.01 mg/kg é 80%
Dual channel 91% 9% - é)- 60%
o
0.01 mg/kg o 40%
Single channel 98% 2% - g .
0.1 mg/kg 5 20%
Dual channel 98% 2% - L 0% mu- — -
0.1 mg/kg <5% 5-10%  10-15%  15-20% >20%

RSD

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

Number of compounds: 273
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Recovery data (orange): single-channel vs dual-channel

Single channel
0.01 mg/kg

Dual channel 2
0.01 mg/kg

Single channel 2
0.1 mg/kg

Dual channel 2
0.1 mg/kg

271

271

271

Percentage of pesticides

Recoveries in orange
- Il ||l II‘ -mEN
olo olo olo oo olo olo olo olo oo olo oo
PFPLPENE LS PP
> w5 A YD S

Recoveries

Hm 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

Number of compounds: 273
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Repeatability data (orange): single-channel vs dual-channel

Single channel 85%
0.01 mg/kg

Dual channel 65%
0.01 mg/kg

Single channel 98%
0.1 mg/kg

Dual channel 69%
0.1 mg/kg

15%

35%

2%

31%

100%
80%
60%

I
o
X

20%

Percentage of pesticides

0%

Repeatability in orange

<5% 5-10%

10-15% 15-20% >20%
RSD

W 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

Number of compound: 273
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Single-channel calibration for carbaryl in apple

carbaryl
¥ = 2.185e4X - 9.224e3; R 2: 0.9989; Origin: Ignore; W: 1/X; Area

Carbaryl in apple/ channel 1
R?=0.9999
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20 40 60 a0 100 120 140 160 180 200 220 240 260 280 300 320

carbaryl
¥ =2.152e4X - 1.136e4; R 2: 0,9989; Origin: Ignore; W: 1/X; Area

Carbaryl in apple/ channel 2
R?=0.9999
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Cross-channel calibration for carbaryl in apple

Carbaryl in apple/ cross-channel
R%=0.9998

carbaryl
¥ =2.176e4X - 1.0B1ed; R 2: 0.9988; Origin: Ignore; W: 1/X; Area

oo Channel 1
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Channel 2 Channel 1 Channel 2 Channel 1
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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
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Column lenghth 100 mm
100

N B O
o O O O

Composition [%]

o

0 2 4 6 8 10 12 14 16 18
Column length 150 mm Time [min]
100

N B O
o O O O

Composition [%]

o

0 2 4 6 8 10 12 14 16 18 20 22 24 26
Time [min]
—Mobile phase A —Mobile phase B
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Time segments in dual-channel chromatography
Column length 150 mm elution reequlibration

A )
| \

15.5 min 2.5 min 4.5 min
| | | | | | T | | | | | | II|IIII|IIII|IIII|IIII|IIII|IIII|II
6 7 8 9 10 11 12 14 15 16 17 18 19 20 21 22 23 24 25
methamidophos pyridalyl
Less than the 100 mm
column
Channel 1 i :
L in a single-channel system!
Channel 2 -
Channel 1 ..
to waste L . .
- 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.)
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Distribution of pesticides

R, R NN
o v O u

Number of pesticides

92

9 10 11 12 13 14 15
Relatlve retention time [min]

o

H100mm ME150 mm
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Co-elution of analytes with a 100 mm column and QQQ MS

Azinphos methyl

m/z 318 -> 132

Mix_1-6_500ppb_10cm_top2 guthion {azinphos-methyl)
F: + ¢ ESI SRM ms2 318.013 [131.803-131.805, 159.892-159.894]

RT. 5.91
AA 2112318
AH: 595347
5 0E5—
2z 4.0E5
B i
a2
£ 3.0E54
2.0E5—
1.0E5-
0 T T T T T T T =
5.7 5.8 59 6.0 6.1
RT({min)
myz: 131.804
Apex RT: 5.91 Left RT: 5.83 Right RT: 6.09

m/z 318 -> 159

Mix_1-6_500ppb_10cm_top2 guthion (azinphos-methyl)
F. + ¢ ESI SRM ms2 318.013 [131.803-131.805, 159.892-159.894]
RT 599
Al 22073042
AH: 5536516
5.0E6
= 4.0E6-
@ i
i)
£ 3.0EG6H
2 DEGH
1.0E6] \
0 T T T T 1 T
538 4 6.0 6.1 6.2
RT{min)
myz: 159.893
1059.47% - 1099.47% 159.893,51.804 = 1044.97%

Azinphos methyl

Triple quadrupole
100 mm column

Mix_1-6_500ppb_10cm_top2 guthion (azinphos-methyl)

5.5E6
5.0E6
4 5E6
4.0E6
3.5E6
3.0E6

Intensity

2.5E6
2. 0E6
1.5E6
1.0E6
5.0E5

ML: 5.85ER
miz: 131804
hL: 5.84E5
miz: 150883

RT: 599

57

Interfering transition of phosmet

T
58 59 6.0 6.1
RT{min)
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Using a longer column to resolve co-elution in QQQ MS

Triple quadrupole
Azinphos methyl 150 mm column

m/z 318 -> 132 m/z 318 -> 159

Mix_1-6_500ppb_15cm_top2 guthion (azinphos-methyl)

Mix_1-6_500ppb_15cm_top2 guthion {azinphos-methyl) Mix_1-6_500ppb_15cm_top2 guthion {azinphos-methyl)
F- +c ESI SRM ms2 318013 [131.803-131.805, 150.802-150 804] F- +c ESI SRM ms2 318013 [131.803-131.805, 150.892-150 804] ML 7 155
RT 254 8'55 miz: 131.804
AA2277818 T.0E6— ML: 7.35E8
AH: 714751 i miz: 150,803
T.0E54
] 7-0E6— 6.0E6—
6.0E5- 6.0E6 4
] B 5.0E6—
= 5 0E5— =z 5.0E6 -
5 | 5 i 4.0E6
g 0B £ 4064 P—E“ -0E6+
_ = 7
3.0E5+ 3.0E6— £ 30E854
2.0E5] i .
] 2,085+ —— oz
| Al 1271922 )
OB 1086 AH: 406933 7
0 3I3 T 3|4 T 8|5 T Slﬁ T Sl? T * 00— T T T T T T T 1.086+
3 X i . X 83 84 8.6 8.7 B
RT(min) \ 0-- 3-?5 ’3-3|9 :
myz: 131.804 A m/z: 159.893 J 83 8.4 -
Apex RT: 8,34 Left RT: 8.43 Right RT: 8.79 ~ 35.00% - 75.00% 159.893,/131.804 = 55. ~ RT(min)

Azinphos methyl Phosmet is separated form azinphos methyl




Use of a longer column can increase the sensitivity of QQQ MS
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300 pesticides / 600 transitions

150 mm column

100 mm column

Number of transitions per cycle

Number of transitions per cycle

LN
m-n-
mmmu
2ge8e
_n_
41
i !
nummm
i
oof
nmm gee
o mmn o u-m %
o8}
onmmmm L]

R g S 8 =

SUDIHISUET) JO I3CUIn

18

16

14

12

10

12

10

Time (min)

Time (min)

Dwell time > 50 ms

Dwell time 10 — 50 ms

Dwell time < 10 ms

A longer column separates better the analytes. The dwell times can be increased without increasing the duty cycle.
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Mobile phase A: water/0.05% acetic acid
Mobile phase B: acetonitrile/0.05% acetic acid
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Special method for negative-polarity compounds

2,4-D

RT: 550
MA: 7608
BN: 9.33

— T - T - 1 T
54 56 58
RT(min)

Current method/all pesticides
MeOH/H20/formic acid/ammonium formate

Peak area 7 606

24D
60.950]

RT: 423
AAZ 36193
BN 72.22

— T - T T 1
40 42 44 46
RT({min)

Only negative polarity pesticides
ANC/H20/0.05% acetic acid

Peak area 36 193

tukasz Rajski
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Special method for negative-polarity compounds

MCPA

BT 5.77 RT: 4.26

A 10307 AR 5BRD5

SN: 20.15 SN 56.01
r\“-u"j-|-|-r“- '|'I'|'I'|'I_II'|
56 %] 6.0 4.0 42 44 4€

RT{min) RT{min}

Only negative polarity pesticides

Current method/all pesticides ANC/H20/0.05% acetic acid
MeOH/H20/formic acid/ammonium formate Peak area 58 505

Peak area 10 307
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Special method for negative-polarity compounds

Ethiprole

RT: 6.56 RT: 4.63
AA 16100 AA 136561
eM- 974 SN: 486.45

|

'\

1 -~ 1 - 1T T LA 1
6.4 6.6 6.2 4.4 46 43

RT{min) RT{mim)
Current method/all pesticides Only negative polarity pesticides
MeOH/H20/formic acid/ammonium formate ANC/H20/0.05% acetic acid

Peak area 16 109 Peak area 136 561
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Summary

* Multi-channel chromatpgraphy improves the utilisation of the mass
spectrometer

* 100 mm columns increase the sample throughput
* 150 mm columns enhance sensitivity and selectivity

* Dual-channel mode provides results equivalent to single-channel mode
* Retention times in the dual-channel system are very stable

* Conversion of a single-channel chromatographic method into a dual-
channel method is fast and simple

e Software is user-friendly and reliable

tukasz Rajski; Florencia Jesus; Francisco José Diaz Galiano; Amadeo R. Fernandez-Alba

Dual-channel chromatography a smart way to improve the analysis efficiency in liquid chromatography coupled to mass spectrometry
Journal of Chromatography A 1633 (2020) 461614

https://doi.org/10.1016/j.chroma.2020.461614
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