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Automated sample preparation

Most lab & time intense, most error-prone = Trend to reduce manual steps—> automation
Sample Sample :
Sampling > preparation > Analysis > Reporting >

sample extraction '| sample clean up

A 4

Instrumental analysis

Inline extraction and column coupling and
clean-up switching

"t

Accelerated Solvent AutoTrace SPE
Extraction, ASE 350

Solid samples LiCIUid samples Ultimate 3000 or Vanquish




Advantages of column switching

« Minimal sample interaction
« Higher
accuracy
precision (no human error)
selectivity (higher peak capacity)
sensitivity (sample concentration)
« Lower analysis time — high throughput

« Bit more investment
« Solvent system compatibility crucial
« Tendence for carry-over

* Quick handling of unstable compounds

» low risk with hazardous compounds [—i‘ !

* No ISD necessary J-_H
« Low organic consumption F
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Column coupling strategies — plenty of opportunities!

Orthogonality is important, but works without as well

Pre-column options:

Injector Switching
valve

Detector

« TLX

- RAM

« lon Exchange

* Immuno Affinity

« MIP

* semipermeable
membranes

* inline SPME

S: Separation,
deproteinization,
concentration or
extraction column

A: Analytical column
C: Cleaup column
R: Reaction column

Typical couplings:

IE-RP
IE-1E
SEC-RP
SEC-IE
RP-RP

2min.
SR. Groskreutz, M. M. Swenson, L. B. Secor, D. R. Stol,J Chromatogr A, 2012, 1228, 3140

ThermoFisher
SCIENTIFIC



Typical workflow

Sample Transfer / Separation
« LOADING Fractionation Separation

(preconcentration)

« TRANSFER to

ANALYTICAL
COLUMN w

* ANALYTI CAL 1 = Dual Gradient Pump 4 = Analytical Column
S E PA RAT I O N 2 = Autosampler 5 = Detector

3 = SPE - Column 6 = Six-Port Valve




Application areas

(R

« 1) Sample cleanup: PROTEOMICS }

deproteinisation, lipid or sugar removal, desalting... -

2) Sample preconcentration:
drugs, trace level contaminants... Research LCLINICAL 1

3) Profiling: ENVIRONMENTAL Routine testing
OMICs, fractionations, food authenticity

4) Parallel LC/multiplexing:
high throughput

Toxicology

Doping

I8




Most Comprehensive and Powerful LC Portfolio

The first and only sample prep
and HPLC system designed
specifically for clinical research

= Thermo Scientific™

=~ Prelude SPLC™

o Sample Preparation and Q

0 Liquid Chromatography

L System Thermo Scientific™

Transcend™ Il Systems

Channels/Throughput




Sample clean-up and/or concentration — TLX

' Particle chemistry binds small molecules while

O [ /s

> > ¥
High linear velocities and large particles TurboFlow technology leverages
create turbulence within the column the difference in diffusion rates of large molecules flow to waste
small and large molecules Small drug
molecules
. Protein 7 A
“-. Particle Pore flarge 1 - -~/
7R "‘”""‘“'\ i o
- -
: . “‘?- b “E s 5%‘ o
. 2 Mlipids,
e O Lugols
T < o Small noluculm bind to the cokmn chemistry
. ) & while karge molecules flow to waste

Separation based on:
« diffusion
* Size exclusion

Separation of large and small molecules + SPE functionality (pre-concentration)




1) Sample clean-up by TLX

(b)

File Edit Tools Help

Special features, benefits:
* TX loop

 T-piece (unique feature!)
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1) Sample clean-up by TLX

Tetracycline at 500 pg/ml with Aria TLX vs HPLC in Pig Liver Matrix

RT: 2.71 - 3.19 RT: 2.78 - 3.20 o
RT: 2.91 H P L( NL: 2.35E3 RT: 2.97 Arla I LX NL: 1.89E3
MA: 2882 Base Peak m/z= MA: 2788 Base Peak m/z=

10(% [\ 409.50-410.50 F: + ¢ ESI 100 409.50-410.50 F: + ¢ ESI

sid=5.00 SRM ms2 445.000 sid=5.00 SRM ms2 445.000
95 [409.999-410.001, 95 [409.999-410.001,

426.999-427.001] MS 426.999-427.001] MS

500pgml_003 500pgml_003
90 90
85— 85
50 TLX Sample shows removal of
75 H

interference compared to
70
standard HPLC!
65
60 60
55 / % 55
2
50 2 50
=<
45 § 45
40 40
35 35
30 30
25 25—
20 20
15 15
10 10
5 ﬁ/\m 5
\/\ SN,
L o e e B o o S B e e B B S e s m p p p
2.8 2.9 3.0 3.1 2.8 2.9 3.0 3.1
Time (Min) Time (min)
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1) Sample clean-up by TLX

Malachite Green at 50pg/ml with Aria TLX vs. HPLC in Pig Liver

RT: 0.00 - 5.50

1004

95—5
90—5
85—3
aoé
75%
703
65—5
so—f
55—5
50—5
45—2
a5
30
25—5
203
15—5
10—5

5

RT: 3.66 NL: 2.76E3

H P LC AA: 8405 TIC F: + ¢ ESI sid=5.00
SN: 123 SRM ms2 331.300

[238.999-239.001,

315.999-316.001] MS
ICIS 50pgmI_001

RT: 0.00 - 5.50

100
| 953

RT: 3.68

I LX AA: 9763
SN: 733

Aria TLX Sample shows
improved S/N and removal of

Relative Abundance

------
nnnnnnnnnnnnnnnnnnnnnnnnnnn

chemical noise!

704
ssé
60
55%
50
4sé
a5
30%
zoé
15%

10

::L«MUJL ) b ,hz } “ oo M by W, .

NL: 4.46E3

TIC F: + ¢ ESI sid=5.00
SRM ms2 331.300
[238.999-239.001,
315.999-316.001] MS
ICIS 50pgmI_001

v .
nnnnnnnnnnnnnnnnnnnnnnnnnnn

[¢] 1

Time (min)
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1) Sample clean-up by TLX

Intensity

SPE, PPT and TurboFlow method comparison

Rat Plasma
1(9)(;222: (B) 140000 _W
] 130000
== A
60000 110000 4
50000 | 100000 ~ (B)
40000 - 90000 -]
30000 D 80000 4
20000 & 70000 B
10000 = 60000
3 ) ; : : ;50000
Time (min) 40000
30000 -]
Buffered H20 20000 - .
10000 4 g
0 T T T T 1 E
0 1 2 3 4 5
TLX System Time (min)
With TurboFlow method
has less ion suppression PlasmaPrecipiTation
than other 2 methods 4:1 MeOH/H20

140000
120000

100000 ®)

80000 C

60000

40000 ~

20000

0

T T T T
0 1 2 3 4
Time (min)

SPE
50:50 MeOH:H20
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1) Advantages of TLX: speed of Analysis

pesticides in solid samples

Manual Method Online Clean Up Method
(QUEChERS)
~10 g sample ~1 g samplein
in 1 ml solvent
10 ml solvent (shake briefly)
(shake briefly)
Extraction of solid samples Extraction of
(Vortex) solid samples
1 |
Centrifugation Centrifugation
| |
Supernatant recuperation Supernatant recuperation

d-SPE clean up
(vortex)

Centrifugation, supernatant
recuperation
(filtration)

v v

LC-ESI-MS/MS Analysis TurboFlow-LC-ESI-MS/MS Analysis
~ 30 min/sample ~ 15 min/sample
(+~10 min LC analysis) (+ 13 min online clean-up-LC analysis)
13 ThermoFisher
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Pesticides in baby food, grape and wheat flour

50 pesticides Baby food sample spiked at 10 ppb

I AT 1020 s I
Precursor =3 J]. 523 -ll'-—
# Analyte ion e 12% mj .
Kl Abamectin 35902 oss ol B
2 Ametryn 2281 pE ')"g
3 Azinphos methyl 339.8 e o2 S—
4 Azoxystrobin 4041 sod w% Ji
5 Bifenazate 301.1 pEl —
5] Carbaryl 2191 R e I
7 Carbendazim 1918 3 =] . ) TX: Cyc|0ne MCX-2
3 Carfentrazone-ethyl 4291 a0 o 100 TR
a Chlormequat 1221 e =3 |
10 Clofentezin 3047 100 II e 100 m=] =
11 Cymaoxanil 199.3 503 | so
12 Cypermethrin 433 1l o= 1o i LX: Acccucore C18, 100x2.1, 2.6um
13 Dazomet 163.1 an | nj .!L . ) Ly £
14 Diazinon 2049 o L — ol T
15 Dimethoate 230.2 m§ j !
1617 Dimethomaorph A&B 388.1 o2 — 1113: S . 0 .
18 Ediphenfos 310.8 5% L o . - ( )
15 Fenbzaquine Sors - . -3 1 ELU: Ag-MeOH (0.1% FA) gradient
20 Fluazifop P 3843 oo oo T
21 Fluzilazol 316.1 ‘Z% “23
gg Hlexithailzlox ggg; WE L’E:m ““E ¢ Tsu _
mazali 2 s so- .
24 Imidacloprid 256.1 1o X wrsEs o \ — Vlnj. 10 ul
25 d4-Imidacloprid 250.9 = = =] — L
26 Isoproturon 207.1 vou e 10l wrEET
a7 dé-lsoproturon 2132 =03 I w3 |
. ol rrEms ‘ o .

% Caciofon 4751 3 ; %5 t DET: Themo TSQ Access Max
30 Malathion 347.9 2 Leves i E— S N
31 Metalaxyl 279.9 5.;% R a0n e JL
32 Methomyl 163.1 [ — e e S
33 Metribuzin 2152 o 1005
34 Myclobutanyl 2891 23 =3
35 Omethoate 2142 o0 R paEy 1005 R
36 Oxadyxil 296.2 5“"‘3 s03 |
37 Oxamyl 236.9 o2 AT o s
38 d10-Parathion-ethyl 3021 snj s03
39 Pethoxamid 296.1 ol e - ol T
40 dE-Primicarb 2452 503 E |
41 Frofenofos 374.8 ol e i LA S—
42 Promecarb 2252 503 I e
43 Propoxur 210.1 o S e . o . -
44 Pymetrozin 2138.0 'i% oo [ i
45 Pyperonil-butoxide 356.0 E e
46 Pyrimethanyl 2001 100 F=eT rano l,r" sl
47 Quinoxifen 307.9 5“’% l so
43 Spirodiclofen 410.9 oo RTUETE o) RTEss
49 Tebuconazol 3082 “3 | W I8
50 Thiacloprid 2531 ron - =TT s ol e
51 Triadimefon 294 1 5% JL poE L
52 Trifloxistrobin 409.5 o3~ T I T —— — T - 2= S—

Tirmee dming 3

2 3 ES 3 I ERR ¥ z L i
Hollosi et al., Chromatographia 75 (2012) 1377-1393
:
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1) Advantages of TLX

pesticides in solid samples
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1) Advantages of TLX: reduction of matrix effect

pesticides in difficult samples

30 pesticides in gren tea at 6.25 ug/L

o 1 _ ™ M th d
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1) Clean-up by TLX

veterinary drugs in milk

Veterinary Drugs in Milk and Meat

36 antibiotics in milk %M = 3 3 - Jl

(1 OO “g/ kg) Egg :L_ Dihydrostreptomycin :‘? Spiramyein 'Lm ' % Tylvacosin - ' J‘

1 | ]
| :
| e

Streptomyci 1o Tilmic: Sulfadimethoxine -
p ﬂ fl &3
“1 Lincomycin 1 Tylosi ”'ﬂrn "3 sulfadexin
= =0 921
EL R o 3 A
"'“3 Clindamycin l\ "3 Clarithromycin ] %3 Sulfaguinoxalin fl\a '
50- 50
|||||||||||||||||||||||||||||| T TTTTTYy \\——"‘«
2 4 10 12 14 4
. . Tima (min) Time (min} Tnmn (i}
aminoglycosides
885 =0
. 03 Sulfachlorpyridazine a3 Marbofloxacine Enoxacin
890
sulfonamides § L g A : 3 A
q u | no I ones '5% Sulfaclozine JL 503 Ciprofloxacin I 3 Ofloxacin ’
o o
I|nCO myC|n :‘0’3 Oxytetracycline h '::% Danofoxacin | 1 3 Lomefloxacin [
. 100 ) 10.82 100 . EX) 10
macro I | d es 503 Doxycycline }l 50% Enrofloxacin 3 Norfloxacin ‘
o [+
tr| m eth 0 p r| m ::% Difloxacin T 'Z:% Flumegquine k % Sarafloxacin 'nsj
tetracyclines % Oxolinic acid 3
B L L B L B L L

2222222222
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1) TLX advantage: less ion source contamination

veterinary drugs in milk

after cleaning

without TLX after 32
injections

after 120 injections with TLX

18



Antibiotics in honey

RT: B.25- 12.50 SM: 7G AT: 875 =12 50 SM: 76
RT: 8.89 NL: 5.51E5 RT-9.57 ML 3.78E5
II]D-: 1IC F: + ¢ ESI 3RM maZ 250,07 ID{!: TIC F- + ¢ ES] SRM ma2 58227
] [92.02-82.11, 108.03-108.13, 1 STREPTOMYCIN [203.85-203.99, 220.41-221.01,
] 135.94-155.04) M5 ICIS ] 245.90-246.00, 252.90-263.00] M3 ICIS
5'3: SULFAFYRIDINE BE_100_ng _WF_Honey_Buffer_o02 5‘]: BGE_100_ng_WF_Honay_Buffer_002
RT: B.08 NL 5.38E% RT 954 NL: T.41E5D
IUI}: TIC F: + ¢ ESI 3RM ms2 256106 IDG: TIC F: 4 c ESI SRM ms2 58429
b 1919532 015, 108.06-108.16, ] [245.86-245.96, 252 89-262 23] MS 1015
] SULFATHIAZOLE 1596,0-156.10) MS ICIS N UIHYOROSTREFTOMYCIN BG_100_ng WF_Honay_Buffer_002
50 BG_100_ng WF_Honey_Buffer_102 50
1= - = -
R 1030 NL: 5.37ES RT: 10.58 NL: 1.09E5
1004 TIC - + ¢ ES] SAM ms? 445.33 106 TICF: + ¢ ESI SRM ms2 734,47
8 1 [163.85-154,08, 478, 45-426,68] MS 8 A [E58,17-658,27, B76.18-675.27) MS 0I5
E ] DOXYCYCLINE ([ § ] BG_100_ng WF_Honsy_Buffer_002
= 50: BE_100_ng WF_Honey_Buffer_o07 = Eﬂ: ERYTHROMYCIN
5 g
o -1 [5T) -1
= 0 CTRERE] NL: 8.48E5 - - NL: 2.88E7
108 SAM ma? 451,75 067 TG F- + ¢ ESI SRM ms2 86958
] OXYTETRACYCLINE B5) MS KIS . (696 75-606,35] WS ICIS
] g WF_Honey_Bufier_00? ] TILRAICOSIN BE_100_ng WF_Honey_Ruffer_D02
3l Sl
i o , . i S— -
+q9n ML B,0BFS ; RT: 10,60 ML: Z51EG
1067 TIC F: + ¢ ESISAM ms? 485,17 067 TG F- + ¢ 51 SRM ms? 51657
7] (4303543045, 44835448 45] M3 7] [772.2-772.31) M5 [CIS
] Icls ] BG_100_ng_WF_Honey_Ruffer_Dz
ED: OFEMECLOCYCLINE BG_100_ng_WF_Honey_Buffer_002 50: TILOSIN
c: RT: 873 BZ AT: 11.21
T T T é T ™ 1 I||]I T T T I|1 T T T T I|2 T T T T é T T T 1|u T T T ]|1 T T T 1|.2 T
Time {min) Time (min}
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1) TLX EFS Applications Method Performance Parameters

Method - . o .
Pesticides Veterinary drugs Plasticisers Mycotoxins
Parameters
Multiresidue assay yes (50) Yes (36) Yes (11) Yes (6)
Baby food, whaet illi
Matrix type 5 Milk, meat Sl SIS, el flours
flour, strawberry souce
Sensitivity (LOD) ' <10 ug/kg 0.3-40 ug/kg 5-20 ug/kg 2-150 ug/kg
Linearity ' 0-500 ug/kg 0-400 ug/kg 0.05-100 mg/L 5-5000* ug/kg
0
Precision : ) 25/0. <27% <15% <19%
(intermediate)
Meth
ethod accuracy 75-110% 71-120% 72-115% 72-120%
(recovery)
Matrix effect | 5 minor /144 20/72 1 major / 11 n.d.
Fit for purpose EU ' yes yes yes yes
Food Add.
Chromatographia J. Chromatogr. A .
Reference | 75 (2012) 1377-1393 1274 (2013) 19-27 J.AOAC (2013) ContaT;2.13605(2013)
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2) Sample concentration by column coupling — EQuan System

Large Volume
Sample Loop

Sample Loop

Ultimate 3000

Preconcentration
Column

Eluting

—

= | == MS

Analytical Column
(for ex. 1.9um Hypersil
Gold)

Conventional Volume

E-Quan System

For high injection volume and sample
concentration needs (>100 ul)

21



2) Sample concentration by column coupling

Water Framework Directive

Compounds

Diclofenac (WFD)

Erythromycin

Azithromycin

Clarithromycin

Quan Faak - = |[3¢]][cantming 1ans =
Corasurac i_rm_bippt_dmb 4 ren_am
e P
Eo-tH § =i
.
7 g
/ J\U -
o e 7o s es
e 215,000 214000
20,00% - 133,009 514 G021
Eipex AT 6.80
e 35

‘ Diclofenac ‘

CIP 2

LOD

(pg on
column)

Required LOD
(ng/L)

0.01 0.1

0.1 1

0.005 0.05

0.1

=l Gunpes - [Z1[3¢]| [Contirmieeg tane -] = =]
oy BT 7o | s 4| 31 L3 KT | e
rroe & 10
st e
fw i
1w 3o
. .
m .
COR R Lo M A
mie1SE D e 200
64,00 % - 96.00% 5703156100 = 2950%.
em AT T < | [Eeenrine -
o | = |

River LOD

(pg on
column)

0.03

0.6

01

. -
eyt e, 7 48 e e | 4| 10
ru1
" ’ rL
i an
ApenhrTan

Effluent

(pg on
column)

0.1

0.15

thd

0.1

22007 - 102007 L5 D00 90,400 = BB

Influent
(pg on column)

0.03

0.15

[ = [= = T =1l
Ly B I ra -
aa 7803 28
i 1
4 i
L s ie
- a
v 203 500 i
7z, 108007 T36.005. 291,200
] = ape
e 0 ENIRES |

Azithromycin
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2) Water contaminant enrichment

Application
Note: 435

Key Words

« Antibiotics
* EQuan™

* LC-MS/MS

Analysis of Sulfonamides in River Water
using EQuan, an Online Concentration

Analysis System

Yoko Yamagishi, Thermo Fisher Scientific, Yokohama, Japan

Introduction

Triple stage quadrupole LC-MS systems are often used for
highly sensitive quantitative analyses of environmental
pollutants. The performance of an LC-MS system is one
important factor that determines if it will efficiently and

accurately detect pollutants present at low concentrations
ST D R e

—— — e A SR S T

Experimental Conditions

Calibration standards were prepared using a mixed
standard solution of the nine LC target sulfonamides
(Kanto Chemical Co., Ltd.). For the test samples, river
water collected in Kanagawa Prefecture was passed
through a 0.4 pm filter prior to analysis.

Pushing down LOD/LOQ values
(~10-100x)

1.0 ppt spiked samples (n =4}

Concentration in river Concentration in
wiatar sample spiked samples Racovery

Compound {ppt) (ppt} rate (%) CV (%)
Sulfadiazine 0.35 1.19 a4 104
Sulfamerazine 039 113 73 5.1
Sulfadimidine NF 098 ag 1.3
Sulfamethoxypyridazine NF 087 a7 11
Sulfamethoxarole 1235 19.35" 70 28
Sulfamonomethaxing 1.1 185 L 33
Sulfisoazole NF 095 a5 85
Sulfadimethoxine 142 2.19 7 14
Sulfaquinaxaline MF 085 g5 33

* The sprkmg concentration was set gt 10 ppt because sulfamethoxazole was detected m the river water samples at concentrations bigher than 10 ppt.
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4) Multiplexing: MCM Multiple Column Module

-+ Simplifies method development

 For use of up to 12 columns

« Use 6 TurboFlow columns and 5 Analytical columns
 Controlled by Aria MX

24




4) Multiplexing — what happens

For ultra high-throughput measurement - 1 minute per sample

Autosampler

Valve
Mass
EE o EE
| ) Column
_Pump | \J Column |
Waste

Parallel System, Serial Data

System diagram above is representative of a Thermo Scientific Transcend™ LX-4 system

25 ThermoFisher
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4) Multiplexing - increase throughput — 15 min screening

 Controlled by Aria MX

Idle Time IdIeATime < MS Data
f \ ( |
\ J
|

0 min 4 min. Each LC system only
requires the MS during
the elution step

Acquisition Window

0 min 4 min.

0 min 4 min.

0 min 4 min.

System diagram above is representative of a Thermo Scientific Transcend™ LX-4 system

26 ThermoFisher
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4) Multiplexing - increase throughput — 15 min screening

CLINICAL

Testosterone

RT: 48.24 Y =0.0067432+1.82162"X R"2=0.9974 W 1/X
o RT: 47.16 AA: 68.21 ]
AA: 62.70 3
. RT: 48.25 163 .
RT: 4679 =t :
: RT: 51.09 147
AA: 41.83 .
125
o ]
w10
4 ]
q 3
= | | ]
o N 4] 20-10000 pg/mL
AA: 11 151, ]
100 — 15 09 AA: 1026 2]
AA: 930 , RT: 50.00 g
RT: 48.92 ; : 3
§ RT: 44.62 RT: 45.70 AA: 864 RT_' 52.54 RT: 53.63 . 0 T T T T T T T T T T
g AR 791 e 711 | AA: 725 RT: 54.72 9 6 g 10
i g : — — — AA: 652
3
< — —
s S ;
E ¥ o= 4,00 -3 - 5.265e-3; RA2: 0, u'unﬁ Dirigin: Ignone: W 100 Aran
& 1
D} 1 _r._: .,.f‘/
0 14 //’
RT: 48.24 134 7
100 — RT: 47.16 AA: 2949 2] ,/’
o 79AA: 2753 RT- 50.01 1] L
. 1 46. AA: 2408 194 /
RT: 44.63 : RT: 48.94 . . -
AA’ 2066 AR 2221 AA’ 2072 RT: 5042 RT: 51.09 RI.5289 RT:53.64 gos s
RT: 45.71 : —AA:1787 —AA-1834 RT:54.73 10 -
AA: 1546 _AA: 1488 ar]
08=4 d
a '4_- ’/’I/
0] _ 2.5-300ng/mL
] 1_- -~
\ ‘ " 03] s
0 I I I I I I I I I I I I ° - ’/
44 45 46 47 48 49 50 51 52 53 54 55 -
Time (min) - % "o e = = o
ThermoFisher
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4) Cross sequential Multiplexing is Unique to Aria OS

- Two methods to one MS. Same mobile phase, different samples

. M Opiates
0 min 3 min.
. M Benzodiazepines

0 min 3 min.
M “ q < MS Data — Multiplexed
0 min 3 min.
CLINICAL
System diagram above is representative of a Thermo Scientific Transcend™ LX-4 system
28 ThermoFisher
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SUMMARY

* Online sample preparation systems

» Versatile system setup according to the specific needs

Flexibility online or offline LC

Versatile application area fit for purpose methods for EFS, ClinTox, Pharma
Higher efficiency human error eliminated

Easy method development

Additional selectivity, sensitivity with MSMS or HRMS detection

Less MS maintenance, stand by time

Expert support for method setup

 For details please contact us:

https://www.thermofisher.com/cz/en/home/industrial/mass-spectrometry/liquid-chromatography-mass-
spectrometry-lc-ms/lc-ms-systems/lc-ms-online-sample-prep-multiplexing-systems.html
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