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Screening methods
 Biological tests           LC-MS, LC-MS/MS

 ELISA
 LC-(Q-)TOF/MS

 LC-Orbitrap/MS GC-MS  LC-Orbitrap/MS



LC-MS/MS –
d i h i ?a good screening technique?

 Advantages especially in MRM mode Advantages especially in MRM mode 
 However, MRM is target analysis

("You see only what you want to see")
 Despite a large number of reference sub-

stances "other" compounds of interest which
may occur in large concentrations can bemay occur in large concentrations can be
easily overlooked

 For the optimization of the mass transitions and 
f fthe accurate quantification the availability of the 

corresponding reference compounds is 
necessary y



LC-MS/MS

© Anton Kaufmann



Exactive™ Bench-Top LC-MS-[MS]p [ ]

The Exactive allows a resolution of 
100 000 ith 1100,000 with a mass accurracy <1ppm



Orbitrap – Principle of Operationp p p
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 Characteristic frequencies:
• Frequency of rotation ωφq y φ
• Frequency of radial oscillations ωr
• Frequency of axial  oscillations ωz
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Resolution Definitions

Magnetic Sector10% Valley

2 RFWHM = R10% valley

Full Width Half Maximum
FT ICR

Full Width Half Maximum Orbitrap
ToF
Quadrupole



Influence of resolution on 
mass separationmass separation

Resolution: 10k, 30k, 50k, 100k
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Ethinyl-EstradiolEthinyl Estradiol
(Standard: 100 ng/ml)
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beta-agonists
Salbutamol

 are a class of drugs are a class of drugs 
used to treat asthma 
and other pulmonary 

Clenbuterol
diseases

 for growth-promoting 
purposes in farmpurposes in farm 
animals (illegal)

 different chemical 

Mabuterol properties e.g. 
amphoteric 

 24 substances are 24 substances are 
mentioned



Sample preparation
Urine sample Urine sample
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Dilution

MIP* clean-up
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Reconstitution

UPLC/TOF MS TLX/Exactive
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UPLC/TOF-MS TLX/Exactive

* Molecularly imprinted polymer SPE column



CVUAs analytical set up
Thermo TurboFlow® coupled with 

Exactive™ High Resolution LC-MS/MS
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TurboFlow:
Loading Step



Loading step: 
Example of the chromatogramExample of the chromatogram

RT: 0.00 - 4.45

100 0.10 NL: 4.26E5
TIC F: + c ESI 
SRM 2Loading Elution Wash Loop fill Recondition
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TurboFlow:
T f /F i StTransfer/Focusing Step



Transfer to analytical column –
250:550 0% Methanol250:550, 0% Methanol
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Transfer to analytical column –
100:600 0% Methanol100:600, 0% Methanol
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Analytical methodAnalytical method

TLX Column Cyclone-P, 0.5 mm x 50 mm

10 M NH A i W t H 8 1 5 l/ i 30Loading

Elution

10 mM NH4Ac in Water, pH 8, 1.5 ml/min, 30 s

Methanol/0 1% acetic acid 1/1 0 1 ml/min 120 sElution

W h

Methanol/0.1% acetic acid, 1/1, 0.1 ml/min, 120 s

Methanol/0.1% acetic acid, 8/2, 1.5 ml/min, 60 s
Wash

Acetonitrile/acetone/isopropanol, 3/3/4

Column: Phenyl Column 4.6 x 100 mm
HPLC

y
Gradient: A: Methanol, B: 0.1% acetic acid

from 0% B to 95 % B in 300 s



24 beta-agonists (standard; each 0.25 ng/ml)
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beta-agonists in urine (spike: 1.0 ng/ml)
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m/z= 234.15892-234.16126 
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Validation parameters

Compound name
CCα
(µg/l)

CCβ
(µg/l)

Repeatability 
RSD (%) 
(0.5ppb)

In‐house repro‐
ducibility RSD (%) 

(0.5ppb) Recovery (%) 

Brombuterol 0.19 0.46 20 24 97

Carbuterol 0.22 0.58 25 27 100

Chlorbrombuterol 0.14 0.38 14 26 99

Cimaterol 0.13 0.35 15 19 100,0

Cimbuterol 0.08 0.20 9 13 100

Clenbuterol 0.14 0.33 13 25 98

Clencyclohexerol 0.08 0.21 9 12 100

Clenhexerol 0.22 0.49 22 23 98

Clenpenterol 0.20 0.49 22 25 99

Clenproperol 0.10 0.24 11 15 100

Fenoterol 0.11 0.24 11 14 99

Hydroxymethylclenbuterol 0.09 0.21 9 14 100

I i 0 10 0 25 11 18 100Isoxsuprine 0.10 0.25 11 18 100

Mabuterol 0.09 0.23 9 17 100
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