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Commission decision 2002/657:

• method used to detect the presence of a substance or class of 

Substances at the level of interest.

• high sample throughput

• They are specially designed to avoid false compliant  results.

Introduction: Screening methods
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• Screening methods
• Target Screening – I know what I’m looking for

– Tuned MRMs

• Total unknown screening
• No idea
• No in-house database  including retention times etc .
• No standard compounds
• Just scan data or spectra

• Semi unknown screening – semi target screening
• Maybe an idea
• In-house database including retention times, spectr a etc.
• Standard substances

Introduction: Screening methods
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• Screening for single compounds, single target screening

• Multi-screening within a substance group with simila r 

chemical-physical properties, multi target screening

• ß-agonists, benzimidazoles, ionophores, avermectines etc.

• Comprehensive Multi-screening covering different groups  of 

pharmacological active substances combined within on e 

method, Multi Semi Target and Unknown Screening

LC-MS, LC-MS/MS, GC-MS, GC-MS/MS

LC-MS, LC-MS/MS, LC-QTrap, GC-MS, GC-MS/MS

LC-QTOF, LC-Orbitrap

Introduction: Screening methods
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• Screening methods
• Biological – detect cellular responses to the analyt es (e.g. inhibition of 

bacterial growth)
- not selective
- can cover several classes of analytes
- identification of individual substances is not poss ible

• Biochemical – detect molecular interactions between analytes  and 
antibodies, receptor proteins or receptor DNA (ELIS A, RIA, Biochips, SPR)

- may be selective for a class of substances having s imilar structure or binding 
sites

- in some cases analyte-specific

• Physicochemical instrumental methods – distinguish t he analytes by 
chromatographic separation and detect signals relat ed to molecular 
characteristics (UV, FLU, FID, ECD, MS) 

- analyte-specific

Introduction: Screening methods
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Instruments
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Q-TOF
QTrap

Orbitrap

Instruments

LC-MS/MS

LC-MS/MS
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• Single MS
+ Low costs
+ Easy to handle 
+ Provides molecular ion peak and/or mass 

spectrum by CID in the source region

- Poor sensitivity and selectivity

Instruments
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� Tandem or triple Quad MS
- High costs ?
+ Easy to handle
+ Easy quantitation
+ Very high sensitivity and reliability
+ Good robustness
+ Method of choice for quantitation and confirmation
+ Different scan modi MRM, product ion scan, neutral l oss, precursor scan
+ New instruments more than 1000 MRMs, 555 MRMs per second
+ Switching between positive – negative mode < 10 ms
+ Large dynamic range > 5 magnitudes

- High costs ?
- You see what you know
- Screening analyses are usually performed as multi- target screening with a large 

set of target substances providing selectivity by p redefined MRMs
Each MRM has to be optimized: very time- and work-co nsuming

- Reference Substances are required

Instruments
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• Triple-Quad Ion Trap Hybrid MS

• IDA (Information depending acquisition) experiments

• Full scan  ⇒⇒⇒⇒ Enhanced Product ion scan is triggered

• Library search ⇒⇒⇒⇒ Target and semi Target screening

Instruments
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• TOF-MS, QTOF-MS (HRMS)

- High costs

- Evaluation of results seems more time-consuming

- Large data files: ~ 200 – 800 MB (QTOF) – 800 kB (XEVO )

- Sensitivity ~ tenfold inferior to triple Quad MRMs

- limited dynamic range (4 magnitudes in high resolut ion mode)
- Generic sample preparation method

+ Acquisition of accurate molecular masses allows hig h selectivity in various matrices 
without the need to define a set of target substanc es prior to analysis

+ Accurate determination of isotope pattern

+ Identification of molecular formula

+ General unknown screening is possible

+ CID-spectra, Product Ion spectra (QTOF)

+ Data can be reprocessed for additional compounds ev en after years 
(if the data can be stored over years)

+ Library search

+ Quantitation

Instruments
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Practical Relevance of QTOF instruments in Routine Control for 
Screening Purposes of residues of veterinary drugs in matrices of 
animal origin?

• Everybody talks about 
• increasing number of publications 
• but who uses in routine?

A question of time and costs

A question data acquisition (in particular for Auto-MS/MS 
measurements

A question of data evaluation – find a routine algorythm

A question of generic sample preparation

A question of results – false positive and false negative results
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General Strategies  for QTOF-Data evaluation

• Metabolomic/Chemometric approach (Aldo Polettini, ge neral unknown Target screening)

• Discrimination of compounds  with identical  molecu lar  formula

• Starting from the mass of unknown compounds, metabo lites corre sponding to           
a pre-defined  biotransformation are calculated and  EIC are extracted

• Calculation of the number of functional groups for each candidate using     
special  software (e.g. E-Dragon)

• The presence of metabolites is matched with functio nal groups data in order to 
exclude candidates whose structure is not compatibl e with observed 
biotransformations

• E.g. loss of a methyl group from a structure not be aring methyl groups

• A filter is applied based on a mathematical model c orrelating rel. Rt with a 
number of parameters calculated for each candidate substance on the base of 
SMILES (simplified molecular input line entry synta x)



EU  Reference
Laboratory for Residues

W. Radeck • page 16Tandem and High Resolution Mass Spectrometry: 
a tool for food safety, Rome, October, 11 -12 th 2012

• Library search approach (target and semi target scr eening)

• How many compounds  should be covered ?

• In-house database  - commercial database 
(Metlin, NIST, PubChem, ChemSpider)

• Just  accurate masses  - spectra

• What about  compounds with identical molecular form ula?

• Retention time is mandatory

• Reference standards are required 

General Strategies  for QTOF-Data evaluation
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General Strategies  for QTOF-Data aquisition

What, How Many, How Much, In What

���� What are you trying to detect
Compound class, polarity, solubility, ionisation

���� How many compounds

���� How much and over what range
trace level – impurities
high resolution (4 magnitudes) – vs. extended dynami c range (5-6 magnitudes

�In What matrix

Complexity of matrix, ion suppression, salts, co-el uting components
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General Strategies  for QTOF-Data aquisition
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General workflow for substance group overlapping methods 
by means of QTOF/Orbitrap/Multi-MRMs

Non-selective sample
Preparation

(Quadrature of the circle)

Direct injection

Liquid-liquid extraction

QuEChERS

SPE-Extraction

selectivity
Acquire comprehensive exact mass dataset

Full scan and product ion mass spectra

Search database using

Exact mass

Isotopic pattern

Product ion MS-spectra

Retention time

In-house databases
PubChem

Chemspider

General Target analysis
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Generic sample preparation for substance group overlapping 
methods by means of QTOF/Orbitrap/Multi-MRMs

5 g sample1 g NH4SO2
2 g Na2SO4
10 ml AN

Centrifugation

Drying of extract

Evaporation of combined extracts
Final volume: 0.5 ml

SPE Hybrid SPE Cartridges
Supelco, 55261-U

Fill-up Elutes
2g

Centrifugation 14.000 g
Eppendorf Vials

Pall Vials, 100 kDa

Homogenisation
Extraction
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Generic sample preparation for substance group overlapping 
methods by means of QTOF/Orbitrap/Multi-MRMs

2 - 5 g sample10 ml ACN / Na-acetate 
buffer, pH5 = 8:2

Homogenisation
Extraction

Centrifugation

Supernatantt passed
through Alumina N

cartridges

0.5 ml Aliquot of
passed through supernatants

Centrifugation 14.000 g
Eppendorf Vials

Pall Vials, 100 kDa

1 g sample10 ml 0.1 M Na 2EDTA-
McIlvaine Buffer, pH4

Homogenisation
Extraction

Centrifugation

SPE on Oasis HLB cartridges

Evaporation of eluate

Reconstitution in 1 ml mobile phase

Centrifugation 14.000 g
Eppendorf Vials

Pall Vials, 100 kDa

Mobile phase
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Evaluation of TOF Data using MassHunter

Instrument: Agilent QTOF 6450 coupled with Agilent 1290 HPLC
Method of measurement: scan mode 

high resolution 
mass range: 100 – 1250 amu

5 g Bovine liver fortified with 246 substances at 5 0 ng/g
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Evaluation of TOF Data using MassHunter

Instrument: Agilent QTOF 6420 coupled with Agilent 1200 HPLC
Method of measurement: auto MS/MS mode 

high resolution 
mass range: 100 – 1250 amu
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Evaluation of TOF Data using MassHunter

� Compound Functions

� Find by EIC (known Analytes) Quantification
� Find by Molecular Feature
� Find by Auto MS/MS
� Find by Targeted MS
� Find by Formula

� Identify Compounds
� Search Database
� Generate Formulas
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Evaluation of TOF Data using MassHunter

Instrument: Agilent QTOF 6450 coupled with Agilent 1290 HPLC
Method of measurement: scan mode 

high resolution 
mass range: 100 – 1250 amu

5 g Bovine liver fortified with 246 substances at 5 0 ng/g
EIC of benzimidazoles
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Evaluation of TOF Data using MassHunter

� Molecular feature :  a discrete molecular entity defined by combination 

of retention time, mass and response in an LC/MS analysis.

� Molecular Feature Extractor operates on raw mass spectral data 
(MS1 only) generating lists of chemically qualified molecular features 
(eliminates interferences and  reduces data complexity)

� Treats data as a three dimensional array of retention time, m/z, and 
abundance.

� Removes persistent and slowly changing background.

� Searches for features with a common elution profile (masses eluting at nearly 
the same time).

� Masses grouped into “compounds”.

� Co-eluting interferences are resolved.
� Isotopic cluster recognized and grouped.

� Charge state assignments and molecular adducts are recognized

� Chemical identification (ppm, isotope matching).
� Feature lists storable in space-efficient binary format, and saved as text files.
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Evaluation of TOF Data using MassHunter

Instrument: Agilent QTOF 6450 coupled with Agilent 1290 HPLC
Method of measurement: scan mode 

high resolution 
mass range: 100 – 1250 amu

5 g Bovine liver fortified with 246 substances at 5 0 ng/g
MFE-chromatograms
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� Data Analysis function used to automatically identify compounds 
in MS/MS data and create averaged MS and MS/MS spectra for 
each compound.  The functionality is an easy way to “mine”
information from complex data.

Find by Auto MS/MS

Reference Mass

MS Scan - Precursor

MS/MS Scan – Product Ions

Precursor Ion

Precursor IonReference Mass

Product Ions

Evaluation of TOF Data using MassHunter
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VetDrug.csv file containing formula, RT and exact mass  of compound

Evaluation of TOF Data using MassHunter
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VetDrug.cdb file containing formula, RT , exact mass  of compound , spectra, CAS, 
chemical structure

Evaluation of TOF Data using MassHunter
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Evaluation of TOF Data using MassHunter

Instrument: Agilent QTOF 6450 coupled with Agilent 1290 HPLC
Method of measurement: scan mode 

high resolution 
mass range: 100 – 1250 amu

5 g Bovine liver fortified with 246 substances at 5 0 ng/g
EIC-chromatograms, find by formula, with Rt
171 compounds were found in positive mode
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Evaluation of TOF Data using MassHunter

Instrument: Agilent QTOF 6450 coupled with Agilent 1290 HPLC
Method of measurement: scan mode 

high resolution 
mass range: 100 – 1250 amu

5 g Bovine liver fortified with 246 substances at 5 0 ng/g
EIC-chromatograms, find by formula, without Rt
475 compounds were found in positive mode
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Summary

• QTOF is proper instruments for data aquisition in multi-residue screening  analysis

• Problem: are false negative results caused by
• Generic sample preparation
• Matrix influences
• Low response of some analytes e.g. avermectines

• Data Evaluation
• EIC for small number of compounds
• “Find by formula” for semi-target screening and large number of 

substances 
• very fast, limited by number of compounds in the database
• Retention time is mandatory

• Molecular feature extractor for unknown screening
• time consuming, need experience


