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Toxicology and Forensic laboratories require sensitive and selective analytical methods to 

properly identify a broad range of analytes in complex matrixes. The existing methods need to 

be constantly updated as new compounds such as designer drugs are available every day on 

the market. Liquid Chromatography coupled to mass spectrometry is widely used in this area 

for years. So far the preferred technology was the Triple quadrupole for its selectivity in SRM 

(Selected Reaction Montoring) mode. But this approach suffer from the limitation of being 

able to perform only targeted analysis and not unknown screening. For this reason the use of 

High Resolution and Accurate Mass instruments has gained in popularity, offering the 

possibility to perform screening in Full Scan Mode and identify new substances. The two 

main technologies used for screening purposes are the Time of Flight and the Orbitrap
TM

. We 

will focus here on the Orbitrap technology that provide superior resolution to the Time of 

Flight and very good mass accuracy without the need for an internal mass calibrator.   

Untargeted screening approaches need data acquisition methods that gather as much MS and 

MS/MS information from a sample as possible, regardless of the nature of the sample or the 

primary analytic purpose. To date, combinations of full-scan measurements and wide-range 

fragmentation techniques like all-ion fragmentation (AIF) are commonly used methods in this 

approach. These scan modes fragment all ions in a single fragmentation event without 

precursor ion isolation and detect all fragment ions in a single mixed spectrum. As a result, 

they suffer from limitations in sensitivity, selectivity, and dynamic range compared to data-

dependent acquisition methods where detected precursors are isolated with narrow isolation 

windows prior to fragmentation and detection. A new high-resolution, accurate-mass 

(HRAM) scan mode, termed variable data-independent acquisition (vDIA) will be described 

for both targeted and unknown screening approaches and compared to standard data-

dependent acquisition (DDA) methods.  

Two screening workflows will also be presented on this platform. The fist one is call targeted 

screening and is performed using databases and libraries provided in TraceFinder
TM

. Both 



databases and libraries contain up to now more than 1500 analytes. Identification of 

substances is confirmed using the exact mass of the analyte, the isotopic distribution, the 

fragment ions and the retention times. The second approach is called unknown screening and 

is required to identify drugs that are not available in databases and libraries such as new 

designer drugs. Identification can be performed using mzCloud and Mass Frontier. mzCloud 

is a modern MS
n
 spectral database searchable from spectra, structures, fragment and precursor 

ions allowing compound identification even if they are not present in the database. Mass 

Frontier is available for structural elucidation. It is able to automatically generate possible 

fragments at an expert level, including complete fragmentation and rearrangement 

mechanisms, starting from a user-supplied chemical structure. The knowledge base used to 

predict fragmentation reactions consists of 24 ionization, fragmentation and rearrangement 

rules along with more than 100,000 published fragmentation mechanisms. New tools such as 

vDIA, mzCloud combined with Mass Frontier and TraceFinder provide both targeted and 

unknown screening capabilities for identification of a broad range of analytes in complex 

matrixes.   
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