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Sammanfattning
Abstract

Today there are no fully general analytical techniques available for detection and confirmation of known
and unknown substances in toxicological screening, further tools are therefore needed. The development of
mass spectrometry with time-of-flight (TOF) detection is promising but there are still areas to be further
developed and evaluated, both instrumentation and applications.
During 2009 The National Board of Forensic Medicine-Department of Forensic Genetics and Forensic
Toxicology, (RMV) started cooperation with the instrumentation company Waters (Manchester, UK) and
the Department of Clinical Pharmacology (KI, Solna) evaluating a new TOF-instrument for toxicological
screening. My assignment as a part of this project has been to create a limited and relevant database of
drugs and toxics in Excel, including monoisotopic mass, used when screening for pharmaceutical
substances and their metabolites most probable to be found in Swedish autopsy material.
A limited database has been developed based on information from several sources, it ended up in 875
analytes and metabolites. A limited but complete database is more reliable in practise than a big database,
by means of a lower frequency of isobars and more information included (e.g. retention time from liquid
chromatography) making analysis faster. Commercial databases are generally theoretical, lacking
information about for example retention time that often is an important criterion for identification.
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Preface
Recent benchtop time-of-flight mass spectrometers have shown to be in front developing
screening methods for identifying and confirming different substances. I am grateful to Ph.D.
Martin Josefsson for introducing me in this complex field of research.
It has been a big opportunity for me to get an insight in the work testing a relatively new
method. Constructing a limited database for a forensic laboratory; The National Board of
Forensic Medicine-Department of Forensic Genetics and Forensic Toxicology, (RMV)
including the most interesting compounds in their work, has been very exciting. I have
learned about different substances along the journey, legal and illegal, and how they are
categorized. I have also understood the various difficulties in targeted drug screening while
evaluating the database.

Abstract
Today there are no fully general analytical techniques available for detection and
confirmation of known and unknown substances in toxicological screening, further tools are
therefore needed. The development of mass spectrometry with time-of-flight (TOF) detection
is promising but there are still areas to be further developed and evaluated, both
instrumentation and applications.
During 2009 The National Board of Forensic Medicine-Department of Forensic Genetics and
Forensic Toxicology, (RMV) started cooperation with the instrumentation company Waters
(Manchester, UK) and the Department of Clinical Pharmacology (KI, Solna) evaluating a new
TOF-instrument for toxicological screening. My assignment as a part of this project has been
to create a limited and relevant database of drugs and toxics in Excel, including monoisotopic
mass, used when screening for pharmaceutical substances and their metabolites most probable
to be found in Swedish autopsy material.
A limited database has been developed based on information from several sources, it ended
up in 875 analytes and metabolites. A limited but complete database is more reliable in
practise than a big database, by means of a lower frequency of isobars and more information
included (e.g. retention time from liquid chromatography) making analysis faster.
Commercial databases are generally theoretical, lacking information about for example
retention time that often is an important criterion for identification.
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Introduction
Drug screening
The identification of unknown pharmaco/toxicologically relevant compounds (PTRC) in
biosamples is a challenge for analytical toxicologists because of the wide range of PTRC in
terms of molecular weight, polarity, pKa, chemical/thermal stability and a high number of
interferences in the substrate (e.g. blood, urine, hair and other tissues). Nevertheless, a general
unknown search of PTRC has important clinical/forensic applications for instance in
diagnosing intoxications (1). Screening is usually the first step in a toxicological
investigation, excluding negatives. Only if findings are made, confirmation and quantification
follow, therefore screening brings effectiveness in the analysts work.
Earlier, PTRC screening was typically based on immunological techniques, liquid
chromatography/UV-diode array detection (LC/DAD), gas chromatography/nitrogenphosphorus detection (GC/NPD) or GC/mass spectrometry (MS). GC/MS compensated the
downsides of GC alone, i.e. the need to isolate analytes from the aqueous substrate and to
derivatize polar compounds. Additionally, electron ionisation and the development of fast
computers were conditions for large databases of reference mass spectra and identification
based on library searches. In the 1990s the arrival of atmospheric pressure interfaces (API)
brought ruggedness in pairing LC to MS and there was no need for derivatisation of the
analytes prior to injection anymore. The high flexibility of LC enabled widening of the range
of identifiable compounds, because of its suitability for polar and thermally labile analytes.
However, difficulties were found to hinder the development of broad-range procedures that
had previously happened with GC/MS (1).
Time-of-flight (TOF)-MS enables searching a wide number of PTRC in biosamples. Recently,
benchtop time-of-flight mass spectrometers have become accessible as GC, LC and capillary
electrophoresis (CE) detectors opening new windows in PTRC screening. These analyzers
allow acquisition at high mass resolution and give mass accuracies of a few ppm (1).
Screening can be performed in various biological matrices such as blood, urine and hair.
Whereas the blood best mirrors the acute action of a substance, screening analysis is
frequently made in urine, since it offers a wider time window. When it comes to hydrophilic
compounds the concentration is usually higher in urine, which makes detection more secure.
Contrastingly, lipophilic compounds exist mainly as metabolites in urine why metabolic
patterns can be used to improve identification (2). Hair analysis can bring information about
previous/former drug use, not evident in the analysis of other matrices (3).
Screening is a qualitative method giving an idea about which analytes that exist in a sample
and are worth confirming and quantifying. When screening is performed a cut-off
concentration should be specified to give a positive or negative answer (2). A true positive hit
is when an analyte is confirmed having a concentration over cut-off and a true negative hit is
when an analyte does not exist in a sample or its concentration is below cut-off. False positive
hits occur when it is hard to distinguish between analytes, e.g. having similar analytes or
cross-reactions, and false negative hits occur when the sensitivity is too low and the analytes
disappear in the background noise. A high resolution decreases the number of false negatives.

1

Systematic toxicological analysis (STA) or general unknown screening (GUS)
Systematic toxicological analysis (STA), also called general unknown screening (GUS), of
drugs and toxic compounds consists of analytical methods aimed at detecting and identifying
substances foreign to the body. Often, STA includes a combination of methods based on
immunoassays and chromatographic techniques, coupled to methods of detection such as
DAD or MS (4).

High resolution mass detection
Nominal mass, exact mass, monoisotopic mass and accurate mass
The nominal mass is the integer mass of the most abundant naturally occurring stable isotope
of an element. The nominal mass of a molecule is the sum of the nominal masses of the
elements in its molecular formula. The exact mass, or the calculated exact mass, is obtained
by summing the masses of the individual isotopes of the molecule. The monoisotopic mass is
the sum of the masses of the atoms in a molecule using the unbound, ground-state, rest mass
of the most abundant isotope for each element instead of the isotopic average mass. The
monoisotopic mass is often expressed in unified atomic mass units (u) or daltons (Da)*.
The accurate mass, or the measured accurate mass, is an experimentally determined mass that
allows the elemental composition to be determined; it is generated by the instrument and is
depending on the resolution (5).
*Definition: 1u = 1Da = 1/12th of mass of carbon 12C = 1.66053886*10-27 kg
High/low resolution time-of-flight detectors
The time-of-flight analyser is in some respects the simplest mass separation device. It relies
on the fact that all the ions produced, negative or positive, are given the same kinetic energy
and then the velocity of each of them will be inversely proportional to the square root of their
mass. Consequently, the time it takes to pass through the flight tube of the mass spectrometer
will be related to the m/z of the ion (6).
In TOF detectors the ions fly in an orthogonal accelerator to reach the detector. When it comes
to resolution and the very small time differences between ions with similar m/z, it helps to
increase the length of the flight tube, to give a longer distance between source and detector.
Because enlargement is no trend, reflectrons are introduced (Figure 1). The reflectrons reflect
the ion beam leading to the detector, and recent TOF instruments include more than one
reflectron, increasing the resolution to > 10.000 (6). The reflectrons enhance resolution
because of the longer flight leading to better separation of the ions and for the same reason it
is important that the ion beam is focused and straight.
A mass spectrum is achieved by allowing enough time for all the ions to reach the detector.
TOF instruments use a pulsed source, meaning, a complete mass spectrum at a specific time is
obtained and recorded, and after some milliseconds another set of ions is transferred from the
source, and so on. A limit, while scanning, is the time it takes for the heaviest ion to reach the
detector.
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In TOF-MS it is central to set the mass range/tolerance from the lowest mass interesting to the
highest (e.g. 50-3000 m/z), to optimize the method. The resolution and the resolving power
(RP)* is critical when separating isobars and compounds with similar masses.
*Definition: Resolution = ∆m/m
RP = m/∆m
High resolution RP ≥ 5000
A high resolution gives better precision and mass accuracy*. Today there are TOFinstruments available reaching a mass resolution of 40-60.000 (7).
observed mass – theoretical mass *106
*Definition: Mass accuracy (ppm) =
theoretical mass
The advantages with TOF-MS are a high resolution and mass accuracy, unlimited number of
target compounds giving full scan data and linearity for quantification.
Hybrid instrumentation
Combining LC with quadrupole (Q)-TOFMS gives the opportunity to use fragmentation as a
further criterion. In the quadrupole the analytes can be fragmented and characteristic fragment
ions can be used for identification. Figure 1 describes a QTOF instrument; quadrupole (MS1),
TOF (MS2).

Figure 1. A schematic figure of a QTOF instrument.
Chromatography
Using a chromatographic separation method before TOF enables using the retention time as an
important criterion for identification. When analysing complex mixtures of analytes a high
resolution is preferable. The trend is to use ultra performance LC (UPLC) rather than high
performance LC (HPLC). In UPLC smaller particles are used (sub-2µm) in the column which
leads to a better resolution but also a higher pressure. If having molecular isobars the retention
time could differ between them, helping separating them.
The retention time span is set narrow to avoid false positives, but if set too narrow it can lead
to missing out the compound. Compromising the time span with other specific criteria, as
isotopic pattern and the presence of a metabolite, allows a wider time span for identification.
3

Targeted screening
In targeted screening the selected analytes are known and ideally reference substances are
available. Identification is made by matching obtained spectra with reference spectra and
comparing the retention times.
Libraries and databases
A database can be used with all different techniques of detection, such as TOF, ion-trap and
quadrupoles coupled to both GC and LC. It typically contains information such as: retention
time, molecular formula and molecular weight and can easily be updated for the right
purpose. A library, on the other hand, contains full scan spectra and often shows a suggested
structure together with the name of the suggested compound. To get a hit in a library a found
spectrum is matched with a reference spectrum (after making an overlay). Previously, a
manual overlay was done of the two spectra but today everything is automated with the help
of computers and stored reference spectra. Here unique fragments can show the identity of an
analyte when having isobars with similar retention times.
Different approaches
Targeted STA of drugs and toxic compounds includes analytical methods aimed for detection
and identification of a selection of exogene substances; typically therapeutic drugs, drugs of
abuse and toxic compounds in biological fluids; generally blood and/or urine. Earlier, LCDAD was widely used because of its compatibility with large, non-volatile and thermolabile
molecules. However, MS is more specific than DAD and does not depend on the molecules´
UV-absorbance as with DAD (4).
Criteria for identification
Some criteria for identification are: exact mass, accurate mass, retention time from liquid
chromatography (reference substance must be available), software with built-in logic seeing
chemically implausible compositions, how well the calculated isotope abundance ratios match
the experimental data and whether the calculated mass intervals for the (isotope) peaks match
the experimental spectrum. A typical metabolite detected consolidates a parent analyte as
well.
TOF → QTOF
Unique fragments of a molecule can be chosen to improve identification of a compound, if
using QTOFMS. Figure 2 indicates the development of criteria over the last ten years. In the
beginning only the retention time and the mass were used as criteria for identification. Then
the isotopic pattern was added, and now more improved instrumentation is available and also
controlled fragmentation is exercised and used as a further criterion making the identification
more accurate.
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Figure 2. The development of criteria for identification with (Q)TOF-MS.
The user can set different parameters (e.g. mass tolerance and time windows) in the software
before a run and this is important for the outcome as well. The more experienced user the
tighter settings for specific analytes. Even unknowns can be identified, more easily if they are
low-mass compounds since fewer molecular formulas are possible than for compounds with a
higher mass. There are algorithms that find and correlate multiple ions that are related to the
same neutral molecule, to find adducts such as Na+. The software logically narrows the list of
possible formulas and reduces ambiguity, hence, significantly reduces data interpretation time
and increases the value of accurate mass-analysis (8).
Applications for toxicological screening
In the beginning of 2000 in Helsinki, a group at the Department of Forensic Medicine
introduced a method using LC-TOFMS to screen urine for drugs. Urine samples (50) were
hydrolysed and solid-phase extracted, all containing the same analytes. A database consisting
of 600 compounds was used and the mass tolerance was ± 30 ppm, the retention time window
was set to ± 0.2 minutes (usable when having reference substance available) and the minimum
area counted was 500. For evaluation, positive findings were confirmed by GC-MS. Several
apparently correct metabolites found were missed by GC-MS. Ojanperä state that advantages
of LC-TOFMS are: a good sensitivity, the ability of screening a large number of drugs
simultaneously and extreme flexibility in updating the target database library. This method
was in daily routine, in Helsinki, in the analysis of drugs and poisons in urine (2). The method
has since been enhanced, to reduce the number of false positives, with more improved
instrumentation reaching a higher resolution and therefore a narrower mass tolerance (10
ppm) and retention time window can be set (9).
Designer drugs were identified in seized samples using LC-TOFMS in 2004. The samples were
only diluted before injection, making analysis rapid and simple. Hence, LC-TOFMS is a costeffective and flexible tool which is a leading MS technique in terms of speed, mass accuracy,
mass resolution and sensitivity (2).
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Today LC-QTOFMS is one of the most appropriate techniques for identifying pesticides in
food and water. Target analysis is usually applied in the inspection of maximum residue limits
in food and drinking water, especially when the compounds or metabolites are polar. The
working method is similar to that in toxicology (10).

Aim
The aim was to form a limited database in Excel including monoisotopic mass for the analytes
chosen of interest for RMV from FASS (Farmaceutiska specialiteter i Sverige) and the LVFS
(Läkemedelsverkets föreskrifter om förteckningar över narkotika), evaluate the database and
apply the database for targeted screening on real analytical TOF-data (Appendix III). It was
for example interesting to look for number of isobars and other possibly complex separations.
Isobars can be a problem when it comes to having more than one hit, but if having reference
substances the retention time can help separating the analytes, otherwise fragmentation could
be of help. The mass spectrometer can be optimally set for each compound, applicable for
Waters instrumentation but also for instruments from other vendors.
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Material and methods
Software and sources for data
When collecting information for making the database, different sources were used because
everything is not available from one source. When it comes to finding analytes (drugs and
narcotics) the free online database Pubchem (11) is trustworthy, it contains molecular
formulas and their weights. The system is maintained by the National Center for
Biotechnology Information, a component of the National Library of Medicine, which is part
of the United States National Institutes of Health. Also Pubmed (12) was used to find papers
containing analytes of interest, e.g. Drug metabolism and disposition and Journal of
chromatography. The papers were found in the library archive of the Faculty of Health
Sciences at Linköping University.
However, metabolites were harder to find, if not knowing them. It was better to search for the
analyte in Clarke’s analysis of drugs and poisons (13) under “Disposition in the body” to find
out which metabolites exist and check them at Pubchem-substance on the Internet.

Structure and size of the database
Both registered drugs from FASS (Farmaceutiska specialiteter i Sverige) and drugs/narcotics
from the LVFS (Läkemedelsverkets föreskrifter om förteckningar över narkotika) were
selected and listed in the limited database. It ended up in 875 analytes relevant for
toxicological screening and metabolites, which could be detected after intake of the parent
drug in human urine.
First the substance was listed and afterwards its main metabolites as 1, 2, 3 etc. Some
substances lack metabolites and then that was stated. Every analyte had its name in Swedish
as well as in English for convenience and there was also information about if RMV had a
reference or not, which is central when it comes to the possibility of generating the retention
time. For about 300 substances there were references available. The molecular formula and
molecular weight were presented. At this stage 679 analytes had the monoisotopic mass
calculated using the software application “Molecular mass calculator”, in positive mode
(protonised, [M+H]+) since most analytes were bases. It is possible to use negative polarity if
wanted. The database can be used together with any instrumentation and software, as Bruker,
Waters or Agilent and is easy to amend.

Excel – Text file
Table 1 is a part of the database showing the structure of it. Figure 3 displays a “text file with
tab” as it is formed before translating the Excel file to the instrument software MassLynx 4.1.
Table 1. A part of the database displaying the structure of it.
Ref Swe name Eng name Formula
x

Tramadol

Tramadol

Av mass Monoiso mass tr

C16H25N1O2 263.3752

7

264.1964

FASS LVFS
1.37 N02A III

Figure 3. Text file with tab. First the analyte and the formula is written and then the retention
time and one characteristic fragment from the molecule.

Instrumentation
The instrument used was a LC-QTOFMS by Waters (Manchester, UK) shown in Figure 4. It
has a resolution of 10.000 and a mass accuracy < 2 ppm. Chromatography was performed on a
high strength silica tri-functional C18 2.1 * 50 mm, 1.7 µm. The flow rate was 0.8 ml/min;
column temperature was set to 60 ˚C. Mobile phase A was prepared by diluting 1 ml formic
acid in 1 L of double distilled water while phase B consisted of 100% acetonitrile. A linear
gradient chromatography was run.

Figure 4. Xevo QTOFMS.
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Results and discussion
Development of database for targeted screening
The downsides and the benefits of differently built databases are many and priorities have to
be made for the actual purpose of use. The quality of a database could be more important than
the number of analytes included. There are commercial databases available containing
thousands of compounds but they often do not contain all the information needed, such as the
retention time. If using a small/qualitative database excluding unlikely hits when interpreting
an analysis fewer hits will occur and they are more likely to be true. The more
information/details a database contain, the more criteria for identification which leads to more
liable hits.

Evaluation of the database, content and structure
In this work the purpose was to develop a limited database with relevant data of interest. The
more criteria, the less false positives and the more probability of a hit being correct.
A part of the database is shown in Appendix I. It was built in Excel and then made into a text
file for conversion to the software MassLynx 4.1. Appendix II explains the steps from
database to identifying results.
When calculating the monoisotopic mass the software application Waters “Molecular mass
calculator” was used (Figure 5). The molecular formula was added and the monoisotopic
mass was calculated by the application, in positive mode.

Figure 5. The molecular mass calculator.
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Selected references
The substances chosen of interest for the database were mainly from FASS and the LVFS.
There were about 300 reference substances accessible at RMV and information about the
individual retention times was achieved by chromatographic analysis at KI, Solna by Ph.D.
Martin Josefsson, from my mixtures of analytes (in methanol).
Number of isobars
When two molecules have the same exact mass they are called isobars. In some cases isobars
have identical molecular formulas and in others they have the same mass but do not include
the same atoms. The first could be enantiomers, mirror images of each other, and often one of
the two enantiomers is the working substance, or it could be structural isomerism. The second
case could be relatively different molecules adding up to identical mass.
In the database constructed in this work it was an 11% frequency of analytes having the same
monoisotopic mass as another analyte. It was a 6% frequency of analytes having the same
monoisotopic mass as two other analytes. It was a 1% frequency of analytes having the same
monoisotopic mass as three other analytes and it was a 1.5% frequency of analytes having the
same monoisotopic mass as four other analytes. Table 2 exemplifies some isobars. It was a
relatively big frequency of isobars when it came to metabolites and position isomers, e.g.
N/O-monodesmethyltramadol.
Table 2. Isobars. NA = not available (reference substance)

tr (min)

Rofecoxib metab 1
Rofecoxib metab 2

cis-dihydrorofecoxib
trans-dihydrorofecoxib

C17H16O4S1
C17H16O4S1

NA
NA

317.0848
317.0848

MDMA
Phenmetrazine metab 2

MDMA
4-OH-phenmetrazine

C11H15N1O2
C11H15N1O2

1.05

194.1181
194.1181

Tramadol
Venlafaxine metab 1
Venlafaxine metab 3

Tramadol
O-desmethylvenlafaxine
N-desmethylvenlafaxine

C16H25N1O2
C16H25N1O2
C16H25N1O2

1.33
1.22

Tramadol metab 2
Tramadol metab 4
Venlafaxine metab 2

O-monodesmethyltramadol C15H23N1O2
N-monodesmethyltramadol C15H23N1O2
N,O-didesmethylvenlafaxine C15H23N1O2

1.03
1.35

PMA
Ephedrine
Metamfetamine metab 1
Phentermine metab 1

Paramethoxyamfetamine
Ephedrine
4-OH-metamfetamine
N-OH-phentermine

C10H15N1O1
C10H15N1O1
C10H15N1O1
C10H15N1O1

1.02

Morphine
Hydromorphone
Reboxetine metab 2
Norcodeine
Hydrocodone metab 1

Morphine
Hydromorphone
Desethylreboxetine
Norcodeine
Norhydrocodone

C17H19N1O3
C17H19N1O3
C17H19N1O3
C17H19N1O3
C17H19N1O3

0.64
0.73
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NA

NA

NA

NA
NA
NA

NA
NA
NA

264.1964
264.1964
264.1964
250.1807
250.1807
250.1807
166.1232
166.1232
166.1232
166.1232
286.1443
286.1443
286.1443
286.1443
286.1443

Table 2 shows different typical isobars in the database. In some groups all the molecules are
metabolites and in other it is a mix of parent compounds and metabolites. Metabolites more
seldom are available as reference substances thus information on retention time often is
missing. As can be seen, tramadol and its monodesmethyl-metabolites together with the
metabolites of venlafaxine can cause problems while evaluating results. When retention times
are generated from available reference substances and even fragmentation is made, separation
can hopefully be performed anyway. But if lacking reference substance or there are no
outstanding fragments from fragmentation it can be difficult to come to any conclusion.
Enantiomers can not be separated in LC-TOFMS, if not using chiral chromatography.
Cis/trans-isomers can be separated if the retention times differ or if there are fragments with
unique intensity. Pharmaceutical knowledge, about e.g. metabolites, can be crucial verifying a
substance.
Lack of information
Sometimes it was hard finding the metabolites of an analyte, they are not always identified.
Even, for some analytes it was difficult to find the molecular formula. When it comes to
metabolites and new drugs, “designer drugs”, there is a limitation in available reference
substances. However, if given time not many gaps are left, because there are a lot of articles
written about metabolism and pharmacokinetics that are useful. Common metabolites are
glucuronides of the compound, dealkylated analogues and hydroxyls.

Application of the database
False positives and false negatives
To identify false positive and false negative results a complementary second confirmation
analysis is done by e.g. LC-Q-tandem-MS. When having hits in screening, confirmations of
positive findings are always performed afterwards. False negatives can be minimized if using
sensitive, high resolution instrumentation.
If two compounds have similar m/z and the resolution is not good enough for separation then
the retention time from the liquid chromatography could separate the two, but if there is not a
separation in the chromatography controlled fragmentation consolidates identification.
Fragmentation can be a criterion for a positive hit if there is a unique fragment from the ion
molecule seen in the reference spectrum.
The development in computers has improved the possibility of processing large number of
data in a very short time. There are software that generate molecular formulas when samples
contain unknowns. With increasing mass the number of possible formulas increases,
reasonably. For low-mass compounds accurate mass measurements may be enough to
produce a small number of possible formulas. The software takes full advantage of the mass
accuracy of the data and uses additional mass spectral information to logically narrow down
potential formulas. For example, the use of mass intervals between peaks adds specificity.
Using a software algorithm reduces data interpretation time significantly. When a 300component pesticide mix was tested 98% of the compounds were found correctly (8). Having
a technique with a high mass accuracy, based on a good quality library, brings screening
towards formula-based identification, without the immediate need for reference substances
(14).

11

Evaluation of a run
The database has been applied on produced analytical data, authentic samples, for targeted
screening. Appendix III shows one example. Previous findings using GC-NPD were tramadol
and one of its metabolites, and amitriptyline and one of its metabolites. Using LC-TOFMS
more findings were made, nine positive and five tentative detections. The setting for positive
detection was a mass error of less than 5 ppm. Just over 5 ppm (5.3 ppm) was Omonodesmethyltramadol with a high isotopic pattern match (i-Fit) of 90%. As can be seen the
retention times agree well over all and most of the positive hits have a high i-Fit.
Amitriptyline, maprotiline and tramadol have metabolites present as well which indicates that
the parent drug is correctly identified.
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Conclusion
The TOF technique is under progressive development right now regarding both
instrumentation and software, as they go hand in hand. Today there is a limited number of
published applications for toxicological screening using TOFMS.
To my experience, quality often overcomes quantity and therefore a limited database
including the compounds of interest chosen for the actual purpose of use is preferable to
decrease the number of false positives. Also fewer isobars will occur using a complete limited
database.
I have learned, having references is an advantage since more information becomes obtainable,
e.g. the retention time and fragmentation pattern. With references, processing a sample takes
far less time since a narrower time span is investigated.
I have experienced it is a time demanding process to form a database, but there are accessible
sources to use and with an increasing knowledge about the analytes more information can
easily be added.
Depending on investigation area (e.g. sexual crimes or post mortem investigations) differently
formed databases are preferably used to get the most efficiency out. Previously generated MS
data can be used retrospectively and be processed against several different databases.
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Appendix I – A part of the database

Columns: Reference available (x), name (in Swedish), comments, name (in English), formula,
average mass (Pubchem), average mass (calculator), monoisotopic mass (calculator),
retention time (minutes), FASS classification, LVFS classification.

Appendix II – The steps from database to identifying results

Database
Text file

Identify
method

View identify
results

In “View identify results” different chromatograms can be seen, from the total ion
chromatogram (TIC) to the fragment pattern of a hit.

Appendix III – TOF-data
Person died from muscular spasm after drug intake.
Previous findings in blood using GC-NPD:
Tramadol
O-desmethyl tramadol
Amitriptyline
Nortriptyline
Findings in blood using LC-TOFMS:
Amitriptyline
Nortriptyline
Atropine
Maprotiline
Desmethyl maprotiline
Promethazine
Protriptyline
Tramadol
O-desmethyl tramadol
N-desmethyl tramadol
Theophylline
Function 1: ES+ TOF MS
9 positive detections (mass error less than 5.0 PPM)
amitriptylin
C20H23N1
(+)
2.09 min
amitriptylinmetabolit 1
C19H21N1
(+)
2.05 min
atropin
C17H23NO3
(+)
1.15 min
maprotilin
C20H23N1
(+)
2.09 min
maprotilinmetabolit 1
C19H21N1
(+)
2.05 min
nortriptylin
C19H21N1
(+)
2.05 min
prometazin
C17H20N2S1
(+)
1.91 min
protriptylin
C19H21N1
(+)
2.05 min
tramadolmetabolit 2
C15H23N1O2
(+)
1.34 min

278.1909 Da
Area: 231.2
264.1752 Da
Area: 345.1
290.1756 Da
Area: 16.2
278.1909 Da
Area: 231.2
264.1752 Da
Area: 345.1
264.1752 Da
Area: 345.1
285.1425 Da
Area: 8.5
264.1752 Da
Area: 345.1
250.1807 Da
Area: 113.5

2.12 min
Mass error: 3.8 PPM
2.10 min
Mass error: 2.5 PPM
1.17 min
Mass error: 3.6 PPM
2.12 min
Mass error: 3.8 PPM
2.10 min
Mass error: 2.5 PPM
2.10 min
Mass error: 2.5 PPM
1.96 min
Mass error: 0.7 PPM
2.02 min
Mass error: 2.5 PPM
1.35 min
Mass error: 4.9 PPM

5 tentative detections (mass error between 5.0 and 20.0 PPM)
koffein
C8H10N4O2
(?)
1.03 min
prometazinmetabolit 2
C16H18N2S1
(?)
1.87 min
teofyllin
C7H8N4O2
(?)
0.82 min
tramadol
C16H25N1O2
(?)
1.34 min
(?)
1.42 min
tramadolmetabolit 1
C15H23N1O2
(?)
1.02 min

195.0882 Da
Area: 17.6
271.1269 Da
Area: 7.8
181.0726 Da
Area: 16.7
264.1964 Da
Area: 477.3
Area: 8.9
250.1807 Da
Area: 75.9

1.04 min
Mass error: 8.2 PPM
1.92 min
Mass error: 6.4 PPM
0.86 min
Mass error: 13.8 PPM
1.33 min
Mass error: 11.0 PPM
Mass error: 10.4 PPM
1.03 min
Mass error: 5.3 PPM

i-FIT Conf: 79.8%

(1/6)

i-FIT Conf: 99.9%

(1/5)

i-FIT Conf: 27.3%

(2/9)

i-FIT Conf: 79.8%

(1/6)

i-FIT Conf: 99.9%

(1/5)

i-FIT Conf: 99.9%

(1/5)

i-FIT Conf: 23.3%

(2/11)

i-FIT Conf: 99.9%

(1/5)

i-FIT Conf: 51.8%

(1/3)

i-FIT Conf: 8.0%

(2/2)

i-FIT Conf: 1.0%

(5/11)

i-FIT Conf: 33.1%

(2/2)

i-FIT Conf: 45.5%
i-FIT Conf: 25.3%

(2/3)
(2/3)

i-FIT Conf: 90.0%

(1/3)

Nine positive findings with mass error less than 5 ppm. A few findings with lower isotopic
pattern match (i-Fit); atropine (27.3%) and promethazine (23.3%).
Five tentative findings with mass error between 5 and 20 ppm.

