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Forensic Toxicology Challenges 

    Driving under the influence       Drug facilitated sex crimes         Post mortem analyses…   

    Drugs, poisons, metabolites…              New synthetic drugs and chemicals…  

Synthetic cannabinoids Bath salts, cathinones 

Blood,  urine,  saliva,  hair,  tissues,  pills,  tablets,  powders,  liquids,  herbs… 
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Forensic Toxicology Challenges 

    Driving under the influence       Drug facilitated sex crimes         Post mortem analyses…   

    Drugs, poisons, metabolites…              New synthetic drugs and chemicals…  

Blood,  urine,  saliva,  hair,  tissues,  pills,  tablets,  powders,  liquids,  herbs… 

Synthetic cannabinoids Bath salts, cathinones 

Will the data stand up to 
scrutiny in a court of law? 
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Evolving Analytical Instrument Toolset 

Immunoassays 
Gas Chromatography 

Liquid Chromatography 
GC-Mass Spectrometry 

GC-MS/MS (Triple Quad) 
LC-MS/MS (Triple Quad) 

LC-MSn (Ion Trap) 
LC-High Resolution (QTOF) 

The variety of needs… 

…demands a variety of technologies. 
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Expanding Mass Spectrometry Toolset 

Triple Quadrupole Systems (GC or LC) 

• Multiple Reaction Monitoring (MRM) mode delivers the highest levels of 
selectivity and sensitivity 

• The ideal technology for targeted quantitative analyses! 

• Slower scanning and unit resolution limits versatility for screening and unknown 
identification application 

Ion Trap Systems 

• Higher resolution and faster scanning enables screening and identification 
workflows 

• Rapid MS, MS2 and MS3 acquisition enhances identification confidence 

• Ultra fast positive/negative switching enables acquisition of both polarities in one 
run 

High Resolution QTOF Systems 

• Ultra-high resolution MS and MS/MS for the highest confidence identification 

• Can use resolution, accurate mass, isotopic patterns, fragmentation patterns and 
accurate mass fragments for unknown identification 

• The fastest scanning for the most comprehensive data acquisition and ability to do 
retrospective analysis since “all” the information is collected 
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Bruker SCION™ TQ GC-MS/MS 
Quantification of THC in hair samples 

 The active substance in cannabis is 9-tetrahydrocannabinol (9-THC) and is metabolized in 
the body to an inactive metabolite 9-tetrahydrocannabinoic acid (THC-COOH) 

 In order to prove regular cannabis consumption, hair analysis is preferred over urine or blood 
analysis 

 The absorption of THC-COOH into hair is very low, making quantitation challenging due to the very 
high sensitivity required 

 Society of Hair Testing for analysis in forensic cases, the limit of quantification for THC-
COOH in hair should be less than 0.2 pg/mg while United States regulations recommend a 
detection limit of 0.05 pg/mg 

 

 

Spiked Control Hair Extract 

20 Replicates 
at 0.05 pg/mg 
 

5.9% RSD 

0.05 pg/mg 

Quant Ion 

Qual Ion 2 

Qual Ion 1 

http://www.google.ca/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=ABVdjCWCm8ji0M&tbnid=gOZMXaRpDBxlzM:&ved=0CAUQjRw&url=http://www.thesleuthjournal.com/34-medical-studies-proving-cannabis-cures-cancer/&ei=iV9VUo6xCMKytAbZpIC4BQ&bvm=bv.53760139,d.Yms&psig=AFQjCNEhnndrtVRUnNnik8Q-IBEcsc_IRA&ust=1381413119452878
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Bruker EVOQ™ LC-MS/MS 
Quantification of THC in plasma and dried blood spots 

Quant ion 

Qual ion 

Internal Standard 

1ng/mL THC in Plasma 1ng/mL THC in DBS 

Quant ion 

Qual ion 

Internal Standard 

• Excellent sensitivity for plasma samples at 1ng/mL THC (SN>10, 3µL of sample) 
• R2=0.999 with response factor RSD<10% 
• RSD for 1ng/mL plasma 3.6%, DBS 8.8%, respectively 

http://www.google.ca/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=ABVdjCWCm8ji0M&tbnid=gOZMXaRpDBxlzM:&ved=0CAUQjRw&url=http://www.thesleuthjournal.com/34-medical-studies-proving-cannabis-cures-cancer/&ei=iV9VUo6xCMKytAbZpIC4BQ&bvm=bv.53760139,d.Yms&psig=AFQjCNEhnndrtVRUnNnik8Q-IBEcsc_IRA&ust=1381413119452878
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Expanding Mass Spectrometry Toolset 

Triple Quadrupole Systems (GC or LC) 

• Multiple Reaction Monitoring (MRM) mode delivers the highest levels of 
selectivity and sensitivity 

• The ideal technology for targeted quantitative analyses! 

• Slower scanning and unit resolution limits versatility for screening and unknown 
identification application 

Ion Trap Systems 

• Higher resolution and faster scanning enables screening and identification 
workflows 

• Rapid MS, MS2 and MS3 acquisition enhances identification confidence 

• Ultra fast positive/negative switching enables acquisition of both polarities in one 
run 

High Resolution QTOF Systems 

• Ultra-high resolution MS and MS/MS for the highest confidence identification 

• Can use resolution, accurate mass, isotopic patterns, fragmentation patterns and 
accurate mass fragments for unknown identification 

• The fastest scanning for the most comprehensive data acquisition and ability to do 
retrospective analysis since “all” the information is collected 
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Bruker Toxtyper LC-MSn System 
Complete solution for rapid forensic toxicology screening 

Ready to use, pre-defined UHPLC-MSn methods  for rapid 
screening 

• Built-in spectral library that screens for over 900 compounds in 12 
minutes 

• Covers both basic and acidic analytes (positive and negative) in one 
run 

Complete software solution with an easy to use graphical 
interface 

• Fully automated data analysis and report generation 

• Optional detailed interrogation of raw data and retrospective analysis 

• Sub-libraries and optional metabolite library (Prof. Hans Maurer) with 
> 3000 metabolites  

Fully compatible with standard sample preparations 
methods (blood and urine) 

• Protein precipitation (PPT), Alkaline Liquid/Liquid (LLE) extraction 
protocol, Solid Phase Extraction (SPE) 
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Bruker Toxtyper System 
Typical workflow 

Sample Preparation 

PPT, LLE or SPE 

Toxtyper OpenAccess™ software 
for sample management  

LC-MSn Data acquisition on 
amaZon speed ion trap 

Automated data analysis and 
library search  

Automated ID report generation 

Serum:  1 mL, LLE (pH 9) 

Urine:  100 µL, Precipitation with ACN 

Typical Detection Limits: 
 

• Serum, LLE:  1-50 ng/ml   
• Urine, precipitation:  10-100 ng/ml 
• Urine, LLE:  1-10 ng/ml   
• Whole blood:  1-10 ng/ml 
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Bruker Toxtyper System 
Typical workflow 

Sample Preparation 

PPT, LLE or SPE 

Toxtyper OpenAccess™ software 
for sample management  

LC-MSn Data acquisition on 
amaZon speed ion trap 

Automated data analysis and 
library search  

Automated ID report generation 

L
id

o
c
a

in
e
 

0 

1 

2 

3 

9 x10 
Intens. 

0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 Time [min] 

Predefined, retention time based MS 
and MSn spectral acquisition of all 
analytes defined in the database 

SmartICC™ – (Ion Charge Control) Method to control the number 
of ions in the trap to prevent space charge. Achieved by using 
previous scans to extrapolate ion flux for the ions of interest. 
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Bruker Toxtyper System 
Typical workflow 

Sample Preparation 

PPT, LLE or SPE 

Toxtyper OpenAccess™ software 
for sample management  

LC-MSn Data acquisition on 
amaZon speed ion trap 

Automated data analysis and 
library search  

Automated ID report generation 

Purity score based matching 
combining MS/MS2/MS3 and ret. time  

SmartFRAG™ – Ensures consistent and reproducible 
fragmentation for different compound classes on all 
Toxtyper systems 



Copyright 2013 Bruker Corporation.  All Rights Reserved.               15 For research use only. Not for use in diagnostic procedures. 

Bruker Toxtyper System 
Typical workflow 

Sample Preparation 

PPT, LLE or SPE 

Toxtyper OpenAccess™ software 
for sample management  

LC-MSn Data acquisition on 
amaZon speed ion trap 

Automated data analysis and 
library search  

Automated ID report generation 



Copyright 2013 Bruker Corporation.  All Rights Reserved.               16 For research use only. Not for use in diagnostic procedures. 

Bruker Toxtyper System 
Seized Goods:  Suspected ‘XTC’ tablet 

*Data, courtesy of Institute of Forensic Medicine, Forensic Toxicology, University Medical Center Freiburg, Germany 

 
 
Sample Preparation: 
 Pulverise tablet 
 Dissolve approximately 100 

mg in 2 ml methanol 
 Filter 
 Dilute 1:10,000 with 

methanol 
 Inject onto Toxtyper system 
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Bruker Toxtyper System 
Suspected ‘XTC’ tablet data evaluation 

*Data, courtesy of Institute of Forensic Medicine, Forensic Toxicology, University Medical Center Freiburg, Germany 

MS  

MS2  

MS3  

MS  

MS2 X 

MS3 X 
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Bruker Toxtyper System 
Post Mortem Analysis – Stomach Contents and Blood 

Analysis of tablet from stomach: 

 Wash 

 Pulverise 

 Extract into MeOH 

 Dilute 1:1,000 

 Inject 2 µl  

Analysis of serum sample (cardiac blood)  

Venaflaxine found to be 1000 ng/ml 

*Data courtesy of Institute of Forensic Medicine, Forensic Toxicology, University Medical Center Freiburg, Germany 
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Expanding Mass Spectrometry Toolset 

Triple Quadrupole Systems (GC or LC) 

• Multiple Reaction Monitoring (MRM) mode delivers the highest levels of 
selectivity and sensitivity 

• The ideal technology for targeted quantitative analyses! 

• Slower scanning and unit resolution limits versatility for screening and unknown 
identification application 

Ion Trap Systems 

• Higher resolution and faster scanning enables screening and identification 
workflows 

• Rapid MS, MS2 and MS3 acquisition enhances identification confidence 

• Ultra fast positive/negative switching enables acquisition of both polarities in one 
run 

High Resolution QTOF Systems 

• Ultra-high resolution MS and MS/MS for the highest confidence identification 

• Can use resolution, accurate mass, isotopic patterns, fragmentation patterns and 
accurate mass fragments for unknown identification 

• The fastest scanning for the most comprehensive data acquisition and ability to do 
retrospective analysis since “all” the information is collected 
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Bruker ToxScreener Solution 
Comprehensive and sensitive forensic toxicology screening 

A complete solution for comprehensive Forensic Toxicology 
screening of body fluids and human tissues  

• Includes a complete systems with high performance QTOF and UHPLC system, 
column, accurate mass toxicology database, complete analysis protocol, 
system test kit, processing software and technical Support 

Innovative technologies that deliver the highest sensitivity and 
confidence in results 

• Market leading QqTOF platforms that deliver the highest performance: 

• Dual Ion funnel and High Definition Collision cell for sustained sensitivity 
delivering low false  positive findings 

• 10 bit digitizer allows accurate screening over the  widest concentration 
range 

Powerful software tools that enable the entire workflow and 
rapid data analysis 

• Application specific software enabling colour coded “sample at glance” rapid 
data review and interrogation of screening results 

• Additional advanced software tools for unknown identification capabilities 
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Bruker ToxScreener Solution 
Typical workflow 

Confirm Found Components 

Match and score retention time, accurate mass, isotopes & diagnostic ions. 

Screen Found Components 

Check compounds against retention time and accurate mass database 

Find “All” Components  

High resolution XIC of every compound desired, detect peaks and integrate 

UHPLC-QTOF Acquisition 

Continuous acquisition of TOF MS and bbCID MS/MS  

Sample Preparation 

PPT, LLE or SPE 

N

O

O
CH3

O

OH
N

O

O
CH3

OH

91.0542

121.0649

130.0650 169.0659

186.1274

204.1377

216.1378

230.1157

275.1611

297.1429 319.1579

121.0649 (0.1), relI 0.18

41. +bbCID MS121.0648 (0.1)
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Broad-Band Collision Induced Dissociation (bbCID) 
 

• Channel 1 TOF MS (low CE):  No isolation and no fragmentation, full scan MS 
spectra are acquired across every LC peak  
 

• Channel 2 broadband CID (high CE):  No isolation but all ions are fragmented in 
the collision cell, MS/MS spectra are acquired for every LC peak 
 

• Rapidly alternate between both channels (approximately 1s cycle time),  no threshold 
 

• Continuous generation of MS & MS/MS spectra across each peak: no risk of missing anything 
• False positive reduction 
• Enhanced confirmation 
 

TOF 
Analysis 

Mixture of ions Q1 allows all ions 
to pass 

Collision cell 

Rapidly alternating 
MS and MS/MS 

acquisitions 
MS 

bbCID 
MS/MS 

 Confirmation 

 Detection 
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 Chemical formula / name for 

~2000 compounds: 
 
~1250 compounds of forensic 
relevance, contribution 
Helsinki/Freiburg; 
 
plus ~750 pesticides 
 

Detailed information for all: 
Retention time  
Adducts 
Fragments (fullscan)  
Isomers  

   Qualifier ions  
(for ~1500 compounds) 

Institute of Forensic 

Medicine,  

Forensic Toxicology 

Bruker ToxScreener Database 
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Bruker ToxScreener Data Processing 
Urine sample from suspected JWH-250 user 

Total ion chromatogram  
(MS and MS/MS) 

314.1750

322.2370

352.1921

374.1727
410.2424

41. +MS, found: JWH-250-M-N-OH-Pentyl (C 22 H 25 N 1 O 3 , 351.1829, [ [M+H]+: 352.1907])

352.1907

41. JWH-250-M-N-OH-Pentyl (C 22 H 25 N 1 O 3 , 351.1829, err[mDa]: -1.43, mSigma: 2.3)
0.0
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216.1378
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297.1429 319.1579

121.0649 (0.1), relI 0.18

41. +bbCID MS121.0648 (0.1)
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bbCID MS/MS 
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OH

2) Accurate Mass & Isotope 

Pattern Match 

+ 

N

O

O
CH3

O

OH

JWH-250-pentanoic acid 
N

O

O
CH3

OH

JWH-250-OH-pentyl 

MS extracted ion chromatograms 

for JWH-250 metabolites 

1) Retention Time Match 

3) Accurate Mass 

Fragments Match  

Results Table 

 

Data Courtesy of Hjelt Institute, Department of Forensic Medicine, University of Helsinki, Finland 
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Retention times, accurate mass, isotopic pattern and bbCID QI’s 
ions (with their intensity ratios) provide low false positive rates 
for enhanced confirmation in complex matrices 

 

 

Bruker ToxScreener Solution 
Automated Data Processing  

“At-a-glance”review: 
Fast and reliable 
identification of  
screened drugs scored 
against the database 
information. 

 



Copyright 2013 Bruker Corporation.  All Rights Reserved.               26 For research use only. Not for use in diagnostic procedures. 

Nine compounds spiked in urine at 10 ng/ml, all detected and 
confirmed, no false positives.  

ALPRAZOLAM (^37Cl) 
AMITRIPTYLINE (^13C) 

BROMAZEPAM 

QI 

NORTRIPTYLINE 

7-AMINOFLUNITRAZEPAM 

AMITRIPTYLINE 

QUETIAPINE 

PAROXETINE 

LAMOTRIGINE 
ALPRAZOLAM 

AMISULPIRIDE 

LAMOTRIGINE (37Cl) 

QI 

NORTRIPTYLINE (13C) 

) 7-AMINOFLUNITRAZEPAM (13C) 
QI 

PAROXETINE(13C) 

) 
BROMAZEPAM (^81Br) 

U_M5_10ppb_bbCID_GD7_01_5506.d 

0.0 

0.5 

1.0 

1.5 

4 x10 

Intens. 

4 5 6 7 8 9 Time [min] 

Bruker ToxScreener Sensitivity 
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TRAMADOL VENLAFAXINE (^13C) 

Amphetamine Fragm 91 Amphetamine Fragm 119 BENZOYLECGONINE Amphetamine (^13C) BENZOYLECGONINE (^13C) 

COTININE 
Caffeine 

O-DESMETHYLVENLAFAXINE VENLAFAXINE 

METHADONE (13C) 

 

METHADONE 

EDDP (METHADONE METABOLITE) 

EDDP (METHADONE METABOLITE) (13C) 

 Caffeine (13C) 

 

 
COTININE  (13C) 

ECGONINE METHYL ESTER Amphetamine? 
ECGONINE METHYL ESTER (13C) 

 

GS250-12 HeSe_RA6_01_447.d 

0.00 
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6 x10 

Intens. 

1 2 3 4 5 6 7 

O-DESMETHYLVENLAFAXINE (13C) 

 

8 Time [min] 

Amphetamine 

Amphetamine, 136.1121±0.005 

C 9 H 13 N 1, 4.2min 

Amphetamine (^13C) 

137.1154±0.005, C 8 H 13 N 1 ^13C 1, 4.2min 

Amphetamine Fragm 119 

119.0855±0.005, C 9 H 11, 4.2min 

Amphetamine Fragm 91 

91.0542±0.005, C 7 H 7, 4.2min 
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Bruker ToxScreener Solution 
Example of positive Amphetamine finding, Post motem serum (LLE) 
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Summary 
Bruker Forensic Toxicology Solutions 

 The expanding portfolio of high performance MS 
technologies are playing an increasingly important role in 
addressing the growing challenges in forensic toxicology 
 From targeted quantitation to rapid or comprehensive 

screening workflows 
 

 Bruker is focused on developing innovative solutions that 
deliver high performance, ruggedness and are easy to 
deploy in the forensic lab 
 Scion TQ GC-MS/MS and EVOQ TQ LC-MS/MS systems for 

targeted quant 
 The Toxtyper for rapid and very easy to use forensic screening 
 The ToxScreener for the highest performance in 

comprehensive screening 

The variety of needs… …demands a variety of technologies. 
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