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- The goal of this presentation is to show how mass spectrometry can guide 

the workflow in a forensic toxicology laboratory. 

- Technology 

- Substances detected 

- Extraction procedures 

- Sample management 

 

- Time line: 2004 – 2022. 

Presentation Goal 



Scope 

- Approximately 4500 cases per year (post-mortem and ante-mortem). 

Ante-mortem: 

• Road side surveys testing 

• Sexual agressions 

• Custody child in divorces 

• Suspected poisoning 

Post-mortem: 

• Pathology cases 

• Exhumations 
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Routine biological samples 

Heart blood 20-30 mL 

Peripherical blood 10 mL 

Urine 30 mL 

Gastric content 50 g 

Vitreous humor ~ 1 mL 

Alternative biological samples 

Oral fluid ~ 0,5 mL 

Hair  As available 
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Samples 



(1) Identify exogenous 
substances in organic 

matrices 

(2) To measure 
concentrations 

of identified 
substances 

(3) Asses Impairtment 

Therapeutic? / Toxic? / 
Lethal?   
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Forensic toxicology main goals 
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Identify substances in forensic toxicology 

- Ethanol (GC/HS/FID) 

- Drugs of abuse (mass spectrometry) 

- Legal medicines (mass spectrometry) 

- Pesticides (mass specrometry) 

- Carboxyhemoglobine (UV-Vis) 
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Identify substances in forensic toxicology 

- Forensic toxicology is characterized by the analysis of very complex and 

unstable biological samples 

-  It is very important to pay attention to the metabolism of each substance and 

the detection time window. 

- The potential number of substances analyzed can be hundreds or even 

thousands. 
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Identify substances in forensic toxicology 

- Forensic toxicology is often related to overdose situations so it is expected to find large 

concentrations of substances in positives samples. 

- In routine samples, only a small percentage of positive samples correspond to 

situations of overdose. 

- It is even normal to find some drugs of abuse in low concentrations: 6-MAM, D9-THC, 

NPS. 

 



2004 2005 2009 2021 2022 

GC/MS 

Agilent 5973 

LC/MS Waters 

Quattro micro 

UPLC/MS Waters 

TQD 

LC/MS Sciex 

6500 QTrap 

GC/LC TOF Impact 

II Bruker 

• Complex extraction procedures: 

 

• SPE extractions 

• Derivatizations 

 

• Sample volumes (0,5 – 1 mL). 

 

• Acceptable sensiblilty. 

 

• Several analytical methods. 

 

• Not versatile equipment 

    

• Extraction procedures: 

 

• SPE extractions 

 

 

• Sample volumes (0,2 – 0,5 mL). 

 

• Sensitivity Increase 

      (MS  MSMS) 

 

• Versatile technology: Possibility of 

changing  chromatography parameters 

(analytical columns and mobile 

phases) 

 

• Ionizations sources (APCI, APPI, ESI) 

 

• Faster and easier extraction 

procedures: 

 

• Protein precipitation 

 

 

• Low sample volume (0,1 – 0,2 mL). 

 

• High throughput 

 

• Versatile tecnology:  LC, GC, QQQ, 

Qtrap, Time of flight (TOF) 

 

• Possibility of analizyng exact mass 

(TOF)  Unknown substances (e.g. 

NPS) 

    

Analytical technique evolution (2004 – 2022) 



2004 

GC/MS 

Agilent 5973 

• Opiáceos: Morfina, Codeína, 6-MAM, Metadona, Papaverina  

 

• Cocaína: Cocaína, benzoilecgonina, EME, Ketamina, Atropina 

 

• Canabinóides: THC, 11-OH-THC; THC-COOH 

 

• Anfetaminas: Anfetamina, MDA, MBDB 

 

• Metanfetaminas: Metanfetamina, MDMA; MDE 

    

2022 

5-IT  

PMA 

6-APDB 

PMMA 

Ketamina 

Methoxetime 

5-MeO-DALT 

4-chloro-2,5-DMA 

25C-NBOMe 

25B-NBOMe 

25I-NBOMe 

Methylone 

3,4-DMMC 

MDPV 

AB-CHMINACA met.1MA 

5-F PB 22-3 carboxindole 

AM2201 6-hydroxyndole 

AB-FUBINACA met3 

JWH N-pentanoic acid 

5-F-APINACA N-(4-hydroxybutyl) 

4-MEC, JWH073 butanoic acid 

JWH073 N-(4-hydroxybutyl) 

JWH250 N-pentanoic acid 

MDMB-CHMICA 

MDMB-CHMICA O-desmethyl acid 

MDA 

Metanfetamina 

Mephedrone 

a-PVP 

UPLC/MS Waters 

TQD 

GC/LC TOF Impact 

II Bruker 

Pentedrone 

JWH250 N-(5-hydroxypentyl) 

JWH073 N-(3-hydroxybutyl) 

AM2201 N-(4-hydroxypentyl) 

JWH018 N-(hydroxypentyl) 

JWH122 N(4-hydroxypentyl) 

JWH210 N-pentanoic acid 

JWH210 N-(4-hydroxypentyl) 

4-Methylaminores 

a-PVT 

4-4-Dimethylaminorex 

AH7921 

MT-45 

JWH018 N-pentanoic acid 

Anfetamina 

MDMA 

JWH210 5-Hydroxyndole 

THC-COOH 

Morfina 

Codeína 

6-MAM 

Benzoilecgonina 

Tramadol 

Cocaína 

EDDP 

Metadona 

Fentanil 

11-OH-THC 

THC 

Canabidiol 

Canabinol 

HMMA 

Buprenorfina 

M-CPP 

Naltrexona 

Naloxona 

EME 

New Psychoactive 

Substances (NPS) 

 

“Substâncias desconhecidas” 

Drug of abuse analysis. Evolution 2004 – 2022   





Controlo Internacional de Substâncias (EU _ Early Warning System)  



Group             Main effects 

Ketamine and phenciclydine der.        -> Ketamine is an anesthetic with clinical and veterinary applications in low doses, acting as a 

stimulant, in high concentrations with hallucinogenic properties. 

Synthetic cathinones                            ->  Analogues and derivatives of the controlled substance cathinone (main psychoactive 

component of the “khat” plant). 

Synthetic cannabinoid                          -> Receptor agonists of cannabinoids with properties similar to D9-THC, frequently mixed with 

products of vegetable origin and sold under the commercial name of “K2, spice, chronic”. 

Aminoindanes                                        -> 

 

Produce empatogenic and entatogenic effects similar to those caused by drugs that act on 

the neurotransmitter serotonin (e.g. MDMA). 

Tryptamines                                            -> 

 

Hallucinogenic properties. 

Plants base products                             -> 

 

Plant extracts with psychoactive properties: Kratom (stimulant in low properties and 

sedative in high concentrations; Salvia divinorum (hallucinogenic properties); Khat 

(stimulant properties). 

Piperazines                                             -> 

 

Frequently sold as "Ecstasy" because of its stimulating properties of the central nervous 

system. 

Phenethylamines                                    -> Substances related to amphetamines and methamphetamines, modifications in molecular 

structure can cause powerful hallucinogenic effects (e.g. Bromo-Dragonfly) 

Other substances                                  -> Diverse group of NPS that doesn't fit into any of the above categories. 



. The market for New Psychoactive Drugs…… 

What to do with reference standards…. 
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2004 

GC/MS 

Agilent 5973 

• Sample volume: 1 mL 

 

• SPE extraction 

 

• Run time:  app. 35 min 

 

• Target substances: App. 50 

    

2021 
LC/MS Sciex 

6500 QTrap 
• Sample volume: 0,2 mL 

 

• Protein precipitation 

 

• Run time: 15 min 

 

• Target Substances:  Aproximadamente 200 

 

Legal medicines analysis. Evolution 2004 – 2022   
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I. Screening. Imunoassays  

II. Confirmation procedures (GC/MS; LC/MSMS) 

III. Quantification procedures (GC/MS; LC/MSMS) 

I. Screening. (LC/MS/MS)  

II. Confirmation and quatification procedures (LC/MS/MS) 

Workflow…. 
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2004 2022 

Analytical procedures Many Few 

Sample volume 2-10 mL 1-2 mL 

Target compounds App 70 App 300 

Unknown compounds No Yes 
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Advantages 

- Easier and chiper analytical procedures. 

- High throughput 

- High sensitivity analytical methods 

- Target analysis and detection of unknwon compounds 

 
Disadvantages 

- Expensive technology. 

- Expensive maintenance contracts  

- One analytical equipment and several technicians are not always a good idea 

 



Thank you for your attention ! 


