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Laboratory’s missions

Forensic Toxicology
 Biological samples

 Road safety
(Crash/Control)

 Cause of death
 Crime 

(Victim/suspect)
 Child Custody
 …

 Seized samples
 Cannabis
 Powders
 Tablets
 …
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Clinical Toxicology
 Therapeutic Drug 

Monitoring
 Antibiotics, 

immunosuppressants, 
anticonvulsivants, …
Compare with  

reference range
 Screen for Intoxication

 Alcohol
 Psychoactive Medicines

(antidepressants, 
anxiolytics, sleeping 
pills, opiates…)

 Drugs of abuse 
(cannabis, cocaïne, 
heroin, MDMA)

 Explain symptoms

Industrial Toxicology

Environmental Toxicology



How to perform an analysis

Before NPS

Reference standard 

⇒Targeted Chromatographic Method
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Chromatogram

Calibration 
curve

(Quantification)

UV spectrumMass spectrum

(Identification)(Identification)



NPS challenge
1. Number of substances – permanent increase

44

A new drug appears
almost every week

on the market

930 NPS

1184 NPS

245
SCRA

European Monitoring Centre
for Drugs and Drug Addiction

https://you.38degrees.org.uk/petitions/lift-the-ban-on-khat
http://www.lequotidien.lu/a-la-une/du-cannabis-de-synthese-vendu-au-luxembourg/
http://www.apotheekdansaert.be/fr/default/1000775/Substances%20actives/F/Fentanyl.aspx
https://insomnies-depression.blogspot.com/2017/06/somniferes-calmants-anxiolytiques.html
https://upload.wikimedia.org/wikipedia/commons/4/43/Ayahuasca_preparation.JPG
http://talk2sana.com/2016/11/23/bzp-and-tfmpp/
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NPS challenge
1. Cost +++

Availability?

Delivery Time?
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NPS challenge
2. Low concentration: even overdose (and death) 
cases may correspond to blood levels below 1 ng/mL

Carfentanil: 10.000 x more potent than morphine

 1 mL carfentanil ≈ 10.000 mL morphine

≈Carfentanil

Need for a sensitive method
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NPS challenge
1. Number of substances

2. Low concentration

3. Some NPS are largely metabolized: in biological
samples, we have to search for metabolites

Before
Reference Standard
⇒Targeted Method

NPS
No Reference Standard

⇒Untargeted Method with HR-MS



High resolution mass spectrometry
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5 identification 
criteria to fulfill

 SPECIFICITY +++

GOLD
STANDARD

 No need of reference standard to develop the method
(still necessary for confirmation & quantification)

 Can detect every compound in the sample

 Difficulty = data processing
 Targeted screening: library, reference standard

 Suspects screening: HighResNPS, Chemspider®

 Untargeted screening: real unkowns
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Peak detection sensitivity ± exhaustive 
Lots of peaks are found in one run

High resolution mass spectrometry
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Chemspider suggests lot of candidates/peak

High resolution mass spectrometry



Sample Preparation

Blood/Urine (treated or not by glucuronidase) 1 mL

Internal Standard (prazepam) 100 µL

Na2CO3 1M 500 µL

Diethyl Ether/ Dichloromethane/Hexane/n-amylic alcohol (50/30/20/0.5:v/v)
→Agitation →Centrifugation → Evaporation

5 mL

Mobile Phase 100 µL

HPLC-DAD (Waters)
Alliance 2695 + PDA 2996

Column: Symmetry C8, 5 μm, 
250 X 4,6 mm (Waters)
Mobile Phase A : 43,5 mM
Phosphate buffer pH 3,8 
Mobile Phase B: Acetonitrile

UPLC-TOF-MS (Sciex)
Eksigent LC 100 XL + TripleTOF 4600

Column: Kinetex 2.6 C18, 100 Å, 
50 x 3.00 mm (Phenomenex) 
Mobile Phase A : 10mM Ammonium 
formate
Mobile Phase B: ACN/MeOH (50/50)

11

 Biological Samples

 Powders: dilution HPLC-DAD & UPLC-TOF-MS

GOLD
STANDARD



Detection rate

 Epidemiological studies - CHU Liège

 Emergency Room Patients (n=80)

 Psychiatric Patients (n=59)

 Drivers in car accident/control (n=273)
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NO NPS FOUND

 Main explanation
 Analytical difficulty

 Low consumption

 Selection bias? Problematic consumption…



Case reports: Emergency Room
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Case 1: 31-year-old drug
addict

Day 0: injection of unknown
compound

Left against medical advice
Day+1: aggressiveness, agitation
Day+1 month: sleeping disorders, 
hallucinations, anxiety

⇨ 21st detoxification cure

Tachycardia 
Palpitations 

Mydriasis
Dyspnea
Dizziness
Headache 

Nausea

Case 2: 27-year-old man with
no previous history

Day 0: wandered in the night
Confessed the snorting of NEP

Severe agitation
Delusion of persecution
Tachycardia
Mydriasis
Fever
Renal failure
Rhabdomyolysis
Metabolic acidosis

Coma 
Intubation, dialysis

Intensive Care Unit

D+3: extubation, stop dialysis
D+5: symptoms resolution -
discharge from ICU
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Case 1:
α-

pyrrolidinohexiophenone
(α-PHP)

1st & 2nd admission only
No reference standard  No
quantification
 + cocaïne, cannabis, opiates
(heroin, methadone)

benzodiazepines (clonazepam,
diazepam, bromazepam)

 Interpretation?

Case 2: n-ethylpentedrone
(α-ethylaminopentiophenone

- α-EAPP ) 

Nordazepam (1.30 mg/L) and 
oxazepam (0.094 mg/L)

 Subcontracting: time to transfer
the samples
 Lethal concentrations

 3.10 mg/L [1]
 0.932 mg/L [2]

2.23 mg/L
Admission 

2.804 mg/L
+17 hours

Long T1/2

1.Fujita Y. et al. Acute Med Surg 2016; 3: 230-236   2. Pieprzyka E. et al. J Anal Toxicol 2021;00,1-7 2021;00,1-7  
3. Glicksberg L. et al. J Anal Toxicol, 2017;41:711–719   4. Adamowicz P. et al., forensic Sci Int 295 (2019) 36–45 

≠ Route of 
administration

≠ Clinical
consequences

Case reports: Emergency Room
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 Drug addict death (28-years old)

 Found at the scene:
 Unidentified powders

 Material used to snort (cards, homemade straw)

 Medicines (lorazepam, prazepam, zopiclone, amoxicilline, bisoprolol) 

 External examination: epistaxis without corporal 
lesion

 Toxicological cause of death highly suspected:  
NPS screening 

Case report: forensic toxicology

http://dallas.culturemap.com/news/city-life/06-13-13-police-arrest-teens-beating-death-murder-sam-morris-south-dallas/
http://blog.inthetardis.net/tag/medicaments
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EthylAminoPropylBenzofurane
EAPB : 87 %

5,6-MethyleneDioxy-2-AminoIndane 
MDAI : 68 %

 Powders

MAPB

APB

MethylAminoPropylBenzofurane

AminoPropylBenzofurane

Isomer distinction with RMN

[5] Corkery JM., et al., Hum Psychopharmacol Clin Exp 2013; 28: 345-355

 Biological samples

Blood
(mg/L)

Urine 
(mg/L)

Blood 
Cas 1 [5]

MDAI 2,09 69,4 26,3 3,3

EAPB 6,45 14,8 - -

MAPB 0,089 1,00 - -

APB 0,546 4,88 - 0,34

Blood
Cas 2 [5]

Case report: forensic toxicology

http://elisechampeil.com/chemistry/research/drugs


Conclusion

 NPS consumption is low compared to
classical drugs of abuse

 Various routes of administration and clinical
consequences

 Need for a sensitive and specific technique
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