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Background on NPS
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Synthetic Drug Trends – Europe

Source: www.emcdda.europe.eu

http://www.emcdda.europe.eu/
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Synthetic Drug Trends – Europe

Source: www.emcdda.europe.eu

http://www.emcdda.europe.eu/
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Synthetic Drug Trends – United States

Data: US Drug Enforcement Administration 
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Synthetic Drug Trends – Canada

Source: Elizabeth Young Laanemets, Canada 
Border Services Agency, AAFS 2019 Presentation 



Synthetic Drugs in the News
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Challenges

• Synthetic drugs present in forensically relevant samples often 
remain unidentified due to scope of analysis and analyst 
experience/expertise

• First identification are often lagging or delayed
– Analytical capabilities, testing performed

– Standard reference material

– Relation to previously identified NPS

• There is no centralized reporting system                                   
within the United States
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NPS Discovery
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Our NPS Discovery Program

Seized Drug
Analysis

Forensic Toxicology Investigations

Clinical 
Intoxications

Public Health
Public Safety
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1. Intelligence

– What is out there?

2. Surveillance

– Have we seen it?

3. Monitoring

– How often?

4. Response

– What do we do?

5. Forecasting

– What’s next?
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Methods and Workflows



• Interdiction and collection of sample (typically white powder)

• GC-MS testing – determination of suspected NPS

• LC-QTOF-MS testing – tentative identification

• NMR testing – confirmation of structure

• Report of results to scientific community – new drug monographs

• Monitoring future results (toxicology, clinical, seized drug, etc.)

• Notification of drug to public health – public alert

• Additional research – quantitation, metabolism, etc.
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Seized Drug Workflow



• Sample Preparation:
– Acid/Base extraction

• Instrument:
– Agilent 5975 Series GC/MSD →

• Column & Carrier Gas:
– Zebron™ Inferno™ ZB-35HT                     

(15 m x 250 µm x 0.25 µm)
– Helium (Flow: 1 mL/min)

• Temperature Program

• Injection Volume: 1 µL

• MS Parameters: 40-550 m/z
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GC-MS Testing



• Sample Preparation:
– 1:100 dilution of GC-MS extract

• Instrument:
– Sciex TripleTOF® 5600+ →

• Column:
– Phenomenex® Kinetex C18                         

(50 mm x 3.0 mm, 2.6 µm)

• Mobile Phase Gradient:
– A: Ammonium formate (10 mM, pH 3.0)
– B: Methanol/acetonitrile (50:50)

• Injection Volume: 10 µL

• MS Parameters: 100-510 Da
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LC-QTOF-MS Testing



• Sample Receipt

• Preparation/Extraction

• Analysis

• Data Processing

• Interpretation*

• Reporting
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Toxicology Workflow

Sample Sources

– NMS Labs

– Medical Examiner

– Coroner

– Hospitals

– Poison Centers

– Other*



• Sample Receipt

• Preparation/Extraction

• Analysis

• Data Processing

• Interpretation*

• Reporting
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Toxicology Workflow

Discarded Extracts



• Sample Preparation:
– Extraction via LLE or SPE

• Instrument:
– Sciex TripleTOF® 5600+ →

• Column:
– Phenomenex® Kinetex C18                         

(50 mm x 3.0 mm, 2.6 µm)

• Mobile Phase Gradient:
– A: Ammonium formate (10 mM, pH 3.0)
– B: Methanol/acetonitrile (50:50)

• Injection Volume: 10 µL

• MS Parameters: 100-510 Da
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LC-QTOF-MS Testing



• Basic Drug Method
– Generic LC gradient

– SWATH® Acquisition

– 15.5-minute method

– 800+ drugs of abuse, NPS, 
metabolites, etc.

• Synthetic Cannabinoid Method
– Generic LC gradient

– SWATH® Acquisition

– 7-minute method

– 250+ synthetic cannabinoids 
(parent and metabolites)

LC-QTOF-MS Methods
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• First Experiment • Second Experiment
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SWATH vs. IDA
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Positive Identification Criteria



• Sample Preparation:
– Extraction via LLE or SPE

• Instrument:
– Waters Xevo TQ-S micro →

• Column:
– Agilent InfinityLab Poroshell 120 EC-C18 

(3.0 mm x 100 mm, 2.7 μm)

• Mobile Phase Gradient:
– A: Water with 0.1% formic acid
– B: Methanol with 0.1% formic acid

• Specialized MRM Parameters

• Standard Addition for Quantitation
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LC-MS/MS Testing
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Sample-Mining vs. Data-Mining



• >875 standards in library database
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Standards / Library Database

Alkaloid

Benzodiazepine

Dissociative

Hallucinogen

Opioid

Other

Stimulant

Synthetic Cannabinoid

Drug of Abuse

Incidental

Pharmaceutical

NPS



Results and Dissemination
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4F-MDMB-BINACA

4F-MDMB-BINACA
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4F-MDMB-BINACA

4F-MDMB-BINACA 5F-MDMB-PINACA (5F-ADB)

5F-MDMB-PICA MMB-FUBINACA (FUB-AMB)



Timeline: 4F-MDMB-BINACA

Nov. 2018                Dec. 2018                Jan. 2019                                Oct. 2019

Communication with 
colleagues in Singapore; 
data interpretation of a 
possible new synthetic 

cannabinoids

First seized drug material 
appears in our laboratory 
system (GC-MS, LC-QTOF-

MS, and NMR analysis)

First identification of 
4F-MDMB-BINACA 

through sample-mining

95+ cases

Data-mining
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New Drug Monograph
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Toxicology Trends
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Toxicology Trends
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Public
Alert
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Further Monitoring
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Further Monitoring

4F-MDMB-BINACA

M.1

M.2

M.7 M.4

M.3

M.5

M.6

M.8M.9
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• Aggressively update library database (n>875)

• Isotonitazene reported in Canada in August 2019
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New Synthetic Opioids



• Aggressively update library database (n>800)

• Isotonitazene reported in Canada in August 2019
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New Synthetic Opioids

Aug 2019 Sept 2019 Oct 2019 Nov 2019

Report 
from 

Alberta

Standard 
Added to 

Library
First 

Identification

8 Total Cases
Sample-mining & Data-mining
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New Drug Monograph
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Public
Alert



• Quantitation by standard addition using LC-MS/MS

• August 2020 →more than 250 cases

– Isotonitazene is declining / Brorphine is rising
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Further Monitoring
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Further Monitoring
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Intelligence / Forecasting
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Intelligence / Forecasting

Etodesnitazene
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Publication



Current NPS Trends



2018

Etizolam (47%)

Flubromazolam (26%)

Diclazepam (11%)

Clonazolam (7%)

Flubromazepam (5%)

Phenazepam (3%)

Pyrazolam (1%)

Flualprazolam (1%)

2019

Etizolam (56%)

Flualprazolam (13%) ↑

Flubromazolam (12%) ↓

Bromazolam (9%) ↑

Diclazepam (6%)

Clonazolam (2%)

Flubromazepam (1%)

Phenazepam (1%)

2020*

Etizolam (45%) ↓

Flualprazolam (40%) ↑

Flubromazolam (7%) ↓

Clonazolam (3%) ↑

Adinazolam (2%) ↑

Pyrazolam (1%)

Bromazolam (1%)

Phenazepam (1%)

Estazolam (>1%)

Metizolam (>1%)

Diclazepam (>1%)

Flubromazepam (>1%)
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NPS Benzodiazepines

*Only 8 months
% of class
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NPS Opioids

0%

20%

40%

60%

80%

100%

Fentanyl Fentanyl
Analogues

U-Series
Analogues

New NPS
Opioids

2018 2019 2020*

% in All Cases % of NPS Opioid Class
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NPS Opioids

Fentanyl Brorphine

Isotonitazene

2-Methyl AP-237
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NPS Stimulants / Hallucinogens



2018

5F-ADB (52%)

5F-MDMB-PICA (15%)

MMB-FUBINACA (13%)

ADB-FUBINACA (7%)

5F-EDMB-PINACA (2%)

….

2019

5F-MDMB-PICA (52%)

4F-MDMB-BINACA (31%)

FUB-AMB (8%)

APP-BINACA (3%)

MDMB-4en-PINACA (2%)

ACHMINACA (1%)

…

2020*

5F-MDMB-PICA (55%)

4F-MDMB-BINACA (31%)

MDMB-4en-PINACA (10%)

4F-MDMB-BICA (1%)

ADB-FUBINACA (1%)

…
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Synthetic Cannabinoids

*Only 8 months
% of class
Not comprehensive lists



Conclusions



• Notifying scientific community

– Forensic Scientists – Toxicologist and Chemists

– Medical Examiners / Coroners

– Physicians / Medical toxicologists

• Alerting public health and drug users

• Rapidly expanding knowledge about NPS

• Effecting drug scheduling and law enforcement
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What Is The Impact?



• The NPS landscape in the U.S. (and around the world) 
remains dynamic and fluid

• LC-QTOF-MS is the right instrument for the job, but the 
instrument isn’t everything …

• Sample-mining and data-mining workflows are key
– … So it testing the right sample populations

• Relying on standard reference material
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Conclusions
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