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Rise of NPS  

Arise of critical situations

• Acute intoxication

• Workplace testing

• Driving re-licensing

• Anti-doping analyses

• Roadside controls 

• Active use or external contamination

• List of target analytes

DETECTION



SYNTHETIC CANNABINOIDS

• Classical cannabinoids: structurally related to THC (e.g.  

HU-210)

• Nonclassical cannabinoids: cyclohexylphenols or 3-

arylcyclohexanols (e.g. CP-47,497)

• Hybrid cannabinoids: structural combinations of both 

classical and nonclassical cannabinoids (e.g. AM-4030)

• Aminoalkylindoles (JWH-series, UR-144, XLR-11)

• Eicosanoids: endocannabinoids  and their synthetic 

analogues (e.g. AM-356)

• Others: Encompassing other structural types (e.g. 

APINACA)



Update from the 

EU Early 

Warning System 

(March 2015)



What about real abuse? 

� The chemical structure is slightly altered to 

create different drugs with similar properties

� Problems with urine analysis

(metabolism, reference standards)

�Very limited data on connection 

with traffic and occupational accidents 



� The  analytical strategy is facilitated by the wide 

availability of reference standards

� Most of methods are LC-MS/MS based

� Preliminary information about the current diffusion of NPS 

and on the characteristics of the users 

STUDY 1, year 2012

179 THC Consumers tested for the presence of 5 synthetic cannabinoids

STUDY 2, year 2014

344 among drug and alcohol consumers tested for the presence of 23 synthetic

cannabinoids

DETECTION OF PARENT DRUG IN HAIR



STUDY 1, year 2012

SYNTHETIC CANNABINOIDS

179 hair samples from frequent cannabis consumers (2010)

14 subjects positive for at least one synthetic cannabinoid (7.82%)

50-553
pg/mg

0.6-70.5
pg/mg

0.3-413
pg/mg

1.5-729
pg/mg

Age
18-48



STUDY 2, year 2013

SYNTHETIC CANNABINOIDS

344 real samples; 15 subjects positive for at least one SC, 12 from THC users 

Age
18-32



BONZAI (JWH-018, JWH-081, JWH-122)



SYNTHETIC CANNABINOIDS

PREVALENCE OF SYNTHETIC CANNABINOIDS

JWH-018

JWH-073

JWH-250

JWH-081

JWH-122

JWH-210

JWH-019

AM-1220

Hair Analysis 

2010-2012
ACUTE INTOXICATION WARNINGS 2009-2012 

Fonte: Sistema Nazionale Allerta Precoce



Ref Real samples Number of positive 

samples

Gender Age Range of measurable

concentrations

Hutter et al 

(2012)

Obtained from forensic

psychiatry inpatients in

2011. All patients admitted

chronic consumptions of SC

8 

(7 with polyabuse)
Male (8/8) 20-37

5.1-78 pg/mg (JWH-081)

0.5-24 pg/mg (JWH-250)

0.7-21 pg/mg (JWH-073)

5.1-5.7 pg/mg (JWH-018)

0.5-5.2 pg/mg (JWH-210)

Gottardo et al 

(2014)

435 hair samples collected

in 2010 for driving

relicensing

8 

(2 with polyabuse)

Not 

specified
Not specified

16-1280 pg/mg (JWH-081)

125 pg/mg (JWH-122)

12 pg/mg (JWH-250)

17-750 pg/mg (JWH-073)

10-11 pg/mg (JWH-018)

Kim et al. 

(2013)

18 (individuals suspected of

SC use)
18 7 male, 11 female 22-34

<LOQ-1700 pg/mg (JWH-

018)

2-55 pg/mg (JWH-073)

Cirimele et al

(2014)

232 subjects suspected of

narcotic abuse, 131 of them

originated from French

forensic cases and 101 from

foreign legal hair cases

3
Not 

specified
Not specified

<0.5-1.0 pg/mg (AM-2201)

<0.5 pg/mg (JWH-201)

POLYABUSE: 

- active ingredients vary from lot to lot

- some blends may contain two or more compounds



Detection of metabolites

and external contamination

JWH-018

AM-2201

JWH-073

JWH-250

JWH-081

JWH-122

JWH-210

JWH-019

JWH 018 4-hydroxypentyl metabolite-D5 

JWH 018 N-(5-hydroxypentyl) metabolite

JWH 018 N-pentanoic acid metabolite

JWH 019 5-hydroxyindole metabolite

JWH 073 N-(4-hydroxybutyl) metabolite

JWH 073 N-butanoic acid metabolite

JWH 081 N-(5-hydroxypentyl) metabolite

JWH 122 N-(5-hydroxypentyl) metabolite

JWH 210 N-(5-hydroxypentyl) metabolite

JWH 250 5-hydroxyindole metabolite

JWH 250 N-(5-hydroxypentyl) metabolite

New UHPLC-MS/MS method updated with 10 metabolites 

STUDY 2 � 15 positive hair samples � RETESTED WITH THE NEW METHOD

-OH

-COOH

LOQ:  0.23-0.95 pg/mg



#
JWH-018

(pg/mg)

JWH-073

(pg/mg)

JWH-250

(pg/mg)

JWH-081

(pg/mg)

JWH-122

(pg/mg)

JWH-210

(pg/mg)

JWH-019

(pg/mg)

AM-1220

(pg/mg)

Met

(pg/mg)

Washing

solutions

1 - 1.6 - - - - - - No n/a

2 17.3 7.6 83.4 12.3 - - - - No n/a

3 - 1.9 26.9 - - - - - No n/a

4 - 1.8 - - - - - - No n/a

5 - 5.2 5.8 - 11.7 - - - No n/a

6 10.4 2.0 6.0 - 2800 2.3 - 1.3 2.57 n/a

7 - 1.8 - - - - - - No n/a

8 - - - 8.0 - - - - No n/a

9 - 50.5 6.4 194 713 - - - No n/a

10 - 1.6 - - 760 - - - 0.23 n/a

11 3.1 1.6 - 81.4 - 5.1 - - No n/a

12 - 9.0 4.8 - 40.9 - - - No n/a

13 - - - - 7.4 - - - No n/a

14 - - - - 11.2 - 3.8 - No n/a

15 - - - 47.8 15.8 - 4.1 - No n/a

STUDY 3, year 2014 (ongoing)

SYNTHETIC CANNABINOIDS



#
JWH-018

(pg/mg)

JWH-073

(pg/mg)

JWH-250

(pg/mg)

JWH-081

(pg/mg)

JWH-122

(pg/mg)

JWH-210

(pg/mg)

JWH-019

(pg/mg)

AM-1220

(pg/mg)

Met

(pg/mg)

Washing

solutions

1 - 1.6 - - - - - - No n/a

2 17.3 7.6 83.4 12.3 - - - - No n/a

3 - 1.9 26.9 - - - - - No n/a

4 - 1.8 - - - - - - No n/a

5 - 5.2 5.8 - 11.7 - - - No n/a

6 10.4 2.0 6.0 - 2800 2.3 - 1.3 2.57 n/a

7 - 1.8 - - - - - - No n/a

8 - - - 8.0 - - - - No n/a

9 - 50.5 6.4 194 713 - - - No n/a

10 - 1.6 - - 760 - - - <LOQ n/a

11 3.1 1.6 - 81.4 - 5.1 - - No n/a

12 - 9.0 4.8 - 40.9 - - - No n/a

13 - - - - 7.4 - - - No n/a

14 - - - - 11.2 - 3.8 - No n/a

15 - - - 47.8 15.8 - 4.1 - No n/a

STUDY 3, year 2014 (ongoing)

SYNTHETIC CANNABINOIDS

Frequent and active use



#
JWH-018

(pg/mg)

JWH-073

(pg/mg)

JWH-250

(pg/mg)

JWH-081

(pg/mg)

JWH-122

(pg/mg)

JWH-210

(pg/mg)

AM-694

(pg/mg)

METABOLITES

(pg/mg)

WASHING 

SOLUTIONS

1 - - 4.92 - - - - No NEGATIVE

2 2.27 <LOQ - - - - - No NEGATIVE

3 - - - <LOQ 2.79 <LOQ - No NEGATIVE

4 2.55 287 32.8 22.4 61.6 - 0.78 No NEGATIVE

5 2.15 1.89 < LOQ 3.16 - - - No NEGATIVE

STUDY 3, year 2014 (ongoing)

SYNTHETIC CANNABINOIDS 153 hair samples 
(2012-2013)

• THC consumers

• Age (18-34 yo)

Frequent exposure 

Active use?



#
JWH-018

(pg/mg)

JWH-073

(pg/mg)

JWH-250

(pg/mg)

JWH-081

(pg/mg)

JWH-122

(pg/mg)

AM-2201

(pg/mg)

AM-694

(pg/mg)
METABOLITES WASHING SOLUTIONS

1 - - - - 1.9 - - NEGATIVE NEGATIVE

2 - - - - 4.9 - - NEGATIVE NEGATIVE

3 9.9 0.9 2.8 - 2.4 715 1.6

018/AM-2201,

073/AM-2201

JWH-122

POSITIVE (AM-2201)

STUDY 3, year 2014 (ongoing)

SYNTHETIC CANNABINOIDS 47 hair samples (2014)

• THC consumers

#1,2: sporadic exposure or external contamination

#3: active and frequent use of AM-2201

Recent exposure to AM-2201?

0.5-5.2 pg/mg



• Kim et al., 2014: 9 subjects suspected of 

SCs abuse, 5 male and 4 female, age 21-

30 yr

• Parent SCs and their monohydroxylated 

metabolites were identified in the hair 

samples of all nine cases



• Moosman et al., 2014: 

A: 8 participants involved in the analysis of herbal 

mixtures; 

B: 5 persons living in the same households with 

participants from group A;

C: 9 participants from laboratory staff not directly in 

contact with the drug materials

8x

5x

9x

EXTERNAL CONTAMINATION



� Hair analysis is an effective tool to evaluate

the prevalence of synthetic cannabinoids in

selected populations

�From 2010 to 2014, we observed a decrease

in the number of positive samples

CONCLUSIONS - 1

SYNTHETIC CANNABINOIDS



Decrease of positive rate: 

looking at the wrong target? 

NMS Labs (March 2015)

JWH

018

XLR

11

UR

144



�LOD or cut-offs?

�Metabolites to discriminate between

active intake or passive exposure

�Testing is deterrent, update of

methods is necessary

CONCLUSIONS - 2

SYNTHETIC CANNABINOIDS



Workplace testing/Driving re-licensing



Anti-doping



Thank you for your 

attention


