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The Study Visit began with the welcome to all the participants by Prof. Mari, Full Professor of 

Forensic Toxicology and founder of the Scientific Association of “Italian Forensic Toxicologists 

Group” (GTFI).  

At 10.15 am, Prof. Bertol presented the organization and the activities of the Forensic Toxicology Unit, 

University of Florence. During the presentation, the main aims of the Forensic Toxicology were 

discussed, underlining the legal implications for the examinee’s personal freedom of analytical results 

that need to be interpreted by a team of professionals. Driving license issues is one the main analytical 

activity of this Unit, with over 1500 analyses per year for 6 Local Medical Commission in Tuscan 

Region. All of this is due to the high versatility and efficiency of the adopted analytical protocols that 

allows to check a broad number of parent drugs and their metabolites (cocaine, opiates, methadone, 

cannabinoids, ketamine, amphetamine, buprenorphine, benzodiazepines, markers of alcohol 

consumption and NPS). Other activities are the workplace drug testing, analysis to assess DFSA (Drug-

Facilitated Sexual Assault) and analysis for Local Courts (on seized material – over 2500 analyses in 

2015 – and postmortem). This Unit is also strongly involved in research projects, mainly focused on 

NPS, such as the I-SEE Project. Collaboration with many national and international institutions were 

presented, together with the great scientific contribution on indexed international journals. The Unit 

was involved in the organization of 53
rd

 Annual Meeting of The International Association of Forensic 

Toxicologists (TIAFT), recently held in Florence. The Forensic Toxicology Unit and the Department of 

Health Science are involved in the Unit of Research and Innovation in Forensic Toxicology and 

Neurosciences of Addiction (U.R.I.To.N.). This Innovative Research Unit is entirely focused on all 

aspects of drugs of abuse (in particular NPS) by means of a multidisciplinary approach that involves 

professionals from various scientific fields, such as Forensic and Clinical Toxicology, Neurosiences, 

Pharmacology, Chemistry and Medicine. The great efforts of the Forensic Toxicology Unit in the 
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detection of NPS led to the validation of a screening method for the detection of 52 substances (47 NPS 

and 5 amphetamine-like) in blood, urine and oral fluid through a LC-MS/MS analysis. This procedure 

allows a easy, rapid and sensitive detection of these molecules providing an effective tool to improve 

the detection of NPS. 

At 10.45 am, Dr Vaiano presented the cases related to NPS in biological and non-biological samples, 

detected in the Forensic Toxicology Unit. During the presentation he also explained the analytical 

approach of the Unit that aims to a broad spectrum detection and also to the improvement of the 

analytical procedures. The reported cases of in vivo detection regard the compounds: JWH-073, 

MDPV, AM-694 and mephedrone. The case of MDPV was particular as the subject was hospitalized 

twice in 13 days for intoxication by this compound and he was also interviewed. During the interview, 

the subject underlined that he was highly addicted to MDPV, even reaching 150 mg of injected dose. 

Moreover, MDPV metabolites were also detected  by means of a LC-HRMS instrumentation. The 

Forensic Toxicology Unit was the first to detect AM-694 (and 2 metabolites) as parent compound in 

urine, representing the first analytical evidence about the spread of this substance. Mephedrone was 

detected in a blood sample by means of a new screening procedure (previously described by Prof. 

Bertol) for simultaneous detection of 52 compounds by a single LC-MS/MS analysis. This procedure 

allowed a rapid identification and quantification of methamphetamine and mephedrone in the blood 

specimen. Furthermore, 5 cases of NPS detection in seized materials were also presented. The 

substances were: 3-MMC, 4-FA, penthedrone, penthedrone + 3-MMC and methoxethamine. These 

cases were really interesting since the compounds were always highly pure. 

Presentations were followed by a rich debate where all participants discussed about their own 

knowledge activities and experiences. Moreover, NPS issues were widely discussed together to the 

importance of drafting an effective algorithm for selection of intoxication cases that should be checked 

for NPS consumption. 

At 12.00 pm, the participants visited laboratory of Forensic Toxicology Unit, where Dr Di Milia and Dr 

Vaiano described the instrumentations and the analytical activities of the lab. In particular, the 

analytical protocol for hair analysis in driving license issues (from sample collection to data 

interpretation) was explained, also underlining the importance of the chain of custody and of the 

informed consent in forensic toxicology. 

At 2.30 pm, Dr Vaiano and Dr Palumbo demonstrated the new screening method for simultaneous 

detection of 52 compounds by means of a single LC-MS/MS analysis.  

At 3.30 pm, Dr Rimondo presented the NPS database structure. She described all the features of this 

important database, that is very useful for an effective exchange of information on NPS.  
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ORGANIZATION AND ACTIVITIES OF 

FORENSIC TOXICOLOGY UNIT  

UNIVERSITY OF FLORENCE  

Prof. Elisabetta Bertol 
 

Full Professor of Forensic Toxicology  

Director of Forensic Toxicology Unit 

University or Florence 



In this Unit a team of professionals deal with all issues concerning Forensic 

Toxicology, making this Unit a national excellence in this wide scientific field. 

 

 

We do not merely perform analysis, we perform choices about the most suitable 

matrix, the best procedure  and instrumentation to apply in order to satisfy 

what we are asked for  by  law. 

 

 

Moreover, we do not provide results alone,  

but all results need to be interpreted. 
 

 

Since our application fields are very wide, broad scientific and legal knowledge 

is essential together with a continuous updating of the analytical procedures and 

instrumentation. 

Forensic Toxicology Unit 
University of Florence 



Forensic Toxicology Unit 
University of Florence 

Since each result in a forensic context may have legal implications for the 

examinee’s personal freedom,  our analysis must be based on a specific 

approach, which is different from clinical ones.   

 

 

- Chain of custody 
 

- Informed consent 
 

- Choice of matrices 
 

- Aim of the analysis 
 

- Analytical strategy (screening + mandatory confirmation) 
 

- Time of response 

 



Scientific Association of 

“Gruppo Tossicologi Forensi 

Italiani” 

 

This is the meeting 

room where the 

GTFI Association 

was  founded in 

1974.  

Founder of GTFI 

Twice President: 

 

1984-1986 

2000-2004  

Past President: 

 

2007-2015  

Forensic Toxicology Unit 
University of Florence 



All our analyses are  

performed according to  

the Guidelines of 

Scientific Association of 

Italian Forensic 

Toxicologists (GTFI) 

Forensic Toxicology Unit 
University of Florence 



Currently, in our Laboratory  

we have the following instrumentation: 

 

 

- 6 GC-FID; 

- 2 HSGC-FID; 

- 3 GC-MS; 

- 1 LC-MS/MS; 

- 2 EMIT immunoassay 

- 1 UV-VIS Spectroscope 

Forensic Toxicology Unit 
University of Florence 



Main activities: 

 

 

- Driving licence issues; 
 

- Workplace drug testing; 
 

- Reference Unit for DFSA cases; 
 

- Reference Unit for Local Court; 
 

- Research; 
 

- Reference Unit  for the Proficiency Test of  the Tuscan Region; 
 

- Analysis for private purposes; 
 

- Support activities for other Structures within the AOU Careggi; 
 

- Training. 

Forensic Toxicology Unit 
University of Florence 



 

 

Our activity in this field began in 1997, with the agreement  

between AOU Careggi and Local Medical Commission of Florence. 

 

 

Now, we have agreements with  

6 Commissions in Tuscany. 

 

 

Each year 1500 analyses are performed on urine  

and hair samples (head, chest, axilary, pubic). 

Forensic Toxicology Unit 
University of Florence 

Driving Licence issues  

(issue, renewal and driving under influence of drugs): 



Since each Commission has its own protocol, our analyses are highly 

versatile in order to meet various requests.  

 

The panel of analyzed compounds is very broad and consists of parent 

drugs and their metabolites: 

 

 

- Cocaine and its metabolites (benzoylecgonine, ethylbenzoylecgonine) 

- Opiates (morphine, codeine, 6-monoacethylmorphine) 

- Methadone and its metabolite (EDDP) 

- Cannabinoids (Δ9-THC and its metabolite Δ9-THC –COOH) 

- Ketamine and its metabolite (Nor-ketamine) 

- Amphetamines (amphetamine, metamphetamine, MDMA, MDA,        

MDEA) 

- Buprenorphine and its metabolite (Nor-buprenorphine) 

- Benzodiazepines 

- Markers of alcoholic consumption (FAEE and EtG) 

- NPS (about 50 in an unique screening) 

 

 

 

Forensic Toxicology Unit 
University of Florence 



Urine sample 

 

 

 

Immunoscreening 

(EMIT) 

 

 

 

Confirmation by  

GC-MS and LC-MS/MS 

 

 

 

Hair sample 

 

 

 

 

 

 

 

 

Analysis by  

GC-MS and LC-MS/MS 

 

 

Forensic Toxicology Unit 
University of Florence 



According to the Agreement between the State and Regions (2007): 

“those which involve a risk to one’s personal safety, wellbeing and health as well as that 

of others, which also includes only sporadic consumption of drugs”: 

 

 

- Use of toxic gases 

- Manufacture and use of explosives 

- Operation and management of nuclear plants 

- Specified activities connected with railway, nautical, aeronautical and road transportaton 

(included public transport) 

 

 

In addition, health checks in the field are regulated by articles of our Law on narcotic 

drugs n. 309/90 and by the decree n.81/2008 on health and safety protection in work 

places.   

Forensic Toxicology Unit 
University of Florence 

Drug Testing for “hazardous workplaces” 



Both drug addiction and occasional consumption must be 

considered incompatible with the performance of “hazardous jobs”. 

 

The test is compulsory and is divided into two macrophases: 

I level: 

 

- Post-hiring assessment 

- by workplace physician 

 - on urine matrix 

II level: 

 

- In the case of a positive result, a 

second and diagnostic in-depth 

verfiication: 

- by Healthcare Structures 

- on urine and hair matrices 

Each level consists of a screening phase and a mandatory confirmatory 

analysis by means of chromatography – mass spectrometry techniques.   

Forensic Toxicology Unit 
University of Florence 



The Tuscan Region established that all II level assessments may be 

performed only in the Forensic Toxicology Units of Florence, Pisa and 

Siena. 

 

 

In addition, our Unit also performs I level analysis for some private and 

public companies. 

  

 

This year we have performed 400 analyses. 

Forensic Toxicology Unit 
University of Florence 



In Italy, the use of any psychotropic substance in order to facilitate a sexual 

assault is considered as an aggravating circumstance for this crime 

(Art. 609-ter C.P.). 

 

The main “rape drugs” are: 

 

 

- GHB 

- Benzodiazepines 

- Alcohol 

- Ketamine 

- Scopolimine 

- MDMA and others 

- some NPS 

 

In this cases the time of sample collection is a key factor for an effective 

interpretation of the results. 

 

 

Forensic Toxicology Unit 
University of Florence 

Analysis to assess Drug-Facilitated Sexual Assault (DFSA): 



We are the center of reference for the analysis of seized material by Law Enforcement 

according to the Italian Law on Drugs of Abuse (DPR 309/90, art .75, concerning the 

“personal use of drugs”). 

 

 

 

Each sample is analyzed in order to characterize its qualitative and quantitative 

composition (active compound, excipients,  adulterant, etc.) also in order to compare 

different large consignment seized 

Forensic Toxicology Unit 
University of Florence 

Reference Unit for Local Courts 



Forensic Toxicology Unit 
University of Florence 

Six GC-FID instruments are completely dedicated  to this analysis; in 

addition, the samples are also analyzed by means of  

GC-MS and LC-MS/MS. 

 

 

 

 

During 2015 we have analyzed about 2500 seized samples. 



We collaborate with the Judiciary Authorities for analytical investigation on 

every kind of biological specimen, in vivo and even in  postmortem, in case 

of: 

 

- Suspect of poisoning 
 

- Suspected overdose death (DRD) 
 

- Judicial separation and divorce, for the custody of minor children 
 

- all kind of Forensic Toxicological advice 
 

- consultantsin particular cases of doping suspect (eg in case of death of 

an athlete 
 

- …. 

Forensic Toxicology Unit 
University of Florence 



 

However, scientific research is the primary task of our  

Forensic  Toxicology Unit, as University Structure 
 

 

We have been involved in many important research projects, such as: 

 

 

- “Sewage epidemiology” in waste water plants to analyze drugs of abuse in the 

population of Florence, before collection in the Arno river 

 

-“Alcohol, energy drink and tobacco in adolescents” 

 

- “Prison, alcohol and drugs of abuse: estimation of the  

phenomenon by means of scientific evidence” 

Forensic Toxicology Unit 
University of Florence 

Research activities 



Reasearch projects in progress: 
 

-Chemical-analytical toxicological studies on seized material with forensic 

purpose as provided by current legislation, but also with the aim of found 

NPS and to  control their spread 
 

 

- Studies on social, ethical and epidemiological implications of personal 

consumption of drugs of abuse 
 

 

- Studies on detection of γ-hydroxybutyric acid (GHB) in hair and 

discrimination between endogenous and exogenous GHB concentrations 
 

 

-In vivo detection of New Psychoactive Substances and their metabolites in 

“real cases” 

 

We have recently applied for two important European Research project 

calls, one of which regarding the spread of NPS on Internet and the other  

one about sexual violence against women perpetrated with DFSA. 

 

 

Forensic Toxicology Unit 
University of Florence 



In the last 5 years: 

 

 

- We have published about 40 articles in International Journals indexed 

on Scopus and WOS 

 

 

- Our articles have been cited about 400 times 

 

 

- We have contributed with oral presentations and posters in several 

national and international meetings 

 

Forensic Toxicology Unit 
University of Florence 



During the  2011 Annual Meeting in 

San Francisco we were awarded  the 

organization of the 

 

53rd Annual Meeting of The 

International Association of 

Forensic Toxicologists (TIAFT)  

 

recently held in Florence 

August 30th- September 4th, 2015 

 

Forensic Toxicology Unit 
University of Florence 



Forensic Toxicology Unit 
University of Florence 

We  cooperate  also with: 
 



Forensic Toxicology Unit 
University of Florence 



Forensic Toxicology Unit 
University of Florence 



To strengthen information exchange between  

Italy and South East Europe  

neighbouring countries on  

New Psychoactive Substances 

Forensic Toxicology Unit 
University of Florence 

 

 and now we are proud to carry out with you this Project 
 

 

 

European Project  
on New Psychoactive Substance 

Republic of Croatia 

Beneficiary 

Partners 

Coordinator 



Main objectives of the Project:  

 

 

-Strengthen information exchange between Italy and SEE neighbouring 

countries on NPS 

 

 

- Support the development and consolidation of national EWS networks 

 

 

- Create a joint mechanism for exchange among the EWSs to allow competent 

authorities and professionals to know and prevent the NPS potentially entering 

national boundaries and control their presence among users  

 

 

- Increase exchange with Law Enforcement to ease and strengthen activities to 

identify and intercept the NPS supply 

Forensic Toxicology Unit 
University of Florence 



We directly cooperate with the NEWS (National Early Warning System) program, 

created by DPA. 

 

 

Our principal and most significant alerts: 

 

- Levamisole as cocaine adulterant 

 

- 2-Methoxy-N-methylamphetamine, in seized material 

 

- JWH-073, in vivo 

 

- MDPV, in vivo 

 

- AM-694, in vivo 

 

Forensic Toxicology Unit 
University of Florence 



In particular, our activity on identification and characterization of NPS in 
biological and non-biological samples led to the development of several 
analytical methods. 
 

Forensic Toxicology Unit 
University of Florence 



47 NPS 5 amphetamine-like 

Forensic Toxicology Unit 
University of Florence 

Recently, we validated a new screening method for the detection of 52 substances 

(47 NPS and 5 amphetamine-like) 

 in blood, urine and oral fluid by means of a LC-MS/MS  

18 Synthetic cathinones 
 

24 Synthetic Cannabinoids 
 

MDAI 
 

4-FA  
 

Ketamine,  

Nor-ketamine, methoxethamine 

Amphetamine 
 

methamphetamine 
 

MDMA 
 

MDEA 
 

MDA 



U.R.I.To.N. 
22nd July 2015  

 

        Unit of Research and Innovation  

in Forensic Toxicology and Neuroscience of Addiction 

 was founded. 

 
It is a new, specialized and innovative inter-departmental University Unit,  

 

In this Unit, three research groups are involved from three different University Departments: 

 

- Health Sciences (DSS); 

- Neurosciences, Psychology, Drug Research and Child Health (NEUROFARBA); 

- Chemistry “Ugo Schiff”. 

 

Director of the Advisory and Steering Group: Giovanni Serpelloni 

Scientific Coordinator: Elisabetta Bertol 

 

Forensic Toxicology Unit 
University of Florence 



U.R.I.To.N.  

is the first highly specialized Unit, in Italy and in Europe, entirely 

focused on all aspects of drugs of abuse (especially NPS) by means  

of a multidisciplinary approach. 
 

 

 

- Forensic and Clinical Toxicology 
 

- Neurosciences 
 

- Chemistry 
 

- Pharmacology 
 

- Translational Medicine 
 

- Evidence Based Medicine 

Forensic Toxicology Unit 
University of Florence 



 

- Establishment of a Scientific Community (through advanced technologies) and 

of a network of national and international scientific centers interested in this  

integrated research approach aimed at public health 

 

- Creation and spread of innovative directions (recommendations, guidelines, 

etc) for the prevention, diagnosis, treatment and rehabilitation for research 

facilities and  social –health communities, mainly focusing on health issues 

related to the use of new drugs 

 

-Promotion of innovative ways of education, information, scientific 

communication and networking through Internet and advanced information 

technologies; 

Forensic Toxicology Unit 
University of Florence 

Other  objectives and activities: 



 

I thank you again to be here in Florence  

 

 

 

and now my colleague Dr Fabio Vaiano will 

illustrate for you our most important cases about 

NPS  

 

Forensic Toxicology Unit 
University of Florence 



ANALYTICAL CASES RELATED TO NPS  

IN OUR  

FORENSIC TOXICOLOGY UNIT 

Department of Health Science 

Forensic Toxicology Unit, 

University of Florence 

Dr Fabio Vaiano 
 

Research Assistant 



The ever-increasing predominance of 

NPS in the recreational drug market 

represents an analytical challenge. 

 

 

 

Both forensic and clinical toxicology  

laboratories are pressed for the  

development of rapid, specific and  

sensitive methods for their detection. 

Forensic Toxicology Unit 
University of Florence 



Our Forensic Toxicology Unit has always been focused  

on the issue of NPS. 

 

 

 

Several cases of detection of NPS have been registered in the last 

years and promptly reported to the NEWS program of DPA. 

 

 

 

Our detection strategy: 

 

- Adoption of broad-spectrum analytical approaches. 

 

- Development of  more sensitive analytical procedures for a great 

number of compounds; 

 

 

Forensic Toxicology Unit 
University of Florence 



We keep on improving our  

analytical methods (especially for in vivo detection). 

JWH-073 

(2013) 

 

Solid Phase 

Extraction  

(SPE) 

 

GC-MS 

MDPV 

(2013) 

 

Liquid-Liquid 

Extraction 

(LLE) 

 

GC-MS 

AM-694 

(2014) 

 

 

SPE 

 

 

LC-MS/MS 

Mephedrone 

(2015) 

 

Protein 

Precipitation 

 

 

LC-MS/MS 

No suitable for screening analysis 

Only for synthetic 

cannabinoids 

Suitable for 

screening 

Only for synthetic 

cannabinoids 

47 NPS 

5 Amphetamines 

Forensic Toxicology Unit 
University of Florence 



CASE 1: 

 

Age:  17 years-old 

Gender:  Male 

Symptoms: Hallucination, psychomotory agitation, myosis and mydriasis 

Treatment: Midazolam. 

 

His friends 

reported: He drank a lot, but they did not know if he consumed   

  anything else. 

He declared: “I did not remember anything” 

 

 

When he was hospitalized, routine analyses were performed on urine and blood: 

 

- Blood alcohol content: 2.60 g/L; 

- Urine screening test: POS for cannabinoids; 

 

Blood and urine samples were sent to our Unit for further analyses. 

Forensic Toxicology Unit 
University of Florence 



Forensic Toxicology Unit 
University of Florence 

Urine screening test by immunoassay  

(EMIT): 

 

 POS for benzodiazepines and cannabinoids 

 NEG for opiates, cocaine, methadone, 

 barbiturates. 

Midazolam and its metabolite (α-hydroxymidazolam) were detected both in blood 

and urine.  



Compound 
Blood 

ng/mL 

Urine 

ng/mL 

THC-COOH 55 1080 

JWH-073 2.78 0.1 

Forensic Toxicology Unit 
University of Florence 

Urine and Blood 

samples 

Basic hydrolysis 

SPE 

Analysis for Cannabinoids:  

GC-MS 

(SIM mode) 



CASE 2: 

 

Age:  27 years-old 

Gender:  Male 

Symptoms: He was found irresponsive in his apartment and transported at the 

  ED of a local hospital at 2.30 pm. Glasgow coma score of 9. 

 

He reported: Injection of multiple doses of MDPV via i.v. 

  Use of benzodiazepines to self-treat persistent sleeplessness and 

  not as ‘‘psychoactive’’ substances. 

 

He refused blood analysis and psychiatric assistance and left the hospital at 5.30 pm. 

 

 

Urine screening test by immunoassay (EMIT): 

 

 POS for benzodiazepines 

 NEG for opiates, cannabinoids, cocaine, methadone, barbiturates. 

Forensic Toxicology Unit 
University of Florence 



 

Urine 

 

 

Enzymatic hydrolysis 

 

 

LLE 

 

 

LC-MS/MS 

(MRM mode) 

Compound 
Urine 

ng/mL 

Alprazolam 114 

α-hydroxyalprazolam 104 

Forensic Toxicology Unit 
University of Florence 

Detection of Benzodiazepines: 



 

Urine 

 

 

 

LLE 

(basic conditions) 

 

 

 

GC-MS 

(SCAN mode) 

Quantitative GC-MS analysis: 

 

 

 

 

 

 

 

 
 
 

 

GC-MS 

(SIM mode) 

Compound 
Urine 

ng/mL 

MDPV 55.7 

Forensic Toxicology Unit 
University of Florence 

General unknown GC-MS analysis: 



… 13 days after! 

Forensic Toxicology Unit 
University of Florence 



He was admitted to the same ED again, accompanied by his father. 

 

 

Symptons: Severe agitation, strange behaviour and suicidal ideation. 

 

He declared: He remembered being agitated all the week, with delirium and 

  visual, tactile and auditory hallucinations. 

  He stated snakes had been crawling on him. 

 

Treatment: Diazepam  

Forensic Toxicology Unit 
University of Florence 



Detection of Benzodiazepines: 

Compound 
Urine 

ng/mL 

Alprazolam 10.4 

α-hydroxyalprazolam 13.3 

Diazepam 1.3 

Temazepam 170.1 

Nordiazepam 61.5 

Oxazepam 15.8 

Chlordiazepoxide 13.4 

Forensic Toxicology Unit 
University of Florence 



 

Urine 

 

 

 

LLE 

(basic conditions) 

 

 

 

GC-MS 

(SCAN mode) 

Quantitative GC-MS analysis: 

 

 

 

 

 

 

 

 
 
 

 

GC-MS 

(SIM mode) 

Compound 
Urine 

ng/mL 

MDPV 35.4 

Forensic Toxicology Unit 
University of Florence 

General unknown GC-MS analysis: 



Detection of MDPV metabolites: 

 

 

Urine sample was analyzed by means of a LC-HRMS (Orbitrap). 

 

Demethylenyl-MDPV-glucuronide; 

Demethylenyl-methyl-MDPV-glucuronide isomer 1; 

Demethylenyl-methyl-MDPV-glucuronide isomer 2; 

Demethylenyl-methyl-oxo-MDPV-glucuronide; 

Demethylenyl-methyl-hydroxy-MDPV-glucuronide; 

Demethylenyl-oxo-MDPV-glucuronide; 

Forensic Toxicology Unit 
University of Florence 



Self-report history of abuse: 

Forensic Toxicology Unit 
University of Florence 

- He had been using cocaine and amphetamines from 2009 to 2011; 

 

 

- He switched to MDPV and/or methylmethcathinone and/or penthedrone; 

 

 

- He usually bought 10 g MDPV on the Internet market, superfine white 

powder with an alleged purity equal to 99%; 



- At first, he used to dissolve 10 mg of powder into 1-2 mL of water (distilled o 

public), then assuming the mixture by intravenous self-injection; 

 

 

-  He raised the injected dose to 150 mg, with increased craving leading him to 

repeat assumption every 6-7 h, requiring a permanent vein insertion point; 

 

 

- When using MDPV he never consumed other illicit drugs; 

 

 

- He did not let his hair to be collected for toxicological investigations. 

Forensic Toxicology Unit 
University of Florence 

Self-report history of abuse: 



CASE 3: 

 

Age:  25 years-old 

Gender:  Male 

Symptoms: He was brought at a local hospital following a major trauma.  

  Agitation, hallucination, anxiety and paranoia. 

Treatment: Midazolam. 

 

He reported: Ingestion of alcohol and an unknow pill 

 

Collection time 

of samples:  Blood: 9 h after hospitalization 

   Urine: 6 h after hospitalization 

 

 

Blood alcohol content: 0.015 g/L 

 

Forensic Toxicology Unit 
University of Florence 



Urine screening test by immunoassay (EMIT): 

 

 POS for benzodiazepines 

 NEG for opiates, cannabinoids, cocaine, methadone, barbiturates. 

 

 

 

 

             Confirmation of Benzodiazepines by LC-MS/MS analysis  

 

 

Compound 
Blood 

ng/mL 

Urine 

ng/mL 

Midazolam 34.84 0.97 

α-hydroxymidazolam 23.15 74.58 

Forensic Toxicology Unit 
University of Florence 



What about the pill? 

 

 

General unknown analysis by GC-MS: 

 

 NEG for common drugs of abuse. 

 

 

Forensic Toxicology Unit 
University of Florence 

We decided to perform two screening analyses by LC-MS/MS: 

  

  

 - 23 synthetic cannabinoids; 
 

 - 16 synthetic cathinones. 



Synthetic cathinones: 

 

 

Urine and blood 

 

 

 

LLE 

(basic conditions) 

 

 

 

LC-MS/MS 

(MRM mode) 

1-naphyrone 

3,4-dimethylmethcathinone 

4-fluoromethcathinone 

4-methyletcathinone 

Buphedrone 

Butylone 

Dimethilcathinone 

Ethcathinone 

Ethylone 

Methcathinone 

MDPV 

Methedrone 

Methylone 

Naphyrone 

Pentedrone 

Pentylone 

NEG 

Forensic Toxicology Unit 
University of Florence 



Forensic Toxicology Unit 
University of Florence 

Synthetic cannabinoids: 

 

 

Urine and blood 

 

 

 
 

SPE 

 

 

 

 

LC-MS/MS 

(MRM mode) 

Urine 

POS for AM-694 

AM-2201 JWH-147 

AM-2233 JWH-200 

AM-694 JWH-203 

CB-13 JWH-210 

JWH-007 JWH-250 

JWH-016 JWH-251 

JWH-018 JWH-302 

JWH-019 JWH-307 

JWH-073 JWH-398 

JWH-081 RCS-4 

JWH-098 RCS-8 

JWH-122 



Synthetic cannabinoids: 

 

 

Urine and blood 

 

 

 

 

SPE 

 

 

 

 

LC-MS/MS 

(MRM mode) 

AM-2201  

Internal Standard 

Compound 
Urine 

ng/mL 

AM-694 0.084 

Forensic Toxicology Unit 
University of Florence 



Forensic Toxicology Unit 
University of Florence 



AM-694 metabolites: 

 

Urine 

 

 

 

Hydrolysis 

(acidic conditions) 

 

 

 

LLE 

(basic conditions) 

 

 

 

LC-MS/MS 

(SIM mode) 

Hydrolytically defluorinated AM-694 (M1) 

Carboxylated metabolite (M2) 

Forensic Toxicology Unit 
University of Florence 



Forensic Toxicology Unit 
University of Florence 



First case of in vivo identification and quantification of AM-694 as a parent 

compound in urine together with 2 metabolites 

 

In international literature, only one self-administration case for metabolism 

study is reported  

 

In two real cases only the metabolites in urine was found. 

  

Anyway, our case constitutes an alert about the spread 

of this substance. 

  

Indeed, the few documented cases of assumption suggest that the molecule  has 

already widely spread on the illicit market 

Forensic Toxicology Unit 
University of Florence 



 

 

If up until now the spread of NPS does not seem alarming,  

and documented cases in biological fluids seem few,  

we must think this is 

  

ONLY DUE TO A LACK  

 

of routine analytical protocols  

for the search for these substances   

 

NOT 

  

because they are not present among the population. 

Forensic Toxicology Unit 
University of Florence 



CASE 4: 

 

Age:  23 years-old 

Gender:  Female 

Findings: Her corpse was found in the toilet of a nightclub. 

   

 

No further information available. 

 

 

Specimen: peripheric blood. 

 

 

 

General unknown analysis by GC-MS: 

 

 POS for methamphetamine. 

 

 

Forensic Toxicology Unit 
University of Florence 



NEW SCREENING METHOD FOR SIMULTANEOUS 

DETECTION OF 52 COMPOUNDS BY A SINGLE  

LC-MS/MS ANALYSIS 

Amphetamine Pentedrone 4-FA AM-2201 

Methamphetamine Methedrone MDAI CB-13 

MDA Methylone JWH-251 JWH-210 

MDMA Butylone RCS-4 JWH-081 

MDEA Ethylone JWH-073 RCS-8 

Methcathinone Pentylone JWH-250 JWH-389 

Mephedrone MDPV JWH-302 Pravadoline 

Dimethilcathinone 1-Naphyrone JWH-203 JWH-147 

Ethcatinone Naphirone JWH-016 JWH-200 

Buphedrone 3-MMC JWH-018 JWH-307 

4-fluorometcathinone Nor-Ketamine JWH-122 JWH-098 

4-Methiletcathinone Ketamine JWH-007 AM-694 

3,4-Dimethylmethcathinone Methoxethamine JWH-019 AM-2233 

Forensic Toxicology Unit 
University of Florence 



Dynamic MRM mode enables the monitoring of transitions only at 

specific detection windows around the expected retention time of each 

compound.  

 

 

Thus, background noise and matrix interferences are excluded, 

improving the sensitivity of the method. 

 

Forensic Toxicology Unit 
University of Florence 



Screening 

 

Blood 

(200 µL) 

 

 

 

Protein precipitation 

( 600 µL ACN) 

 

 

 

LC-MS/MS 

(dyn MRM mode) 

Suitable for screening 

analysis: 

 

Ease to perform; 

 

Fast; 

 

Sensitive. 

POS for methamphetamine and mephedrone 

Forensic Toxicology Unit 
University of Florence 



Confirmation analysis 

 

 

Blood 

 

 

 

Protein precipitation 

(Acetonitrile) 

 

 

 

LC-MS/MS 

(MRM mode) 

MDMA  

Internal Standard 

Compound 
Blood 

ng/mL 

Methamphetamine 315.2 

Mephedrone 20.1 

Forensic Toxicology Unit 
University of Florence 



Five cases of NPS detection in seized material: 

 

 

 

- Case 1:  97.98 g of white powder 3-MMC   80.95 % 

 

 

- Case 2:  0.93 g of white powder 4-FA   87.66 % 

 

 

- Case 3:  0.91 g of white powder Penthedrone 97.10 % 

 

 

- Case 4:  3.76 g of white powder Penthedrone 12.46 %+ 

     3-MMC  78.09 % 

 

- Case 5:  0.13 g of white powder Methoxethamine 100 % 

Forensic Toxicology Unit 
University of Florence 



Thank You!!! 
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NPS 

Database 

Central NPS 

database 

DB 

DB 

DB 

DB 

DB 

DB 

DB 

DB 

DB 

DB 
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Health system 
(analytical and clinical-

toxicological data) 

Law Enforcement 

laboratories 

(analytical data) 

NPS 

Database 
From patients in 

emergency rooms, wards, 

Addiction departments, 

deaths, ecc. 

From seizures, control of 

mail packages, shops, 

internet, ecc. 

AREA OF PREVENTION AND 

DEMAND REDUCTION 

Integrated and balanced approach 

AREA OF SUPPLY REDUCTION 

Reporting and query 

NSP-N.E.W.S. 

Information sharing 

The organization 
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Data collection 

2. 
Description 
of samples 

3. Dscription of 
clinical cases 

1. 
Information 

on 
molecules 

•Biological samples 
•Seizures 
•Collected samples 
•Other 

•Signs and symptoms 
•Treatments 
•Clinical-Toxicological 
data 

•Chemical structure 
•Pharmacology 
•Pharmacokinetic/ 
metabolism 
•Effects/Toxicity 
•Analytical 
characterization 
•Legal status 
•Information from 
Internet 

Monitoring . 

An integrated database 
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DB available online 

NPS Database 
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seizure 
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seizure 
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Lab information from the literature 
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sure 

possible 

sure 

possible 
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