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INTRODUCTION

▪ Center for Forensic Science Research & Education

– Associate Director
• Toxicology & Chemistry

– Program Manager
• NPS Discovery

▪ Thomas Jefferson University

– Assistant Program Director
• MS in Forensic Toxicology

– Faculty / Lecturer
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FUNDING DISCLOSURE

▪ CFSRE’s NPS Discovery program is funded in part by the National Institute of Justice 
(NIJ), Office of Justice Programs (OJP), U.S. Department of Justice (DOJ).
– Award Number: 15PNIJ-22-GG-04434-MUMU

– The opinions, findings, conclusions and/or recommendations expressed in this publication 
are those of the author(s) and do not necessarily represent the official position or policies of 
the U.S. Department of Justice.
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PRESENTATION OUTLINE

▪ The CFSRE and NPS Discovery
– Analytical Workflows and Our Approach

▪ NPS Trends, Positivity, and Prevalence

▪ Impacts, Outcomes, and Reporting
– NPS Opioids

– Synthetic Cannabinoids

– Xylazine

– Drug Checking Surveillance (if time)

▪ Where To Find Us !!



5

THE CFSRE & NPS DISCOVERY
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THE CFSRE & OUR LAB

▪ The Center for Forensic Science 
Research and Education (CFSRE)
– 501(c)(3) non-profit research and 

educational facility

– Home to NPS Discovery and other 
programs
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EXAMPLES OF SAMPLE “POPULATIONS”

▪ Important → Right populations paired with good intelligence

▪ Toxicology Specimens:

– Collaborations with medical examiner and coroner offices, other 
toxicology labs, clinical partners, and other

– Example: Initial toxicology testing negative but “suspected overdose”

▪ Drug Materials:

– Collaborations with crime labs, law enforcement agencies public health 
partners, and others

– Routine analysis vs. chemical characterization (structural elucidation)

▪ Intelligence & Surveillance:

– Monitor online surface web gray market sites, drug use forums, etc.

– Some correlation between sites and drug markets but delayed

Postmortem Toxicology

Impaired Driving

Emergency Department 

Drug Materials

Drug Use Forums

Gray Market Sites

Additional Populations
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ANALYTICAL WORKFLOWS & STRATEGIES

▪ Sample-Mining (Prospective):

– Use of discarded authentic sample extract vials

– High-ish volume, higher rate of incidence

– Best for trend data (consistency)

▪ Data-Mining (Retrospective):

– Use of electronic datafiles

– Gives historical perspective

– Not ideal way to discover NPS

▪ Real-Time Surveillance / Case Analysis:

– Analysis of toxicology/chemistry samples from forensic investigations

– Individual case basis but often can give insights into trending information
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NPS DISCOVERY – THE CFSRE’S EWS

▪ Open-access drug early warning system (EWS) 
– Combine aspects of research & authentic cases

– Analyze samples and generate data in-house

– Develop a panel of high impact reports

– Disseminate results and reports widely to stakeholders

1.   
Intelligence

2. 
Surveillance

3. 
Monitorin

g

4.   
Response

5. Forecasting
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NECESSARY COMPONENTS OF A DRUG EARLY WARNING SYSTEM

▪ Access to sample populations & data sources

– Toxicology samples – forensic and clinical

– Drug materials – various distribution points

– Surveys and drug use information

– Online sources – drug fora, gray market sites, etc.

▪ Framework that defines drugs of interest

– NPS vs. traditional drugs vs. adulterants, etc. 

▪ Uniform reporting format and structure

▪ Research initiatives / research programs 

▪ Dissemination avenues

– Scientific community

– Public health and public safety

– Drug consuming populations and general public

▪ Scientific and health expertise

– Pharmacology

– Toxicology 

– Medical treatment

▪ Collaborations, cooperation, information sharing, 
and plan for action

– Drug control and scheduling actions
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BRIEF HISTORY & TIMELINE

2017
• Development of LC-QTOF-MS assay for >400 drugs (including many NPS)
• Began charactering NPS using GC-MS, LC-QTOF-MS, and/or NMR workflows

2018
• Development and dissemination of first new drug monograph for NPS
• Formally launched our NPS Discovery program

2019
• Launched first NPS Discovery website pages to archive reports and data
• Began issuing Public Alerts to scientific stakeholders and practitioners

2020
• Expanded Trend Reporting to include all five major subclasses of NPS
• Continued data collections through onset of COVID-19 pandemic

2021
• Greatly expanding program outputs (including several new report types)
• Library database expanded to encompass >950 drugs and NPS

2022
• Advancements in Drug Checking initiatives (e.g., purity testing, potency index) 
• Expansion of drug checking and clinical monitoring with new collaborators

2023
• Continued expansion of Clinical NPS investigations (database >1,100 drugs)
• Launch of NPS Discovery Quarterly Webinar Series
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NPS DISCOVERY REPORTS
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YEAR IN REVIEW ▶
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EMERGENCE OF NPS IN THE U.S.

▪ Since 2018, NPS Discovery has reported 145 newly discovered NPS (and counting)

▪ NPS opioids remain the largest subclass of newly emerging drugs encountered

▪ As of June 2023, NPS Discovery has reported 8 NPS for the first time this year
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NEW DRUG MONOGRAPHS – 2023

Date NPS Class Drug Name Formula [M+] [M+H]+

06/28/2023 Cannabinoid CHO-4'Me-5'Br-FUBOXPYRA C20H22BrFN2O2 420 421.0921

06/27/2023 Cannabinoid MDMB-BINACA C19H27N3O3 345 346.2125

06/26/2023 Cannabinoid MDMB-INACA C15H19N3O3 289 290.1499

06/23/2023 Opioid N-Pyrrolidino Metonitazene C21H24N4O3 380 381.1921

06/22/2023 Opioid N-Pyrrolidino Protonitazene C23H28N4O3 408 409.2234

06/21/2023 Hallucinogen 25B-NBOH C17H20BrNO3 365 366.0699

06/20/2023 Stimulant 4-Methylmethylphenidate C15H21NO2 247 248.1645

05/01/2023 Cannabinoid ADB-5’Br-PINACA C19H27BrN4O2 422 423.1390

Pending: Medetomidine (Misc.) and NMBMSB (Syn. Cann.)



16

LANDSCAPE OF NPS IN THE U.S.

▪ Since 2018, NPS Discovery has identified more than 225 NPS in forensic samples

▪ NPS opioids, stimulants, and cannabinoids represent the largest subclasses observed
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PROLIFERATION OF NPS IN THE U.S.

▪ In 2022, NPS Discovery observed more than 2,200 total NPS detections 

▪ A portion of more than 10,000 total NPS detections since 2018
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POSITIVITY PLOTS SINCE 2018
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POSITIVITY PLOTS – NPS OPIOIDS (NEW GENERATION ONLY)
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POSITIVITY PLOTS – SYNTHETIC CANNABINOIDS 
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POSITIVITY PLOTS – TRADITIONAL DRUGS
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Fentanyl Co-Positivity – the “Nested Waves” Underlying Positivity and Prevalence

ENTERING THE POLYDRUG STAGE OF OPIOID EPIDEMIC
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NPS OPIOIDS
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FENTANYL ANALOGUES → “NITAZENE ANALOGUES”

▪ In 2018, the DEA placed all fentanyl-related substances in Schedule I

– Role of EWS → track what the impact of this scheduling action might be

▪ Between 2019 and 2021, NPS Discovery observed the emergence of “nitazene analogues”

– And this has continued into 2023 
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NPS OPIOID DISCOVERIES SINCE 2018

2018
▪MD-U-47700
▪Phenylfentanyl

▪U-47931E

2019
▪Fluorofuranylfentanyl

▪p-MeO-Fu-
Fentanyl

▪ 2’,5’-DiMeO-
Fentanyl

▪ 2-Methyl AP-237
▪AP-237

▪Piperidylthiambutene
▪ 2F-Viminol

▪ Isotonitazene
▪N-Methyl U-

47931E
▪p-Me-Cpr-

Fentanyl

2020
▪ 3,4-Difluoro-U-

47700
▪N-Ethyl-U-47700
▪para-Methyl AP-

237
▪Brorphine

▪Metonitazene
▪AP-238

▪Fluorofentanyl
▪Chlorofentanyl
▪Bromofentanyl

2021
▪Butonitazene
▪Etodesnitazene
▪Flunitazene
▪N-Pyrrolidino 

Etonitazene
▪Protonitazene
▪ Metodesnitazene
▪N-Piperidinyl 

Etonitazene

2022
• Dipyanone
• N-Desethyl 
Isotonitazene

2023
• N-Pyrrolidino 
Metonitazene

• N-Pyrrolidino 
Protonitazene
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EWS IMPACT – NITAZENE ANALOGUE TIMELINES

2019 1       2      3       4       5       6       7       8       9      10      11      12 2020 1       2      3       4       5       6       7       8       9      10      11      12 2021

Public alert issued
for isotonitazene (CFSRE)

(Nov. 2019)

Notice of intent
to schedule (DEA)

(June 2020)

First isotonitazene case
based on testing at CFSRE

(Toxicology, Aug. 2019)

Isotonitazene waning  
in positivity (CFSRE)

(Q1/Q2 2020)
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EWS IMPACT – NITAZENE ANALOGUE TIMELINES

2020 1       2      3       4       5       6       7       8       9      10      11      12 2021 1       2      3       4       5       6        7       8      

Public alert issued
for brorphine (CFSRE)

(July 2020)

Notice of intent
to schedule (DEA)

(Dec. 2020)

First brorphine case
based on testing at CFSRE

(Toxicology, June 2020)

Brorphine waning  
in positivity (CFSRE)

(Q4 2020)
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EWS IMPACT – NITAZENE ANALOGUE TIMELINES

2020 1       2      3       4       5       6       7       8       9      10      11      12 2021 1       2      3       4       5       6       7       8       9      10      11      12 2022

Public alert issued
for metonitazene (CFSRE)

(Jan. 2021)

Notice of intent
to schedule (DEA)

(Dec. 2021)

First metonitazene case
based on testing at CFSRE
(Drug material, July 2020)

Metonitazene waning  
in positivity (CFSRE)

(Q3/Q4 2021)
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DIVERSIFICATION OF NITAZENE ANALOGUES

*Forensic toxicology cases. Data from NMS Labs & CFSRE
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PROLIFERATION OF NITAZENE ANALOGUES 

*Forensic toxicology cases. Data from NMS Labs representing cumulative identifications.
*Includes: isotonitazene, brorphine, metonitazene, N-pyrrolidino etonitazene, protonitazene
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IN COMBINATION WITH OTHER DRUGS

*Forensic toxicology cases. Data from the CFSRE.

Analogue

% Co-Positivity of Nitazene Analogue with…

Fentanyl NPS Benzo. Methamp. Cocaine Xylazine

Isotonitazene 57% 89% 30% 32% 11%

Brorphine 84% 100% 43% 29% 10%

Metonitazene 51% 94% 37% 16% 20%

N-Pyrro. Eto. 59% 89% 48% 37% 15%

Protonitazene 60% 87% 87% 13% 0%

Etodesnitazene 50% 92% 58% 17% 17%
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THE NEWEST ANALOGUES

Analogue CFSRE 
Cases

Estimated Potency 
Compared to Fentanyl

N-Pyrrolidino Etonitazene 15 43x more

N-Pyrrolidino Protonitazene 9 25x more

Isotonitazene 69 9x more

Protonitazene 3 4x more

Metonitazene 18 2x more

N-Pyrrolidino Metonitazene 5 2x more

Fentanyl - -
Butonitazene 1 2x less

Etodesnitazene 15 4x less



38

SYNTHETIC CANNABINOIDS
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WHAT’S HAPPENING WITH SYNTHETIC CANNABINOIDS?

▪ Dramatic change in the landscape of synthetic cannabinoids (nationally and internationally)
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CHINA IMPOSES CLASS-WIDE BAN

The Questions:

1. How did this come about?

2. What is a “total ban”?

3. Is this even possible?

Effective: July 2021
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QUICK REVIEW OF THE LEGISLATION

▪ R1 represents substituted or unsubstituted C3-C8 alkyl 
group; substituted or unsubstituted heterocyclic group 
containing 1-3 heteroatoms; substituted or 
unsubstituted methyl or ethyl group substituted by 
heterocyclic group containing 1-3 heteroatoms.

▪ R2 represents hydrogen or methyl or no atom.

▪ R3 represents substituted or unsubstituted C6-C10 aryl 
group; substituted or unsubstituted C3-C10 alkyl 
group; substituted or unsubstituted heterocyclic group 
containing 1-3 heteroatoms; substituted or 
unsubstituted methyl or ethyl group substituted by 
heterocyclic group containing 1-3 heteroatoms.

▪ R4 represents hydrogen; substituted or unsubstituted 
phenyl group; substituted or unsubstituted benzyl 
group.

▪ R5 represents substituted or unsubstituted C3-C10 
hydroxy group.

▪ X represents N or C.

▪ Y represents N or CH.

▪ Z represents O or NH or no atom.

▪ Summary – This included previously prevalent 
indoles (-ICA’s) and indazoles (-INACA’s)
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SYNTHETIC CANNABINOID DISCOVERIES SINCE 2018

▪ NPS Discovery now (almost exclusively) sees new synthetic cannabinoids that fall outside the 
scope of the 2021 Chinese class-wide ban; however, expectation remain (as with all NPS).

2018

▪ Adamantyl-
CHMINACA
▪ 5Cl-AKB48
▪ 5Br-AKB48

▪ 5F-EDMB-PINACA
▪ 5F-MDMB-PICA
▪ 5Cl-AB-PINACA

▪ 5F-AB-PFUPPYCA
▪ MFUBINAC

2019

▪ 4F-MDMB-BINACA
▪ 5F-MPP-PICA
▪ APP-BINACA

▪ MDMB-4en-PINACA
▪ MMB-4en-PICA

2020

▪ 5F-CUMYL-PINACA
▪ 5F-EMB-PICA
▪ 4F-MDMB-BICA
▪ ADB-BINACA
▪ 5F-MDMB-PICA

2021

▪ 4F-ABINACA
▪ ADB-4en-PINACA
▪ ADB-HEXINACA
▪ BZO-HEXOXIZID
▪ BZO-POXIZID

▪ 5F-BZO-POXIZID
▪ ADB-FUBIATA

▪ BZO-CHMOXIZID
▪ ADB-PHETINACA
▪ EDMB-PINACA

2022

▪ CH-PIATA
▪ ADB-5Br-INACA
▪ MDMB-5Br-INACA
▪ BZO-4en-POXIZID
▪ ADB-5’Br-BINACA

▪ CH-FUBIATA
▪ CUMYL-TsINACA
▪ ADB-INACA

2023

• ADB-5’Br-PINACA
• MDMB-INACA

• MDMB-BINACA
• CHO-4'Me-5'Br-

FUBOXPYRA
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MONITORING GRAY MARKET SITES
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DIY SYNTHETIC CANNABINOIDS???
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SYNTHETIC CANNABINOIDS PRECURSORS

MDMB-INACA
MDMB-4en-PINACA

MDMB-???INACA MDMB-BINACA
(MDMB-BUTINACA)

?

ADB-INACA

MDMB-5Br-INACA

ADB-5Br-INACA
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XYLAZINE
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PREVALENCE OF XYLAZINE IN THE U.S.

*Data from NMS Labs / Not final numbers
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*Data from NMS Labs / Crude analysis with other necessary caveats

SPREAD OF XYLAZINE ACROSS THE U.S.
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DRUG CHECKING SURVEILLANCE
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DRUG CHECKING RESULTS

Methamphetamine

Methamphetamine

ADB-5’Br-IANCA

ADB-5’Br-IANCA
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PHILADELPHIA & ITS DRUG SUPPLY

▪ Nestled in the center of the larger mid-Atlantic 
metropolitan region (“Northeast Corridor”)

– 6th largest city by population and 7th largest metro area

▪ “Open air drug market” (Kensington neighborhood)

▪ Drug markets → dope, crack/coke, meth, K2, etc.

▪ Continually changing and diverse drug environment

▪ Collaboration between the CFSRE and the 
Philadelphia Department of Public Health (PDPH)
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PDPH/CFSRE DRUG CHECKING

▪ 2020 → Partnership formally launched

▪ Sample Analyzed

– 950+ samples received since 2020

– Variety of sample types (suspected contents) →

– Paired FTIR and test strip results***

▪ Key Findings

– “Dope”: 99% contain fentanyl and ~90% contain xylazine 

– Methamphetamine – rarely adulterated or substituted

– Cocaine – “coke” samples sometimes test positive for trace fentanyl

– K2 – revolving door of synthetic cannabinoids

Dope, 
64%

Coke/Crack, 
19% Pills/Tablets, 

4%

Unknown, 
4%

Meth, 3%

Other, 3%

K2, 3%

17%
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TEMPORAL CHANGES IN PURITY (2022)
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Average Fentanyl Purity = 13% Average Xylazine Purity = 34%
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LONGITUDINAL ASSESSMENT OF DRUG PRODUCTS
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LONGITUDINAL ASSESSMENT OF DRUG PRODUCTS
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LONGITUDINAL ASSESSMENT OF DRUG PRODUCTS
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LONGITUDINAL ASSESSMENT OF DRUG PRODUCTS



58

ACCESS NPS DISCOVERY & JOIN LISTSERV
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WEBSITE ▶ WWW.NPSDISCOVERY.ORG 

http://www.npsdiscovery.org/
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JOIN OUR LISTSERV & NEWSLETTER
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▪ Visit www.cfsre.org

▪ Select → Resources

▪ Select → Presentations

▪ Browse & Download

DOWNLOAD MORE PRESENTATIONS FROM THE CFSRE

http://www.cfsre.org/
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COLLABORATE WITH CFSRE & NPS DISCOVERY

▪ We accept toxicology samples and drug materials for NPS testing

▪ Contact Alex Krotulski for more information ▶ alex.krotulski@cfsre.org 

mailto:alex.krotulski@cfsre.org
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THANK YOU!    QUESTIONS?

Alex J. Krotulski, Ph.D.
Associate Director – CFSRE

Program Manager – NPS Discovery
alex.krotulski@cfsre.org 


	Slide 1:  An Open Access Drug Early Warning System –  Tracking Trends and Prevalence in the United States
	Slide 2: Introduction
	Slide 3: Funding Disclosure
	Slide 4: Presentation Outline
	Slide 5: The CFSRE & NPS Discovery
	Slide 6: The CFSRE & Our Lab
	Slide 7: Examples of Sample “Populations”
	Slide 8: Analytical Workflows & Strategies
	Slide 9: NPS Discovery – the CFSRE’s EWS
	Slide 10: Necessary Components of A Drug Early Warning System
	Slide 11: Brief History & Timeline
	Slide 12: NPS Discovery Reports
	Slide 13: YEAR In Review ▶
	Slide 14: Emergence of NPS in the U.S.
	Slide 15: New Drug Monographs – 2023
	Slide 16: Landscape of NPS in the U.S.
	Slide 17: Proliferation of NPS in the U.S.
	Slide 18: Positivity Plots Since 2018
	Slide 19: POSITIVITY PLOTS – NPS Benzodiazepines
	Slide 20: POSITIVITY PLOTS – NPS Opioids
	Slide 21: POSITIVITY PLOTS – NPS Opioids (New Generation Only)
	Slide 22: POSITIVITY PLOTS – NPS Stimulants & Hallucinogens 
	Slide 23: Positivity Plots – Synthetic Cannabinoids 
	Slide 24: Positivity Plots – Fentanyl & Fluorofentanyl
	Slide 25: Positivity Plots – Traditional Drugs
	Slide 26: Positivity Plots – Adulterants
	Slide 27: Entering the Polydrug stage of Opioid Epidemic
	Slide 28: NPS Opioids
	Slide 29: Fentanyl Analogues  “Nitazene Analogues”
	Slide 30: NPS Opioid Discoveries Since 2018
	Slide 31: EWS Impact – Nitazene Analogue Timelines
	Slide 32: EWS Impact – Nitazene Analogue Timelines
	Slide 33: EWS Impact – Nitazene Analogue Timelines
	Slide 34: Diversification of Nitazene Analogues
	Slide 35: Proliferation of Nitazene Analogues 
	Slide 36: In Combination with other Drugs
	Slide 37: The newest Analogues
	Slide 38: Synthetic Cannabinoids
	Slide 39: What’s happening with Synthetic cannabinoids?
	Slide 40: China Imposes Class-Wide Ban
	Slide 41: Quick Review of the Legislation
	Slide 42: SYNTHETIC CANNABINOID Discoveries Since 2018
	Slide 43: Monitoring Gray Market sites
	Slide 44: DIY Synthetic Cannabinoids???
	Slide 45: Synthetic Cannabinoids Precursors
	Slide 46: Xylazine
	Slide 47: Prevalence of Xylazine in the U.S.
	Slide 48: Spread of Xylazine Across the U.S.
	Slide 49: Drug Checking Surveillance
	Slide 50: DRUG Checking RESULTS
	Slide 51: Philadelphia & Its Drug Supply
	Slide 52: PDPH/CFSRE Drug Checking
	Slide 53: Temporal Changes in Purity (2022)
	Slide 54: Longitudinal Assessment of Drug Products
	Slide 55: Longitudinal Assessment of Drug Products
	Slide 56: Longitudinal Assessment of Drug Products
	Slide 57: Longitudinal Assessment of Drug Products
	Slide 58: Access NPS Discovery & Join Listserv
	Slide 59: Website ▶ www.npsdiscovery.org 
	Slide 60: Join our Listserv & Newsletter
	Slide 61: Download More Presentations from the CFSRE
	Slide 62: Collaborate with CFSRE & NPS Discovery
	Slide 63: Acknowledgements
	Slide 64: Thank you!    Questions?

