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(DCS) provide localized information on the contents of drugs to individuals and communities. Depending on the
design, individuals can submit drug samples for onsite “real-time” testing or offsite testing. The results can shed
light on emerging drugs in the community and support ongoing prevention and surveillance efforts. We sought to
describe and report aggregate outcomes of DCS operating in North America.

Methods: The North American Drug Checking Survey was launched in 2022 to characterize and monitor DCS
operating in the region. Sixteen organizations from the US (n = 9), Canada (n = 5), and Mexico (n = 2) responded
to the survey. Each organization reported on their program’s operations and provided service delivery outcomes
(site- or program-level) in the aggregate.

Results: Participating organizations reported testing a total of 49,786 drug samples between 2014 and 2022. DCS
were run by community-led organizations (44%), health departments (25%), universities (19%), or clinical/
private laboratories (19%). The types of samples tested differed between programs (e.g., solids vs. liquids, drug
paraphernalia accepted). While most organizations tested onsite using fentanyl test strips (88%) and Fourier-
transform infrared (FTIR) spectroscopy (63%), many sent samples offsite for confirmatory testing (63%), most
often with mass spectrometry. Common facilitators of operating a DCS included: interest of clients (69%), in-
terest of service providers (63%), and receiving external technical assistance (63%). Barriers included: the lack of
funding (81%) or staff (50%), gaps in technical expertise (38%), as well as laws banning the possession and/or
distribution of illicit drug samples, drug paraphernalia, or drug checking equipment (38%).

Conclusion: DCS are scaling up in North America. Given the evolving and localized nature of illicit drug supplies,
supporting the establishment and operations of DCS could enhance the public’s understanding of local drug
supplies to reduce drug-related harms over time.

Introduction

from an unregulated and unpredictable drug supply. A recent example of
this is the complex presentation of patients exposed to xylazine, a vet-

Globally, millions of people use illegally-obtained drugs. Drug
overdose deaths have reached record levels in the US and Canada,
claiming over 100,000 and 8006 lives in 2021 respectively (Ahmad
et al.,, 2023; Government of Canada, 2023). For the same year, the
Mexican government has not produced a reliable number due to insuf-
ficient overdose surveillance data (Romero et al., 2023). In addition to
the toll of overdose, a wide range of medical consequences can stem

erinary sedative associated with life-threatening central nervous system
depression and necrotizing wounds, which has re-emerged in illicit
fentanyl markets throughout the US (Bowles et al., 2021; Gupta et al.,
2023; Karch et al., 2021).

Due to the high burden of fentanyl overdose, much attention in the
North American region has been placed on fentanyl test strips, which are
a quick, easy-to-use, and low-cost method of detecting fentanyl in illicit
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drugs (Krieger et al., 2018). Drug checking services (DCS) take a more
comprehensive approach by allowing individuals and organizations to
voluntarily submit drug samples for testing (including used drug para-
phernalia) using more sophisticated instruments like mass spectrometry
and infrared spectroscopy. DCS are designed to inform individuals and
communities directly and rapidly about the local drug supply at the case
level to reduce physical and psychological harms (Harper et al., 2017;
Maghsoudi et al., 2022; Trans European Drug Information, 2022). These
services may be run in partnership with a university or health depart-
ment, or independently by grassroots community organizations. The
data can also be summarized and used to inform wider public health
surveillance efforts, though their primary purpose should be to provide
information back to service users (Barratt & Measham, 2022).

DCS differ from programs that only distribute or sell self-testing kits
(e.g., fentanyl test strips, reagent tests), or those that only test drugs or
bodily fluids after a negative event—such as an overdose or arrest—has
occurred. Traditional drug testing and surveillance methods, such as
clinical toxicology and forensic testing, are not explicitly designed to
facilitate harm reduction practices among clients or arrestees, and
typically do not provide information on the relative amounts of drugs,
nor distinguish between intentional versus unintentional polysubstance
use, though there are studies that have compared drug testing data to
toxicology data to help discern these patterns (Lockwood et al., 2021).
DCS that collect drugs from people who use drugs (PWUD) are advan-
tageous because they can ask PWUD questions about the expected
contents of each submission, as well as behaviors (e.g., polysubstance
use). Additionally, traditional systems are rarely timely enough for
localized prevention efforts, as they rely on testing after a negative event
occurs, and the information is typically unavailable to the public in a
timely manner at the case level, including to public health agencies,
service providers and health researchers working to reduce drug-related
harms. Notably, drug seizure data from law enforcement typically
represent drugs that are never used by the public, although some parts of
the same batch of drugs may be used if left unseized, and the results from
criminal investigations are not intended to inform PWUD about the
contents of the drug supply. For these reasons, scaling up DCS is an
important step forward in filling these data gaps.

DCS are being implemented throughout North America, though
published literature on programs designed for PWUD outside of music
festivals remain scarce, especially in the US and Mexico (Bailey et al.,
2023; Carroll et al., 2022; Green et al., 2022; Karch et al., 2021; McCrae
et al., 2020; Mema et al., 2018; Wallace et al., 2021). Though efforts to
provide DCS are evident as early as the 1960s (Marshman, 1974), a
survey conducted in 2017 identified two services operating in the US in
2017, one in Canada, and one in Mexico (Barratt et al., 2018). A recent
systematic review identified 9 studies from the US (Maghsoudi et al.,
2022), 9 studies from Canada, and one study from Mexico, calling for
further scientific evaluations of this intervention.

In addition to providing information to individuals, their networks,
and entire communities (Mema et al., 2018), some DCS support broader
public health efforts to complement existing drug surveillance data
sources (Green et al., 2022; Russell et al., 2023), and in many cases, DCS
are provided at point-of-care alongside other key harm reduction ser-
vices (e.g., needle exchange, safe consumption sites). A range of labo-
ratory instruments that can detect fentanyl and other illicit drugs have
also been validated for DCS and are being adopted, including spectros-
copy- and spectrometry-based techniques (Brandeis University, 2020;
Karch et al., 2021; Tupper et al., 2018). Survey-based research estimates
DCS acceptability and utilization among people at risk of overdose to
range between 49 and 95% (Sherman et al., 2019) and 1-84% (Kar-
amouzian et al., 2018; Krieger et al., 2018; Long et al., 2020; Park et al.,
2021; Sherman et al., 2019), respectively.

Tracking the collective progress of DCS across North America
through a standardized survey could yield insights into the imple-
mentation, sustainment, and best practices of such services, as well as
common facilitators and barriers faced by implementing organizations
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(Volkow et al., 2023; Wallace et al., 2020), as conducted by other similar
harm reduction networks (Trans European Drug Information, 2022).
Accordingly, we launched the first wave of the North American Drug
Checking Program Survey in 2022 to characterize and monitor the
implementation of DCS in the region.

Methods
Eligibility

The survey was conducted between July and November 2022.
Participant recruitment occurred through the Alliance on Collaborative
Drug Checking Google Group that originated in the US (formerly known
as the Spectrometer Google Group), which is comprised of an interna-
tional coalition of DCS implementors and researchers. The Alliance is “a
learning community for anyone working on drug checking initiatives or
interested in expanding drug checking in their community regardless of
the technologies that you are using” (Alliance for Collaborative Drug
Checking, 2023). The study was restricted to organizations located in
North America, due to funding limitations. Only one DCS program
manager or staff per organization was eligible to participate. The DCS
had to be operating at the time of the survey. Programs that were
planning to implement a DCS in the future, or that only sold or
distributed self-testing kits were not eligible to participate. Additionally,
law enforcement drug testing programs were ineligible, and diagnostic
laboratories that exclusively conducted human specimen testing were
also ineligible. The survey was self-completed by staff online and only
available in English.

Survey data collection

The survey was created and programmed in REDCap, a secure web
application used for survey design and administration. It was drafted by
the study team and piloted several times before it was distributed via
email to the Google Group. Interested readers can contact the corre-
sponding author for a full copy. The items were adapted from published
research, and our experiences with prior drug checking projects (Green
et al., 2022; Park et al., 2022). The final web-based version contained a
total of 109 items and took 20-30 min to self-complete. The survey
contained questions covering five domains: program location and at-
tributes, operational characteristics, staffing and personnel, outcomes to
date (total number of samples tested and total number of encounters
with program clients were collected as aggregate counts), and barriers
and facilitators faced during implementation. There was also an item
asking whether their program would be interested in being listed on a
public DCS directory. Survey data were securely downloaded from
REDCap into Stata Version 16 (StataCorp LLC, College Station, Texas)
for data management and analysis. The denominator was set to the total
(N = 16), and any refusals and unknown responses were included and
were described for transparency. Frequency measures and summary
statistics were descriptively calculated and summarized at the program
level, which was the unit of analysis in the present study.

Ethics

The study was approved by the Lifespan Institutional Review Board.
All participants had to provide informed oral consent before completing
the REDCap survey and received a $25 VISA gift card for completing the
survey. All programs that agreed to be screened and were eligible
completed informed consent and the full survey.
Results

Programmatic characteristics

In total, 16 unique programs from the US, Canada, and Mexico
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participated (Supplemental Figure 1a-1c). All 16 programs were active
at the time of the survey. One DCS was initiated in 2014, and all other
programs began in 2017 onwards. Most programs were primarily affil-
iated with a community-led organization (44%, n = 7), health depart-
ment (25%, n = 4), university (19%, n = 3), hospital/health center (6%,
n = 1), or a private laboratory (6%, n = 1).

Some entities (13%) only provided testing services in an offsite ca-
pacity, often in partnership with area community organizations that
interfaced with PWUD and collected samples. In contrast, most DCS
(87%) were embedded within established community organizations and
provided onsite testing. Within these sites, drug checking was one of
many services offered by these organizations; other services provided
included naloxone distribution (81%, n = 13), syringe services (64% n =
9), supervised drug consumption (38%, n = 6), rapid HIV testing (38%,
n = 6), HIV pre-/post-exposure prophylaxis (31%, n = 5), sexually
transmitted infection testing (25%, n = 4), rapid Hepatitis C testing
(25%, n = 4), mental health services (38%, n = 6), case management
(31%, n = 5), medications for opioid use disorder (25%, n = 4), other
medical services (19%; n = 3), recovery support groups (25%, n = 4),
peer coaching (25%, n = 4), and housing/shelter services (13%, n = 2).

Operational characteristics

The operational characteristics of participating DCS are detailed in
Table 1. Specimens tested included drug residue (e.g., solids: 100%,
liquids: 69%) and drug paraphernalia (e.g., used packaging: 88%). Most
programs collected samples in-person at the testing location (81%) or
existing services and outreach (63%) while some used collection boxes
(19%) or mail (19%). Though most programs conducted testing onsite
(88%) using fentanyl test strips (88%) and Fourier-transform infrared
spectroscopy (FTIR) (63%), many also distributed self-testing kits (63%)
and sent samples offsite for confirmatory testing (63%). Other financial
resources and supplies that were provided to program participants to
facilitate sample collection included sealable packaging for sample
collection (75%) and delivery materials/services (56%). Expedited
testing was available for samples of concern at 69% of surveyed DCS.
Most services offered results in person (88%) or over the phone (50%),
though many used a public website (e.g., www.drugsdata.org) (38%),
text messaging (38%), mail (25%), community bulletins/newsletters/
flyers (18%), an online portal (e.g., www.streetcheck.org) (13%), or
other methods (31%).

The personnel involved in staffing each DCS is displayed in Table 2.
All programs required at least one full-time staff member; many also
employed part-time staff (44%). The majority employed staff with lived
experience with substance use (63%). Three programs were supported
by volunteers. Five programs employed a technician with a scientific
degree or training in chemistry or pharmacology. Only 38% of drug
checking technicians received training from the manufacturer of the
instrument; many programs employed an external consultant (56%),
attended a training at a university (38%), received training from a
government agency (19%), or were self-taught (44%); these responses
were not mutually exclusive. Funding came from a variety of sources
including private foundations (31%), health departments (31%), the
Centers for Disease Control and Prevention (25%), the Substance Abuse
and Mental Health Services Administration (SAMHSA) (13%), High In-
tensity Drug Trafficking Areas (6%), other federal agencies (19%), and
clients themselves (13%).

US, Canadian, and Mexican drug checking services contrasted in
their official status; all five Canadian services were legally sanctioned to
operate their programs through Health Canada’s Section 56, Overdose
Prevention Services (OPS) Designation called Urgent Public Health Need
Sites, whereas eight of nine DCS in the US were unofficially delivering
their services, often operating in legal gray areas. Additionally, US states
varied widely in state laws for possessing drug checking equipment and
drug paraphernalia. Mexican programs were operating under an
ambiguous legal context, though one program received local
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Table 1
Operational characteristics of 16 drug checking services in North America, 2022.

Characteristics N %

Types of samples tested (select all that apply)

i. Solids 16 100.0
Powders 16 100.0
Crystals 15 93.8
Pills 14 87.5

ii. Liquids 11 68.8
Liquid drug solutions 10 62.5
Urine 2 12.5
Blood 1 6.3
Wastewater 1 6.3

iii. Drug paraphernalia 14 87.5
Empty drug bags/capsules 14 87.5
Used cookers, cottons, other injection paraphernalia 11 68.8
Smoking paraphernalia (stems, pipes) 8 50.0
Used syringes 7 43.8
Snorting paraphernalia (straws, etc.) 6 37.5
Vape pods 1 6.3

Sample collection methods
In-person drop off at testing location 13 81.3
Collected through existing services and outreach 10 62.5
Collection boxes 3 18.8
Mail 3 18.8

Testing location
Fixed-site only 9 56.3
Fixed and mobile 5 31.3
Mobile only 1 6.3

Drug checking services offered

i. Self-testing kits distributed 10 62.5
Fentanyl Test Strips 10 62.5
Benzodiazepine test strips 3 18.8
Colorimetric/Reagent test kits 1 6.3

ii. On site testing 14 87.5
Fentanyl Immunoassay Test Strips 14 87.5
Fourier-Transformed Infrared Spectroscopy: FT-IR 10 62.5
Reagent Testing 4 25.0
Benzodiazepine Immunoassay Test Strips 4 25.0
Raman Spectroscopy 2 12.5
Paper Spray Mass Spectrometry: PSMS 1 6.3

iii. Off-site testing 10 62.5
Gas Chromatography Mass Spectrometry: GCMS 7 43.8
Liquid Chromatography Mass Spectrometry: LCMS 5 31.3
Reagent Testing 1 6.3
High Performance Liquid Chromatography: HPLC 1 6.3
Paper spray mass spectrometry: PSMS 1 6.3
Nuclear Magnetic Resonance: NMR 1 6.3

iv. Distributed model, multiple community locations with offsite DCS 2 12,5

v. Music Festival-based testing 1 6.3

authorization prior to providing services. Two programs (13%) reported
that drug checking staff, volunteers, or clients had drug checking Kkits,
strips, or devices confiscated by law enforcement in the past year; both
programs were in the United States and reported either operating in an
unsanctioned environment or unsure about their program’s legal status.

Preliminary outcomes

Since 2014, DCS have been utilized 125,737 times and collectively
tested over 49,786 samples though these numbers were sometimes
underestimated due to limited data collection practices (Table 3). Pro-
gram participants have included people who use stimulants (94%),
opioids (88%), psychedelics (63%), synthetic marijuana (38%), any
other drug (13%), as well as people who sell drugs (7%), healthcare
providers such as first responders (31%), and family and friends of
PWUD (13%). DCS varied substantially in their average rates of samples
tested per week and hour, with more than half testing up to 9 samples
per hour.

Facilitators and barriers

Several facilitators and barriers to operating DCS were reported by
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Table 2
Personnel involved in operating drug checking services in North America, 2022.
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Table 3
Outcomes of drug checking programs in North America, 2022.

Characteristics N %

Characteristics N %

Staff and volunteers
Number of full-time staff involved in running of program

One to Two 6 37.5
Three to Five 5 31.3
Six to Ten 4 25
Unknown 1 6.3
Number of part-time staff involved in running of program
Zero 7 43.8
One to Two 4 25
Three to Five 2 12.5
Six to Eight 1 6.3
Unknown 1 6.3
Number of staff with lived experience with drugs
Zero 1 6.3
One to Two 6 37.5
Three to Five 4 25
Unknown 2 12.5
Number of volunteers
Zero 9 56.3
One to Three 2 12.5
Thirty 1 6.3
Unknown 3 18.8
Training
Drug checking technician degrees or scientific training
None 6 37.5
Chemistry 2 12.5
Lab Services 2 12.5
Pharmacology 1 6.3
Paramedics Training 1 6.3
Source of drug checking training (select all that apply)
External consultant 9 56.3
Self-taught 7 43.8
Manufacturer 6 37.5
University program 6 37.5
Local/State agency 3 18.8
Federal agency 1 6.3

survey respondents (Table 4). Common facilitators included interest of
clients (69%), interest of service providers (63%), and receiving tech-
nical assistance (63%). Barriers included the lack of funding (81%),
staffing (50%), technical expertise (38%), and laws (38%) banning the
possession and distribution of illicit drug samples, drug paraphernalia
and drug checking devices themselves.

Discussion

Across North America, 16 entities have served more than 125,000
individuals and tested almost 50,000 samples since 2014, despite sub-
stantial challenges to implementation and sustainment, including
funding, staffing, and legal barriers. This study extends previous find-
ings of a 2017 report, which identified four DCS operating in the region.
These results from North America stand in stark contrast to the well-
established network of European DCS, which have operated their ser-
vices continuously for several decades often with governmental support
(Brunt et al., 2017; Trans European Drug Information, 2022). Our
findings suggest that large-scale investment in North American DCS
programs is sorely needed.

Our study shows that like in other parts of the world (Barratt et al.,
2018, Maghsoudi et al., 2022, Park et al., 2022), DCS in North America
vary widely in their design and operations, as well as their testing ca-
pacity. For example, the types of samples and specimens tested ranged
from drug packaging, drug paraphernalia and bodily fluids. Similarly, a
range of drug checking devices (i.e., immunoassay, spectroscopy, spec-
trometry) were employed, with sites in Mexico lacking financial re-
sources to acquire more sophisticated technologies like their
counterparts in Canada and the US, which we will explore in a future
paper. Most services only permitted direct in-person sample collection,
though some employed mail-based collection or drop-boxes. We also

Total number of program participants

0-199 2 12.5
200-999 4 25.0
1000-99,999 3 18.8
100,000+ 1 6.3
Not tracked 6 37.5
Number of program participants, past year
0-199 6 37.5
200-999 2 12.5
1000-99,999 3 18.8
Not tracked 5 31.3
Program participant characteristics
People who use stimulants 15 93.8
People who use opioids 14 87.5
People who use psychedelics 10 62.5
People who use synthetic marijuana 6 37.5
Providers/first responders who care for people who use drugs 5 31.3
Total number of samples tested
0-199 2 12,5
200-999 5 31.3
1000-9999 4 25.0
10,000+ 1 6.3
Not tracked 4 25.0
Number of samples tested in past year
0-199 4 25.0
200-999 5 50
1000+ 3 18.7
Not tracked 4 25
Number of samples tested in past week
0-15 5 31.2
16-50 4 25.0
51-99 2 12.5
100+ 1 6.2
Not tracked 4 25.0
Average number of samples tested per hour
0-9 8 68.2
10-19 4 12.5
20+ 2 6.2
Not tracked 2 12.5

Table 4
Facilitators and barriers to operating drug checking programs in North America,
2022.

Facilitators n %
Interest of clients 11  68.8
Interest of service providers 10 625
Technical assistance from partners or consultants 10 625
Trust in drug checking program 9 56.3
Funding 9 56.3
Interest of public health agencies 8 50.0
Health needs of clients 8 50.0
Staff with background in chemistry / pharmacology 7 43.8

Barriers n %
Funding 13 813
Staffing 8 50.0
Laws prohibiting possession of drugs, paraphernalia, DCS equipment 6 37.5
Technical expertise 6 37.5
Time 5 31.3
Trust in drug checking program 4 25.0
Lack of interest 3 18.8
Other competing priorities 2 12.5
Bureaucracy / Administrative 2 12.5

found that DCS may be one of many other health and harm reduction
services offered by organizations, providing a well-suited addition to
other services for PWUD. Based on these findings, researchers, health
professionals, and policymakers in North America should consider
building on fentanyl test strip distribution, naloxone, and syringe ser-
vices program infrastructure by integrating DCS approaches that permit
testing a wider range of samples, specimens, and collection modalities.
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Such harm reduction services should be a component of a comprehen-
sive strategy (Park et al., 2020) to end overdose morbidity and
mortality.

Participating programs noted several facilitators and barriers to DCS
provision. The interest of service users and providers were a major
facilitator of implementation, which concurs with previous literature on
the acceptability, utilization and positive outcomes of these services
among at-risk communities. For example, awareness of the precise
contents of drugs has been shown to promote harm reduction practices
(Krieger et al., 2018; Rouhani et all., 2019). The recent emergence of
xylazine in the fentanyl supply provides another example of the poten-
tial value of DCS.

Organizations that currently run DCS require financial and policy
support to continue their services. Although receiving technical assis-
tance on drug checking emerged as a facilitator of operating a DCS, the
lack of technical support available regarding device operation was a
major barrier that was amplified by the major legal hurdles of crimi-
nalized drug paraphernalia, drug possession, and drug testing devices.
The lack of sufficient legal support for this work undermines sufficient
training options from entities like manufacturers, universities, and other
technical experts and relegates it solely to overburdened community
programs who recognize its potential and are willing to take on liability
and professional censure for knowledge transfer. The legal barriers that
DCS staff and clients face need to be addressed by policymakers, espe-
cially in the US and Mexico where they may not have explicit federal,
state, or local authorization to operate their services. It is evident that
more needs to be done to protect program clients and staff from
persecution.

Based on our own experiences with operating drug checking pro-
grams, we concur with participating programs that a formal university
degree is not necessary to operate point-of-care devices such as the FTIR
spectroscopy. However, it has been our experience that learning how to
accurately use an FTIR can take several months of practice with ongoing
technical consultation from an experienced trainer with some back-
ground in chemistry or pharmacology. These data suggest that ongoing
investment in growing staffing at community harm reduction programs
and workforce development interventions could help train and support
staff, including people with lived experience to establish and conduct
drug checking to ensure successful adoption. Removing discriminatory
barriers to obtaining education and employment among people with
lived experience will benefit the scale-up of community-led programs
such as DCS (Park et al., 2020). Based on our experience (Green et al.,
2022), setting up and operating point-of-care programs can take up
scarce resources at community organizations and require substantial,
sustained investment. One way of addressing this issue is to increase
funding for these organizations, which is another major challenge to
providing harm reduction services writ large in this region (Jones,
2019).

Tracking of key metrics is vital for regional and national coordina-
tion of drug monitoring efforts. Several data considerations emerged
from the data; while some programs collected information on the
number of clients and samples served, others did not. Many DCS also did
not publicize their results, and some programs that were approached
were also unwilling to participate in the survey. Tools to standardize
data collection at DCS and encourage participation in surveys will help
with future evaluation efforts. Punitive drug laws and the need to
maintain confidentiality may perhaps explain some of these trends as
penalties for operating a DCS vary between states (Davis et al., 2022). To
address this issue, a Model Law has been developed for US states
considering authorizing DCS, which includes a section on data and
confidentiality considerations (Legislative Analysis & Public Policy As-
sociation, 2023).

Limitations

Due to the limited amount of funding available to support this
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research, recruitment only occurred through the Alliance for Collabo-
rative Drug Checking email listserv; future waves of the survey could
incorporate a wider range of networks if funded. The survey was limited
in scope and only published in English; we plan to create a Spanish
version of a more comprehensive survey in 2023. The small sample size
precluded robust statistical analysis. With funding, we hope to collect
case-level “administrative” data that can provide an objective snapshot
of program outcomes. Further qualitative research could contextualize
and enhance our understanding of the work being conducted by
community-based organizations that often exist in legal gray areas.

Conclusions

DCS are scaling up in North America and require implementation,
research, and policy support. Some of the participating entities agreed to
be listed on a public directory, which is now available online (Harm
Reduction Innovation Lab, 2023). These data can help agencies and
organizations looking to design similar programs and assist in moni-
toring the collective progress of this rapidly evolving field. These pro-
grams fill a critical gap for people who participate in the drug economy,
friends, and family of PWUD, service providers, and public health
agencies working to prevent drug-related harms, who often operate with
drug data sources that are biased, incomplete, imprecise, or delayed.
Given the burden of the intertwined and worsening opioid, xylazine, and
polydrug epidemics across North America, more research and policy
changes are needed to support the growth of DCS and the organizations
that operate them, to understand best practices, costs, optimization, and
sustainment strategies.
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