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Abstract: The year 2021 was the most deadly year for overdose deaths in the USA and Canada.
The stress and social isolation stemming from the COVID-19 pandemic coupled with a flood of
fentanyl into local drug markets created conditions in which people who use drugs were more
susceptible to accidental overdose. Within territorial, state, and local policy communities, there
have been longstanding efforts to reduce morbidity and mortality within this population; however,
the current overdose crisis clearly indicates an urgent need for additional, easily accessible, and
innovative services. Street-based drug testing programs allow individuals to learn the composition
of their substances prior to use, averting unintended overdoses while also creating low threshold
opportunities for individuals to connect to other harm reduction services, including substance
use treatment programs. We sought to capture perspectives from service providers to document
best practices around fielding community-based drug testing programs, including optimizing their
position within a constellation of other harm reduction services to best serve local communities.
We conducted 11 in-depth interviews from June to November 2022 via Zoom with harm reduction
service providers to explore barriers and facilitators around the implementation of drug checking
programs, the potential for integration with other health promotion services, and best practices for
sustaining these programs, taking the local community and policy landscape into account. Interviews
lasted 45–60 min and were recorded and transcribed. Thematic analysis was used to reduce the
data, and transcripts were discussed by a team of trained analysts. Several key themes emerged
from our interviews: (1) the instability of drug markets amid an inconsistent and dangerous drug
supply; (2) implementing drug checking services in dynamic environments in response to the rapidly
changing needs of local communities; (3) training and ongoing capacity building needed to create
sustainable programs; and (4) the potential for integrating drug checking programs into other services.
There are opportunities for this service to make a difference in overdose deaths as the contours of
the drug market itself have changed over time, but a number of challenges remain to implement
them effectively and sustain the service over time. Drug checking itself represents a paradox within
the larger policy context, putting the sustainability of these programs at risk and challenging the
potential to scale these programs as the overdose epidemic worsens.

Keywords: drug checking; harm reduction; community-based; substance use; fentanyl; North America

1. Introduction

Drug checking at its most basic is a process whereby drug samples are analyzed to
understand their chemical constituents and information about these substances is provided
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directly to the consumer. Drug checking services have existed for several decades [1,2],
and in recent years, there has been a growing focus upon these services and their role
in public health and harm reduction within and outside of North America [3–9]. The
intended outcome of drug checking services frequently goes beyond providing a chemical
analysis of drug samples with unknown compositions [1,10]. Some have argued that
drug checking services may play a role beyond reducing drug-related deaths, including
improved communication and risk management embedded in harm reduction practices [11].
Drug checking was initiated in the 1960s with psychedelic drugs in California [5]. In the
1990s, the emergence of the rave/festival scene in Europe and the associated ecstasy and
amphetamine use led to concerns that non-injection drug users needed to have access to
drug checking in order to reduce the likelihood of contaminants causing adverse health
reactions or potential mortality [11–16]. Drug checking in the festival and event context has
continued throughout the 2000s [17], and programs have emerged sporadically in North
America over the last decade [5].

Overdose rates in both the USA and Canada have increased since 2000, with rates
climbing faster since 2011 [18]. Overdose death rates, already high in the USA, have spiked
since 2018 [19–25], and in 2021, more than 106,000 people died, with synthetic opioids
involved in more than two-thirds of these deaths [25]. Overdose deaths in the USA have
increased on an exponential growth curve since 1979 across a range of drug types [26],
suggesting that overdose is contingent on a range of social, structural, and market factors
that require more than drug-specific interventions [20]. The year 2020 was the first year
since 1999 that overdose mortality in the USA was higher among Black individuals than
White individuals [24], with overdose mortality among Blacks rising nearly 300% over this
period compared to a 60% rise for non-Hispanic Whites [27]. Fentanyl has been present in
Canada since at least 2012 [28], and by the mid-2010s Canada was experiencing a drastic
rise in fentanyl-related deaths [18,29]. This trend has continued, with preliminary reports
indicating that the first six months of 2022 saw 3556 opioid-related deaths, of which 76%
involved fentanyl [30].

The introduction of fentanyl into the North American drug supply has raised the risk
environment for people who use drugs (PWUDs) [31] due to its high potency by weight
and covert presence [32]. Moreover, the illicit drug supply has become increasingly unpre-
dictable with novel compounds, e.g., new fentanyl analogs, xylazine, nitazene-class opioids,
illicit benzodiazepines, etc., emerging frequently. Counterfeit prescription pills containing
fentanyl are a growing and concerning phenomenon [33]. Rising overdose-related mor-
tality among PWUDs and vicissitudes in the drug supply [34] over the past decade have
heightened the awareness among health service professionals, community leaders, and
politicians of the need for service provision that will reduce the likelihood of overdose and
other adverse drug-related outcomes. In concert with new service models, the notion of
‘harm reduction’ as a means to prevent or reduce the negative consequences of substance
use has begun to be more widely accepted as a means to counter rising overdose and
other drug-related health sequelae. This rising risk environment has fueled harm reduction
innovations, especially drug checking. Drug checking technologies can confirm the pres-
ence of suspected drugs and common adulterants, as well as provide advanced warning
of unexpected chemical contaminants. The most common and widespread form of drug
checking is immunoassay test strips which provide yes/no information on the presence of
single compounds (most frequently, fentanyl test strips [FTSs]) within a sample [19,35–43].
Other technologies include Raman spectrometers, used primarily by law enforcement for
field testing presumed drug samples, and Fourier-transform infrared (FTIR) spectrometers,
a technology that uses infrared light to scan samples in order to determine their chemical
constituents [37]. Alternatively, various mass spectrometry technologies can provide quan-
titative information about drug samples, whether expected or unexpected [44–46], but are
far more costly than other methods and less likely to be used in on-site drug checking [46].
FTSs are sensitive, fast, and are suitable for screening purposes [37]. Gas chromatography–
mass spectrometry (GC-MS) is confirmatory and quantitative, but less immediate and has
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a greater cost, while FTIR is an intermediate technology. It is semi-quantitative, providing
more information than an FTS and less than GC-MS but with a shorter timeframe [37,46].

Each of these forms of testing has related advantages and disadvantages with respect
to analytical capabilities, cost of operation, time taken to test and provide feedback, and
utility [37,44,46,47]. Given the variety of technologies in operation, it is not overly surprising
that there is some discordance with respect to testing results [47]; however, the literature
suggests that a greater level of detail provided incurs greater financial cost in terms of
equipment and personnel to analyze and explain the findings. More granular detail may
also be associated with increased response time, a factor which strongly militates against
drug checking among structurally vulnerable populations [48]. Conversely, not having
complete information reduces the utility of findings for people to make an informed decision
about subsequent use of the checked drug [8].

Drug checking can occur both under supervision with a provider or in situ (i.e.,
FTSs) [49], where institutional contact with the user is minimal, potentially alleviating
endemic mistrust of authorities among some while greatly reducing the likelihood that
they will receive other drug-related or health-related services. However, immunoassay
test strips are non-adaptive, i.e., FTSs will not provide information about the presence of
nitazene-class opioids or xylazine. Mobile drug checking has the advantage of reaching
more people but may be technically more challenging and costly [37,47,50]. Drug checking
may provide additional channels to spread warnings about contaminants by word of mouth
among communities of PWUDs [11,12,14,15]. Willingness to use services is complicated
by social factors, including trust, stigma, and fears of police [48,50,51]. Research has also
highlighted that people using drugs alone or in economically deprived conditions may
have far fewer options to avoid risks post-test, e.g., they may not be in a position to not use
drugs that have been confirmed to entail increased risk by drug checking analysis [41,48].

Drug checking programs remain controversial, not least due to the false perception
that such programs encourage use [2,5,10,52]. It is notable how the recent opioid crisis has
resulted in changing attitudes and practices, with greater policy and policing support for
drug checking and associated harm reduction programs (such as supervised consumption
sites) seen in many countries and within the USA [53–56]. However, in order to operate
drug testing services, drug possession must either be decriminalized (which occurs rarely)
or tolerated by authorities at least on a temporary basis. As such, drug checking programs
and their staff exist in a complex space wherein testing is only possible as and when policy,
policing, and public attitudes create legal cover for it to be carried out. Within the USA,
the legal landscape for possessing drug testing equipment is dependent on individual
jurisdictions, with varying degrees of legal ramifications for providers of such services
where not officially sanctioned [3].

Studies exploring the benefits of integrating and co-locating services, such as health-
care provision and supervised consumption across harm reduction and outreach services,
broadly may provide useful comparisons for drug checking integration [57–61]. The inte-
gration and co-location of services to manage the HIV and HCV epidemics among PWUDs
have demonstrable benefits [59] and are robust enough to argue for a similar scaling up in
the provision of integrated harm reduction and drug checking. However, some research
has found that clients may only use sites for safe consumption but will not necessarily
engage with other harm reduction services, or even know about their availability [58].
Additionally, the integration of supervised consumption within clinical care brings up
a range of logistical issues, e.g., hours of operation, protection of personal identity and
health information [58], and, potentially, contrasting approaches to substance use among
project partners. For these reasons, the integration of services must be carefully developed
to maximize benefits and minimize unintended barriers to the use of the primary service.
Further research on service integration is urgently needed, especially in the context of
integrated or co-located drug checking and harm reduction services in clinical settings.

Some research has examined stakeholder perspectives on implementing drug checking
services in various settings [62], but little research has examined the perspectives of drug
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checking service providers about implementation experiences and best practices. In this
study, we explore key themes emerging from the variety of services being provided in the
USA and Canada. The issues described by drug checking service providers are illustrative of
the heterogeneity of contexts within which drug testing is offered, the presumed objectives
of such testing, and the degree to which testing can or does provide a focal point by which
to offer health and other services under the umbrella of harm reduction. What we found is
that local contexts, the politico-legal landscape, and the various technologies employed led
to an extremely innovative and collaborative implementation of drug checking within a
resource-constrained environment.

2. Materials and Methods

Two trained qualitative interviewers (D.C. and L.M.), one of whom is a clinician,
conducted 11 in-depth interviews from June to November 2022 via Zoom with harm
reduction service providers, clinicians, researchers, and drug checking lab technicians to
explore barriers and facilitators around the implementation of drug checking programs.
Collaboration with the “Ending the Epidemics Coalition”, a network of providers and
advocates working to address HIV, Hepatitis C, STIs, and overdose in California, initially
identified several key informants based in California. Other key informants were directly
recruited because of current or past involvement in a geographically diverse array of drug
checking programs in the USA or Canada and included published experts who are well
known in the field. In some cases, our team used snowball sampling to invite specific key
informants who could offer particular insights into areas that our team needed additional
information on, such as integrating drug checking programs into clinical care settings or
combining FTSs with spectrometry-based drug checking technologies. All participants
were provided with a pseudonym for anonymity.

Interview topics included insights from implementing and running drug checking
programs, logistical and political hurdles in initiating drug checking, ability to scale up
existing programs, potential for integrating drug checking with other health promotion
services, and best practices for sustaining these programs taking the local community
and policy landscape into account. Interviews lasted 45–60 min and were recorded and
transcribed. The Institutional Review Board at the University of California San Francisco
reviewed and approved our study protocol, and participants provided verbal consent prior
to interview activities.

A small team of seasoned analysts (E.A.A., L.M., S.O., and J.O.) read through the
entire dataset and met to discuss and identify key thematic areas for additional exploration
and systematic analysis. Initial thematic categories were based on the interview guide
and were developed through team discussions. Using the tenets of thematic analysis [63],
each analyst then reduced the data across a set of transcripts and organized key narrative
passages into more detailed analytic memos, exploring patterns across the interviews
themselves. This process identified several notable themes, including the instability of
drug markets, various novel strategies to develop and support drug checking services,
necessary training and capacity building to improve drug checking rollout and availability,
and the promise and peril of integrating drug checking within other services. The team
met regularly throughout this process, discussing and delving into the data to establish
refined understandings for each thematic area. These refined versions of each analytic
memo provided the backbone of the results presented below.

3. Results

Participants in this study identified drug checking as a necessary intervention due to
ongoing instability and the introduction of potent synthetic drugs into the North American
drug supply. They further recognized that existing technology is adaptable to current needs,
but that scaling this intervention in order to achieve its goals requires substantial investment
in staff training and the introduction of robust policy changes. Finally, participants indicated
that there was significant potential to thoughtfully integrate drug checking services into
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existing networks of care, including within some healthcare settings. Eight participants
were USA-based, two were Canada-based, and one worked in both the USA and Canada.
Two participants were clinicians, four were academic researchers, and five were frontline
service providers, including people currently and formerly involved with drug checking.

3.1. Instability of Drug Markets

The emergence of fentanyl in the USA and Canada has had a substantial impact on
drug markets in these countries and has driven the overdose crisis to dizzying heights.
Jason, who worked in drug checking in Vancouver, reported on what is believed to be the
first fentanyl overdose at a supervised consumption site in Vancouver, setting the stage for
the establishment of drug checking as a vital service in the city:

“Someone brought this purple, pebbly substance into Insite and used it at one of the
booths and overdosed. And all of a sudden word spread really fast that there was this
purple substance going around that was dropping people left, right, and center. And no
one really knew what it was, I don’t think, at the time necessarily that it was fentanyl.”
(Jason, drug checking technician)

Participants reflected on these changes, highlighting how fentanyl emerged on the
scene, first adulterating existing street opioid supplies before later emerging as a distinctly
separate product (although this has not been true of all USA and Canadian locations
reported on in this study). Additionally, growing availability of stimulant-type drugs, such
as methamphetamine and counterfeit prescription medications containing fentanyl, are
also likely contributors to overdose risk, broadening the potential reach of drug checking.

3.1.1. Inconsistent Drug Supply

Changes to the drug market did not occur in the same fashion across these disparate
regions, and drug market instability was mentioned by both American and Canadian
participants. Eli in North Carolina, who runs a mail-based drug checking service receiving
samples from within and outside North Carolina, found that even within samples sourced
from the same place on the same day, components of the drug supply varied widely, almost
idiosyncratically:

“When I started doing the drug checking work on the ground in North Carolina, I was
like, “Okay. We’re going to do geographic sampling. We’re going to get mountains.
We’re going to get the coast. We’re going to cover the whole state.” And I thought that
that was the right epidemiologic sampling frame to understand the drug supply. What
we find on a daily basis is that the drug supply in one place will be changing bag-to-bag,
hour-to-hour, person-to-person, and there is no consistency.” (Eli, researcher)

Issues with inconsistent supply were not limited to the USA. William, a researcher
based in the USA and Canada, found, while quantifying drug concentrations in Canadian
samples, a wide variability in fentanyl concentration that likely contributed to rising
overdoses: “And what’s remarkable is that it varies from, if you look at February 2021, a
high of 6.7% to-I think this is the low here of June 2021, so just three months later-to 2%.”

As Eli noted, downward pressures influence the illicit supply—“There’s been a lot of
interdiction pressures around the globe that have led to the kind of black market needing
to have a product that is more compact in packaging and more potent so that they can
transfer those across borders or across places more easily”—resulting in stronger and more
concentrated products. This has created a greater need for drug checking technologies
to stay abreast of a drug supply with greater potency and the introduction of unknown
products that may further drive overdose risk and cause other health sequelae.

3.1.2. Chasing the Next Contaminant

Instability has long been a hallmark of the North American drug supply, but new
contaminants and additives have been emerging at shocking rates in recent years, as Eli
describes: “the street supply is now more treacherous and unpredictable than anything that I’ve ever
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seen in the last 20 years. I’ve been doing this work.” Participants, including Michael, a clinician,
highlighted issues of scale in measuring the contamination problem, where among people
who use opioids daily, fentanyl is now presumed to be ubiquitous in the supply: “I think for
people who have opiate use disorder, the assumption is that everything just has fentanyl and that
that’s the way to go about it.” However, among those not using opioids, or using counterfeit
pressed pills with unknown ingredients, he notes that the issue of contamination can be
immensely dangerous: “I think it’s rare events, but I think those rare events are quite catastrophic
and . . . and I don’t think it’s actually that common, but the thing is that when it happens once, it
will equal a death.” Amid ongoing reports of fentanyl adulteration of the stimulant supply,
some participants thought these were largely overblown and that accidental contamination
may be more related to elements of the selling and trans-shipment of drugs:

“There’s been this narrative around that dealers are tainting the stimulant supply in a
way to make it more addictive to people and to have them come back or whatever [ . . . ] I
think there’s two probably more prominent reasons why this is happening. One, I think
it . . . there’s just common switch-ups at the point of sale. You have your little bag, you
have your little fanny pack with your different things that you’re selling, and you have
white powders which one could be cocaine, which one could be fentanyl, and one could
be methamphetamine, and you give the . . . the wrong white baggie to the wrong person.
[ . . . ] I think a lot of these substances are either trafficked together or . . . or kind of put
into baggies in–in the same place, and I think there’s probably cross-contamination at
those sites.” (Michael)

Whether contamination is accidental or intentional, drug checking technologies offer
the promise of providing vital information about the presence of new contaminants in
the drug supply, such as the veterinary sedative xylazine and high-potency non-fentanyl
opioids, such as nitazenes, in the opioid supply.

3.2. Drug Checking Services in a Dynamic Context: Constraints and Innovations
3.2.1. Technology

Nearly every participant commented on the lack of a single existing ideal technology
for drug checking, as well as the variety of machines and devices that are being used
in North America to provide this service. Fentanyl testing strips (FTSs) are relatively
inexpensive to produce, easily distributed, and can be used directly by clients to test their
drugs. However, they are limited in terms of information provided, user error is common,
and among people who regularly use fentanyl or opioids where fentanyl is commonly
presumed present, their utility is low. High rates of false positives or negatives made some
interviewees cautious about the use of FTSs, while allowing that FTSs provided valuable
evidence to other drug checking modalities due to their high sensitivity.

By way of contrast, spectroscopy-including FTIR [Fourier-transform infrared spec-
troscopy] technology provides a greater level of detail and range of drug testing possibilities,
albeit with lower sensitivity. However, such technology requires greater initial investment,
is difficult to transport, and is intended to be used in controlled conditions, rather than at
the point of use or on the street. These machines are also subject to the limitations of their
chemical libraries, which can lead to some substances being overlooked, particularly in
the absence of other modes of confirmatory testing. Spectroscopy can detect absolute and
relative concentrations of a wide variety of chemicals in a sample, but there remain limits to
even this form of technology with respect to detecting fentanyl (or associated compounds)
at low levels. FTIR can generally not detect opioids that constitute <5% of a sample [37],
while in real-world conditions, the detection limit may be closer to 10% [64], levels that
may result in overdose.

While limitations are evident, it also important to highlight that the enterprise is not
considered futile in terms of the available technology:

“If I had to start from scratch to make a perfect machine for point-of-care drug checking, I
would probably end up with FTIR. It is fast. Samples can be run in less than ten minutes.
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You get the results right back to the individual. You don’t have to destroy the drugs
. . . It’s a great technology. And the other cool thing I think about it as opposed to the
lab-based work is that we were able to train people with zero chemistry background to use
it with high fidelity.” (Eli)

FTIR, although not ideal and challenging for people who need to use in the moment,
can be used after the fact, yielding important information about the drug supply that can
be provided to the community in the form of reports or alerts about potential contaminants
encountered in specific drugs or across geographic areas:

“They [drug user] can submit that after they’ve used. And what happens is the . . . the
harm reduction agency, which we call collection sites, they just collect the sample, they
ask the service user a few questions about that sample, you know, like what . . . what did
you buy this drug as or get this drug as so it’s the expected drug. Was it associated with
overdose or any adverse effects? What color is it? What texture is it? Like, why are you
using the service kind of thing?” (Alison, drug checking technician)

3.2.2. Legal and Political Landscapes

While there are exceptions and exemptions, possession of narcotics is illegal, which
provides additional complications for this service. Participants described operating under
the threat of prosecution for themselves and those seeking to access their services in the
absence of legal protections. Here, Kelly, a drug checking technician, explains: “We’re at
significant risk. There is a risk we will have a confrontation with law enforcement. There
is a risk that’s real that we will be arrested if we are out on shift doing this and the right
sort of storm of things happens around us.” Providers have consequently embraced mobile
services, untethered to specific locations that may come under legal scrutiny, jeopardizing
other services provided to the community. Drug checking at festivals and large-scale events,
as seen in Europe and Canada, may also provide additional opportunities to entrench drug
checking and increase its palatability.

Although California has a long history of supporting progressive drug policy, partici-
pants identified growing hostility from community members in the state to harm reduction
and drug using populations as a growing problem, encapsulated by the experience of a
drug checking program in the state:

“We did not want to draw attention to the service, which is a novel service in the state and
county, and the country to a certain extent, because the temperature or feelings around
harm reduction in the city, there’s a lot of contention right now. And a lot of services are
on blast. Providers on outreach and doing services in the community get a significant
amount of harassment. And we’re starting also to get some of those harassment from
police, which hasn’t happened since the ‘90s, which is very disturbing. But community
members will come up, get in the face, physically assault, try and prevent services, film
people getting medical services and getting supplies. So, we just want to be super mindful
to try and protect our participants, to get our program well-established to the point where
we feel safe before we make announcements.” (Kelly)

Some informants described how their respective drug checking programs were able to
operate without the threat of prosecution due to exceptions associated with a grant or pilot
program, or in Canada through government-sponsored exemptions, which offer lessons for
how drug checking may be expanded in the USA. Still, even if these programs can operate
without fear of prosecution, the possibility of public hostility to drug checking services
may threaten their operations in other ways.

3.2.3. An Innovative Enterprise

Overall, drug checking is characterized by innovation between drug checking providers
and users, adapting to limitations in the legal and technological landscapes, and laying
the framework for a system of confirmatory testing using multiple forms of technology to
cross-check findings, which is reproducible across the USA and Canada:
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“And then, when you run one sample on many technologies, you get a really good idea
of what’s actually in there, because some machines can’t detect this, some machines are
really good at detecting this. Some machines can’t quantify, some machines can.” (Jason)

As mentioned above, participants thought that assuming fentanyl was present in street
drugs and taking steps to mitigate overdose risk were essential, while they acknowledged
both the psychological burden of this assumption and significant societal stigma about
substance use. However, some were skeptical about the potential for drug checking alone
as a mechanism for reducing overdose deaths, due both to the technology not being fully
implemented in any location currently and to difficulties in scaling up the intervention and
measuring its effect:

“This is fundamentally one of the problems with our rationale for drug checking, is the
assumption that we can behavior change our way out of risk or towards safety. And that
is-I think it’s a faulty assumption [ . . . ] one challenge, is that the technology is not fully
dialed in yet, number one. And number two, the rationale that I keep hearing that people
giving to funders for spending money on this, is to affect overdose. And one, there’s
not a single study design that I can think of on the face of the planet that could actually
correlate drug checking with a reduction in fatal overdose on a population level.” (Sarah,
harm reduction service provider)

These participants took care to note that the increased focus on the health of people
who use drugs and access these services would provide tangible benefits, including equity
in access to health information that many take for granted and a means of reaching people
where they are—a core tenet of harm-reduction-oriented services:

“And so, for me, it’s a really big bodily autonomy, anti-drug war, health equity issue
where it’s like in the same way that I can go into a store and look at the ingredients
in whatever food that I’m going to eat. People should be able to know what are in the
substances they’re using.” (Kelly)

3.3. Creation of Sustainable Programs

For drug checking programs to be sustainable and scalable, capacity building is sorely
needed, and participants identified three areas most in need of development: staff education
and training; financial investment; and policy changes to create a legal framework for drug
checking services to operate.

3.3.1. Staff Education and Training

While some informants described the FTIR machines as usable by the general popu-
lation, most characterized the skill set needed to operate these machines as rarified and
complex. Someone testing drug samples with FTIR needs the technical knowledge to
operate the machine, a background in chemistry, and the analytical training to interpret the
results. One participant acknowledged the dissonance between the reputation that drug
checking machines have among harm reductionists and the reality of what it takes to use
them in the field:

“I think sometimes harm reduction people are like, ‘Oh, you just get one of those machines.
And you just put it in the needle exchange, and then anybody can just kind of come up
and test their drugs. And then you look at the computer, and it tells you what it is.’ And
you’re like, ‘No. That’s actually not really totally how it works.” (Jess, harm reduction
service provider)

Beyond technical and scientific knowledge, which are skilled but teachable compe-
tencies, providers experienced with using FTIR technology in the field said these skills
alone are not enough. Knowledge and experience with drugs and drug culture came up
repeatedly as critical qualifications to provide these services:

“There’s that intuition of, you know, I know what heroin smells like. Or if I’m crushing
up some crystal and there’s a certain texture about it, I’m like, ‘Oh. I can deduce X about
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this crystal,’ because I understand those things, it really has to do with understanding
the baseline of your drug supply so you know what to look for when things look weird,
it’s just challenging to find qualified people.” (Kelly)

This challenge of finding “qualified people”, that Kelly references, was echoed by
other participants in this context. Sarah puts a finer point on it: The constellation of skills
implies a single person with a background that includes familiarity with drugs and drug
culture, as well as access to education and specialized training.

“You need to know drug culture. And chemists are often academically arrogant, think
that their way of . . . the knowledge that they bring to the table is the more important one,
the more meaningful one. And so, that is the challenge with advanced technology, is we
are in an actual crisis of trained folks to be able to operate them.” (Sarah)

While it is not contradictory for a person to have a background that includes both
drug use and scientific training, what Sarah nods to here is that it is perhaps not common,
which is a real factor when staffing.

3.3.2. Financial Investment

Costliness of the FTIR machines came up frequently in interviews as a scalability and
sustainability issue, particularly when paired with the delicacy of the machines. Participants
reported that FTIR machines cost around USD 50,000, with participants noting that the
accessibility presented by that price point broke down when scaling up the program for
operating in the long term:

“It’s an expensive machine. I think they go anywhere from, like, 30 to 60K, because of
that, they’re not that scalable. I mean, we’re talking about, like, [organization] buying
one and [University] has one now, I guess, but that means there’s one in L.A. for a city of
10 million. That’s just ridiculous; right? It . . . it’s . . . for this to be a useful intervention,
we need 500 in my opinion; right? We need them to be everywhere, and we need these
people to be able to access these services in a easy manner so they can actually use them.”
(Michael)

Particularly for machines used in mobile outreach, durability has already been an issue:

“It’s portable, but it’s not that portable. It’s apparently pretty vulnerable to humid-
ity, wind, shaking, my more senior collaborators, understandably, don’t want me just
taking it out in a van because, ‘This is really expensive. You’re going to break it.’“
(Amanda, researcher)

Participants further noted that the cost of this technology could exacerbate inequities
of access and care, where PWUDs in major metropolitan areas can access drug checking,
but individuals living in smaller and more rural communities cannot:

“Because of its cost and because of its high level of technical knowledge, that is going to
kind of reinforce some resource access barriers that already exist. So, sure, if you are a very
well-funded harm reduction program in [California], you can buy a $60,000 machine and
hire three staff to run it.” (Jess)

Finally, many services were standalone interventions, not nested within larger sus-
tained programming. These interventions were time-bound in their funding, and unless
they received additional investment to keep them up and running, they would terminate at
the end of the grant period:

“We received five years of funding from the federal government. That money comes due-it
expires at the end of January [2023] and we’re, you know, we’re the only drug checking
service in the province of Ontario which is, you know, Canada’s most populated province,
and, like, the government really has not supported us at all, and no one’s . . . I’m . . . I’m
confident that someone will step up, but, like, at this point no one really is.” (Alison)



Int. J. Environ. Res. Public Health 2023, 20, 5999 10 of 19

3.3.3. Policy

Participants identified a central paradox when considering the sustainability and
scalability of drug checking programs as they currently exist: Without special legislation or
exemptions, these programs are illegal because the possession of these drugs is illegal, but
legislation and exemptions that allow them to operate legally are often time-bound, location-
specific, and precarious. The act of staffing and equipping a drug checking program is a
major investment, but many of these programs are not built to be sustained past a certain
point or to be scaled beyond certain tightly drawn boundaries:

“Anywhere that it’s illegal to possess drugs, you’re going to have problems if there aren’t
legal carve-outs for drug checking. A good question for me as I ponder: ‘Could I get
arrested for supplying people with a mobile drug-checking device in certain U.S. states?’
That would be scary and not something that I would like to happen. It’s top of mind right
now for me.” (William)

In addition to capacity building at the structural level with policy and financial in-
vestment, key informants offered recommendations for leveraging existing resources and
networks to build capacity from the ground up:

“We need a national drug checking Technical Assistance [TA] center. We need to have
that ASAP, because [our program staff] and chemist spend a ton of time every week
responding to requests from all over the country, like, ‘How do we set this technical thing
up?’ or, ‘How do we reset the software to do this?’ And there is a very willing community
of practice in the Alliance for Collaborative Drug Checking, but it’s time to have that be a
national TA center.” (Eli)

Alison, who manages a drug checking program in Canada, gave a clear example of
one way she contributed to this “community of practice”:

“I’ve done seven of these exemption applications now and five for community health
agencies, so I’ve actually created this really brief document that I call, like, pre-approve
exempted processes for drug checking at community health agencies or collection sites,
and I . . . we’ll share that with others who want to get drug checking programs up and
running. And the federal government is aware that I’ve created this, and they, like,
appear to be on board. And I’ve created them in a way that they’re high level enough that
they should essentially be able to be adopted by anyone using any drug checking model.”
(Alison)

3.4. Integrating Drug Checking into Other Health and Harm Reduction Services

Participants offered a range of perspectives on the relative merits of—and best strate-
gies for—integrating drug checking services with other harm reduction or healthcare
services. Some informants stated unambiguously that multiple forms of drug checking can
and should be integrated with healthcare more broadly. Jess advocated for adding drug
checking to existing harm reduction services, citing an overwhelming desire for the service
among clients:

“People are hungry for that information. I can’t imagine being at any harm reduction
program where there’s drug checking available and people would be like, “Oh, no. I’m not
interested.” People want to know what’s in their drug all the time.” (Jess)

For others, the opportunity presented by the appeal and low barrier to the entry
of drug checking made service integration attractive. For those needing multiple health
services but being disconnected from systems of care, drug checking could serve as an
entry point:

“I think engaging people in drug-checking services is a wonderful opportunity to connect
them with healthcare, period-whether that’s healthcare maintenance, whether that’s blood-
borne diseases, whether that’s a referral like an addiction medicine service. Absolutely, I
think drug checking can be the conduit.” (Melissa, harm reduction service provider)
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Other providers we interviewed were not so sure. Michael named the stigma asso-
ciated with harm reduction within mainstream healthcare as a barrier to integration. He
expressed doubt about the feasibility of integrating drug checking within a “mainstream
institution,” while considering, too, the accessibility issues presented by asking people who
use drugs to interact with an institution that stigmatizes them:

“I think just the stigma, the institutional barriers would be enormously high to get them
into like a mainstream institution. And then I think the use-the people who use drugs,
it would be very challenging for them to even want to access these services. There’s a
bunch of clinics that, I mean, they’ve never wanted our patients in their clinics, so don’t
even try.” (Michael)

This issue, service integration increasing barriers for clients to access drug checking,
was a central concern for multiple informants. Kelly worried that integrated services could
push the boundary of becoming “transactional,” engendering a dynamic, real or perceived,
in which drug checking is contingent upon participation in other healthcare activities
or conversations. Similarly, Jason framed these cross-service interactions as potentially
“crossing the line” and “asking a lot” of clients, particularly when talking to people who
may have particularly fraught relationships with healthcare services:

“But I think, as soon as you are asking people, ‘Hey, have you thought about checking
out that abscess on your leg and going to the doctor?’ I think that it might be crossing the
line. I think drug checking is best when it’s extremely low-barrier. And that generally
means we’re not going to be asking a lot of you.” (Jason)

Other concerns included the feasibility of adding harm reduction and health services
to existing drug checking programs. From a structural standpoint, service integration could
mean raising the already high standard for program staff competencies:

“I wouldn’t expect drug-checking technicians to feel comfortable or be trained well enough
to tell someone, ‘Hey, your HIV test came back positive. You should go seek medical care.’
That’s a lot to expect someone to do.” (Jason)

While provider perspectives on whether and how to connect drug checking with other
programming varied, one unifying concept ran through our dataset: relationships. Trusting
relationships between clients and providers, more so than whether a program was formally
integrated with other services or not, served as the primary mechanism for linking clients
to further treatment or additional care.

Whether as part of a constellation of services or as a standalone program, drug
checking gives providers the opportunity to build relationships with people who use drugs,
many of whom are wary of interacting with health systems. This engagement begins with
an informative service, in which a person can learn what they are putting in their body, but
it does not necessarily end there. Melissa further explained how building relationships with
clients both increases the likelihood that they will ask for referrals from a trusted provider
if and when they are ready and can foster trust with mainstream healthcare systems as
well. For many clients, those “bigger conversations” serve as a critical pathway to further
treatment and engagement with systems of support:

“We know from the evidence from other overdose prevention sites that people [who access
harm reduction services] are more likely to enter treatment and detox. They’re more likely
to engage around services like healthcare and housing. So, it’s just another place to really
build relationships with people who currently don’t have those strong relationships with
the system. It all starts with just inviting people to know the facts about what they’re
putting in their bodies. I think that that service is just such a great service for people
that it just opens the door, I think, for some trust and some gratitude that often lays the
groundwork for those bigger conversations.” (Melissa)
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4. Discussion

Providers presented a picture of the drug market as a moving target, characterized
by rapid changes in localized drug supply content and associated rates of overdose. Drug
checking services provide users with information about the risk of taking the respective
drug compound tested and can influence drug-taking behaviors [65]. Indeed, as seen in the
interviews conducted, drug checking services have been instrumental in monitoring and
providing information to PWUDs about the presence of the highly potent synthetic opioid
fentanyl, a product that has come to dominate the illicit drug market in a number of regions
across North America [19,35,36,39–43]. Bearing witness to ever-changing drug markets,
there is increasing concern over the presence of the veterinary tranquilizer xylazine within
both the USA and Canada [66,67], and novel psychoactive substances of concern continue
to emerge, requiring timely monitoring.

Overall, providers’ depictions of the illicit drug market highlight the need for drug
checking as a key mechanism to reduce risks to PWUDs while emphasizing the ‘bootstrap’
nature of the implementation of these programs. In addition to providing individuals with
vital information about potential drug risks, drug checking data can provide both formal
and informal (word of mouth) warnings about contaminants and/or drug variants that may
pose risks to the larger community [11,12,14,15]. In Canada, drug checking is increasingly
used as a monitoring and surveillance tool, while other forms of drug supply surveillance
have been suggested elsewhere [34,68]. It is notable how drug checking services emerged
in the context of drug prohibition, creating an unregulated drug market where, outside of
some law enforcement channels and limited public health surveillance, information about
the drug supply is highly limited. Drug checking as a response to this sparse and sometimes
guarded knowledge is not a monolith, but rather an amalgamation of established and novel
services that seek to provide useful and actionable information about the drug supply.
In short, drug checking services provide a key source of information for monitoring and
acting upon changes in local drug markets.

While mindful of the promise that drug checking provides in terms of increasing
individual- and community-level knowledge, drug checking providers recognized that
drug checking is an imperfect enterprise, limited with respect to the available technology
(and associated financial costs), the lack of combined technical and communication exper-
tise requirements, and the legal landscape. With respect to the available technology (and
reflecting the current literature), provider interviews highlighted that there is no single
technology that can cope with ever-changing drug markets. While FTSs are cost-effective,
can reliably identify fentanyl as a contaminant in other drugs, and are a useful component
in a constellation of drug checking technologies, they identify only one compound among
many and cannot offer quantitative data [39,49,69,70]. In addition, the utility of FTSs is
reduced for those who prefer fentanyl or who are getting “fatigued” by needing to test
frequently. By way of contrast, spectrometry provides information as to the overall content
of the sample provided by drug users and can provide quantification as well, but the equip-
ment is expensive, requires training to analyze the results, and the machines are limited
with respect to their sensitivity (i.e., 5% by weight) and mobility [10,17,37,38,44–46,50].
To balance the pros and cons of each piece of technology, many programs are combining
the greater sensitivity of FTSs (as well as immunoassay test strips for other drugs, e.g.,
benzodiazepines and xylazine) with the greater specificity of spectrometry in their drug
checking algorithms.

Even if a single perfect technology was available, its costs, in terms of staffing and
equipment, along with the need to provide integrated comprehensive health and social
services for PWUDs remain challenging for most programs. Individual spectrometry
machines were reported to cost approximately USD 50,000, but it is also clear that a single
machine is not sufficient to cover a city the size of San Francisco (population~800,000), let
alone Los Angeles (population~3,800,000). As such, it can be assumed that newly launched
drug checking services would require significant funding support on a long-term basis and
be in locations where PWUDs are best suited to access services [10,37,47,50]. Any upscaling
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efforts will require knowledge of how many machines (such as FTIR) would be needed to
meet the requirements of a particular location (noting that some might need to be used in
mobile units) and the upfront costs associated with these machines (and associated physical
infrastructure), as well as training, operation, and maintenance costs.

Closely associated with technology and costs, providers pointed to a bottleneck or
even crisis with respect to the staff needed to operate a successful drug checking program.
Providers highlighted both the paucity of resources devoted to harm reduction programs
generally, as well as the issue of training on and operating devices that require a high
initial level of technical skill. Our study participants were divided on the appropriate level
of technical skill as well as drug supply know-how needed to successfully operate and
interpret the readout provided by a machine, such as an FTIR machine [64,71,72]. Finding
appropriately trained individuals who are also knowledgeable about the drug supply and
sympathetic to the issues faced by people who use drugs is likely to be challenging. Addi-
tionally, there is an urgent need, as participants noted, for developing training materials and
technical support for the harm reduction organizations operating these programs. Asking
that drug checking technicians, who are not deeply rooted in harm reduction practices,
relay complicated information about drugs to clients is by no means easy, but participants
were confident that training could be provided in this dual role of technical analyst and
communicator. It is possible that a national training center and organizational hub could
be leveraged as a resource for both technical support for drug checking technologies and
communication expertise, as well to aggregate timely on-the-ground information about
vicissitudes in the drug supply.

Underpinning these imperfections in technology and limitations in terms of scaling up
service provision are the political and legal landscapes. Interviewees’ concerns regarding
policy and policing reflect the considerable variation in the legal and policing context of
drug checking within and outside of the USA [3,53–56]. The legal status of drug checking
mentioned by some participants adds to the climate of uncertainty drug checking pro-
grams operate under. In Canada, for example, federal exemptions have been granted to
implement drug checking services, but the process is time-consuming and fraught with lo-
gistical difficulties. Such uncertainty makes providers wary and, for structurally vulnerable
communities, may reduce the likelihood of use [48,50,51,64].

Drug checking services suffer from an overall lack of official support at the state or
federal levels, although several recent programs have launched in the USA that enjoy
local support. Even in Canada, which has implemented drug checking for longer than the
USA, many of these programs operate under temporary emergency authorizations, rather
than enjoying guaranteed federal, state, and local support. On follow-up with a Canadian
provider, funding for their program in Ontario is scheduled to run out at the end of March
2023, and no government or non-governmental entity has stepped up to provide long-term
funding, leaving the staff uncertain in their job security and putting the community that
this program serves in greater jeopardy. This speaks to the fundamental need for greater
consistency in the policy and policing environment to enable providers some security that
they will be allowed to provide this service above and beyond temporary exemption orders.
Without such assurance, not only will PWUDs and providers be left in legal limbo, but
it will remain difficult to find funding to pay for the necessary equipment and training
investments without being able to plan for the future. Overall, if the legal status of drug
checking remains as it is, drug checking services will continue to operate through temporary
exemption orders and gray areas in the law, neither of which are compatible with meeting
the long-term harm reduction objectives which encompass these initiatives [2,6,12,17,73].

Service providers showed considerable caution about how the impact of drug checking
services should be measured, especially in terms of reducing overdose rates. Indeed, the
question of whether providing drug checking findings to participants necessarily influences
behavior change, directly reduces overdose rates, or improves uptake in substance use
treatment programs cannot easily be answered at this time [13,15,42,74–76]. Nevertheless,
the benefit in providing drug supply knowledge to PWUDs was one of the more dominant
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narratives emerging from the interviews. Knowing the content of their respective drug
supply was seen as empowering, giving people with little say in the illicit drug supply
a greater sense of control over their life and choices, including the choice to modify use,
change drug sellers, and/or seek out further harm reduction services. As such, directly
linking the success of drug checking services to overdose prevention may be unnecessarily
reductive and counter-productive to the broad objectives of drug checking given the
multiple indirect pathways by which these broad services may contribute to overdose
prevention [1,10,11].

The success of drug checking services may be seen with individuals choosing to discard
their drugs or reduce the frequency or amount taken to avoid likely harm [12,65,77], a
change that could be life-saving but may be impossible to monitor and not always an
option for those with few resources [41,48]. Other harm reducing behaviors include use
of “tester shots” [78], carrying naloxone, not using alone, and using in the context of a
supervised consumption space. However, even if behavioral change is not possible or not
measurable, drug checking can still be empowering in linking individuals who use drugs
to harm reduction services, including substance use treatment, HIV/HCV testing, housing
assistance, supervised consumption sites, and medical care.

The access and engagement of PWUDs with other harm reduction services were
viewed as key indicators of the success of drug checking programs. The collaborative
nature and “meet people where they are at” sensibility of harm reduction programs were
identified by many as particularly strong reasons to co-locate drug checking services within
harm reduction programs, a finding not limited to participants directly employed in such
organizations. Relationship building with participants was also a notable strength of harm
reduction organizations identified in this research. In the case of those who have had
negative, stigmatizing experiences with respect to policing, social attitudes, and/or when
receiving healthcare services, drug checking in these venues can provide a foundation for
engagement and trust building. From this point of trust, drug checking providers may be
able to establish themselves (or their colleagues) as advocates for individuals wanting to
access and navigate through health and social services that improve health outcomes.

Issuing public-facing warnings about drug supply variability remains challenging. At
present, systems that provide warnings about ‘bad batches’, such as text-based warning
systems seen in Baltimore, Maryland, USA [79] and in British Columbia, Canada [80], are
generated from reported overdoses, including EMS data, rather than based on drug supply
knowledge from drug checking. One potential measure of outcome success of warning
programs would be a greater and more detailed ability to warn PWUDs about specific
supply changes, including batch/brand warnings, appearance cues, and possible side
effects and health risks. Early communication of drug checking findings across state and
region may be another measure of success, while also acknowledging that local context
is extremely important for understanding trends in drug contaminants. However, better
monitoring through drug checking might also be instructive in building understanding
about drug supply across cities, states, and regions. Another measure of success might be
increases in the use of drug checking and/or associated harm reduction services. Other
measures could include referrals from drug checking to HIV/HCV testing, first aid and
wound care, and housing stabilization programs. Such information could be fed back to
the drug user community as an indication of the benefits of drug checking and how drug
checking can improve wellbeing. Moreover, they can be used as measures of success to
demonstrate the utility of drug checking to policy makers and the general public who are
sometimes hostile to drug checking and associated harm reduction measures [81].

Potential limitations of this study include its geographic restriction to North America.
Drug checking is underway in many USA and Canadian localities, but its tenuous legal
status makes recruitment of individuals working in drug checking particularly fraught.
Snowball and targeted sampling of individuals working in a range of settings sought to
address this limitation. Additionally, the lack of inclusion of the perspectives of PWUDs
is another limitation. A companion manuscript from this study is in preparation that
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will explore perspectives of both providers and PWUDs on the feasibility of using drug
checking services in the USA and report on the experiences some have already had with
these services.

5. Conclusions

Drug checking, with all its creative variety and can-do mentality in an uncertain
political environment, can be seen as a form of “bootstrap” public health. Various drug
checking technologies have proven useful in providing valuable health information to
people who use drugs, and programs have adapted these technologies to their needs.
Despite the challenges posed, our participants described a burgeoning constellation of drug
checking services that are well positioned to engage with and be embedded within existing
harm reduction organizations, and potentially at trusted sites within or adjacent to the
healthcare system. Drug checking programs on their own provide a short-term strategy
to reduce the harms of an unstable and unsafe drug market. They operate, however, in
the legal and policy landscapes which are unstable and uncertain, limiting their capacity
to scale up operations to make PWUDs safer in the long term and make families and
communities less vulnerable to the devastation of drug overdose morbidity and mortality.
Additionally, there is an urgent need for a technical assistance center in North America to
coordinate between programs and provide a vital conduit for information flow. A stable
policy landscape, supportive of drug checking as part of harm reduction, would allow
for financial investment in equipment, training, and service integration, which are much
needed for this vulnerable community.
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