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Background: Drug checking uses analytical chemistry technologies to report on the composition of drugs from
the unregulated market to reduce substance use-related risks, while additionally allowing for monitoring and
reporting of the supply. In the context of an overdose crisis linked to fentanyl, we used drug checking data to
examine variability within the illicit opioid supply.
Methods: In this time-series analysis, data was collected from a drug checking service in Victoria, Canada from
November 2020 to July 2021. Drugs reported as opioids by participants of the service (N = 454) were analyzed
to determine sample composition and paper spray mass spectroscopy was used to quantify low-concentration
actives. Interquartile and statistical process control (SPC) analysis, namely standard deviation control charts,
were used to examine the degree of variability among samples.
Results: Fentanyl was found in 96% of samples reported to be opioids, with a median concentration of 9%.
Concentrations varied significantly, with a standard deviation of 7% for fentanyl and where nearly 20% of data
points fell outside the control limits. Over half of the samples contained an additional and unexpected active,
most commonly etizolam (43% of samples). Etizolam also showed a large level of variability, uncorrelated to that
of fentanyl.
Conclusions: Based on our chemical quantification and SPC analysis, a high degree of variability was found in
opioid samples from the unregulated market in both the drugs detected and the concentrations of those drugs.
This demonstrated the opioid crisis to be less attributable to a bad batch of drugs but rather the general vari
ability found in the unregulated market.

1. Introduction
British Columbia (BC) is the epicenter of the ongoing overdose crisis
in Canada, where illicit drug overdose is the leading cause of unnatural
death in the province (BC Coroners Service, 2021a). The Minister of
Health declared illicit drug overdose a public health emergency in 2016,
which has remained enacted as overdose rates have continued to rise

(BC, 2020). In response, public health agencies have supported multiple
interventions including the expansion of supervised consumption and
overdose prevention sites, prescribed safer supply options, increased
engagement and responses from drug use organizations, and drug
checking (Kerr et al., 2017; Greer et al., 2016; Karamouzian et al., 2018).
Drug checking uses analytical chemistry technologies to analyze and
report on the composition of drugs to inform substance use amidst the
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unregulated market (Laing et al., 2018; Barratt et al., 2018). Addition
ally, it allows for monitoring and reporting on the illicit market.
In the current overdose context, fentanyl is being knowingly pur
chased and intentionally used on a regular basis, mostly without unex
pected outcomes such as overdose (Karamouzian et al., 2020; Chandra
et al., 2021; Mars et al., 2018b). Simultaneously, fentanyl is clearly
associated with overdose, with the BC Coroners Service reporting it to be
detected in 85% of all illicit drug toxicity deaths (BC Coroners Service,
2021b). More recently, benzodiazepines have been appearing in the
opioid supply (BC Coroners Service, 2021b; National Institute of Drug
Abuse, 2021; Gozdzialski et al., 2021a). Such combinations of active
drugs may be unexpected and have compounding physiological effects.
For example, fentanyl and benzodiazepines are both high potency drugs
with a fast onset that can contribute to rapid overdose, increasing the
risk of harms (Han et al., 2019). Moreover, the variability of these highly
potent actives is of concern for people who use drugs (PWUD), as it
decreases the stability of dosing and therefore increases the chance of
overdose.
In BC, street drugs sold as opioids are typically a white or coloured
granular powder composed of fentanyl and other active drugs and cut
with caffeine and sugars (McCrae et al., 2021; Ramsay et al., 2021; Payer
et al., 2020). In these powders, neither the presence nor the quantity of
fentanyl or benzodiazepines can be detected by visual inspection alone
(McCrae et al., 2021). This leaves few options available for PWUD to
discern what is in a sample except to take a test shot, which carries
inherent risks (Mars et al., 2018a).
In chemical research, working with powdered mixtures presents
challenges in the consistency of sampling (Venables and Wells, 2002;
Asachi et al., 2018). For this reason, there exists extensive requirements
for pharmaceutical drug mixtures to be prepared with a consistent
composition (US Pharmacopeia, 2016), methods that are neither
implemented nor supervised in the unregulated market. Therefore, the
lack of quality control combined with the lack of laboratory-grade
compounding equipment (Mathew et al., 2021) suggests a higher vari
ability will be present in samples from the illicit supply. In fact, this is
demonstrated by how highly adulterated the market is (Payer et al.,
2020). With no regulated opioid supply available, PWUD are left with no
safer alternatives to these highly adulterated opioid samples (Tupper
et al., 2018).
The goal of this paper is to provide a snapshot of the unregulated
opioid supply in the context of an overdose crisis with unprecedented
death rates to examine what it contains and the associated levels of
variability. Through the analysis of drug samples with a highly sensitive,
analytical technique, we report our findings on the opioid supply in
Victoria, Canada over a nine-month period from relevant samples
brought to a drug checking service by PWUD.

range (Vandergrift and Gill, 2019; Borden et al., 2022, 2020a). This
study used a TSQ FortisTM triple quadrupole mass spectrometer and a
VeriSprayTM PaperSpray ion source (Thermo Fisher Scientific, San Jose
CA, USA). Sample preparation and details on data analysis have been
described previously (Borden et al., 2020a; Vandergrift and Gill, 2019;
Borden et al., 2020b,2022; Gozdzialski et al., 2021a). Briefly, 1 mg of a
sample was dissolved in 100 μL methanol, with further dilution (1 μL)
into a 200 μL solution containing isotopically labeled standards, prior to
spotting onto a VeriSprayTM sample plate.
Between November 2020 and July 2021, a total of 1343 drug sam
ples were collected, of which a subset of 454 were selected based on the
criteria of being analyzed by PS–MS and of being reported by the indi
vidual accessing service as an opioid from the illicit supply. These are
distinguished from diverted pharmaceutical opioids (such as hydro
morphone) or different drug classes (for example, stimulants) (Van
couver Island Drug Checking Project, 2020). This subset was then
grouped into four categories based on the active drugs detected. As the
supply has evolved over time, the expected active in opioid drugs has
varied; what used to be a heroin market has more recently become a
supply that contains and is expected to be fentanyl (Ciccarone, 2019).
For this reason, we considered the expected active of opioid drugs to be
either fentanyl, heroin, or a combination of the two. The categories were
thus labelled as:
(a) Contained fentanyl and/or heroin only.
(b) Contained fentanyl and/or heroin with an additional, unexpected
active.
(c) Contained no fentanyl and/or heroin and only an unexpected
active.
(d) Contained no active.
The median and interquartile ranges (IQRs) were used to describe the
concentration data as it was determined to have a right-skewed distri
bution. Current research within our drug checking project has demon
strated the engagement of drug checking with sellers and suppliers
(Wallace et al., 2021b; Larnder et al., 2021). There is, therefore, an
assumption that samples containing bulk levels of active drugs are
checked at our service prior to cutting and being sold, yet those samples
cannot be directly identified due to the anonymity of the service. In
efforts to better represent the supply at the end point when individuals
consume drugs, high-concentration samples determined as outliers were
removed from the data for the analysis of variability. These outliers were
defined within the interquartile plot as points extending beyond IQRs
from the median (Barbato et al., 2011).
Using outlier-excluded data and following the statistical process
control (SPC) approach (Oakland, 2007), a Shewhart control chart using
standard deviations (s-chart) was used to analyze the variability over
weekly time periods. Three-sigma control limits were set based on the
standard deviation using weekly subgroups (N=39) and control chart
constants to demonstrate the variability in the fentanyl and etizolam
supply. S-charts are effective for process monitoring and quality control,
and are commonly applied in the pharmaceutical industry (Shah et al.,
2010). Moreover, they are known to be robust to non-normality
(Schoonhoven and Does, 2009), an important consideration as data
was corrected through outlier removal to prevent skewness in the un
derlying probability distributions. Pearson’s correlation coefficient (r)
was used to measure the correlation between concentrations of fentanyl
and etizolam when present concurrently in illicit samples.

2. Methods
Drug samples from the illicit market were received as a part of a
point-of-care drug checking project established in 2018 in Victoria,
Canada (Wallace et al., 2021a). Ethical approval was provided by the
Health Research Ethics Board at Island Health Authority (J2018-069).
Samples were collected and analyzed using an ensemble of technologies
including two types of immunoassay test strips (one specific for fentanyl
and its analogues and one specific for benzodiazepine drugs), Raman
spectroscopy (Gozdzialski et al., 2021b), surface enhanced Raman
spectroscopy (Gozdzialski et al., 2022), infrared spectroscopy (Ramsay
et al., 2021), and paper spray mass spectrometry (Vandergrift and Gill,
2019; Borden et al., 2022). Although the identification of the constituent
molecules in drug mixtures was aided by these multiple technologies
(Wallace et al., 2021a), the quantitative analysis of low concentration
actives came from the mass spectrometry data. Paper spray mass spec
trometry (PS–MS) is a ‘next generation’ analytical technology demon
strating significant advantages for drug checking, including high
sensitivity and selectivity with detection limits in the 1–100 ng/mL

3. Results
Of the 454 samples reported to be opioids from the illicit supply, less
than half (44%) were found to contain the expected fentanyl and/or
heroin alone (category a). It was uncommon (2%) for no fentanyl and/or
heroin to be found in a sample (categories c & d). Rather, the majority of
samples (54%) were found to contain fentanyl and/or heroin with an
2
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additional, unexpected active (category b).
Fentanyl was the most commonly detected active (96%) in the illicit
opioid samples, whereas heroin was found in only 10% of samples. Over
nine months, the median fentanyl concentration was found to be 8.9%,
though a large spread was found around the median with half of the data
falling between 3.8% and 14.4% (Figure 1A). Many samples contained
high concentrations, with more than 16% of fentanyl-containing sam
ples found to be more than double the median strength (at least 17.7%
fentanyl) and 2.4% of samples found to be greater than 50% fentanyl.
Twelve of these high-concentration samples were determined to be
outliers, ranging in concentration from 49.8% to 70.5%, and were
removed for the s-chart analysis. In summarizing the concentration of
fentanyl by week, the mean standard deviation of samples was found to
be 7.0% fentanyl and seven of the weeks (19%) fell outside the control
limits of the s-chart (Figure 1B). These are “out of control" samples in the
SPC terminology.
More than half (54%) of the total opioid samples contained an un
expected adulterant drug in addition to fentanyl and/or heroin (cate
gory b). This group of adulterated samples was then categorized into
three, non-mutually exclusive groups based on which additional active
was present, including benzodiazepine-related drugs (89%), fentanyl
analogues (20%) or another drug (10%). The fentanyl analogues found
included carfentanil, fluorofentanyl, acetyl fentanyl, and chlor
oisobutyryl fentanyl. The other drugs found included cocaine, meth
amphetamine, noscapine, 6-monoacetyl morphine (non-concurrent with
heroin), diphenhydramine, hexylcaine, loperamide, methylenediox
ycathinone, and procaine. Stimulants, inclusive of methamphetamine
and cocaine, accounted for 4% of the total opioid samples.
These three subgroups, in relation to the category a (fentanyl and/or
heroin only) can be visualized in Fig. 2 as proportions of the total opioid
samples they represent per month. In this analysis, samples adulterated
with benzodiazepine drugs were more prevalent for five out of the nine
months (56%) than samples expected to contain only the expected
fentanyl and/or heroin. The frequency of fentanyl analogues detected in
samples followed a similar trend to those containing benzodiazepine
drugs, with both groups displaying a local maximum in January 2021
and a global maximum in April 2021.
Within opioid samples, multiple active drugs were found to be in
combination within individual samples. Of the adulterated samples
checked (category b), 78% contained two active components while 19%
contained three actives and 3% contained four actives. An example of
such a sample contained fentanyl, carfentanil, etizolam, and cocaine.
Concentration variability was also found in these adulterant compo
nents. Etizolam, a benzodiazepine-related drug, was the second most
common substance (43%) found in opioid samples. Over nine months,
the median etizolam concentration was found to be 2.1%. Again, a large
spread about this median was found, with half the data falling between

0.8% and 6.6% etizolam (Figure 3A). In summarizing the concentration
of etizolam by week, a mean standard deviation of 3.6% was found
across samples, which resulted in 21 weeks (57%) of samples falling
outside the 3-standard deviation control limits of the s-chart (Fig. 3B).
Of all the opioid samples, 192 (42%) contained a combination of
both fentanyl and etizolam as active components (a subset of category
b). In this subset, Pearson’s correlation scores were used to examine the
association between fentanyl and etizolam concentrations across sam
ples. Overall, these samples clustered at the low concentrations and no
overall correlation was found (r = 0.019, p = 0.109) (Fig. 4). When
grouped temporally, three of the nine months showed positive correla
tions with marginal statistical significance (p < 0.05), though a high
level of variability was found across these monthly correlation scores
with a standard deviation of 0.409 (Figure 5).
It is worth pointing out that, as our drug-checking service does not
keep any traceable records due to its anonymous nature, it is difficult to
ensure statistical independence between our samples. However, this
should not affect our conclusions as, if the samples were dependent, we
should not have seen such large variability nor very low correlations.
4. Discussion
In the current context of extreme rates of overdose death, drug
checking data confirms the opioid market to consistently contain fen
tanyl as the primary opioid while also exhibiting high levels of vari
ability. We establish two forms of variability within this context variability in fentanyl concentrations and variability in the type of active
drugs present within opioids. Our findings align with the provincial
overdose toxicology deaths, suggesting specific bad batches are not the
primary cause of overdose, but that it is more reasonable to assume the
consistent variability of both concentrations and actives in the overall
supply is a large contributing factor to overdose death.
Our point-of-care drug checking data illustrates the pervasiveness of
fentanyl, with 96% of opioid samples containing fentanyl. Our results
suggest a fairly stable median concentration of 8.9% fentanyl over the
nine months; however, the distribution of sample concentrations shows
fentanyl to be consistently spread across 0–30% each month, not
including outliers. In the context of fentanyl being a highly potent drug,
this variability is significant as samples are regularly being found over
double the median fentanyl concentration (16% of samples). These
upper bounds of fentanyl concentrations align with the provincial cor
oner’s post-mortem toxicology results of approximately 13% of deaths
containing extreme fentanyl concentrations (exceeding 50 μg/L in blood
plasma) (BC Coroners Service, 2021b).
Within this synthetic opioid context, fentanyl analogues were also
found in 20% of opioid samples tested. Carfentanil specifically was
found in nearly 8% of opioid samples. This is consistent with carfentanil

Fig. 1. (A) Quartile visualization of fentanyl concentration (%w/w) grouped by month checked at the drug checking service. (B) Shewhart control s-chart of the
standard deviation in fentanyl concentration of samples checked per week of service.
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Fig. 2. The proportion of opioid samples found per month classified as category a, containing the expected fentanyl and/or heroin only, and category b, containing
fentanyl and/or heroin with an additional, unexpected active. Category b was broken into three subgroups based on what the additional active was found to be:
benzodiazepine, fentanyl analogue, other.

Fig. 3. (A) Quartile visualization of etizolam concentration (%w/w) grouped by month checked at the drug checking service. (B) Shewhart control s-chart of the
standard deviation in etizolam concentration of samples checked per week of service.

Fig. 5. Scatter plot of correlation scores, r, and their associated p-values for
fentanyl and etizolam concentrations within samples containing both actives
grouped by month. A significance level of 0.05 is indicated by the horizontal
line, and a correlation value of zero is indicated by the vertical line.

Fig. 4. Scatter plot of fentanyl and etizolam concentrations (%w/w) of samples
containing a combination of both actives drugs (n = 192), coloured by month
checked at the drug checking service, with r = 0.019 and p = 0.109.

being present in 9% of post-mortem toxicology results from overdose
deaths (BC Coroners Service, 2021b).
Finding an additional and likely unexpected active component was

identified in over half of the opioid samples tested. Benzodiazepinerelated drugs were the most common adulterant (89%) and were
found in 48% of total samples. This aligns with the findings from the
4
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provincial toxicology report where the rate of benzodiazepines found in
overdose deaths rapidly increased from 15% of samples in July 2020 to
57% of samples in April 2021 (BC Coroners Service, 2021b). Mixing
benzodiazepines with opioids is not advised due to the additive
depressant effect contributed by benzodiazepines that does not respond
to naloxone, as they interact with GABA receptors as opposed to opioid
receptors, therefore increasing the risk of a complicated overdose (Na
tional Institute of Drug Abuse, 2021; Jones et al., 2012). This risk further
increases with each additional active, especially those of different drug
classes.
When etizolam was present in opioid samples, it was in combination
with fentanyl 99% of the time. By viewing the concentrations of both
actives within a sample concurrently, we sought to determine possible
correlations between the amounts of each drug in the sample. For
example, if lower concentration fentanyl samples were more commonly
found to contain higher etizolam concentrations, we could explore
whether etizolam was being used to supplement the lack of fentanyl.
Overall, no correlation between fentanyl and etizolam was found,
meaning that decreased fentanyl did not contribute to either a lower or
higher content of etizolam in samples.
There are some limitations of this analysis to note. First, the drug
samples were those brought willingly by people who use drugs to the
drug checking service. This inherently excludes those unable to access
the service or those who choose not engage due to concerns over the
stigma and criminalization associated with drug use. Second, due to the
anonymous nature of the service we do not know from which step in the
supply chain drug samples came from when analyzed. We applied an
outlier detection method to explore uncommonly high-concentration
samples in order to more accurately describe the variability present in
the supply at the end point when individuals consume drugs, which we
know is the primary source of our samples (Larnder et al., 2021). Finally,
as only a small portion of sample (1 mg) was measured on the PS-MS, the
results do not capture the variability within a single sample due to
heterogeneity from incomplete mixing. As drug checking continues to be
implemented with highly-sensitive detection methods, future research
could explore the level of variability within individual samples as well as
extend this analysis over longer periods of time to monitor the supply.
Overall, the level of variability we have demonstrated interferes with
the ability of PWUD to maintain stable consumption of illicit drugs. The
reality is that many of the opioids present in the illicit supply are not
inherently unsafe drugs, they are simply unregulated drugs. Within the
pharmaceutical sector, manufacturers operate under national guidance
documents outlining criteria mandating the surveillance of dosing uni
formity (US Pharmacopeia, 2016; US Food and Drug Administration,
2001; Health Canada, 2013), leading to high-quality preparations of
drugs. As such, fentanyl is used ubiquitously in the medical field for
sedation and pain relief, where the drug has a known potency and is
administered in a controlled setting. The current public health
messaging to prevent overdose such as “don’t use alone", “try a small
amount of the drug first", and “carry naloxone" may be valid, but is also
limited as it does not mitigate the fact that the drug supply itself is highly
variable and unpredictable in both concentration and composition.
Variability in the drug supply is, therefore, beyond the control of the
person using the drug and demands greater public health intervention.
This data from point-of-care drug checking substantiates both the
pervasiveness of fentanyl in some regions as well as the increasing
complexity of the unregulated opioid market. It is therefore evident how
these factors need to be addressed to be responsive to overdose. The
“third wave" of synthetic opioids is driving opioid overdoses, calling for
appropriate supply-side interventions within harm reduction (Ciccar
one, 2019). With the majority of opioids now including another drug,
typically a benzodiazepine, we perhaps are also confirming “Pro
hibition’s Iron Law" (Beletsky and Davis, 2017); restrictive measures,
such as those that resulted in the prevalence of fentanyl in the drug
supply, may now be contributing to more complex and harmful alter
natives. Others have named this “the dawn of a new synthetic opioid era"

(Pardo et al., 2020) and similarly call for a shift from current best
practices to innovations from the margins. This includes the use of
chemical analytical instruments for drug checking combined with ma
chine learning, to provide a more complete description of the drug
composition and more reliable detection of low concentration actives
(Wallace et al., 2021a). While such harm reduction responses are
encouraged, there are also cautions that the crisis has escalated to the
point where we are beyond incremental measures, and fulsome political
changes addressing the well-recognized socio-political factors including
criminalization are vital (Strike and Watson, 2019). Indeed, widespread,
low-barrier safer supply responses are critical to disrupt this escalation
(Ivsins et al., 2020). If drug checking services are to be among the
innovative interventions being called for, their technologies, engage
ment and messaging must be responsive to the current and future
challenges of an ever-complex synthetic opioid market.
5. Conclusions
Data from our drug checking project provides insight into the vari
ability found in illicit opioids in the midst of unprecedented overdose
deaths linked to fentanyl. In this setting, fentanyl was found as the
primary opioid in the supply while heroin was nearly non-existent,
therefore demanding harm reduction responses beyond the simple
detection of fentanyl. The concentration of fentanyl consistently varied
with potencies ranging significantly between samples and over time.
Variability was also found within samples as most illicit opioid drugs
included another active, most often etizolam in our setting, which
additionally varied in concentration. These findings indicate that over
dose may be less attributable to a “bad batch” that demands the issuing
of public health drug alerts, but rather to the variability being a constant
risk within an enduring crisis of illicit overdose deaths. Greater efforts to
provide safer and less unpredictable opioids to those at risk of overdose
may provide health outcomes that minimize the harms of prohibition.
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