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ABSTRACT: Synthetic cannabinoids (SCs) are novel psychoactive substances (NPS) that are highly potent and associated with
arange of severe toxicities. SC use, which is common in UK prisons and homeless communities, typically involves combustion
of SC-soaked herb or paper material. Recently, e-cigarettes (or vapes) have emerged as popular delivery vehicles for SCs, and
consumption amongst the general population has risen significantly. SC-containing e-cigarettes (or e-liquids) are sold through
street dealers or on the black market, often as imitation cannabis extracts, where both compound and concentration are un-
specified. The risk of SC toxicity due to accidental consumption is therefore high. Numerous overdoes tied to SC-containing e-
cigarettes have been reported in schools around the UK, where side effects include psychosis, seizure and cardiac arrest. SCs
cannot be identified in complex e-liquid matrices using current field-portable detection technologies, preventing the rapid
screening of suspicious products. Herein, we report on the design and development of a device that can rapidly detect SCs
and other relevant drugs in sealed e-cigarettes and e-liquids. We describe and implement a method to artificially actuate an
e-cigarette, simultaneously depositing e-liquid vapor onto a physical matrix. We couple this extraction method with fluores-
cence-based detection of SCs to create a rapid and generic test for SC-containing e-cigarettes. In addition, we expand the
potential of the detection modality by leveraging the photochemical degradation of THC and nitazenes on a solid matrix as a
means for their rapid detection from e-liquids and sealed e-cigarettes.

Synthetic cannabinoids (SCs) are a class of designer drugs
that replicate the physiological effects of tetrahydrocanna-
binol (THC) via binding to cannabinoid receptors CB1 and
CB2.1 Several structural classes of SCs have entered the il-
licit drug market, arising from iterative structural diversifi-
cation around a common architecture.? Physiological effects
of newer SCs are divergent from early compounds synthe-
sized as cannabimimetics, whereby complex interactions
outside of CB1/CB2 agonism have been reported.? Notably,
these off-target effects may be responsible for the toxicity
reported for a wide range of SCs.*

In the UK, SC consumption is prevalent in the homeless
community, where SCs are smoked in herbal preparations,
and in the prison estate, where SC-soaked paper is smug-
gled in as contraband.>’7 Recently however, e-cigarettes
have emerged as a popular delivery vehicle for SCs, con-
sistent their rise in their popularity as nicotine delivery de-
vices amongst young people.8? E-cigarettes appeal to young
people through attractive packing and availability in a wide
variety of flavors, whilst also providing an unsuspicious

route of drug administration.’®!! Indeed, a major demo-
graphic for SC-containing e-cigarettes appears to be school
age children. 31% of children up to age 17 have tried canna-
bis,’? meaning dealers can exploit the appeal of e-cigarettes
to mis-sell SC-containing e-liquid as cannabis extract.!® Data
from the UK drug checking service WEDINOS shows that
41% of 122 drug-laced e-cigarettes submitted for testing
between January 2023 and April 2024 contained SCs4. No-
tably, none of these samples were submitted with the pur-
chase intent of SCs (Figure 1, A-C). As SCs are more potent
than THC and present in e-liquid at unknown quantities, the
risk of overdose is higher, with potentially severe side-ef-
fects including respiratory depression and cardiac arrest?.
Further, recent work demonstrates that SC e-cigarettes are
becoming less expensive, with a median cost of as £3.39 /
mL, and as little as £1.60 / mL; cheaper per unit volume than
a commercial e-cigarettel®,

Nitazenes are a series of highly potent, fully synthetic opi-
oids that have recently emerged into the illicit drug supply
and has led to many deaths throughout the world?’.
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Figure 1. Prevalence of SC-containing e-cigarettes. (A) Anal-
ysis of 122 e-cigarettes and e-liquids submitted to UK drug
checking service WEDINOS between January 2023 to April
2024. (B), Breakdown analysis of non-SC containing submis-
sions according to drug content. (C), Breakdown analysis of
SC-containing submissions according to purchase intent.

Nitazenes are usually added to counterfeit tablets (i.e., ben-
zodiazepines) or combined with heroin, where numerous
incidences of overdose have been reported due to uninten-
tional consumption.’’-1® Recent media reports are also
emerging of e-cigarettes spiked with nitazenes, in addition
to a WEDINOS submission from November 2022 202114, An
overdose death from opiod toxicity associated with the use
of a Nitazene- continuing e-cigarette has also been reported
in Australia 22, Given their high risk, we suggest the presence
of nitazenes in e-cigarette liquid is worthy of detailed mon-
itoring.

Established field-portable drug detection technologies
such as Raman and FTIR are designed to work primarily on
formulations where compounds of interest are present at a
high purity.23-25> These instruments perform poorly on mix-
tures containing a low concentration of active compound,
meaning detection of drugs including SCs directly from e-
liquid is not feasible.2¢ Lab-based testing approaches (i.e.,
GC-MS) are used as the gold standard for assessing drug
content of suspicious e-cigarettes, but are limited by turna-
round time, primarily restricting use to evidentiary analy-
sis.27-29 We were motivated by the current lack of point-of-
care testing technology to develop a device that can rapidly
report on drug content of sealed e-cigarettes and e-liquids
liquids, to be deployed to inform urgent care.

We have previously implemented generic detection of SCs
on a range of physical matrices in an ultraportable, hand-
held device.3? Here, we report the development of a device
that can extract e-liquid from suspicious e-cigarettes
through artificial actuation and simultaneous deposition
onto a solid matrix. We couple this novel extraction method
with our previously reported generic detection to inform on
SC content of sealed e-cigarettes rapidly and non-

destructively. Building on this, we also detail a novel
method for detection and discrimination of THC and nita-
zenes in sealed e-cigarettes using photochemical degrada-
tion on a solid matrix. We anticipate this field-portable de-
vice will be deployed as an effective harm reduction meas-
ure in the hands of trained school-staff, community support
workers and as part of community drug checking services.

Results and Discussion

Previous work has shown SCs exhibit relatively strong flu-
orescence emission, with a prominent emission band cen-
tered at ~350nm that is conserved across all major struc-
tural classes.3? When adsorbed onto physical matrices (i.e.,
paper), SC emission can be deconvolved from background
autofluorescence with irradiation from a sufficiently bright
UV-C light source.? In E-cigarettes, SCs are present in a het-
erogenous e-liquid vehicle that consists of propylene glycol
(PG), vegetable glycerin (VG), flavoring compounds and nic-
otine.3! This e-liquid is not directly removable from many
types of e-cigarette pods for subsequent analyses. E-ciga-
rette actuation is draw activated; inhalation is detected by
an airflow sensor that responds by heating an atomizer coil
to vaporize surrounding e-liquid.3? To extract e-liquid non-
destructively, we have developed a device that can artifi-
cially actuate an e-cigarette while simultaneously deposit-
ing its vapor onto a physical matrix. We have paired this ex-
traction approach with in-line optical elements capable of
performing generic detection of SCs (as in ref 30), to rapidly
inform on drug content. A schematic of the device is shown
in Figure 2A.

The device consists of a universal e-cigarette adapter, a
suction chamber, pumping/filtration components and opti-
cal detection elements. An e-cigarette is inserted into the
universal adapter that when interfaced with the suction
chamber forms an air-tight assembly. Activation of the vac-
uum pump via a button press draws air through these com-
ponents and the inserted e-cigarette, causing actuation. Va-
por is deposited on a porous filter sandwiched in a holder
between the suction chamber and the e-cigarette adapter.
Deposited e-liquid material is irradiated on-filter by a high-
powered (80 mW) 265nm LED, temperature regulated by a
fan and heat sink (Figure 2B). Reflectance and fluorescence
components arising from filter irradiation are captured by
photodiodes, with fitted bandpass (BP) filters for wave-
length selection, similar to our previous report.3? The pho-
todiodes are configured so that the optical path and focal
lengths align with the filter holder for optimal light collec-
tion. LED irradiation is performed though a sapphire win-
dow embedded into the base of the suction chamber. The
device ishoused in a 3D-printed shell as shown in Figure 3C.
The detachable e-cigarette adapter located at the front of
the device is interfaced with the suction chamber and filter
holder through a quick-lock mechanism. The device is en-
gaged with a single button press and an LED strip indicates
stages of function and eventual outcome of e-cigarette test-
ing. The addition of an oil mist filter (Figure 2) mitigates the
risk of exposure to controlled substances when using the
device.

To ensure airflow drawn by the vacuum pump would be
sufficient for e-cigarette actuation, we selected porous filter
paper as a matrix for vapor deposition. We reasoned that a
pore size roughly equivalent to the diameter of e-liquid
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Figure 2. E-cigarette drug detection device (EDD). (A), Device schematic showing key functional components and direction of
air draw from vacuum pump to suction chamber via flexible plastic tubing. (B), Enlarged view of SC detection apparatus com-
prising two amplified photodiodes with bandpass filters and 265nm LED for filter irradiation. PD C310 is centered at 310nm
with a 10nm bandwidth and C350 is centered at 350nm with a 50nm bandwidth. Detection apparatus is essentially as we de-
scribe in ref 28. (C), Functional prototype device housed in 3D-printed shell. Figure created with BioRender.

aerosols (0.3-3 pM) would maximize the quantity of poten-
tial drug material adsorbed during actuation.33 Figure S1, A-
B shows that a 2.5 uM pore size filter performed best for
both indole- and indazole- based SCs, thus was selected for
use. Ashless paper was selected for use in the device as neg-
ligible autofluorescence was detected upon irradiation with
a 265nm LED (Figure 3A). E-cigarettes are designed with
an integrated timer that cuts battery power at ~10s to pre-
vent coil damage. We have designed our device to perform
a 20s pumping step, incorporating ~10s actuation and filter
‘drying’ stages. We find the additional drying stage has a ho-
mogenizing effect on adsorbed material as it is pulled
though the porous filter, providing consistent optical detec-
tion.

Quantitative analysis of SC-containing e-liquids in the lit-
erature suggests a concentration range of ~1-25 mg/mlL,
compound dependent.3* To assess our ability to detect at
real-world concentrations, SC-containing e-cigarettes were
prepared and artificially smoked using the e-cigarette drug
detection device (EDD). Direct spectral measurements were
performed on removed filters using a UV-VIS spectrometer
and a 265 nm LED, identical to the EDD light source. Meas-
urements were taken on the side of the filter facing optical
detection elements, rather than the e-cigarette mouthpiece.

Figure 3A shows the spectra acquired after artificial actua-
tion of, PG:VG-only, MDMB-4en-PINACA and MDBM-
CHMICA containing e-cigarettes. Fluorescence emission of
both indazole- and indole-based SCs is resolved on-filter
when present in PG:VG e-liquid at 1.5 mg/mL, with a A}%*
of ~350 nm. No fluorescence emission is detectable from ac-
tuation of an e-cigarette containing PG:VG only. These data
indicate that we can detect SCs present in e-liquid at con-
centrations represented in the low range of real-world sam-

ples.

In the EDD, measurements are recorded on known matrix
with negligible autofluorescence. Resolving SC fluorescence
from that of co-deposited flavoring compounds presents the
greatest challenge to detection. Direct spectral measure-
ments were performed on filters removed after actuation of
e-cigarettes containing a range of commercially available e-
liquid, as to assess the impact on SC emission. From Figure
3B, of 13 exemplar e-liquids, the major emission band from
flavoring compounds is localized in the spectral region
~400-450 nm, red-shifted from SC emission by ~50 nm. On
comparing to spectra acquired for identical e-liquids con-
taining 1.5 mg/mL MDMB-4en-PINACA, we see that SC
emission is resolved from that of the flavoring compounds
(Figure 3C). We note that in some instances, emission is
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Figure 3. On-filter spectroscopic evaluation of e-liquid vapor. (A), Spectra of clean Whatman 2.5uM pore size filter paper and
filters with deposited vapor from artificially actuated vapes containing: PG:VG vehicle alone (50:50 v/v), 1.5mg/mL MDMB-4en-
PINACA in PG:VG, 1.5mg/mL MDMB-CHMICA in PG:VG. Contributions from LED reflectance removed. Integration times 500ms
(B), spectra of 13 exemplar commercially available e-liquids artificially actuated and deposited onto filters. E-liquids used are
described in Table S1. (C), Corresponding e-liquids containing 1.5mg/mL MDMB-4en-PINACA. Spectra recorded with integration
times set between 4000-500ms and matched across unaltered and SC-containing e-liquid. (D), Deposited e-liquids containing
1.5mg/mL MDMB-CHMICA. Integration times 4000ms. Corresponding unaltered e-liquids are shown in Figure S2A. E-liquids used

are described in Table S2.

convolved of SC and flavoring compounds, however, a spec-
tral feature is still present at ~350 nm. Figure 3D shows
how indole-based SC fluorescence is also resolved in the
presence of flavoring compounds, with spectra of corre-
sponding unaltered e-liquids shown in Figure S2A. We posit
that the variation in magnitude of SC emission is due to dif-
ferential quenching occurring in e-liquid variants with dif-
ferent chemical composition. Taken together, these data in-
dicate that sensitive, on-filter detection of SCs in the heter-
ogenous mixture of commercial e-liquid is possible with the
EDD.

We next assessed the response of bandpass filters C310
(310 £ 5 nm) and C350 (350 * 25 nm) to establish a numer-
ical detection model for SCs present in e-liquid, similar to
the principle of our previous detection method.3° Our previ-
ous work?2 shows that the ratio of these spectral regions can
be modelled to establish numerical model for alarm thresh-
olding. A total of 60 e-cigarettes were artificially actuated
and measured with the EDD, 39 containing unaltered e-lig-
uid and 21 containing 1.5 mg/mL SC (MDMB-4en-PINACA
x15, MDMB-CHMICA x6) e-liquid. Figure S2D shows the av-
eraged response of PDs C310 and C350 for both SC and un-
altered e-liquids. When SCs are present the average re-
sponse of C350 rises from 61 to 481 arbitrary units, this in-
crease is visualized spectroscopically in Figures 4A and S2B,
where contributions from SC emission alone are responsi-
ble for increased signal magnitude in the spectral region of

C350 (325-375 nm). Inversely, presence of SCs in e-liquid
reduces the average magnitude of the C310 response, drop-
ping from 261 to 206 when SCs are present. This change is
visualized in figures 4B and S2C and arises through a de-
crease in reflected light from loaded filters. We suggest this
is predominantly caused by the relative increase in absorp-
tion from ~280-320 nm when SC are present in e-liquid
(Figure S3).

Figure 4C shows a log-scaled plot of C310 and C350 values
obtained for each of the 60 e-liquid samples. Fitting of a
power function (black line) through the unaltered e-liquid
data provides a means to calculate predicted C350 back-
ground values (C350Pred) for a given C310 reading. Upon
measurement of deposited e-liquid on-filter, C350 values
recorded over C350Pred will cause the device to indicate for
presence of SCs. We have empirically adjusted scaling of the
power function through unaltered e-liquid data to give a
~5% false positive rate, as shown by the grey dotted line.
We note the superiority of incorporating both C310 and
C350 PD responses into a numerical model over relying on
absolute magnitude chance in C350 to detect presence of
SCs. As mentioned above, SC emission is differentially
quenched in a range of e-liquids, however this model allows
for dynamic background prediction of e-liquid measured, to
provide a sensitive means of SC detection. Figure S4 shows
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Figure 4. Predictive model for detection of SC in e-liquids. (A), Averaged spectra of 13 exemplar unaltered and SC-containing e-
liquids shown in figure 3B-C. Spectral region and bandwidth of PD C350 highlighted with grey shading. (B), A with C310 high-
lighted in grey shading. (C), Relationship of C310 and C350 values, plotted on a Log1o scale. PD values recorded from direct device
measurement of 60 vapes, 21 containing 1.5mg/mL SC and 39 unaltered. The black line is a power function fitted through the
unaltered e-liquid data and the grey dotted line shows the scaling of this function to give a false positive rate of ~5%.

the validation of our predictive model as a means for detect-
ing SCs in e-liquid, using real world, police seized samples.

Photochemical sensing of THC and nitazenes. From Figure
1B, the majority of non-SC containing e-cigarettes/e-liquids
submitted for drug checking contained THC. Also, 92 % of
SC-containing e-cigarettes were purchased with the intent
of receiving THC. E-cigarettes as a route of administration
for cannabis are most popular amongst young people,
where modified commercial devices are often used.3> Rapid
detection of THC from sealed e-cigarettes and e-liquid is
thus desirable in several contexts, where discrimination
from SCs would provide a form of harm reduction. There-
fore, we assessed the potential for specific identification of
THC using the EDD. Figure 5A shows fluorescence spectra
of THC, CBD and MDMB-4en-PINACA collected in ethanol
and irradiated with 265 nm LED. The emission band of CBD
and THC are centered at ~300 and 310 nm, respectively. In
addition, the emission spectra are structurally different, at
least at the same concentration, with THC having a bi-dis-
tributed spectral maximum.

The spectral features of both CBD and THC align approxi-
mately to the spectral region captured by C310 (particularly
for THC). However, irradiation of these species deposited
on-filter would cause the emission band to become con-
volved with LED reflectance, due to the high-power of the
light source and sensitivity of PDs. Moreover, distinguishing
the spectral features of CBD and THC would be potentially
challenging given their significant overlap. We therefore
considered an alternative approach.

We have previously described photochemical fingerprint-
ing as an effective tool for structural discrimination of indi-
vidual SCs.3¢ That is, inducing a photochemical change in the
analyte and using the altered emission profile as a charac-
teristic presumptive identifier of the analyte. Speculatively,
we were interested to explore if a similar phenomenon
could support differential detection of CBD and THC. Figure
5B shows a time-course plot of spectra collected for THC in
EtOH at 0.1 mg/mL. We find that continuous irradiation at
265 nm causes the emission band of THC to rapidly undergo
a notable structural change, where three new spectral fea-
tures emerge centered at ~365 nm, ~380 nm and ~405 nm.
It is logical to suggest that the observed shift in emission

arises from a photochemical reaction that results in produc-
tion of new fluorescent species. Moreover, from Figure S8,
CBD does not produce similar, or indeed any new spectral
features, atleast under the conditions used here. That is, un-
der the same conditions, the emission band of CBD remains
unchanged, thus providing a means to discriminate the two
cannabinoids. This is serendipitous because, at least in the
UK, CBD is legal and THC is illegal.

We next investigated whether the photochemical reactiv-
ity of THC is preserved when adsorbed onto a physical ma-
trix. Figure 5C shows spectra recorded from 0.5 mg THC de-
posited onto a 2.5 um Whatman filter, as used in the EDD.
This quantity represents the low-end of what might be ex-
pected from a single actuation of real-world THC e-ciga-
rettes, where concentrations of 500mg/mL and above are
typical. From Figure 5C, the structure and center of mass of
the THC emission spectrum in EtOH is broadly preserved.
Irradiation of the sample similarly gives rise to spectral fea-
tures consistent with solution measurement, suggesting the
same photochemical process is active and traceable when
deposited on a solid matrix.

To exploit the photochemical reactivity of THC as a means
of detection, we added an additional PD that would capture
changes in emission structure post-degradation (C365 re-
gion shown in Figure 5C; 365 nm +/- 5nm). The new spec-
tral feature centered at ~365 nm has both the largest rela-
tive magnitude and is the most blue-shifted species from the
emission spectra arising from flavoring compounds (Figure
3). This means that the C365 PD minimizes any artifactual
spectral convolution.

Figure 5D shows the time-course plot of the C365 re-
sponse, recorded from testing of a series of cannabinoid-
containing e-cigarettes prepared in house. As expected, a
clear increase in C365 magnitude for an e-cigarette contain-
ing 5 mg/mL THC is observed, with no similar change for an
e-cigarette containing an equivalent concentration of CBD.
It is worth noting that this is an extremely low concentra-
tion compared to the practical use of THC. Figure 5D also
shows that detection of low concentrations of THC (10%) in
the presence of CBD is also possible with this approach.
From Figure 5 D, we find that the most significant changes
to C365 signal are apparent at between ~10 - 30 s, with
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Figure 5. Photochemical degradation of THC as a basis for detection in e-liquid/e-cigarettes. (A), Spectra of MDMB-4en-PINACA
(1 mg/mL), THC (0.1 mg/mL) and CBD (0.1mg/mL) in 1 mL ethanol. Irradiation at 265nm. Integration times 500 ms, 3000 ms
and 1500 ms respectively. (B), Time-course measurement of THC (as in A) emission. Spectra were recorded from 0-180s in 10s
increments. (C), Spectra obtained from 0.5mg THC (100 pL of 5mg/mL in PG:VG) deposited on 2.5 uM Whatman filter. Black line
indicates measurement at t = 0 s, red line indicates measurement at t=30s. Integration time 4000 ms. The spectral region and
bandwidth of Photodiode C365 is highlighted in grey. (D), Time-course response of C365 obtained for 5 mg/mL CBD, 5 mg/mL
THC and 10 % THC in CBD (5 mg/mL THC, 50 mg/mL CBD) e-cigarettes with constant 265 nm irradiation.

subsequent decay of the signal. We suggest the decay of the
signal represents a subsequent photochemical degradation
step to a non-emissive photoproduct. Clearly this kind of
time-frame suits the type of rapid detection we envisage.
Thus, to detect THC with the EDD, we employ a 10 s irrita-
tive step where the calculated ratio of C365 response pre-
and post-irradiation must exceed a pre-defined threshold.
Figure S9 shows the validation of photochemical-based THC
detection from a range of real-world THC extract vape pens,
seized by the police.

As above, nitazenes are highly potent synthetic opioids.'”
Whilst nitazenes, are not at present found regularly in e-cig-
arette liquid, their high risk means detection would be use-
ful. To pre-empt the detection of this very high-risk sce-
nario, we investigated a means for their detection in e-liquid
using the EDD. The recency of nitazene presence in the dug
supply means the literature regarding nitazene concentra-
tion in e-liquid, or indeed oral potency, is absent, and so we
have investigated similar concentrations to our SC experi-
ments above. Figure 6A shows the spectrum acquired di-
rectly on-filter after artificial actuation of a 1.5 mg/mL
etonitazene e-cigarette. The solid black plot shows emission
captured at t=0 s, with the three grey plots showing emis-
sion after constant irradiation with the 265 nm LED for 10
s, 20 s and 30 s. The main emission band of etonitazene is

centered at ~390 nm. This presents a challenge to detection
in many types of e-liquids as etonitazene emission overlaps
significantly with the emission bands of flavoring com-
pounds. However, similar to THC above, etonitazene appar-
ently undergoes a photochemical reaction that results in an
increased magnitude of emission and a slight red-shit to
~400 nm, most apparent at t = 30 s under the conditions
used here.

To investigate if it was possible to leverage this apparent
photochemical response for detection, we assessed the
time-course change of etonitazene emission in the presence
of a series of commercially available e-liquids. Figure 6B
shows the averaged spectrum of 9 e-liquids containing
1.5mg/mL etonitazene, deposited onto filters through arti-
ficial e-cigarette actuation. We see a significant increase in
magnitude at t = 30 s in the spectral region 350-450 nm, in-
dicative of etonitazene photodegradation. No such change is
observed in unaltered vape liquid (Figure 6C) in this spec-
tral window, indicating flavoring compounds are not photo-
chemically active under the conditions used here. There-
fore, although etonitazene fluorescence may be convolved
with those of flavouring compounds, photochemical degra-
dation provides a means for detection in a similar manner
to the detection of THC above. PDs C350 and C365 can be
used to monitor changes in nitazene emission magnitude as
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Figure 6. Nitazene detection in e-liquid is possible through photochemical degradation. (A), Spectra acquired on Whatman
2.5uM pore size filter with deposited vapor from artificially actuated e-cigarette containing 1.5mg/mL etonitazene (freebase) in
PG:VG. Integration time 4000ms. LED peak chopped. (B), Averaged spectra acquired as in a from 10 e-cigarettes containing
1.5mg/mL etonitazene (freebase) in a selection of commercially available e-liquids. Integration time 4000ms. The specific e-
liquids used are described in table S3. (C), As in B, with identical selection of unaltered vape liquids.

their spectral windows align to the blue end of the pre- and
post-irradiation feature. Incorporation of nitazene detec-
tion into the EDD is thus accomplished by setting a thresh-
old for change in magnitude of both C350 and C365 re-
sponse from t = 0 to t = 30 s. Moreover, Figure S10F shows
a time-course plot for metonitazene, showing a similar
change in emission on irradiation. Given, the core aromatic
moiety of nitzenes are the same (a benzimidazole), and our
evidence implies the approach works similarly on different
nitazens, we suggest this method could be generically ap-
plied to nitazene discrimination in e-cigarettes.

Conclusions

Herein, we have built on our previous SC detection meth-
odology to enable detection in e-cigarette liquid and di-
rectly from sealed e-cigarettes. This advance is timely, given
the apparent prevalence of SC e-cigarettes being sold as
‘THC'. That is, this implementation of our technology has an
immediate application in both tracking the occurrence of SC
e—cigarettes and providing harm reduction information.
We have demonstrated that this technology is amply capa-
ble of detecting the low published range of SC concentra-
tions found in e-cigarettes. Given we did not find a single
false negative from our sample set in Figure 3, there is am-
ple potential for tuning the detection limit, with a trade-off
between sensitivity and specificity as with all technologies
of this type.

Clearly, the context of the detection of SC e-cigarettes is
not complete without the capability to detect THC. To that
end, we have leveraged the novel finding that THC can be
driven to generate a fluorescent photoproduct that is dis-
tinct from CBD, and serendipitously, this detection method-
ology can be incorporated into our EDD technology, with
minimal adjustment.

We reasoned that other drugs might similarly be detecta-
ble from a fluorescence signal. Some of the most significant
concern at present (at least in the UK) comes from the in-
creasing reports of overdoses with synthetic opioids (nita-
zenes). Sadly, these drugs appear to be responsible for a
large number of deaths in the heroin using community in
the UK and the concern is that they become a feature of the
wider drug supply. We have therefore explored the poten-
tial to detect nitazenes in e-cigarette liquid. We find similar
to THC, that combining fluorescence detection with photo-
degradation yields a novel signal that can be identified even

in e-cigarette liquid. Whilst we acknowledge nitazene con-
taining e-cigarettes are sparsely reported the UK at this
time, and so we do not have real world seizure data, these
findings support the notion that the detection is feasible.

Materials and Methods

E-cigarette drug detection device. Device design is de-
scribed in the main text (Figure 2). The e-cigarette adapter
and vacuum chamber assembly are constructed from
threaded lens tubes (Thor Labs). Detection apparatus in-
cluding: 265nm LED (ThorLabs), photodiodes (Scitech in-
struments Ltd.) and sapphire window (ThorLabs) are off-
the-shelf components. The device is controlled by Arduino
nano RP2040 running a custom CircuitPython script. The
Arduino, LED, photodiodes, vacuum pump and the LED in-
dicator strip (AdaFruit) are driven by a custom-made
printed circuit board. The custom-made housing was 3D-
printed in ABS plastic using an Ultimaker S3. The device
uses Whatman 42, 2.5 uM pore size ashless filters for e-liq-
uid drug detection.

E-cigarette sample preparation. In experiments involving
artificial actuation of e-cigarettes, ELF BAR devices were
filled with a diverse range of commercially available e-liq-
uids. ELF BARs were disassembled to expose adsorbent
sponge and wicking material components. These were
cleaned with methanol and dried before adding fresh e-lig-
uid, 2 mL for all experiments/e-liquid flavors. For SC-
containing e-cigarettes, e-liquid was prepared at 1.5 mg/mL
with either MDBM-4en-PINACA or MDMB-BINACA, where
300 pL 10 mg/mL SC in ethanol was mixed with 1700 uL e-
liquid. In addition to experiments performed using modified
elf bars, a rage of commercially available sealed vapes were
used to construct our predicative model for SC-detection in
deposited e-liquid.

Fluorescence and absorption spectroscopy. Fluorescence
spectra were captured using a Microspectrometer (ST-VIS,
Ocean Insight) housed in a custom-built 3D-printed ring
with heat skink and a high powered 265 nm LED (Boston
Electronics). The UV-C LED was driven at 700mA using a
Mightex LED driver. Fluorescence emission was focused di-
rectly into the entrance slit of the spectrometer by a colli-
mating lens placed in the fibre-optic input connector. Liquid
samples were analyzed in a 1mL crucible made from 3D
printed black plastic (non-fluorescent and chemical
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resistant). Spectral acquisition on Whatman filters contain-
ing deposited e-liquid was performed by placing the spec-
trometer and LED assembly directly on top. Filters were an-
alyzed with on the side facing away from the e-cigarette
mouthpiece, as to validate the in-line detection approach
employed by the device. Spectra were not averaged, or
background subtracted.

Absorption measurements were performed using a UV-
visible spectrophotometer (Agilent Technologies Cary 60).
Temperature was maintained at 20 °C with Peltier acces-
sory. Quartz fluorescence cuvettes were used to collect ab-
sorbance spectra for solutions of 1mL sample volume. E-lig-
uid samples and pure PG:VG continuing SCs were diluted in
EtOH and were background subtracted. Absorbance rec-
orded between 800-200nm with a scan rate of 600nm/min
and 1nm intervals between datapoints.

Extraction and preparation of drug material. MDMB-4en-
PINACA was extracted into ethanol from UK prison-seized
crystal material of ~81% purity. MDMB-CHMICA was ex-
tracted into ethanol from pure crystal. Etonitazene and
metonitazene were prepared in house and confirmed as
>95% pure (below). THC and CBD were purchased as stand-
ards. Highly pure (>80%) THC vape pens used in device val-
idation were obtained from police seizures. Seized refill bot-
tles of SC-containing e-liquid were obtained from police sei-
zures.

Compound synthesis. Etonitazene and metonitazene wer
prepared using a previously published method.3” The 'H
NMR, consistent with the etonitazene structure, are repro-
duced in Figure S11 and S12.

NMR. The quantitative nuclear magnetic resonance (NMR)
method used was based on a study that quantified SCs in
seized e-liquids38. Samples were prepared by mixing 200 uL
of e-cigarette liquid with 400 uL of methanol-d4 (MeOD)
containing 3 mg of 3-(trimethylsilyl)propionic-2,2,3,3-d4
acid sodium salt (purity = 99%, isotopic purity 98 atom %
D) (TSP). A set of MDMB-4en-PINACA concentrations (10 -
0.1 mg/ml) were prepared in 50/50 polyethylene gly-
col/glycerol (PG/VG) as standard e-cigarette liquids to test
the quantification method.

1H NMR data were recorded on a Bruker AvanceCore 400
MHz spectrometer (1H frequency of 400.130), with a zg
pulse sequence composed of 3.18 s acquisition time, 128
scans and 20 s delay. Chemical shifts were referenced to
3.31 ppm for residual CDzHOD solvent peak (from MeOD)
and are reported in ppm. NMR spectra were processed with
Mestralab Mnova 14.1 using automatic phase and Whit-
taker smoother baseline corrections, followed by zero fill-
ing (4 x original size) and line broadening (1 Hz) to improve
signal/noise ratio. Due to the large amounts of PG/VG in e-
cigarette liquid, only the 4 peaks from the aromatic indazole
core of the SCs could be reliably integrated. As many of
these were used for the gNMR calculation, when not ob-
scured by other additives in the e-cigarette liquid.

The following equation was used for the 1H gqNMR quan-
titation:
Ny - Inty - MW, - myc¢
ny - Intye - MWie - Vs

[x] = P

Where [ ] is the concentration in mg/ml, P is the purity, n
is the number of protons, Int is the integral value, MW is the
molecular weight, m is the mass in mg, V is the volume in
mlL, IC is the internal calibrant, x is the analyte, and s is the
sample. As the indazole peaks of the different SC com-
pounds overlayed, when multiple SC compounds were pre-
sent in each sample, the molecular weight of the main SC, as
judged by the LC-MS chromatogram, was used in the calcu-
lation.
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