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(57) ABSTRACT

Disclosed herein are embodiments of methods for detecting
the presence of and amount of drugs in a sample, particularly
a particle sample obtained from a subject. In particular
disclosed embodiments, the particle samples are skin par-
ticle samples, saliva particle samples, and/or mucous
samples isolated from a subject and analyzed using thermal
desorption methods combined with a selected detection
method.
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PARTICLE-BASED DRUG DETECTION
METHODS

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application claims the benefit of and priority
to the earlier filing date of U.S. Provisional Patent Applica-
tion No. 62/196,440, filed on Jul. 24, 2015, the entirety of
which is incorporated by reference herein.

FIELD

[0002] The present disclosure concerns embodiments of
methods for detecting A°-tetrahydrocannabinol (THC),
other drugs, or metabolites thereof using particle samples
obtained from subjects.

BACKGROUND

[0003] With the spread of legalization of marijuana there
is a growing need for detection methods and devices that can
be used by law enforcement to aid in identifying people
driving under the influence of marijuana, as well as by
employers in the public and private sectors. A’-Tetrahydro-
cannabinol (THC) is the main psychoactive cannabinoid in
marijuana. Due to the type of media typically isolated for
drug testing, such as urine and/or blood, drug analysis
typically requires specialty training to collect and handle
samples, particularly due to biological hazard issues. Also,
conventional testing methods typically require extensive
time periods to collect and analyze such samples, thereby
rendering such tests invasive and impractical for on-the-spot
testing.

[0004] Currently, the only widely used method for on-site
detection of cannabis is a lengthy series of 12 psychological
and physical tests that are performed to evaluate the drug
intoxication level of a suspect. In law enforcement, specially
trained law enforcement officers called “drug recognition
experts” or Advanced Roadside Impaired Driving Enforce-
ment officers administer these tests to suspected drugged
drivers to classify the type(s) of drugs causing the impair-
ment. The classification can then be confirmed by blood
analysis from the state toxicology laboratory. Conventional
methods for drug analysis in the workplace typically rely on
urine analysis, which is invasive, expensive, and not time
efficient.

[0005] There exists a need in the art for reliable, fast, and
non-invasive methods of detecting THC in subjects that can
be used by authorities in the field and/or in the workplace.
Such a rapid, on-site test for the identification of THC (or
related compounds) from a human sample would aid
authorities in identifying intoxicated individuals and deter-
mine when to request a warrant for a blood test and also
would aid employers when testing for workplace compli-
ance. Quick and reliable testing methods also are needed in
the health fields to identify whether secondary drug effects
(e.g., second-hand smoke; unintended ingestion, or the like)
have compromised the health of a subject.

SUMMARY

[0006] Disclosed herein are embodiments of methods
comprising obtaining a particle sample from a subject,
exposing the particle sample to heat using thermal desorp-
tion to produce a volatilized sample from the particle
sample, and analyzing the volatilized sample to determine
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the presence of THC or other semi-volatile drugs in the
particle sample using spectrometry detection techniques,
visual detection techniques, chromatography detection tech-
niques, or combinations thereof. In particular disclosed
embodiments, the particle sample is a skin particle sample,
a saliva particle sample, or a mucous particle sample.
[0007] In additional embodiments, the methods can com-
prise obtaining a particle sample from a subject using a
breathalyzer device capable of collecting a breath sample
from the subject, exposing the particle sample to heat using
thermal desorption to produce a volatilized sample from the
particle sample, and analyzing the volatilized sample with
the breathalyzer device to determine the presence of THC in
the particle sample by viewing a THC signature peak, a color
change, or a read-out message produced by such a THC
signature peak and/or color change, or a combination
thereof, using the breathalyzer device.

[0008] In yet additional embodiments, the methods can
comprise obtaining a particle sample from a subject using a
swab capable of collecting the particle sample from the
subject, placing the swab into a detection device, exposing
the swab comprising the particle sample to heat using
thermal desorption to produce a volatilized sample from the
particle sample, analyzing the volatilized sample with the
detection device to determine the presence of one or more
signature peaks and/or color changes, or a corresponding
read-out representing a signature peak and/or color change,
provided by the detection device.

[0009] The foregoing and other objects, features, and
advantages of the present disclosure will become more
apparent from the following detailed description, which
proceeds with reference to the accompanying figures.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 1is a photographic image of a breath collector
device used to obtain and isolate particle samples from a
subject, wherein the particles may comprise one or more
drugs or metabolites thereof.

[0011] FIG. 2 is a photographic image of a representative
thermal desorber component and a particle-trapping com-
ponent of a device used to isolate particle samples from a
subject and thermally desorb a drug from the particle
samples.

[0012] FIG. 3 is a schematic gas flow diagram showing
components of a representative inductive heating-differen-
tial mobility spectrometry (IH-DMS) system.

[0013] FIG. 4 is a schematic gas flow diagram showing
components of a representative inductive heating-gas chro-
matogram-differential mobility spectrometry (IH-GC-DMS)
system.

[0014] FIG. 5 is a combined spectrum showing results
from analyzing a drug standard on three different days using
thermal desorption coupled with drift tube ion mobility
spectrometry.

[0015] FIG. 6 is a combined spectrum showing results
obtained from using a representative detection technique
combining thermal desorption with differential mobility
spectrometry to analyze a particle sample obtained from a
subject’s breath after the subject had inhaled/ingested can-
nabis.

[0016] FIG. 7 is a combined spectrum showing results
obtained from using a detection technique combining ther-
mal desorption with drift tube ion mobility spectrometry to
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analyze a particle sample obtained from a subject’s breath
after the subject had inhaled/ingested cannabis.

[0017] FIG. 8 is a bar graph showing results obtained from
using a representative detection technique combining ther-
mal desorption with different ion mobility spectrometry to
analyze particle samples, wherein each bar represents a
different analysis system (DMS or DT-IMS) or sample
(particles obtained from breath, pre- or post-inhalation of
cannabis) and the number of subjects tested is provided by
the y-axis.

[0018] FIG. 9 is a spectrum obtained from analyzing
particles obtained from post-inhalation cannabis breath with
positive detection of THC at an average K, value of 1.08+0.
01 ecm®V™" 57" (circled); the K, value on the x-axis is
displayed from 0.5 ecm®V~"' 57! t0 2.5 cm?V~" 57! and the
intensity is on the y-axis; the reactant ion peaks (RIPs) were
detected at K,, values greater than 2.00 cm®V~" s7!; and the
dotted line represents maximum K, value used when iden-
tifying peaks commonly detected in human breath.

[0019] FIG. 10 is a graph showing eight commonly
detected peaks from particle samples obtained from pre-
inhalation and post-inhalation breath; THC at a K, value of
1.08+0.01 cm®V~" 57! was detected in post cannabis inha-
lation samples; arrows are used to indicate the other com-
mon peaks detected and the average K, value is provided.
[0020] FIG. 11 is a graph of intensity as a function of THC
standard concentration that illustrates representative IH-GC-
DMS calibration curves for the DMS spectrum (diamonds)
and GC chromatogram (squares) for a THC standard ranging
in concentration from 25 ng to 100 ng.

[0021] FIG. 12 is a combined IH-DMS spectrum illustrat-
ing spectra obtained from analysis of particle samples
obtained from subjects’ breath samples before (“pre-in-
haled”) and after (“post-inhalation”) cannabis was inhaled,
along with a system background sample (“system back-
ground”).

[0022] FIG. 13 is a combined IH-DMS spectrum illustrat-
ing a true positive response of detected THC in a subject
after inhaling cannabis (“post-inhalation); a pre-inhalation
sample and background sample are included as compari-
sons.

[0023] FIG. 14 is a chromatogram obtained from using gas
chromatography to detect a true positive response of
detected THC in a subject after inhaling cannabis (“post-
inhalation™); a pre-inhalation sample and background
sample are included as comparisons, along with a tempera-
ture ramp.

[0024] FIG. 15 includes exemplary mass spectra showing
results from analyzing swab samples.

[0025] FIG. 16 illustrates an exemplary breathalyzer
device that can be used with the disclosed methods.

DETAILED DESCRIPTION

1. OVERVIEW OF TERMS

[0026] The following explanations of terms are provided
to better describe the present disclosure and to guide those
of ordinary skill in the art in the practice of the present
disclosure. As used herein, “comprising” means “including”
and the singular forms “a” or “an” or “the” include plural
references unless the context clearly dictates otherwise. The
term “or” refers to a single element of stated alternative
elements or a combination of two or more elements, unless

the context clearly indicates otherwise.
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[0027] Unless explained otherwise, all technical and sci-
entific terms used herein have the same meaning as com-
monly understood to one of ordinary skill in the art to which
this disclosure belongs. Although methods and materials
similar or equivalent to those described herein can be used
in the practice or testing of the present disclosure, suitable
methods and materials are described below. The materials,
methods, and examples are illustrative only and not intended
to be limiting, unless otherwise indicated. Other features of
the disclosure are apparent from the following detailed
description and the claims.

[0028] Unless otherwise indicated, all numbers expressing
quantities of components, molecular weights, percentages,
temperatures, times, and so forth, as used in the specification
or claims are to be understood as being modified by the term
“about.” Accordingly, unless otherwise indicated, implicitly
or explicitly, the numerical parameters set forth are approxi-
mations that can depend on the desired properties sought
and/or limits of detection under standard test conditions/
methods. When directly and explicitly distinguishing
embodiments from discussed prior art, the embodiment
numbers are not approximates unless the word “about” is
recited. Furthermore, not all alternatives recited herein are
equivalents.

[0029] To facilitate review of the various embodiments of
the disclosure, the following explanations of specific terms
are provided.

[0030] Collection Device: A device by which particles,
particularly skin particles are isolated from a subject, which
can include a breathalyzer device as described herein; a
particle-trapping component of such a device; a swab or
other adsorbent component; or a combination thereof.
[0031] Mucous Particle Samples: These types of particles
include mucous that comprises skin or hair particles.
[0032] Particle Sample: A sample obtained from a subject
that is analyzed using methods described herein to determine
whether semi-volatile drugs are adsorbed onto the particle
sample. Particle samples include skin particle samples,
saliva particles samples, and mucous particle samples.
[0033] Saliva Particle Samples: These types of particles
comprise saliva, which in particular embodiments, further
comprises skin particles.

[0034] Semi-Volatile: This term refers to a property of a
drug and indicates that the drug is not volatile at certain
temperatures. In some embodiments, the drug may not be
volatile at temperatures below 100° C., such as greater than
25° C. 10 99° C., or greater than 25° C. to 90° C., or 50° C.
to 85° C., or that the drug has a vapor pressure ranging from
greater than 0 torr to less than 10 torr at body temperatures
ranging from 35° C. to 41° C,, such as 35° C. to 40° C,, or
36° C. to 38° C., or 37° C.

[0035] Subject: A human or non-human animal.

[0036] THC Signature Peak: A peak that is obtained using
a spectrometry or chromatography detection method
described herein. Exemplary signature peaks are described
herein, but others are contemplated.

[0037] Thermal Desorption: A process by which a drug
that has been adsorbed onto or otherwise is associated with
a particle sample and/or a collection device described herein
is exposed to a heat source that provides a temperature
capable of volatilizing the drugs so as to desorb them from
the particles to which they are adsorbed. In some embodi-
ments, thermal desorption can further comprise using carrier
gas to facilitate transport of the volatilized drugs to a
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detection system. Thermal desorption can involve heating
with or without inductive heating.

[0038] Volatilized Sample: A vapor-state sample produced
by exposing the particle samples disclosed herein to heat,
such as by using thermal desorption, so as to volatilize drugs
adsorbed onto or otherwise is associated with a particle
sample and/or a collection device described herein into a
vapor state for further analysis.

II. INTRODUCTION

[0039] Alcohol breathalyzer tests are used by law enforce-
ment to aid in the identification of drunk drivers and this
method has been accepted by the general public for this use
for decades. There is still a need, however, for methods and
field-friendly devices for detecting THC and semi-volatile
drugs that cannot be detected by methods used for alcohol
analysis/detection. Such methods and devices would be of
great value not only in determining whether individuals are
under the influence of such drugs when driving, but also for
determining compliance with workplace requirements and/
or other areas in which drug detection is needed, such as in
the medical and/or veterinary fields.

[0040] THC and other semi-volatile drugs are not as
volatile as ethanol and thus cannot be collected or detected
in the same manner as ethanol. Typically, THC and other
semi-volatile drugs have low vapor pressures. For example,
THC has a vapor pressure of 4.6x10® mmHg at 25° C.
Since these drugs are not volatile compounds like ethanol, it
is challenging to introduce them into an analysis system, and
even if they are successfully introduced, they often are
introduced at very low concentrations, which makes detec-
tion difficult. These drawbacks are prevalent problems with
breath samples. Currently breath analysis has focused on
capturing the volatile compounds from breath.

[0041] To date, methods for detecting intoxication due to
drugs, particularly THC, rely on analyzing THC vapor
directly isolated from a subject’s breath, not THC particles
or particle samples comprising THC. Other conventional
methods for determining the presence of drugs, such as
THC, require analysis of blood, urine, or hair samples,
which necessitates laboratory-level analytical techniques
and longer analysis time periods (e.g., on the order of
months). These sample mediums have very long windows of
detection, therefore with the current analysis methods they
will give a positive detection beyond the time the psycho-
active effects are being experienced.

[0042] With reference to THC as an exemplary drug, the
psychoactive effects of the drug are generally felt within
minutes after being consumed, but it can take at least 20
minutes for the concentration in the body to build up to
intoxication levels. The time frame to reach mandated
intoxication levels for cannabis can vary depending on how
much was used, how it was used, body mass index of the
user, and history of prior use. It has been estimated that the
psychoactive effects of THC after inhalation are felt 2 to 4
hours after initial consumption. Blood analyses by GC-MS
or LC-MS are the main conformational tests for identifying
drugged subjects. THC can only be detected in the blood for
3.5 to 5.5 hours after inhalation, but due to delayed sample
collection THC cannot always be identified in the blood
samples collected from a subject. THC metabolites, THC-
COOH and 11-OH-THC, also can be used to confirm
cannabis abuse from blood samples, but THC and its
metabolites can be detected in human samples 1.3 days
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(occasional users) up to 15 days (chronic users) after use,
long after the psychoactive effects have passed. The amount
of THC in the cannabis consumed also influences the
timeframe that THC and THC metabolites can be detected in
blood samples. As the time frame for conventional methods
of detecting THC extends well beyond the intoxication time
period, identifying cannabis intoxication by THC metabo-
lites and/or using conventional detection techniques are not
reliable methods for field use, where it is important to
identify if the subject is intoxicated at the time the sample is
obtained.

[0043] Blood and urine samples are not applicable for
on-site collection. Conventional analysis methods for used
to analyze these samples, such as gas chromatography
(GC-MS) and liquid chromatography (LC-MS), are not
field-portable. Consequently, blood, urine, and hair are not
sample mediums that are appropriate for on-site testing of
subjects. Additionally, positive detection of THC from sweat
does not always indicate the consumption of cannabis. For
THC to be detectable by sweat samples, a high amount of
sweat is needed, typically over 5 mL. Such a requirement
leads to false negatives - that is, the inability to detect the
presence of the drug if less than 5 mL of sweat is collected.
Another drawback of this type of sample is the fact that the
time window for detecting THC from sweat samples is too
narrow; it does not cover the estimated 4-hour time frame of
the psychoactive effects of THC. Oral fluid samples also
have the drawback of providing too many false negatives to
be a functional field detection method to aid law enforce-
ment in detecting drugged drivers.

[0044] Without being limited to a particular theory, it is
currently believed that THC and other semi-volatile drugs
can be adsorbed onto skin in a subject’s mouth, as well as
other areas of the respiratory system. Skin particles are
continuously removed naturally from subjects, and if the
subject has smoked or otherwise ingested THC or other
semi-volatile drugs, such drugs will be adsorbed to the skin
particles. For example, when cannabis is smoked or other-
wise ingested, the first thing that THC comes into contact
with is the skin coating the inside of the mouth, throat, and
lungs (when inhaled). Particles comprising THC may be
expelled from a subject while breathing and thus can be
collected by isolating these breathed particles and/or these
particles can be collected via a simple swab of the nose,
tongue, or cheek.

[0045] Disclosed herein are embodiments of methods that
utilize particle samples as a medium for determining the
presence of semi-volatile drugs in a sample. Thus, at least
one inventive aspect of the disclosed methods involves
determining the presence of THC and other drugs, or
metabolites thereof. In exemplary embodiments, the dis-
closed methods can be used to detect and quantify the
presence of drugs, such as cannabindiol, cannabinol, mor-
phine, cocaine, methamphetamine hydrochloride, dex-
tromethorphan hydrobromide, or the like, on physical par-
ticle samples by specifically isolating the particles from a
subject and analyzing these particle samples. In contrast,
conventional methods physically remove any such particles
from the breath of a subject without any analysis of these
particles. Instead, the particles are discarded and the analysis
proceeds with analyzing the exhaled breath flow. As such,
conventional methods separate and remove the particle
samples that are used in the presently disclosed methods.
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1II. METHODS

[0046] Disclosed herein are embodiments of methods used
to determine the presence of and/or amount of drugs in a
particle sample. In particular disclosed embodiments, the
methods are directed to measuring the presence and/or
amount of THC and/or other semi-volatile drugs adsorbed
onto particle samples using detection techniques suitable for
analyzing such samples in a fast and reliable manner. The
methods disclosed herein comprise isolating and analyzing
particle samples, such as skin particles, saliva particles,
and/or mucous particles, to determine the presence of and/or
amount of THC (or other semi-volatile drugs) in the particle
samples. As such, the methods disclosed herein can be used
to determine whether a subject has inhaled or ingested
and/or is under the psychoactive influence of such drugs.
The disclosed methods use non-invasive isolation tech-
niques to obtain the particle samples. By analyzing particle
samples that are non-invasively obtained from a subject, it
is possible to identify any drugs present within the sample
after such drugs have been used by the subject without. The
detection methods described herein provide the added ben-
efit of destroying the biological sample after it has been
collected, thus eliminating the need to store biological
specimens from subjects. The methods disclosed herein are
field-friendly and provide the ability to field-test subjects
quickly and easily without the need for benchtop analytical
devices or laboratory analytical procedures, which often are
required for conventional detection methods.

[0047] Embodiments of the methods described herein can
comprise obtaining a particle sample from a subject, expos-
ing the particle sample to heat using thermal desorption to
produce a volatilized sample from the particle sample, and
analyzing the volatilized sample to determine the presence
of THC or other semi-volatile drugs in the particle sample
using a suitable detection technique.

[0048] In particular disclosed embodiments, the methods
comprise obtaining the particle sample by isolating a breath
sample or swab sample from a subject wherein the breath
sample or swab sample comprises the particle sample. As
such, isolating and using the actual physical particles (e.g.,
solid skin particles, liquid saliva particles, and/or solid/
liquid mucous particles) obtained from the subject is a
particular feature of the disclosed methods—that is, these
particles are not simply separated from a subject’s breath
and then discarded, as is the case with conventional meth-
ods. In particular disclosed embodiments, obtaining the
particle sample can comprise isolating breath from a subject,
wherein the breath sample comprises skin particles. In yet
additional embodiments, obtaining the particle sample can
comprise swabbing the subject’s mouth (or tongue, cheek, or
gums) or nose with a swab to collect the particle sample.
[0049] In particular disclosed embodiments, the particle
sample is a skin particle sample, a saliva particle sample, or
a mucous particle sample. In some embodiments, the par-
ticle sample is obtained from a subject’s mouth, tongue, or
nose. Particle samples isolated from a subject’s mouth can
include particles that are located in the subject’s mouth
and/or particle samples that are expelled from the subject’s
lungs to by way of the subject’s mouth. Particle samples
used in the disclosed methods can be solid particles and/or
liquid samples comprising such solid particles. In embodi-
ments where the particle sample is a solid particle, the
particles can have sizes ranging from 0.1 pm to 10 pm, such
as 0.3 um to 5 um, or 0.3 pm to 1 um.
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[0050] Some embodiments of the disclosed methods com-
prise using a breathalyzer device to isolate the breath
sample, which can comprise skin particles, saliva particles,
or both. In embodiments wherein the method comprises
isolating a breath sample from the subject, the subject is
allowed to breath into a breathalyzer device for a sufficient
amount of time to allow the breathalyzer device to collect at
least one particle sample and typically a plurality of particle
samples. In particular disclosed embodiments, the breath
sample is collected over a time period ranging from 15
seconds to 300 seconds, such as 30 seconds to 120 seconds,
or 30 seconds to 60 seconds. In exemplary embodiments, the
breath sample (or multiple breath samples) are collected
over a time period of at least 1 minute.

[0051] Some embodiments of the disclosed methods com-
prise using a swab to isolate the particle sample, such as
saliva particles, mucous particles, or both. Swabs that can be
used in the disclosed methods include swabs comprising
porous materials, absorbent materials, and/or adsorbent
materials. In particular embodiments, the swab comprises a
material having a porosity sufficient to adsorb particles
having the particle sizes described herein. Exemplary swabs
include, but are not limited to, cotton-tipped swabs, rayon-
tipped swabs, polytetrafluoroethylene-tipped swabs, poly-
ethylene terephthalate-tipped swabs, polyester-tipped
swabs, and metal-containing swabs. In embodiments where
the swab is a metal-containing swab, the swab can comprise
a metal component embedded within the swab. Suitable
metals include, but are not limited to, iron, stainless steel,
brass, platinum, gold, combinations or alloys thereof, or
other such metals. Such swabs can be useful for embodi-
ments where analysis of the sample involves inductively-
coupled heating techniques, which are described herein.

[0052] In some embodiments, the methods can further
comprise dislodging a particle sample from a subject by
exposing the subject to a pulse of air or liquid. The pulse of
air or liquid can be applied using a suitable pulsation
mechanism, such as a liquid misting device, an air pump
device, or other such device. In some embodiments, the
methods can comprise pulsating air or liquid into the sub-
ject’s mouth or nose or onto the subject’s tongue. The
pulsated air or liquid is projected into the sample’s mouth or
nose, or on onto the subject’s tongue with a force sufficient
to cause particle samples to be freed from locations within
the subject’s mouth (such as locations on the subject’s
cheeks, teeth, or tongue) or nose. The freed particle samples
are then collected by having the subject breath into a
breathalyzer device and/or by swabbing areas of the sub-
ject’s mouth, tongue, or nose. Also, the person may be asked
to cough to dislodge particles.

[0053] The methods disclosed herein also comprise expos-
ing the particle sample to heat to desorb any THC, other
drugs, or metabolites thereof embedded in the particle
sample and/or located on the particle surface. In particular
disclosed embodiments, exposing the particle sample to heat
can comprise exposing the particle sample to a heat source.
The heat source can be any heat source capable of providing
temperatures ranging from 100° C. to 500° C., such as 120°
C. 10 300° C., or 250° C. to 300° C. In particular disclosed
embodiments, the heat source is a thermal desorber that can
be coupled to a device used to detect the presence of THC,
other drugs, or metabolites thereof, such as devices capable
of carrying out the detection methods described herein. In
some embodiments, the thermal desorber can be coupled to
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a breath collector device. A representative breath collector
device is shown in FIG. 1. With reference to FIG. 1, device
100 comprises a cap 102, a breath mouthpiece 104, and a
body 106 that houses the particle trapping component.
Another device 1600 is shown in FIG. 16, which includes a
breath mouthpiece component 1602, a drug standard section
1604, a solid phase extraction absorbent chamber 1606, and
a backing 1608. These components are interchangeable and
therefore can be exchanged. or certain sections can be
omitted. The components of a representative thermal des-
orber are shown in FIG. 2. With reference to FIG. 2, the
thermal desorber 200 comprises a particle-trapping compo-
nent 202, a thermal desorber body 204, and a thermal
desorber heat source 206. In yet additional embodiments, the
particle sample can be exposed to a device capable of
desorbing THC, other drugs, or metabolites thereof from the
particle sample by way of inductively coupled desorption. In
some embodiments, an inductively coupled desorber can
comprise a battery or source of electrical current that is
passed through a wire coil. When the material to be desorbed
is placed inside the coiled wire, the material is heated by
induction such that the sample is vaporized into the detector.

[0054] The presence of THC, other drugs. or metabolites
thereof can be determined using a suitable detection method
in combination with thermal desorption. Suitable detection
methods include, but are not limited to, visual detection
techniques, spectrometry detection techniques (e.g., ion
mobility spectrometry, differential mobility spectrometry,
photospectrometry, mass spectrometry, or combinations
thereof), chromatography detection techniques, or any com-
bination thereof. In particular disclosed embodiments, the
detection method is a mobility spectrometry detection tech-
nique, such as ion mobility spectrometry (IMS) and/or
differential mobility spectrometry (DMS). In some embodi-
ments, the mobility spectrometry technique can be coupled
with mass spectrometry. In particular disclosed embodi-
ments, IMS and DMS techniques comprise using an instruc-
tion comprising an ionization source, an analyzer, and a
detector. IMS and DMS detection techniques can be coupled
with chromatographic techniques described herein.

[0055] Ion mobility spectrometry, or IMS, is a technique
that separates gas phase ions based on the ions’ mobility in
a carrier gas, with the mobility depending, at least in part, on
the ion’s mass, charge, size, and shape. IMS techniques
typically involve using a drift tube through which the ions
travel to a detector. The area of an ion that gas molecules
from the carrier gas contact corresponds to the ion’s colli-
sion cross-section, which is related to the ion size and shape.
The greater the collision cross-section (or the larger the ion
size), the more area available for the carrier gas to contact
and impede the ion’s drift through the drift tube. As such,
larger ions exhibit longer times to migrate through the drift
tube as compared to smaller ions.

[0056] Differential mobility spectrometry, or DMS, sepa-
rates gas phase ions based on differences in chemical struc-
tures. In some embodiments, the separation can occur at
atmospheric (or ambient) pressure and involves sweeping
ions through a DMS cell using a carrier gas (e.g.,, N,). In
some embodiments, a DMS cell can comprise two planar
electrodes that are oriented opposite one another so as to
provide a space through which a high-voltage radio fre-
quency asymmetric waveform can be applied. A separation
voltage is created that causes the ions to oscillate towards
one of the two electrodes depending on the difference in the
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ion’s mobility during the high-/low-field portions of the
applied waveform. In some embodiments, a direct current
voltage can be applied to deflect ions away from the elec-
trodes and towards an associated mass spectrometer for
detection.

[0057] In method embodiments comprising using IMS
and/or DMS detection techniques, a volatilized sample
obtained from thermally desorbing the particle samples is
exposed to an ionization source of the IMS and/or DMS
device component, resulting in an ionized sample. The
ionized sample is then allowed to pass through an analyzer
component (e.g., an IMS drift tube or a DMS cell) to a
detector component. A spectrum can be produced from the
information gathered by the detector component that pro-
vides different peaks (e.g., signature peaks) corresponding to
different components of the volatilized sample. In some
embodiments, signature peaks of the sample spectrum
include mass peaks that represent particular fragments of a
drug compound, or metabolite thereof, or peaks that repre-
sent the presence of a drug compound, or metabolite thereof,
based on the amount of time needed for it to elute through
a column. These signature peaks can be compared to sig-
nature peaks of a reference spectrum (that is, a spectrum
obtained from applying a similar detection technique to a
sample known to contain the drug or drugs of interest). If
one or more signature peaks from the sample spectrum
matches, or substantially matches the signature peaks of the
reference spectrum, the presence of the drug can be con-
firmed. In particular disclosed embodiments, a THC signa-
ture peak can be detected. A THC signature peak can have
an associated K, value of approximately 1.06x0.02 cm*V™
s~'. In some embodiments, the THC signature peak can have
an associated elution time of approximately 40 seconds to 60
seconds, such as 40 seconds to 55 seconds, or 40 seconds to
50 seconds, or 40 seconds to 45 seconds, depending on the
temperature of the device and the length of the column
utilized. In some embodiments, the elution time can be 45
seconds as determined using gas chromatography with a
3-meter column and a temperature program of from 170° C.
to 250° C. In some embodiments, the THC signature peak
can have an associated mass peak of approximately 315 m/z.

[0058] In yet additional embodiments, visual detection
techniques can be used to determine the presence of THC,
other drugs, or metabolites thereof in a particle sample.
Visual detection techniques include any detection technique
whereby the presence of THC, other drugs, or metabolites
thereof can be confirmed by the naked eye, a spectroscopy
technique (e.g., UV/Vis spectroscopy, fluorescence spectros-
copy, and/or phosphorescence spectroscopy), and combina-
tions thereof. In some embodiments, the method can further
comprise converting the volatilized sample to a liquid
sample or solid sample. In yet additional embodiments, the
method can further comprise exposing the volatilized
sample, the liquid sample, or the solid sample to a visual-
ization reagent (e.g., a dye, a fluorophore, a phosphor, or a
chemiluminescent agent). Such an exposure step can com-
prise coupling (e.g., electrostatically, covalently, or combi-
nations thereof) components within any of these samples
with the visualization reagent. In yet additional embodi-
ments, the pH of these samples can be modified to yield a
color change. In particular disclosed embodiments, visual
detection techniques involve identifying a color change.
Color changes can be detected by visualizing, with the naked
eye or a spectroscopic technique, a change in color, the
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appearance of a color, the disappearance of a color, or any
combination thereof. In particular disclosed embodiments,
the color change can result from a change in pH of the
sample or components with the sample, the interaction of the
sample or components of the sample with a visualization
reagent, or combinations thereof.

[0059] Additional embodiments of the methods described
herein can comprise using a chromatographic detection
technique to determine the presence of THC, other drugs, or
metabolites thereof in the particle samples. Such embodi-
ments can comprise introducing the volatilized sample into
an instrument suitable for chromatographic separation and
identification of different components present in the sample,
such as liquid chromatography, gas chromatography, or
combinations thereof. Exemplary chromatographic tech-
niques include, but are not limited to, normal-phase chro-
matography, partition chromatography, displacement chro-
matography, reversed-phase  chromatography,  size-
exclusion chromatography, ion-exchange chromatography,
and/or bioaflinity chromatography. In some embodiments,
the volatilized sample can be converted to a liquid sample
for analysis using liquid chromatography. In some embodi-
ments, the volatilized sample can be introduced into a gas
chromatography system for analysis. In embodiments of the
methods wherein components of the particle sample are
analyzed using chromatographic techniques, a chromato-
gram can be produced that includes different peaks with
different elution times, wherein each peak/elution time typi-
cally represents a different chemical species present in the
particle sample. By separating the different peaks, it is
possible to determine whether a particular compound of
interest is present (e.g., THC, other drugs, or metabolites
thereof) based on whether or not a peak corresponding to
that compound is present in the chromatogram. Elution
times of peaks obtained from particle samples can be
compared with peaks/elution times of reference peaks
obtained from reference samples using the same, or sub-
stantially the same, parameters used to analyze the particle
sample.

[0060] In particular disclosed embodiments, the methods
described herein can also be used to quantify the amount of
each drug present in the particle samples. In some embodi-
ments, the amount of the drug (or drugs) present in the
particle sample can be determined by using an above-
described detection technique in combination with a chro-
matography technique. In such embodiments, the identified
drugs can be quantified by assessing the amount of area
under a particular peak produced by chromatographic analy-
sis. The area under each peak in a resulting chromatogram
typically is proportional, or substantially proportional, to the
amount of the drug present in the particle sample. Calcula-
tions can be used to calculate the area under each peak of
interest (e.g., approximate area=height of the peak above the
baselinexwidth of the peak at half of its height). In some
embodiments, peak height alone may be used to estimate the
quantity of drug or THC.

[0061] In particular disclosed embodiments, a representa-
tive method can include obtaining a particle sample from a
subject by having the subject breath into a breathalyzer
device or by swabbing the subject’s mouth, nose, or tongue
with a swab. The method can further comprise subjecting the
isolated breath sample or isolated swab sample to heat using
thermal desorption, which can include regular heating or
inductive heating techniques. Any drugs present in the
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particle sample will be volatilized during the thermal des-
orption and present in the resulting volatilized sample. In
particular disclosed embodiments, the volatilized sample is
transported via a carrier gas to an ion mobility spectrometry
system or a differential mobility spectrometry system that
detects the presence of any drugs in the volatilized sample
produced from the particle sample. In some embodiments,
the differential mobility spectrometry system can be an
inductive heating differential mobility spectrometry (IH-
DMS) system. A representative IH-DMS system setup is
illustrated in FIG. 3. With reference to FIG. 3, the system
300 can comprise any combination of the following com-
ponents: a gas tank 302; a sieve component 304; a pressure
gauge 306; a sample tube 308; an injection port 310; a DMS
inlet 312 further comprising a membrane hole 314; an orifice
316; an ionization source 318; a DMS cell (or DMS chip)
320; another sieve component 322; and a recirculating pump
324. In some embodiments, these components are fluidly
coupled together in the manner illustrated in FIG. 3. In yet
additional embodiments, the differential mobility spectrom-
etry system can be an IH-DMS system that is further coupled
with a gas chromatography column. A representative IH-
GC-DMS system is illustrated in FIG. 4. With reference to
FIG. 4, the illustrated IH-GC-DMS system 400 includes
similar components as the IH-DMS system of FIG. 3 (e.g,,
a gas tank 402; a sieve component 404; a pressure gauge
406; a sample tube 410; an injection port 411; an ionization
source 423; a DMS cell (or DMS chip) 424; and a recircu-
lating pump 426. System 400 further comprises a regulator
408, a GC column 413 with corresponding transfer in (412)
and transfer out (414) lines, wherein the transfer out line
leads to injection port 422. Additionally, a second fluid line
is provided comprising a second regulator 416, an exhaust
T-joint 418, and an orifice 420.

[0062] After the volatilized sample has passed through the
detection device, any peaks detected by the detection tech-
nique can be viewed, such as by viewing the actual peaks in
a spectrum produced by the detection technique/device or by
viewing a corresponding readout provided by a screen on the
device. For example, the device can comprise a screen that
projects various readouts depending on the outcome of the
detection steps. If drugs are present, a readout could specify
the drug species present or it could simply provide a readout
indicating that a drug has been “detected” or “not detected,”
or other such language. In yet additional embodiments, the
device can indicate how much of a drug is present in the
subject’s system.

[0063] Methods described herein are sensitive detection
methods that can be used to detect the presence of drugs at
amounts as low as 5-10 ng. The methods also can be used to
accurately detect whether a subject is under the influence of
such drugs in a fast, reliable fashion and therefore are
suitable for use in law enforcement, the public and private
sector workforce, and in hospitals or veterinary clinics.

IV. EXAMPLES

Example 1

[0064] In this example, pre-inhalation and post-inhalation
breath samples were obtained from 14 different volunteers.
24 sample sets total were collected and the samples included
2 to 3 pre-inhalation breath samples and 2 to 3 post-
inhalation breath samples for each set. These breath samples
were analyzed using a differential mobility spectrometer
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(DMS) and a drift tube ion mobility spectrometer (DT-IMS).
Overall, over 400 spectra were obtained from pre-inhalation
and post-inhalation breath of marijuana inhaling volunteers.
[0065] The volunteers were advised to achieve a high of a
self-assessed level between 4 to 6 on a scale of 1 to 10. The
volunteers were recruited and included both males and
females between the ages of 21- to 35-years old. Breath
samples were collected by having a subject breath into a
collection tube for a time sufficient to provide one minute’s
worth of exhaled breath. The particles expelled from the
subject’s breath were collected on a tube comprising an
absorbent material (e.g., glass wool). The analyses of the
particles collected onto the absorbent material from the
tubes were performed on a DMS and a DT-IMS. In some
embodiments, the presence of THC was confirmed by
observing a reduced mobility value of 1.07 cm*V~" 57! on
the DT-IMS, which matched the literature values for THC.
In some embodiments of pre-inhalation and post-inhalation
breath samples, analysis using DMS and DT-IMS indicated
that no THC was observed in pre-inhalation breath and that
the presence of THC was detected from post-inhalation
breath. In some embodiments, the presence of THC was
detected 50% of the time. From the DT-IMS data the
post-inhalation breath THC peak was of low intensity but
when directly exhaled smoke samples were run the THC
peak was extremely intense overloading the analysis system.
This example indicates that THC can be detected by ana-
lyzing particles obtained from the breath of a subject. In
some embodiments, no false positives were detected. In
some embodiments, some false negatives were detected but
can be corrected by adjusting the adsorption, desorption,
transfer, and/or detection.

Example 2

[0066] In this example, a breath collection system was
used to capture breath samples from volunteers and trap the
THC-containing particle samples. The breath collection sys-
tem comprised a breath mouthpiece, a protective body, and
a particle-trapping component (see, for example, FIG. 1).
The breath mouthpiece was a commercial FDA-approved
mouthpiece originally designed for the AlcoHAWK
CA2010/Avanti breathalyzer (Pleasant Prairie, WI). FEach
breath mouthpiece was individually wrapped in plastic to
insure it remained sterile. The protective body was designed
to protect the particle-trapping component from any outside
contaminates while still allowing the breath mouthpiece to
fit directly into the particle-trapping component. The pro-
tective body was a hollow 3.8 emx3.7 cm cylinder made out
of black delrin. Each end had a screw cap that could be taken
off. One end cap had a hole that fit the breath mouthpiece
and the other end had a showerhead design of small holes,
a design feature which allowed the breath to pass from the
mouth through the particle-trapping component and out of
the protective body. The particle-trapping components were
aluminum 0.9 cmx3.8 cm cylinders stuffed with 0.1 g of
non-treated glass wool from Fisher Scientific (Pittsburgh,
PA) that was secured at each end by a 305 stainless 120
metal mesh, 0.001 inch wire size shaped into a 0.45 cm
radius disk to hold the glass wool in place.

[0067] The thermal desorption system was constructed to
thermally desorb the THC from the skin particles off of the
particle-trapping component and into the instrument for
analysis. The thermal desorber had two parts, a stainless
steel body that held the particle-trapping component and a

Jan. 26,2017

brass cap that screwed onto the stainless steel body con-
necting the carrier gas to the particle-trapping component
(see, for example, FIG. 2). The stainless steel body had pipe
thread that allowed it to fit onto any pipe-swagelok fitting so
it could connect to either a DT-IMS or a DMS instrument.
The brass cap had a female swagelok thread that attached to
the carrier gas line. The whole thermal desorber was
wrapped in 3 ft of HTC series rope heater from Omega
(Stamford, Conn.), controlled by a Variac. This heating
system maintained the thermal desorber at approximately
150° C. The heater was wrapped in ceramic ribbon insula-
tion, and only the space where the stainless steel body met
the brass cap was exposed to allow easy loading and
unloading of the room temperature particle-trapping com-
ponent into the hot heater.

[0068] The DMS used in this study was the hand-held
JUNO® breathalyzer device from Chemring Detection Sys-
tems (North Carolina, NC). A summary of the operating
conditions can be found in Table 1 and are described in detail
below. The DMS cell was a standard differential mobility
cell first developed by SEIONX and incorporated into the
JUNO® breathalyzer device. With this design, the disper-
sion voltage (V) could be scanned from 400 V to 1000 V,
while the compensation voltage (V) could be scanned from
-40 V to +10 V. The gap between the electrodes was fixed
at 0.508 mm (x10%), generating a field in the gap from
38.52T,t0 9631 T,.

TABLE 1

Operating conditions for the DMS

V, scan range 4000 V to 10,000 V

V, scan range -40Vto +10V
DMS electrode gap 0.508 mm = 10%
Carrier gas Nitrogen
Carrier gas temperature 100° C.

Transfer line temperature 150° C. to 200° C.

Sample gas Laboratory air
Sample inlet pressure 62 kPa
Buffer gas Laboratory air
Tonization source Ni+63
[0069] The pneumatics of the instrument had two loops,

the buffer gas loop and the sample gas loop. The buffer gas
loop provided the DMS cell with clean, continuous buffer
gas (air). After the buffer gas exited the DMS cell it entered
a carbon adsorption tube to adsorb the sample that had been
analyzed. Next, the buffer gas entered a recirculation pump
and was then pushed through a molecular sieve to reduce the
moister content and finally through a second carbon filter
before being swept back to the entrance of the DMS cell.
The recirculating pump was active at all times when the
DMS was turned on. The latch valves were used to maintain
a set internal moisture level, for this example, the latch
valves were left open and the DMS was run with dry air
only.

[0070] When the sample pump was turned on, the gaseous
sample was drawn through the DMS entrance such that it
came in contact with a silicon membrane. The silicon
membrane separated the sample gas loop from the buffer gas
loop. When a sample impinged upon the membrane, the
sample would diffuse through it and then be picked up by the
buffer gas and transported into the DMS cell for analysis.
The rest of the sample gas and the sample were then
transported through the sample gas pump and to the exit of
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the instrument. When the cap was placed on the instrument,
both the exit and entrance to the instrument were sealed and
the sample gas formed a continuous loop with the sample
gas at the exit being directed back through the entrance of
the instrument.

[0071] The sample inlet system was maintained at a tem-
perature of 50° C. and an internal pressure of 62 kPa, which
was maintained by the breather restrictor located between
the charcoal sieve and the back of the membrane before the
ruby orifice in the pneumatic line.

[0072] A carrier gas of high purity nitrogen was flowed
through a flamed copper gas line that was heated to 100° C.
by a 12-ft HTC series rope heater, controlled by a Variac.
This carrier gas was used to move the compounds of interest
from the particle-trapping component through the heated
transfer line, also heated by 3-ft of HTC series rope heater
set between 150° C. to 200° C., to the DMS for detection.
[0073] The DMS was connected to a laptop computer by
a three-port power, communications, and RS-232 cable. The
DMS was operated by General Dynamics Basic JUNOTM
Expert software. All data was analyzed using Microsoft
Excel or OriginPro 8.5.

[0074] In some embodiments, a stacked ring drift tube
stand-alone ion mobility spectrometer was used and oper-
ated in the positive ion detection mode. A voltage of 7000 V
was applied to the first ring of the drift tube by a Bertan high
voltage power supply (Hauppauge, NY) to create an electric
field of 660.38 V/em across the 10.6 cm long drift tube. The
conditions under which the ion mobility spectrometer was
operated are summarized in Table 2. The drift tube was
heated by two 300 W Watlow cartridge heaters (St. Louis,
Mo.), which were inserted into the outer metal heating case.
The temperature of the drift tube was controlled using an
Omega CN9000A temperature controller (Stamford, Conn.).
The temperature of the drift tube was set to 150° C.
throughout these experiments, and was checked daily by a
thermocouple used in conjunction with a Fluke179 True
RMS Multimeter (Everett, WA). The instrument was opet-
ated at atmospheric pressure (ranging between 680-700 ton),
which was measured and recorded during each run. Daily
fluctuations in the temperature and pressure were taken into
account when the reduced mobility values were calculated.

TABLE 2

Operating conditions for the DT-IMS

Drift gas flow rate 1 L/min
IMS tube temperature 150° C.
IMS first ring potential 7000 V
IMS electric field 660.38 V/em

Ionization source Nis3
Carrier gas flow rate 0.3 L/min

[0075] The drift and carrier gases were both high purity
compressed air manually regulated by Omega FL-38035T
rotameters (Stamford, Conn.). The drift gas was introduced
into the drift tube by a gas inlet in the Faraday plate detector,
which had a gas showerhead ring design. The carrier gas
flowed across the sample and through a heated transfer line
into a sample ring positioned in front of the Bradbury-
Nielson gate in the drift tube.

[0076] The signal coming off of the Faraday plate detector
was converted to spectra by the in-house programed Lab-
View software 2009 Professional Development System (Na-
tional Instruments, Austin, Tex.). The electronics were con-
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trolled using LabView (National Instruments, Austin, Tex.)
in-house programed software.

[0077] THC was obtained as an analytical drug standard
from Sigma Aldrich (Missouri, USA). Although THC is a
schedule 1 narcotic, the Exempt Chemical Preparations List
approved by the Drug Enforcement Administration Office of
Diversion Control of the Drug and Chemical Evaluation
Section permits the use of analytical standard solutions for
the development of analytical methods. THC was received
as a 1 mg/mL solution in methanol as the solvent. It was
diluted to various concentrations ranging from 1 mg/mL to
1 ng/mL, with HPLC grade methanol from EMD chemicals
(Darmstadt, Germany).

[0078] THC standards were tested in the DMS and the
DT-IMS by thermal desorption introduction. The THC stan-
dards in the DMS were loaded into a heated sample chamber
and the THC standard vapor was then directed with a low
flow nitrogen carrier gas (0.3 ml./min) down the transfer line
to the DMS for detection. THC standard concentrations
ranged from 50 pg of THC to 500 ng of THC, however the
entire THC concentration was not introduced into the DMS
for analysis all at once due to the low vapor pressure of THC
and the slow heating of the sample over time. The DMS
recorded scans froma V0400 V to 1000 Vand a V_of -40
V to +10 V. The same sample introduction method described
above was used for the solvent blank, which consisted of
pure methanol only.

[0079] The THC standard was introduced into the DT-IMS
by thermal desorption from the particle-trapping agent. The
reduced mobility value (K,) of THC was used to identify the
proper product ion peak. According to the literature the K,
value of THC is 1.06+0.02 cm*V~* s7*. The concentration of
the THC standard ranged from 50 pg to 110 pg, and similar
to THC introduced into the DMS, the amount of THC
standard vapor introduced into the DT-IMS will be orders of
magnitude lower than what was loaded onto the particle-
trapping component. First the THC standard was loaded into
the particle-trapping component directly by pipette. Then
the particle-trapping component doped with the standard
was allowed to dry on the bench top for five minutes before
being loaded into the pre-heated (e.g., 150° C. to 200° C.),
thermal desorber. The compressed air carrier gas was turned
off until the particle-trapping component was completely
loaded and the system software was started. After the
particle-trapping component was loaded and the system
software was started the carrier gas was turned on at a flow
rate was approximately 0.3 mL/min. The IMS recorded 100
averages over 10 iterations each scan window was 40 ms.
The K, value of the THC peak was calculated and compared
to literature K, values to confirm identity.

[0080] Volunteers were recruited from the Washington
State University adult student population. They consisted of
males and females ranging in ages from 21 to 35. The
volunteers were asked to purchase “Blue Dream” cannabis
which contained ~22.8% THC per gram. The breath collec-
tion was performed at the volunteer’s private residence.
Before breath collection each volunteer was asked to sign a
consent form and the breath collection process was verbally
explained to them. The volunteers were also asked to fill out
a survey where they were asked to list their eating, drinking,
and oral hygiene habits for the past 12 hours. Each particle-
trapping component was blown into for 1 minute to collect
the breath sample. Two or three samples were collected from
each volunteer, both before and after inhalation.
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[0081] The TD-DMS was scanned throughout the full
V ~V_ range for THC response. The THC standard did not
overload the system since a reactant ion peak (RIP) was still
seen. The RIP was mainly from the methanol solvent that
made up the THC standard. Separation between the RIP and
the THC standard was seen at a V,; of 500 V to V, of 1000
V with the most intense THC signal from a V, of 500 V to
a V, of 750 V with a maximum intensity of 0.114 above
baseline. As the V, was increased the THC signal shifted to
a more positive V. For example, at a V, 0of 700 V THC can
beseenata V_of 1 V while at a V, 0f 1000 V THC can be
seen at a V,_ of 3 V. Due to the slow heating of the THC
standard, some sample was moved through the TD-DMS
before the software was started. Consequently, the THC
concentration detected by the TD-DMS was orders of mag-
nitude smaller than the amount introduced. Since the TD-
DMS was not a sealed system, small shifts in THC V ,or V
response as a function of the overall system were expected.
There was no V, or V_ shift due to the increase of THC
concentration, but the peak intensity did increase as the THC
concentration was increased. A strong THC standard signal
allowed optimization of the TD-DMS settings for the best
possible detection of THC from breath.

[0082] The THC standard also gave a high intensity repro-
ducible response on the TD-DT-IMS. The THC standard was
applied to a particle-trapping component and was then
introduced by thermal desorption into the DT-IMS. The
THC standard was tested across three different days with
THC standard concentrations’ ranging from 50 pg to 110 pg.
FIG. 5 shows the THC standard response with K, value on
the x-axis and intensity on the y-axis. Each spectrum rep-
resents a THC standard spectrum from a different day. The
K, values for the THC standards are 1.073 cm®V~"' s™* for
Day 1, 1.071 em®V~' 57! for Day 2, and 1.071 cm*V~"' s7*
for Day 3. This gave an average THC K, value of 1.072+0.
001 cm®V~* s7*, which agrees with the literature value of
1.06£0.02 cm*V~" 57",

[0083] Once the ability to detect THC standard by thermal
desorption on the DMS was confirmed, clean non-THC
containing human breath samples were collected on to the
particle-trapping agents and analyzed. Clean human breath
(without inhaling cannabis smoke) was blown onto the
particle-trapping component. The volunteer had not eaten or
performed any oral hygiene within 4 hours of the application
of breath to the particle-trapping component. For the breath
detection in the DMS a smaller V, range of 600 V to 800 V
was used. This was the area with the best separation from the
RIP peak while maintaining sufficient THC peak intensity.
The THC peak intensity is important because there may be
potential interferences due to the complex breath sample
matrix. The clean human breath did not show any interfer-
ence with THC detection region, V;0f 700 V and a V_range
of =40 V to +10 V for which THC was previously detected.

[0084] Other common interferences were also tested on
human breath to see if they would cause any interference in
THC detection. Human breath containing cigarette smoke,
mouthwash vapors, and coffee vapors were all tested on the
DMS to see if the response would be similar to THC. All of
these common possible interferences showed peaks at lower
V values than THC, which was detected at a V,_of 1 V and
aV,;0f 700 V. Therefore these common contaminates should
not hinder in detection of THC especially if the V_range was
decreased to scan only from -5 V to +10 V. This limited V.
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range would only focus on THC, and would not scan a
voltage range low enough to detect coffee, cigarette smoke,
or mouthwash.

[0085] Clean, non-THC containing, human breath samples
were also collected on to the particle-trapping components
and analyzed in the TD-DT-IMS. Any interference detected
on clean human breath could be characterized by their K.
It was found that clean human breath contained no interfer-
ences that would affect the detection of THC. This was
confirmed by comparing the K, values from the breath
samples to THC standards previously analyzed. The only
response the clean human breath had on the TD-DT-IMS
spectrum was a broadening of the RIP peak at a K, value of
2.19+0.02 cm®V~" s7* and the addition of a small peak at a
K, value of 2.38+0.02 cm®V~" s™'. The RIP peak is mainly
affected by the amount of moisture in the system. Human
breath samples contain high amounts of moisture and other
low mass volatile organic compounds that have similar
mobilities as the RIP; these could have caused the peak
broadening and the double peak, but their identities cannot
be confirmed without a mass spectrometer.

[0086] Volunteers were recruited to provide breath
samples both before and after inhaling cannabis to compare
the response of pre-inhalation (no THC) breath and post-
inhalation (THC) breath. There were 15 volunteers, 2
females and 13 males. The volunteers smoked in inhalation
groups with 2 to 6 volunteers in a group. Between March
2015 to May 2015, 24 sample sets, which consisted of two
or three pre-inhalation samples and two or three post-
inhalation samples, were collected. About 400 spectra were
collected including both pre-inhalation and post-inhalation
breath samples. These sample sets were split between the
TD-DT-IMS and TD-DMS for analysis. The TD-DT-IMS
was used to process 66% of the samples, while the TD-DMS
processed 34%.

[0087] Each spectrum in both the TD-DMS and TD-DT-
IMS data array was individually checked to insure accurate
THC identification. FIG. 6 shows a typical TD-DMS spec-
trum for a post-cannabis inhalation breath sample. This is
compared to the THC standard for visual confirmation that
the sample contains THC. It was found that THC detected
from post cannabis inhalation breath had an average V_
value of 0.48+0.27 V at a V, of 700 V; this was from 28
post-inhalation spectra that positively identified THC. This
is within the range of the THC standard, which had a V_ of
120.75 Vata V,0f 700 V.

[0088] A typical DT-IMS K,, spectrum for post cannabis
inhalation breath is displayed in FIG. 7 with THC standard
spectra for visual comparison. From 30 post cannabis inha-
lation breath spectra the average THC K, value was 1.08+0.
01 cm®V~! 57!, This is within the 1.06£0.02 cm*V~" s7*
literature value. The overall results of THC detection from
breath samples of cannabis smokers are displayed in Table
3. This table lists the volunteer’s identification number, and
the instrument with which the sample was analyzed. Not
every volunteer provided a pre-inhalation sample for both
instruments; these were indicated with an N/A under the
corresponding column. If the pre-inhalation sample showed
a peak indicating THC was detected it is listed as a false
positive, and is listed as a true positive if THC was detected
from the post-cannabis inhalation sample and as a false
negative if no THC was detected. Out of fourteen samples,
there was only one false positive from the pre-inhalation
breath and one false negative from the post-cannabis inha-
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lation breath on the TD-DMS, giving it an overall detection
rate of 81%. The TD-DT-IMS initially gave one false
positive for pre-inhalation breath and two false negatives for
post-inhalation breath with an overall detection rate of 85%
from a sample set of twenty. The true negative (“b”) and true
positive (“a”) values for each system for pre and post-
inhalation samples are displayed in the bar graph in FIG. 8.

TABLE 3
Pre- Post-
inhalation inhalation

Volunteer # instrument breath breath
4 DMS N/A YES

2 DMS N/A NO
5 DMS NO YES
6 DMS NO YES
7 DMS NO YES
2 DMS N/A YES
9 DMS YES YES
5 DT-IMS N/A YES

5 DT-IMS N/A NO
6 DT-IMS N/A YES
7 DT-IMS N/A YES
11 DT-IMS NO YES
12 DT-IMS NO YES
11 DT-IMS YES YES

12 DT-IMS NO NO
3 DT-IMS NO YES
13 DT-IMS NO YES

[0089] Each volunteer that gave a false positive was

verbally questioned; this was to check that the information
they gave on their breath survey was correct and they did not
smoke cannabis in the past 24 hours. One volunteer admitted
during this verbal questioning that cannabis was smoked 4
hours prior to breath collection. This shows that a TD-DT-
IMS has to potential to detect THC on breath hours after use.
This admission to inhaling cannabis prior to the pre-inha-
lation breath collection also accounts for the false positive
seen in the TD-DT-IMS pre-inhalation statistics. Therefore
the TD-DT-IMS actually had no false positives for pre-
inhalation breath, and nine true positives for post cannabis
inhalation breath making the TD-DT-IMS’s actual overall
detection rate 89%, rather than 85%.

Example 3

[0090] In this example, particle samples obtained from
subjects’ breath were evaluated to determine potential inter-
fering chemicals in the breath samples. A breath collector
device comprising a particle-trapping component as
described herein was used along with a thermal desorption
system as described herein. Drift tube IMS was used as the
detection technique. The DT-IMS was used and operated in
the positive ion detection mode where a voltage of 7000 V
was applied to the first ring of the drift tube by a Bertan high
voltage power supply (Hauppauge, NY) to create an electric
field of 660.38 V/cm across the 10.6 cm long drift tube. The
drift tube was heated by two 300 W Watlow cartridge heaters
(St. Louis, MO), which were inserted into the outer metal
heating case. An Omega CN9000A temperature controller
(Stamford, Conn.) regulated the temperature of the drift
tube. The temperature of the drift tube was set to 150° C.
throughout this example, and was checked daily by a ther-
mocouple used in conjunction with a Fluke 179 True RMS
Multimeter (Everett, WA). The instrument was operated at
atmospheric pressure (ranging between 680-700 torr), which
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was measured and recorded during each sample run. Daily
fluctuations in the temperature and pressure were taken into
account when the reduced mobility values were calculated.

[0091] The drift and carrier gases were both high purity
compressed air manually regulated by Omega FL-3803ST
rotameters (Stamford, Conn.). A gas inlet in the Faraday
plate detector which had a showerhead ring design intro-
duced the drift gas into the drift tube. The sample ring was
positioned in front of the Bradbury-Nielson gate in the drift
tube. A carrier gas was sent across the sample and through
a heated transfer line into a sample ring to introduce the
sample into the drift tube. The conditions under which the
DT-IMS was operated were the same as those summarized
in Table 2 above.

[0092] THC standard was directly applied to the particle-
trapping component, then it was allowed to dry on the bench
top for five minutes before being loaded into the approxi-
mately 200° C. TD-DT-IMS for analysis. The THC peak in
the spectrum was identified by the reduced mobility value
(Ky) and compared to the literature K, value for THC,
1.06£0.02 cm®V~" s7*. The concentration of the THC stan-
dard used ranged from 50 pg to 110 pg. The amount of THC
standard vapor introduced into the TD-DT-IMS was orders
of magnitude lower than what was loaded onto the particle-
trapping component. This was due to the secondary heating
of the particle-trapping component by thermal desorption, a
process which did not allow for all of the THC standard to
be desorbed at the same time. The compressed air carrier gas
was turned off until the particle-trapping agent was com-
pletely loaded and the system software was started, then the
carrier gas was turned on at a flowrate was approximately
0.3 ml/min. The IMS recorded 100 averages over 10
iterations; each scan window was 40 ms. Subjects were
selected as described in other examples provided herein.

[0093] THC could be detected from post cannabis inha-
lation breath by TD-DT-IMS. FIG. 9 shows an example of
human breath with a true positive detection for THC where
THC is circled on the plot with a K, value of 1.08+0.01
cm?V~! 57!, In a plot with intensity on the y-axis and K,
ranging from 0.5 cm*V~" 57" to0 2.5 cm*V~! s7* on the x-axis
it is very difficult to identify all of the other common peaks
detected from human breath especially any that are of a scale
similar to THC. Though THC seems small in FIG. 9, it is
approximately ten times the signal to noise in this spectrum.
To better identify peaks that are of a similar scale as THC the
K, range on the x-axis was limited to 0.5 cm*V~" 57" to 2
em?V~! 57!, This x-axis parameter limitation eliminated
three commonly detected peaks, two were the RIPs, which
decreased the x-axis so the commonly detected peaks from
human breath response were easier to visually identify.

[0094] Out of 132 pre-inhalation and post-inhalation
human breath spectra 11 common peaks were detected. For
apeak to be considered as a potential interferent it must have
been detected in more than three spectra, and the peak
intensity had to be at least three times the signal to noise
ratio (30). In order to view the common detected peak from
human breath that were on a similar scale as THC (approxi-
mately 100) the x-axis was set to a maximum K, value of 2
cm?V~! 571, this eliminated three of the eleven common
peaks detected. FIG. 10 displays the nine most commonly
detected peaks from human breath by the TD-DT-IMS. The
spectra in FIG. 10 were normalized to a 0-1 range on the
intensity axis and all the spectra experienced 3-point
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smoothing. An arrow and the corresponding average K,
value point out the common peak detected from human
breath in each spectrum. Any other shoulder, tailing, or
additional peaks in the spectra are not reproducible or are not
30; as such they are not part of the common peaks detected
from human breath. The K, ranges of each spectrum were
truncated if the K, of the common peak was above 1.08
em?V™! 57t Most of the common peaks detected from
human breath in FIG. 10 were detected in more than one
volunteer, and were detected in both pre-inhalation and
post-inhalation breath samples.

[0095] The suspected causes of the eleven common peaks
detected from human breath are listed in Table 4. Each K,
value has a standard deviation and list of suspected causes
for the peak. These suspected causes were classified accord-
ing to gender, substances that were eaten or drank, tobacco
use, or cannabis use. The amount of occurrence is the
percentage of the peak detected due to the suspected cause
verses the total number of times the suspected cause
occurred. For example, one of the suspected causes for the
peak with a K, value of 1.15 em?V~" 57! was a female
attribute. The 1.15 em®V™"' 57" peak was detected in three
breath samples provided by females, there were only five
female breath samples collected overall, hence 60%. From
this information suspected causes of the common peaks
detected can be investigated.

TABLE 4

Suspected Cause of

Average K, Standard  Common Breath Amount of
(em?V-1sh Deviation Contaminate Peaks Occeurrence
1.01 0.01 Male attribute 2%
1.08 0.01 Smoking cannabis 95%
1.15 0.02 Female attribute 60%

Milk 37%
1.21 0.02 Male attribute 2%
Meat 18%
1.42 0.02 Tobacco product 19%
Male attribute 17%
1.61 0.04 Tobacco product 7%
Male attribute 6%
1.70 0.04 Smoking cannabis 23%
1.83 0.05 Male attribute 5%
Meat 5%
1.83 0.05 Male attribute 5%
Meat 5%
2.01 0.07 Meat 11%
Non-cannabis smekers 18%
2.20 0.02 RIP 1 N/A
241 0.04 RIP2 N/A
[0096] Three of the common peaks detected could be

positively identified by their mobility values. The peak with
a K, value of 1.0820.01 cm*V~! s~' was confirmed to be
THC by comparison of the K, value with a THC standard
and comparison to the literature value for THC, 1.06+0.02
em*V~! 57! The THC peak was detected in 95% of the post
inhalation breath samples. None of the common peaks
detected from human breath overlapped with the THC K,
value of 1.080.01 cm*V~" s™". The closest peak was found
at 1.15£0.02 cm®V~! 57!, which was a 0.04 cm?V~! 5!
difference. The two RIPs had K, values of 2.20+0.02
em?V~! 57! and 2.4120.04 cm®V~! 57! respectively. RIP
peaks are ionized water clusters and can vary in intensity and
K, value day-to-day depending on the lab environment since
the drift tube was not a sealed system. The RIPs peaks
detected at K, values of 2.20x0.02 cm*V ™" 57! and 2.41=0.
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04 cm?V~! 57! were the same as the RIP peaks detected in
the TD-DT-IMS system backgrounds. The RIP peaks were
commonly detected in the system background, calibrations,
along with most of the non-inhalation and inhalation spectra.
The eight other peaks commonly detected from human
breath could not be identified without the TD-DT-IMS
coupled to a more comprehensive analysis method, like
mass spectrometry, which would provide more information
about the characteristics of the ion with that mobility value.

Example 4

[0097] The particle-trapping component used in this study
was 0.1 g of polymer-coated steel wool packed in a glass
tube produced by Triton Systems Inc. (Chelmsford, Mass.).
The glass tubes were 5.1 cm longx1 cm ODx0.6 cm ID and
were provided by Triton Systems Inc.

[0098] The breath collection device was made by Chem-
ring Detection Systems (Charlotte, N.C.). This instrument
was used for breath collection onto the particle-trapping
component only, not for breath analysis. The particle-trap-
ping component fit into an opening in the breath collection
casing printed from a three-dimensional printer. Breath
mouthpieces were fitted onto the breath collector component
in line with the particle-trapping component so that breath
was blown through the breath mouthpiece into the particle-
trapping component. The sensor inside the breath collection
device was powered by a 9 V battery. The breath collector
sensor measured the pressure on the backside of the particle-
trapping component and alarmed either after a pressure
above 150 ton was reached or after 10 seconds had passed.
[0099] The triton desorption system was made by Triton
Systems Inc. This system inductively heated the polymer
coated steel wool particle-trapping component by applying
a voltage to a copper coil that wrapped around the particle-
trapping component glass tube. The heating cycle varied for
the DMS (Table 5) and the GC-DMS (Table 6). Scripts
written by Chemring Detection Systems used lab view
software to control the heating cycles for each instrument.

TABLE 5

IH-DMS Operating Conditions

DMS

Dispersion Voltage 700 V
Compensation Voltage Range -40Vto +10V
Carrier Gas Nitrogen
Oven Temperature 200° C.
Cell Pressure ~7.6 PSI
Cell Temperature 50° C.
Triton Heater

Initial Pulse 2500 ms
Number of Cycles 5
Cycle Period 500 ms

TABLE 6

TH-GC-DMS Operating Conditions

DMS

Dispersion Voltage 700 V
Compensation Voltage Range -40Vto +10V
Carrier Gas Nitrogen



US 2017/0023453 A1

TABLE 6-continued

TH-GC-DMS Operating Conditions

Cell Pressure ~7.6 PSI
Cell Temperature 30° C.
GC
Ramp (° C./min.) Temperature(® C.) Hold
0 60 5
Triton Heater
Initial Pulse 2500 ms
Number of Cycles 3
Cycle Period 1000 ms
Duty Cycle 50%
Transfer Lines
Oven 200° C.
Transfer Line - GC In 250° C.
Transfer 250° C.
Inlet 200° C.

[0100] With this design, the gap between the electrodes
was fixed at 0.508 mm (x10%), generating a field in the gap
from 38.52 Td to 96.31 Td. The dispersion voltage (V) was
scanned from 400 V to 1000 V, and the compensation
voltage (V) was scanned from —40 V to +10 V. The internal
pressure of 62 kPa was maintained by the breather restrictor
located between the charcoal sieve and the back of the
membrane hole before the ruby orifice seen in FIG. 3. The
samples were ionized by a 2.5 mCi Nickel-63 ionization
source.

[0101] The sample was introduced by a nitrogen carrier
gas after inductively heating a particle-trapping agent intet-
faced to the oven in front of the DMS system (FIG. 3). The
carrier gas was first passed through a molecular sieve to
reduce the moisture content. Then a pressure gauge was set
to 20 PSI or a flow rate of ~270 mL/min. The particle-
trapping component was fitted onto the gas line by airtight
swagelok fittings. The inductive heater was coiled into a
cylinder that slipped around the glass particle-trapping com-
ponent. The other end of the particle-trapping component
was secured to the oven by airtight swagelok fittings. The
oven was heated to 200° C. and the DMS inlet was secured
by a small swagelok transfer line to the back of the oven. All
the DMS settings are listed in Table 5.

[0102] The DMS was connected to a laptop computer and
run through LabVIEW software written by Chemring Detec-
tion Systems. All data were analyzed using Microsoft Excel
or OriginPro 8.5.1.

[0103] The GC-DMS used in this example was designed
and built by Chemring Detection Systems (North Carolina,
N.C.). The GC column was a VB-1 3 mx0.32 mmx0.1 pm
controlled by a Fast Temperature Programmer, both from
Valco Instruments Co. Inc. (Poulsbo, Wash.). The DMS cell
used in the GC-DMS was the SIONEX cell listed previously.
[0104] The IH-GC-DMS had a very similar gas flow
diagram to the IH-DMS. A carrier gas introduced the sample
after inductively heating the particle-trapping component
interfaced to the oven in front of the GC-DMS (FIG. 4). The
nitrogen carrier gas was first passed through a molecular
sieve to reduce the moisture content. Then a pressure gauge
was set to 30 PSI or ~405 mL/min flowrate. The gas flow
was then split into two channels; one flow contributed to the
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make-up gas that pressurizes the DMS and the other flow
was used as the carrier gas for conveying the sample into the
GC. The rate of gas flow was controlled by a 0.007 orifice
restrictor (Beswick Engineering, NH), which was set to
restrict the flow to 0.2 bar above ambient pressure. An
exhaust T was fitted in front of the orifice to supplement the
gas flow as needed before being introduced into the DMS.
The carrier gas flow was also controlled by a 0.007 orifice
restrictor (Beswick Engineering, NH), which was set to
restrict the flow to 0.2 bar above ambient pressure. Then the
particle-trapping component was fitted onto the gas line by
airtight swagelok fittings. The inductive heater was coiled
into a cylinder that slipped around the particle-trapping
component. The other end of the particle-trapping compo-
nent was secured to the oven by air tight swagelok fittings.
The oven was heated to 200° C. and connected to the GC by
the GC-in transfer line that was heated by a Pelican heating
wire (Naples, FL) controlled by a Watlow RM series con-
troller (Mason, Ohio). The GC-in transfer line was heated to
250° C. The GC column temperature ramp program set the
max ramp to 250° C. over 68 seconds. The GC-transfer line
out heated to 250° C. was connected to the DMS inlet that
was heated to 200° C. All the IH-GC-DMS settings are listed
in Table 6. The pneumatics of the DMS instrument consisted
of the carrier gas and the make-up gas.

[0105] The carrier gas helped transpotrt the sample through
the DMS cell while the make-up gas provided the DMS cell
with clean, continuous buffer gas (air). After the buffer gas
exited the DMS cell it entered a recirculation pump and then
exited the DMS by an exhaust valve.

[0106] The DMS sample inlet system was maintained at a
temperature of 50° C. and an internal pressure of 62 kPa,
which was maintained by the breather restrictor located
between the charcoal sieve and the back of the membrane
hole before the ruby orifice in the pneumatic line. The
samples were ionized by a 2.5 mCi Nickel-63 ionization
source.

[0107] The GC-DMS was connected to a laptop computer
and run through LabVIEW software written by Chemring
Detection Systems. All data were analyzed using Microsoft
Excel or OriginPro 8.5.1.

[0108] The THC standard was diluted to concentrations
ranging from 100 ng to 0.1 ng for both the IH-GC-DMS and
TH-DMS. These standards were loaded onto a clean particle-
trapping component, were allowed to dry for approximately
3 minutes on the bench top and then loaded into the analysis
system with the sample side closest to the DMS for analysis.
[0109] The breath collection device collected 10 seconds
of exhaled breath from a volunteer, who had not smoked
cannabis, onto the particle-trapping component. These
samples were tested on the IH-DMS and IH-GC-DMS to
find the baseline produced by non-inhalation breath and
what common peaks, if any, would be detected.

[0110] The THC standard was applied to the particle-
trapping component and allowed to dry on the bench top for
3 minutes. Then the particle-trapping component was loaded
into the breath collector and 10 seconds of non-inhalation
breath was applied. This THC standard and breath particle-
trapping component was analyzed on the TH-DMS and
TH-GC-DMS to insure THC standard could be detected from
the non-inhalation breath interference.

[0111] Volunteers similar to those described above were
selected for this example. The volunteers were also asked to
fill out a survey detailing their eating, drinking, and oral
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hygiene activities for the past 12 hours. The type of cannabis
they were inhaling was verified and the type of inhalation
device was recorded. Each particle-trapping component was
blown into for 10 seconds to collect the breath sample. One
sample was collected from each volunteer both before and
after inhalation.

[0112] The volunteers were asked to smoke to obtain a
high at a level between a 4 and a 6 on a personal self-
assessment scale of intoxication ranging from 1 to 10, where
10 is the level of extreme high. After the breath samples
were collected the volunteers were instructed to abstain from
driving for 2 to 4 hours, and the particle-trapping compo-
nents were taken back to the laboratory for analysis. Analy-
sis was generally performed within 24 hours of sample
collection.

[0113] The polymer-coated steel wool glass tube with the
IH-DMS was tested with a THC standard to establish
analytical figures of merit for IH desorption and DMS
detection with no protective membrane. It was found that
removing the membrane made the DMS more sensitive to
the THC standard, reaching a limit of detection of 10 ng
when directly applied to the particle-trapping component.
This increased sensitivity also caused the dynamic range of
this system to extend from 10 ng to 500 ng and the linear
range was 50-100 ng.

[0114] Spectra from both the non-inhalation human breath
and non-inhalation human breath with THC standard applied
to the particle-trapping component displayed low contami-
nation peaks and strong THC standard responses. The base-
line noise response had an intensity of 5000 counts at a V;
of 1000V across the full V_ scan of =40 V to +10 V. First,
non-inhalation human breath was collected onto the particle-
trapping component by the breath collector and analyzed
with the IH-DMS. The spectrum only showed a small broad
peak at a V_of 5V at aV,of 1000 V with an intensity of
6000 counts max. Then on a clean particle-trapping com-
ponent 50 ng of THC standard was applied. The THC
standard response in the I[H-DMS was a sharp peak at a V.
of 3.69+0.15 V at a V, of 1000 V and an average intensity
of 10,000 counts. Finally non-inhalation human breath was
collected on particle-trapping component after 50 ng of THC
standard was applied. The THC standard with non-inhala-
tion human breath response was still a sharp peak at a V_ of
3.69+0.15 Vata V,0f 1000 V but at an average intensity of
9000 counts. This THC standard with non-inhalation human
breath response was reproducible over days, when using
different human breath samples, breath collectors, and par-
ticle-trapping components. With the removal of the mem-
brane from the DMS additional interferences were not
detected from the non-inhalation human breath that poten-
tially would hinder the detection of THC standard at low
concentrations.

[0115] The IH-GC-DMS response was tested with THC
standard by directly loading it onto the particle-trapping
component, which was then heated by IH and introduced
into the GC-DMS for analysis. The TH-GC-DMS showed a
more sensitive dynamic range of 10 ng to 100 ng, with a
larger linear range of 25 ng to 100 ng. The limit of detection
for THC standard in the IH-GC-DMS was 10 ng. The THC
standard peak was detected at a V_ of 1.25+0.20 V in the
DMS spectrum with the V, at 700V. In the GC chromato-
gram THC standard had a retention time of 53+7 seconds.
THC standard exhibited a linear response on the IH-GC-
DMS in both the DMS spectrum and the GC chromatogram.
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FIG. 11 shows the linear calibration curve for both the DMS
spectrum (diamonds) and the GC chromatogram (squares).
These data have a linear fit with a slope 0f 0.0013 and an R*
value of 0.9738. Due to the linear calibration curve the
IH-GC-DMS has the potential to be used for both qualitative
and quantitative detection of THC.

[0116] When non-inhalation human breath was captured
on the particle-trapping components then doped with THC
standard and analyzed by IH-GC-DMS, the THC standard
displayed a reproducible response over days and with dif-
ferent non-inhalation breath volunteers. The baseline noise
response for the IH-GC-DMS was at an intensity of 0.5 V.
The non-inhalation human breath sample only produced a
small peak at a V_of 3 V with an intensity of 0.6 Vata 'V,
of 700 V. When 50 ng of THC standard was applied to a
particle-trapping component, that already had non-inhala-
tion breath collected onto the same particle-trapping com-
ponent by the breath collector, there was a large THC
standard peak detected at a V_ of 1.25£0.20 V and an
average intensity of 0.9 V. This THC standard with non-
inhalation human breath response was reproducible over
days, with different non-inhalation human breath samples,
different breath collectors, and different particle-trapping
components. The IH-GC-DMS also demonstrated a higher
sensitivity to THC standard and minimal interferences with
non-inhalation human breath due to the removal of the DMS
membrane, and the addition of inductive heating desorption
and the GC in front of the DMS.

[0117] The field studies were conducted by collecting
samples from volunteers before and after they smoked
cannabis in their private residences. After the samples were
collected the particle-trapping components were taken back
to the laboratory for analysis. A sample set was composed of
a pre-inhalation breath sample and a post-inhalation breath
sample collected from the same volunteer.

[0118] Six sample sets were analyzed by the IH-DMS for
the positive detection of THC from post-inhalation cannabis
breath. The IH-DMS spectra were all taken at a V, of 1000
V. The plots displayed a full V_ scan from -40 V to +10 V
on the x-axis and intensity (counts) on the y-axis. FIG. 12
shows a true positive detection of THC from the post-
inhalation breath. In a true positive spectrum the THC peak
was easily detectable from the system background and the
pre-inhalation sample; there was no possibility of misiden-
tification. This demonstration is seen in the 3500 V intensity
difference between the pre-inhalation and post-inhalation
sample allowing the large post-inhalation peak at a V_ of
3.75+0.18 V to be positively identified as THC. The THC V,
value at the specific V,; for the post-inhalation cannabis
sample was also compared to the THC standard V _ value at
the specific V, for conformation of identification. A false
negative was documented when either no THC was detected
at a V_ of 3.7520.18 V and a V, of 1000 V or the pre-
inhalation peak was larger than the post-inhalation peak.
[0119] For field deployed instruments it is common to set
a level of detection stating anything above that level is a true
positive and anything below that level is a true negative.
There was a 33% true positive detection rate and a 67% false
negative rate for THC from post-inhalation cannabis human
breath samples. Out of the six sample sets only two of them
showed a difference between pre-inhalation and post-inha-
lation breath. In the false negative spectra either there was
no THC peak detected at a V_ 0of 3.75£0.18 Vand a V, of
1000 V or a larger peak was detected in the pre-inhalation
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breath at the same V_ range at that specific V,, as THC. If the
peak in the pre-inhalation sample was THC then the inten-
sity should have increased after inhaling; in fact the inten-
sities decreased after inhaling so THC did not cause the large
intensity pre-inhalation peak. The true negative rate was
83%; most of the pre-inhalation samples were under an
intensity of 0.6. THC was detected in one of the pre-
inhalation samples, making the actual false positive rate
17%. In some embodiments, IH-DMS methods exhibited
less sensitivity; however, there were only a few interferences
detected in the system and therefore it could be concluded
that there was a very low false positive rate.

[0120] Nineteen sample sets of human breath, pre-inhala-
tion and post-inhalation cannabis, were analyzed by the
TH-GC-DMS. Each sample produced a DMS spectrum and
a GC chromatogram; both forms of evidence were used to
confirm the detection of THC from the samples. As seen in
FIG. 13, the DMS spectra were recorded at a V; of 700 V
and were displayed with the V. from -40 V to +10 V on the
x-axis and intensity (V) on the y-axis. The GC chromato-
grams displayed retention time (s) on the x-axis and inten-
sity (V) along with temperature (° C.) on the y-axis (FIG.
14). True positive results can be seen in FIG. 14, which
shows an example of a true positive response for volunteer
24 in DMS spectra and a GC chromatogram. The THC peak
in the DMS spectra was detected at a V, of 700 V by a
decrease in the reactant ion peak at a V_ of -8 V and an
increase in intensity of the peak at a V_ of 1.63£0.20 V. In
the GC chromatogram two sets of peaks were detected in the
pre-inhalation and post-inhalation breath. One set was at a
retention time of ~25 seconds and the other set was at 43x6
seconds. The temperature of the column was only at 120° C.
when the first set of peaks appeared at ~25 seconds. THC is
not volatile at this low temperature, so the peak detected at
a retention time of ~35 seconds was caused by more volatile
contaminates from the breath sample. The THC peak was
seenn when the GC column reached 250° C. at the retention
time of about 43+6 seconds. This identification was con-
firmed by comparing the retention times and V_ with the
THC standard. The THC standard had a retention time of
5327 seconds and a V_ of 1.25£0.20 V at a V, of 700 V,
which is comparable to the THC seen in breath at a retention
time of 43£6 seconds and a V_of 1.63£0.20 Vata V ;0f 700
V.

[0121] A false positive was documented when there was
either no response at a retention time of 43+6 seconds and
aV_of 1.63+0.20 V at a V, of 700 V or the pre-inhalation
breath had a higher intensity peak than the post-inhalation
breath at the same V_ at a specific V, and retention time as
THC. If the high intensity peak in the pre-inhalation breath
sample was THC, then the intensity of the peak detected in
the pre-inhalation breath should have increased after inhal-
ing cannabis. This outcome did not occur; instead a decrease
was seen in the post-inhalation breath peak intensity, hence
indicating a false positive response.

[0122] In this embodiment, the true positive rate was 89%
and false negative rate was 11%, the great majority of the
post-inhalation samples gave a positive THC response dem-
onstrating that this system was quite sensitive to THC.
However, the true negative rate was 58% while the false
positive rate was 42% in pre-inhalation samples; almost half
the pre-inhalation breath samples gave a false THC
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response. Clearly, the TH-GC-DMS had a high detection rate
for THC but there were numerous interferences that caused
a high false positive rate.

[0123] The post-inhalation sample results for both the
TH-DMS (white cells) and TH-GC-DMS (grey cells) are
listed in Table 7. The table lists the volunteer’s number, the
date on which the sample was collected/analyzed, the instru-
ment on which it was analyzed, whether the subjects ate or
drank during the study, and if a positive THC response was
detected. There were no trends found in the information on
Table 7 between the two breath samples with the positive
THC detection by the TH-DMS. The breath samples that
contained the positive THC detection were on different days
with different volunteers under different conditions (one
volunteer drank during the study the other did not). The
IH-GC-DMS analyzed 19 post-inhalation breath samples.
No trends were found between the IH-GC-DMS false nega-
tive responses from the information listed on Table 7. The
false negative responses were from different volunteers over
a range of dates and inhalation devices. Only one volunteer,
#3, on Jan. 31, 2016 drank mint water during the sample
collection. This could have diluted the amount of THC on
skin particles in their mouth at the time causing the false
negative detection.

TABLE 7
Drinking Eating
Vol System How they before before THC
# analyzed smoked  sampling sampling Response
6 IH-DMS Pipe No No Yes
17 TH-DMS Joint No Yes No
(Before any
sampling)
20 TH-DMS Pipe No No No
22 [H-DMS Bong Yes No Yes
(in-between
inhaling and
sampling)
3 [H-DMS Joint No No No
9 IH-DMS Bong No No No
15 TH-GC-DMS Blunt Yes No Yes
(in-between
inhaling and
sampling)
3 [H-GC-DMS Pipe No No Yes
18 [H-GC-DMS Bong No No Yes
19 [H-GC-DMS Bong No No Yes
21 [H-GC-DMS Bong No No No
18 [H-GC-DMS Bong No No No
24 [H-GC-DMS Bong No No Yes
25 [H-GC-DMS Bong No No Yes
14 [H-GC-DMS Bong No No No
26 [H-GC-DMS Bong No No Yes
27 IH-GC-DMS Bong No No Yes
28 [H-GC-DMS Bong No No No
29 [H-GC-DMS Pipe No No Yes
30 IH-GC-DMS Bong No No Yes
31 IH-GC-DMS Pipe No No Yes
33 [H-GC-DMS Bong No No No
3 IH-GC-DMS Pipe Yes No No
16 TH-GC-DMS Blunt No No Yes
32 IH-GC-DMS Pipe No No Yes
[0124] Both the TH-DMS and the IH-GC-DMS could

detect THC standard when directly applied to the particle-
trapping component. The detection of a THC standard when
directly applied on a particle-trapping component with non-
inhalation human breath was reproducible over days with
different non-inhalation breath. The removal of the mem-
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brane on the DMS along with the addition of the inductive
heater improved the sensitivity of the system to the THC
standard. The GC in front of the DMS allowed for THC to
be identified by a retention time of 43+6 seconds and a V,,
of 1.632020 VataV,of 700 V.

[0125] Both the IH-DMS and IH-GC-DMS can detect
THC from post cannabis smoker’s breath. The [H-DMS was
not as sensitive to THC detection from post-inhalation
breath, but also did not detect many interferences and as a
consequence had a low false positive rate. The [H-GC-DMS
had a detection rate of 89%, demonstrating that the system
was very sensitive to THC detection from post-inhalation
breath. The high false positive rate meant that there were
many interferences also detected at the same retention time
of 43+6 seconds and a V,_ of 1.63£0.20 Vat a V,0of 700 V
that THC was detected.

[0126] The THC standards were more reproducible on the
TH-DMS and TH-GC-DMS than THC detected from post-
inhalation cannabis breath. The THC standard was directly
applied to the particle-trapping component the amount of
THC captured on the particle trap directly correlates with the
collection time and the amount of THC adsorbed on the
cannabis smoker’s skin particles. Therefore an inconsistent
THC response from the post-inhalation cannabis breath
samples could indicate the collection time was not long
enough or that THC was not adsorbed efficiently onto the
skin particles.

[0127] The lower true positive detection rate for the IH-
DMS was due to interferences in sample breath of pre-
smokers. To separate these interferences, a GC must be
added between the collector and the DMS detector. The GC
is used to separate the THC from the interfering compounds.
In addition, the GC is used to concentrate the THC at the
head of the column.

[0128] Without the GC there might be some loss of THC
vapor during the inductive heating process resulting in the
fact that not all the THC was analyzed at once by the DMS;
this could cause a decrease in signal. Similar to the GC
acting as a trap, the carrier gas could likewise act as a trap.
If the carrier gas was turned off during the inductive heating
on the DMS there would be little loss of THC sample. After
the THC is in the vapor state the carrier gas could be turned
on resulting in the transferring of the THC vapor at once to
the DMS for analysis. Control of the carrier gas on the
TH-DMS would improve the THC concentration, in turn
increasing the detection rate.

[0129] TImprovements can still be made to the GC column
temperature ramp to separate THC from contaminants with
similar V_=V , responses. Temperature ramping the induc-
tive heater could provide another level of separation of
contaminants from THC. The removal of the membrane
from the DMS overall improved the detection of THC.
Overall, however, the resulted obtained here are very
encouraging toward the development of a breathalyzer based
on DMS technology. A prototype with improved sensitivity,
selectivity, and accuracy for the detection of THC from
post-inhalation breath samples should be tested in real
drugged driving roadside scenatios.

[0130] To decrease the power to reach the +200° C.
temperatures required to volatilize THC, the 500 W thermal
desorber was replaced by a 5 W inductive heating process.
Inductive heating (IH) entails a direct rapid heating method
powered by a 9 V battery which is capable of achieving
temperatures up to 300° C. in a polymer coated steel wool
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particle trapping agent. THC standard applied to a particle
trap was inductively heated and analyzed by either the DMS
or the gas chromatography (GC)-DMS. The IH-DMS and
TH-GC-DMS were able to detect THC down to 10 ng
concentration levels.

[0131] The sensitivity of the DMS was increased by
removal of the membrane located in front of the DMS cell.
The membrane was originally used to decrease the number
of contaminants and any moisture introduced into the sensor
chip for analysis. The removal of the membrane in the DMS,
along with the addition of the inductive heater process,
improved the sensitivity of detection of the THC standard
and THC collected from cannabis smokers’ breath samples.
The thermal desorber-DMS with the membrane used an
average THC standard concentration of 100 ug, but with the
inductive heater and the membrane removed from the DMS
the average THC standard concentration used was decreased
to 50 ng. The limit of detection for THC standard with the
IH-DMS was 10 ng. The membrane removal did not
increase the number of interferences detected with the
TH-DMS; a low rate of false positive results was achieved
with the post-inhalation cannabis field samples. The mem-
brane removal did increase the number of false negatives
detected; this system was indeed more sensitive to THC, but
the selectivity did not improve.

[0132] A GC column was interfaced after the inductive
heater and in front of the membrane-less DMS to increase
the selectivity of the sample before analysis. The tempera-
ture program of the GC column caused the GC to act like a
trap, allowing more volatile compounds to elute off of the
column first before increasing the temperature to elute THC.
The limit of detection for the ITH-GC-DMS was 5 ng of THC
standard. The selectivity of the IH-GC-DMS was tested with
post cannabis smokers’ breath samples for the detection of
THC. The IH-GC-DMS had a detection rate of 89% for THC
from post cannabis smokers’ breath. This experiment dem-
onstrated that the modified system featuring the inductive
heater, the GC column, and the membrane removed was
very selective to THC detection from post-inhalation breath.

Example 5

[0133] In this example, swabs were used to isolate saliva
samples from subjects. Saliva samples also were collected
by having the subject spit into a collection vial. The swab
sample was obtained by swabbing a subject’s cheek area,
bottom gums, and/or tongue after a subject had inhaled
cannabis. In some control embodiments, control swabs that
were spiked with 8 ng of a THC standard were exposed to
thermal desorption to determine how much THC can be
extracted from the swab samples. In some embodiments,
approximately 73% of the THC was obtained from the swab
sample. In additional embodiments, approximately 86% was
obtained. In some embodiments, saliva samples can be
analyzed by utilizing an extraction technique to isolate THC
from the saliva sample by using the following steps: oral
fluid is collected in a vial (2 mL) and transferred 1 mL to
another vial by pipette; 100 ulL of saliva is extracted by 400
uL of methanol or acetonitrile; the sample is vortexed for 30
seconds, centrifuged for 5 minutes at 13,000 rpm; and 185
ulL of supernatant is spiked with 15 ulL of THC-D3 for
HPLC-MS analysis.
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[0134] Exemplary results obtained from using an exem-
plary method with a mass spectrometry technique are illus-
trated in FIG. 15. Results also are tabulated in Table 8,
below.

TABLE 8
Volunteer THC on Swab (ng) THC in Spit (ng)
V14 380.75 2110.1
V27 673.5 2259.2
V40 45.5 129.6
[0135] In view of the many possible embodiments to

which the principles of the present disclosure may be
applied, it should be recognized that the illustrated embodi-
ments are only preferred examples and should not be taken
as limiting the scope of the claimed invention. Rather, the
scope is defined by the following claims. We therefore claim
as our invention all that comes within the scope and spirit of
these claims.

We claim:

1. A method, comprising:

obtaining a particle sample from a subject;

exposing the particle sample to heat using thermal des-

orption to produce a volatilized sample from the par-
ticle sample; and

analyzing the volatilized sample to determine the pres-

ence of THC or other semi-volatile drugs in the particle
sample using spectrometry detection techniques, visual
detection techniques, chromatography detection tech-
niques, or combinations thereof.

2. The method of claim 1, wherein the particle sample is
a skin particle sample, a saliva particle sample, or a mucous
particle sample.

3. The method of claim 2, wherein the saliva particle
sample and/or mucous particle sample comprises THC par-
ticles and/or skin particles comprising THC.

4. The method of claim 1, wherein the particle sample is
obtained from the subject’s mouth, tongue, or nose.

5. The method of claim 1, wherein obtaining the particle
sample comprises isolating breath from a subject wherein
the breath comprises the particle sample.

6. The method of claim 1, wherein obtaining the particle
sample comprises swabbing the subject’s mouth, tongue,
and/or nose with a swab to collect the particle sample.

7. The method of claim 6, wherein the swab is a metal-
containing swab, a cotton-tipped swab, a rayon-tipped swab,
a polytetrafluoroethylene-tipped swab, a polyethylene
terephthalate-tipped swab, a polyester-tipped swab, or com-
binations thereof.

8. The method of claim 1, further comprising dislodging
the particle sample from the subject by pulsating air or liquid
into the subject’s mouth or nose or onto the subject’s tongue.

9. The method of claim 1, wherein exposing the particle
sample to heat comprises exposing the particle sample to a
heat source.

10. The method of claim 9, whetrein the heat source is
maintained at temperatures ranging from 100° C. to 500° C.
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11. The method of claim 1, wherein exposing the particle
sample to heat involves using thermal desorption to vola-
tilize one or more components in the particle sample.

12. The method of claim 11, wherein the thermal desorp-
tion comprises heating a surface in contact with the particle
sample so as to increase the surface’s temperature.

13. The method of claim 11, wherein the thermal desorp-
tion comprises using inductive heating.

14. The method of claim 11, wherein the components
include THC or other semi-volatile drugs.

15. The method of claim 1, wherein analyzing the vola-
tilized sample comprises using a spectrometry detection
technique, a chromatography detection technique, or a com-
bination thereof, whereby the presence of THC, other drugs,
or metabolites thereof, is confirmed by the presence of a
signature peak.

16. The method of claim 1, wherein the spectrometry
detection technique is selected from differential mobility
spectrometry, ion mobility spectrometry, photospectrometry,
mass spectrometry, or a combination thereof; and the chro-
matography detection technique is selected from gas chro-
matography, liquid chromatography, or a combination
thereof.

17. The method of claim 1, wherein analyzing the vola-
tilized sample comprises using a visual detection technique
whereby the presence of THC, other drugs, or metabolites
thereof, is confirmed by visualizing a color change by naked
eye or by using UV/Vis spectroscopy.

18. The method of claim 1, wherein the spectrometry
detection technique is ion mobility spectrometry and the
signature peak has a K, value of 1.07 em®V~' 57",

19. A method, comprising:

obtaining a particle sample from a subject using a breatha-

lyzer device capable of collecting a breath sample from
the subject;

exposing the particle sample to heat using thermal des-

orption to produce a volatilized sample from the par-
ticle sample; and

analyzing the volatilized sample with the breathalyzer

device to determine the presence of THC in the particle
sample by viewing a THC signature peak, a color
change, or a read-out message produced by such a THC
signature peak and/or color change, or a combination
thereof, using the breathalyzer device.

20. A method, comprising:

obtaining a particle sample from a subject using a swab

capable of collecting the particle sample from the
subject;

placing the swab into a detection device;

exposing the swab comprising the particle sample to heat

using thermal desorption to produce a volatilized
sample from the particle sample; and

analyzing the volatilized sample with the detection device

to determine the presence of one or more signature
peaks and/or color changes, or a corresponding read-
out representing a signature peak and/or color change,
provided by the detection device.
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