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Detection of methamphetamine in indoor air using
dynamic solid phase microextraction: a supplementary
method to surface wipe sampling†

Elizabeth J. McKenzie,ab Gordon M. Miskelly*a and Paul A. G. Butlerc

Surface wipe sampling for methamphetamine is a standard protocol in many jurisdictions for sampling at

suspected or known former clandestinemethamphetamine laboratories, but this method relies on samples

being taken from representatively contaminated surfaces. We have investigated whether a rapid sampling

method for airborne methamphetamine can be used to supplement surface sampling. A dynamic solid

phase microextraction (SPME) field sampler was constructed and tested in the field and in the

laboratory. This device enabled large volumes of air to be passed over SPME fibres exposed during the

comparatively short time (<2 h) that a testing company might be present at a former clandestine

laboratory. The collected samples were then analyzed by gas chromatography-mass spectrometry.

Airborne methamphetamine was detected with this method at former clandestine methamphetamine

laboratory sites where surface wipe sampling showed surface methamphetamine concentrations greater

than 40 mg/100 cm2.
Introduction

The New Zealand Police have identied over 1700 clandestine
amphetamine-type stimulant (ATS) laboratories between 1999–
2011.1 Worldwide, 137 285 clandestine ATS laboratories were
identied between 1999–2009, 96% of which were clandestine
methamphetamine laboratories.2 The 2012 World Drug Report
from the United Nations Office on Drugs and Crime states that
14 742 clandestine ATS laboratories were identied in 2009–
2010, with 92% of these being clandestine methamphetamine
laboratories and a further 6% either clandestine amphetamine
or methamphetamine laboratories.3

In addition to the known problems associated with illicit
methamphetamine production and use, the clandestine
synthesis of methamphetamine presents risks to the public
from exposure to the sites where it has been manufactured or
waste material has been located. In many countries including
the USA, New Zealand, and Australia, methamphetamine is
oen made on a small scale in makeshi facilities that can be
located in residences, garages, or temporary accommodation
Chemical Sciences, The University of

, New Zealand. E-mail: g.miskelly@

64-9-923-8338

20103 Glen Eden, Auckland 0641, New

rsity of Auckland, Private Bag 92019,

vailable: GC-MS chromatogram from an
f a clandestine laboratory. See DOI:

–5424
such as hotels and motels. The previous presence of a clan-
destine laboratory may be known due to police searches, or the
owner or occupant of a dwelling may be suspicious due to
factors such as odours or stains within the dwelling or the
behavior of the occupants at the suspected time of manufac-
ture. Under these circumstances, it is important to establish
whether manufacture of methamphetamine was likely to have
occurred and the extent of any contamination due to this
manufacture. However, it is also possible that heavy usage of
methamphetamine can result in contamination of a structure.
In many jurisdictions, measurement of the contamination at
former clandestine laboratories is performed by taking surface
wipes at selected locations throughout the structure, and then
analyzing these for methamphetamine. The methamphetamine
is determined both as a contaminant of concern and as a
surrogate for other possible contaminants associated with
clandestine manufacture.4 The acceptable level of metham-
phetamine contamination varies between jurisdictions, with
some being based on an estimated health-based risk criterion5

while others are based on practical detection levels and the
ability to decontaminate to those levels.6 This surface-wipe
method, while pragmatic, suffers from some disadvantages
such as not detecting the true extent of contamination if the
substrates sampled are porous or if undetected pathways exist
for mobilisation of the methamphetamine to or from other
parts of the structure or the underlying substrate. For such
reasons, jurisdictions such as the State of Minnesota have rec-
ommended the removal of all so furnishings and wallpaper
from premises that have been used for clandestine metham-
phetamine manufacture.7
This journal is ª The Royal Society of Chemistry 2013
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Fig. 1 Diagram of the dynamic SPME field sampler.
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Methods ofmethamphetaminemanufacture favoured inNew
Zealand currently involve a pseudoephedrine/ephedrine
precursor, iodine or hydriodic acid, and red phosphorus/phos-
phorous acid/hypophosphorous acid as a reducing agent. There
can be up to four separate processes involved in this type of
methamphetamine manufacture: precursor extraction,
synthesis (‘cook’), methamphetamine extraction, and crystal-
lisation (‘salt-out’). There is no information in the open literature
on the emission of volatiles during the precursor extraction.
During synthesis, little or no methamphetamine may be
released,8,9 however iodine, unspecied acids, phosphine, 1-
phenyl-2-propanone, 1,2 dimethyl-3-phenylaziridine, 1,3-
dimethyl-2-phenylnaphthalene and 1-benzyl-3-methylnaphtha-
lene have been detected.9 During extraction and crystallisation,
iodine, hydrochloric acid andmethamphetamine vapours canbe
released.8,9 The concentration of methamphetamine detected in
air during extractionand salt-out is in the range100–5000mgm�3

(ref. 8 and 10) and these levels were reported to decrease to 70–
210 mg m�3 the day aer manufacture.10 Studies of remediated
former clandestine laboratories 20–365 days aer
discovery report airborne methamphetamine in the range 0.1–
1 mg m�3.11–13 This airborne material, together with spills and
spatter, result in surface contamination within the structure
being not just at the point of methamphetamine manufacture.

Methamphetamine is known to be stable under ambient
conditions,14–20 however its long-term persistence within a
structure has not been well-studied. The deposited metham-
phetamine acts as a reservoir for airborne methamphetamine,
and this can result in elevated airborne concentrations if an
activity disturbs the surfaces in the structure.10 Most airborne
methamphetamine is present in the <1 mm fraction,10 well
within the <10 mm limit for respirable particles. Character-
isation of the distribution of airborne methamphetamine
within the <1 mm size range has not been reported. Metham-
phetamine base is signicantly more volatile than metham-
phetamine hydrochloride,21 and it is likely that it is the main
airborne species present several months aer manufacture. The
determination of the concentration of airborne methamphet-
amine and the consequent estimation of methamphetamine
exposure via inhalation can be used to test theoretical models5

that estimate inhalation exposure from surface-recoverable
methamphetamine.

Previous determinations of methamphetamine vapour from
powders, spills and spatter have employed direct ion mobility
spectroscopy (IMS), however this method suffers from inter-
ference from nicotine, a common household contaminant, so
that sample heating or derivatisation are required to discrim-
inate methamphetamine by this method.22,23 IMS has also been
used in combination with solid phase microextraction (SPME)
for the analysis of methamphetamine from blood headspace.24

Dynamic planar SPME has been used with IMS for the analysis
of headspace from ecstasy tablets at ppt levels and could
potentially be used for the analysis of methamphetamine in
indoor air.25 Amphetamines in exhaled breath have been
determined by solid-phase extraction (SPE) followed by
selected reaction monitoring (SRM) ultra-high pressure liquid
chromatography (UPLC) tandem mass spectrometry (MS-MS).26
This journal is ª The Royal Society of Chemistry 2013
For methamphetamine in indoor air, trapping on acid-treated
glass bre lters coupled to an air sampling pump,10,27 with
derivatisation and gas chromatography mass spectrometry
(GC-MS) analysis,10 or liquid chromatography mass spectrom-
etry (LC-MS) analysis of underivatised methamphetamine27

have been used.
Since, as noted above, it is possible that major sites of

contamination within a dwelling might be missed if sampling
was not undertaken on all surfaces, analysis of airborne meth-
amphetamine has the potential to be used to supplement
surface wipe sampling. While there are many standard methods
for analyzing semivolatile compounds in air, many of these
require extended sampling periods, such as 8 h or 24 h. In New
Zealand, the evaluation of the degree of contamination in a
known or suspected former clandestine laboratory is performed
by commercial testing companies, that may only have access to
a house for a limited time, and this testing may be done in the
presence of owners or residents of the premises. For these
reasons, a suitable sampling method for airborne metham-
phetamine needs to be rapid, representative, and sensitive.

SPME was introduced as a sample collection and introduc-
tion method by Pawliszyn in the early 1990s,28 and since then
has been shown to be advantageous for analytes in both gaseous
and condensed media. It allows rapid sample collection, does
not use organic solvents, is easy to use, and is selective.29 SPME
has been used with GC-MS for qualitative analysis of headspace
vapors of surface wipes30,31 hair,32 and street methamphet-
amine33,34 but has not been evaluated for determination of
methamphetamine in indoor air. Our preliminary studies
showed that SPME met the criteria of sensitivity and rapidity,
but in its passive mode SPME bres could be exposed to varying
volumes of air depending on air currents within the premises.
Therefore, a portable dynamic SPME air sampler was developed
that could be taken throughout a structure while air was drawn
through it at a constant rate. The SPME bres could then be
returned to the laboratory for analysis by GC-MS. At all sites
where this SPME sampling was conducted, wipe samples were
also collected and then analyzed for methamphetamine, to
allow comparison of these two forms of analysis.
Experimental
Dynamic SPME eld sampler

A diagram and photograph of the dynamic SPME eld sampler
prototype are shown in Fig. 1 and 2.

The main body of the dynamic SPME eld sampler was
constructed from Restek Silcosteel�-CR treated 3/8 0 0 outer
Anal. Methods, 2013, 5, 5418–5424 | 5419
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Fig. 2 Photograph of the dynamic SPME field sampler being used inside a
suspected former clandestine methamphetamine laboratory. The air pump is
generally not held during sampling but is housed in a washable carry bag.
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diameter 0.2770 0 inner diameter, 316L grade stainless steel tube.
The side-arm of Silcosteel� was attached by drilling a hole with
a diameter smaller than the inner diameter of the tube, shaping
the sidearm connection to follow the curvature of the tube, then
welding on the outside of the tube. A Supelco SPME bre holder
(Sigma Aldrich) was attached to the Silcosteel� tube by creating
a thread on the outside of the SPME holder hub which could
then be screwed into an adaptor plug inserted in the tubing.

The dynamic eld sampler was coupled to an SKCModel 224-
PCXR4 air sampling pump using a push-t connector and tube
adapter with Tygon 2275 ¼00 inner diameter, 3/800 outer diameter
tubing. The air pump had a built-in rotameter and ow rate was
calibrated independently using a TSI 4100 series ow meter. A
ow dampener and Anasorb/Tenax 226-171 sorbent tube (SKC)
wereused to evenout theow rate and toprotect the air sampling
pump from contamination. The air pump is specied to main-
tain ow to within 5% of its set point, and in calibration exper-
iments using the TSI 4100 and with the dampener and sorbent
tube connected we observed ow rates of 1.00 � 0.01 L min�1

(standard deviation; n ¼ 20) over 20 min. SPME bres (Supelco
100 mm polydimethylsiloxane (PDMS) bres and 75 mm Car-
boxen-PDMS bres) were obtained from Sigma Aldrich. Storage
tubes for the SPME bres were fabricated from Silcosteel�-CR
treated 3/80 0 outer diameter 0.2770 0 inner diameter, 316L grade
stainless steel tube tted with 3/800 Swagelok 316 stainless steel
caps.35 SPMEbreswere placed in these storage tubes and stored
in a cooled insulated container during transportation back to the
laboratory and until analysis. All were analysed within 24 h of
collection except for one set of site samples (rst visit, site 25)
which were analysed 72 h later aer storage at 4 �C.
SPME GC-MS analysis

The GC-MS instrument parameters were based on published
guidelines for SPME GC-MS.36 Samples were analysed on an HP
5420 | Anal. Methods, 2013, 5, 5418–5424
6890 gas chromatograph with a HP 5973 mass spectrometer in
positive electron ionisationmodewith 70 eVelectron energy. The
columnwas a 30mHP-5MS 0.25mm internal diameter, 0.25 mm
5%-phenyl-methylpolysiloxane stationery phase with He as the
carrier gas at a linear velocity of 36 cm s�1. The GC oven
temperature program started at 40 �C held 2.5 min, increased at
40 �C min�1 to 300 �C and held 3 min. The transfer line to the
MSD was 300 �C. Mass spectra were acquired in scanmode from
38–300 amu. SPME bres were introduced manually through an
Agilent BTO septum at 250 �C in splitless mode using a 0.75 mm
internal diameter deactivated glass SPME liner (Supelco), with a
purge ow of 30 mL min�1 aer 1.5 min. Aer SPME bre
desorption in the GC inlet, the bre was le in the inlet during
the chromatographic separation to desorb all analytes on the
bre and prepare it for the next sampling. Peak integration and
identication was carried out using MSD Chemstation D01.02
and the NIST Mass Spectral Library (2008). Peak areas were
measured from extracted ion chromatograms for the main ion
fragment of underivatized methamphetamine (58 amu).
Sampling at former clandestine laboratories

Sampling was performed by E. J. McKenzie during visits to
former clandestine laboratories by Forensic and Industrial
Science Ltd. The study sampled from sites close to the Auckland
region. Sampling occurred between 12 August 2009–6 October
2010. Sites were limited to those where the property owner and
occupier consented to the study. Samples were collected from
21 suspected former clandestine methamphetamine laborato-
ries. Air sampling was carried out at 11 sites, however only 9
sites had sufficient wipe samples to enable data evaluation. Of
the 9 sites, one was a caravan and 8 were houses, 3 were in a
rural setting and 6 were urban. Owners and/or occupants of the
premises were informed of the purpose of the sampling, and
the project had approval from the Human Ethics Committee of
the University of Auckland. The dynamic sampler was operated
for 5–30 min at a ow rate of 1.00 L min�1, with the experi-
menter walking through the house with the sampler held at
chest level, in order to sample fromwhat might be the typical air
intake zone for human breathing. A limited number of static
SPME measurements were also performed, with the SPME bre
clamped about 30 cm above a given surface.

During the same sampling visit, 6–12 wipe samples were
collected using a protocol based on that reported by Abdullah.37

This involved surface wiping of areas 10 � 10 cm using a
disposable card template. Wiping media was a Sartorius
1388 110 mm diameter lter paper cut into four pieces
dampened with HPLC-grade methanol. The surface was wiped
four times in concentric squares from the outside to the centre
with the pieces of lter paper, both clockwise and anticlockwise,
and folding and placing them in a clean 20 mL glass scintilla-
tion vial. On return to the laboratories the wipe samples were
spiked with 0.1 mg d9-methamphetamine (ISOTEC 99%, Sigma
Aldrich) and stored at 4 �C. Samples were processed using the
method developed by Abdullah,37 which involved adding 4 mL
of 4% sodium hydroxide to the wipe sample, tamping down
rmly with a glass rod to submerge the sample, 5 min
This journal is ª The Royal Society of Chemistry 2013
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Fig. 3 (a) GC-MS total ion chromatogram from a PDMS SPME fibre exposed to
air at 1.00 L min�1 for 10 min the day after cleaning at a former clandestine
methamphetamine laboratory showing methamphetamine (8.36 min). (b) The
mass spectrum for the methamphetamine peak at 8.36 min.
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sonication, then a 20 or 40 mL glass syringe was used to squeeze
out the lter papers, collecting the solution in a culture tube,
and the process was repeated on the same lter paper and the
extracts collected together. Dichloromethane (3 mL) was added
to the sodium hydroxide extract, which was then vortexed for 3
min, centrifuged at 990 rpm for 5 min, then the bottom
dichloromethane layer was transferred to another culture tube.
This step was also repeated on the aqueous extract. The
dichloromethane extract was passed through a short column of
anhydrous sodium sulfate, evaporated down to �1 mL at 26 �C
Table 1 Details of sites at which dynamic air sampling and surface wipe sampling
organic compound readings given on a portable photoionization detector used by

Site Date of visit

Surface
methamphetamine
concentration
(mg/100 cm2) Test type

S
t

10 25 September 2009 40–653 1 Tedlar bag 1
1 Carboxen/PDMS
1 PDMS

27 October 2009 0.6–137 3 PDMS 1
4 November 2009 Not tested 2 + eld blank PDMS 1
5 November 2009 bd–150 3 + eld blank PDMS 1

13 30 September 2009 17–6093 3 + eld blank PDMS 1
5 November 2009 1–545 3 PDMS 1

16 20 January 2010 0.1–29 6 + eld blank PDMS 5
17 27 January 2010 0.02–2 3 PDMS 1
19 16 March 2010 0.9–1 6 PDMS 5
20 22 April 2010 0.1–14 5 + eld blank PDMS 1

23 1 June 2010 1–58 1 + eld blank PDMS 1
Polyethylene glycol
Carboxen-PDMS
2� DVB/Carboxen/PDMS

7 July 2010 bd–2 5 + eld blank PDMS 1

25 23 July 2010 0.5–41 3 PDMS 1

11 August 2010 bd–57 5 PDMS 1

26 16 August 2010 0.06–27 4 + eld blank PDMS 1

This journal is ª The Royal Society of Chemistry 2013
under nitrogen, then transferred to a GC vial and further
evaporated to <50 mL. Ethyl acetate (100 mL) and triuoroacetic
anhydride (50 mL) were added, then the vial was shaken and
incubated at 38 �C for 30 min. Following incubation, the sample
was evaporated to near-dryness under nitrogen, 1 mL ethyl
acetate was added, and the vial was shaken and ushed with
nitrogen, then capped with a PTFE lined cap prior to GC-MS
analysis. Samples were analysed on a Hewlett Packard 6890 gas
chromatograph coupled to a Hewlett Packard 5973 mass spec-
trometer. The analytical parameters for GC-MS analysis were
based on the method developed by Abdullah,37 with minor
changes. Methamphetamine surface concentrations were
calculated using the peak area of the most abundant ion frag-
ment for TFA-derivatised methamphetamine (154) and meth-
amphetamine-d9 (161). The response factor for
methamphetamine to methamphetamine-d9 was determined
from reference standards to be 1 : 1. Wipe sample results are
reported as mg free base methamphetamine/100 cm2.
Results and discussion

This project aimed to develop a sampler for airborne metham-
phetamine that could be used to supplement surface wipe
sampling and that could be used within the limited time
available for commercial testing of suspected or actual former
clandestine laboratories. Preliminary testing showed that SPME
sampling might suit these needs (Fig. 3 and S1, see ESI†). These
initial tests also showed that PDMS bres retained 3–4 times
for methamphetamine were performed. The TVOCPID values are the total volatile
the testing staff during each visit. bd: below the detection limit

ampling
ime

SPME methamphetamine
ion fragment 58 peak
area/105

TVOCPID (ppm, normal
house <50 ppb)

0 min 4.3 (PDMS only) 3–105

0 min 0.47–0.96 Not tested
0 min 5.2–22 Not tested
0 min 1.6–2.2 Not tested
0 min 3.2–6.6 100–678
0 min 4.5–5.7 8–28 (aer remediation)
, 10, 15 min Not detected 177–281
0 min Not detected 174–517
, 10, 15 min Not detected 4–22
0 min Not detected 200–270 (aer remediation

and freshly painted)
0 min Not detected 30–80 upstairs, 710–1200

downstairs

0 min Not detected 2–7 upstairs, 34–57 downstairs
(aer remediation)

5 min 3.1–4.2 0 (evidence of re, broken
windows, attached
garage without door)

5, 30 min 0.13–0.16 0 (broken windows, attached
garage without door)

5 min Not detected 0

Anal. Methods, 2013, 5, 5418–5424 | 5421
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Fig. 4 Diagram showing the surface wipe methamphetamine concentrations from nine suspected former clandestine laboratories. Airborne methamphetamine was
detected from sites 10, 13 and 25 using the dynamic SPME sampler combined with GC-MS.
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more methamphetamine when exposed in a controlled labora-
tory setting than did carboxen-PDMS bres, and no metham-
phetamine was detected on carboxen-PDMS bres in a former
clandestine laboratory whereas it could be detected using PDMS
bres (see entry 1, Table 1).

A drawback of passive SPME for short-term air sampling in a
dwelling is that the bre is exposed to a limited volume of air,
and sampling will be impacted by uncontrolled air currents.
Therefore, a dynamic SPME sampling device was constructed
that would cause a higher volume of air (1.00 L min�1) to pass
the bre and that would introduce the air at a sufficient velocity
that the response should not be affected by the air currents
within a closed dwelling.

The dynamic SPME sampler was constructed so that all
surfaces upstream and slightly downstream of the SPME bre
were inert materials, with the main structural material being Sil-
costeel, to reduce the potential formethamphetamine adsorption
which could lead to both low results and cross-contamination.
5422 | Anal. Methods, 2013, 5, 5418–5424
This construction alsomeant that the device was robust, which is
an important consideration for application in the eld. The air
pump was located downstream of the SPME bre with an in-line
general adsorption trap to protect it from contamination. In use,
the dynamic sampler could be switched on, and then the analyst
couldmove around the dwelling and, if desired, locate the inlet of
the sampler in regions of particular interest.

When the dynamic SPME eld sampler was initially con-
structed, all but two38,39 of the existing dynamic SPME
arrangements placed the SPME bres perpendicular to the
airow. The axial position of the SPME bre was selected to
promote laminar airow and to reduce the likelihood of the
bre exing at high air ows. This parallel arrangement has also
been used in two recent studies40,41 and the ow dynamics of
both perpendicular and parallel arrangements of SPME bres in
an airow have been investigated.42

Sampling of both airborne methamphetamine and surface
wipe sampling at nine suspected former clandestine
This journal is ª The Royal Society of Chemistry 2013
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methamphetamine laboratories showed a correlation between
the observed surface contamination and the ability to detect
airborne methamphetamine, with sites at which surface
contamination exceeded 40 mg/100 cm2 having measurable
airborne methamphetamine, Fig. 4 and Table 1. These obser-
vations lead to two corollaries: rst, that short-term (5–20 min)
dynamic SPME sampling as reported here was not sufficiently
sensitive to detect airborne methamphetamine contamination
when surface wipe concentrations are near the remediation
level (typically 0.1 to 1.5 mg/100 cm2), and second, that if
airborne methamphetamine is detected using short-term
dynamic SPME as described here it strongly suggests that there
is signicant methamphetamine contamination somewhere
within the dwelling. This latter point may mean that a repeated
visit for surface sampling is required if this contamination was
not detected in the initial surface wipe sampling.
Other compounds

The SPME chromatograms from the three sites that were found
to have detectable methamphetamine in air were inspected to
identify what other compounds were present. SPME eld blanks
were also analysed. Compounds were tentatively identied
using NIST08 and SWGDRUG mass spectral libraries. A total of
65 compounds were identied, however only methamphet-
amine, 1-phenyl-2-propanone and N-formylmethamphetamine
were clearly related to drug use or manufacture. The other
compounds identied derive from cleaning compounds,
insecticides, insect repellents, air fresheners, plant and food
volatiles, cosmetics, perfumes, fuels, textile surface treatments
and plastics.
Conclusion

A dynamic SPME sampler has been constructed that allows
detection of airborne methamphetamine at former clandestine
laboratory sites even when sampling times are restricted to 5–20
min. When combined with GC-MS analysis, the sampler has
given positive detection of airborne methamphetamine when
surface wipe samples showed concentrations of >40 mg/100 cm2.
The method requires less sampling time in the eld than
traditional exhaustive extraction methods, and no sample pro-
cessing or derivatisation is required. The method does not
require expensive state-of the art equipment and is suitable not
only for indoor air, but may be used in shipping containers,
ambient air, exhaled breath, storage facilities, and in vehicles. It
could also be used to aid detection of active clandestine labo-
ratories when limited time is available for sampling suspected
contaminated air.
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