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Abstract

Methamphetamine (meth) from meth syntheses otirdbineth smoking deposited on
household surfaces poses human health hazardsstat& Departments of Health require
decontamination of sites where meth was synthegineth labs) before they are sold. National
Institute for Occupational Safety and Health (NIQ®kethods for meth analysis require wipe
sampling, extraction, clean-up, solvent exchangaydtization, and/or mass spectral analysis
using selected ion monitoring. Rapid and inexpenaivalyses could screen for drug-
contamination within structures with greater sgagaolution, provide real-time analyses during
decontamination, and provide thorough documentatf@uccessful clean ups. Herein an
autosampler/open-air ion source/time-of-flight mgygectrometric technique is described that
required only direct sampling using cotton-swabengamples. Each wipe sample collection
required 2 min and data acquisition required 0@y er sample. Optimum collision induced
dissociation voltages, desorption gas temperatareswipe sample solvents were determined
for 11 drugs. Peaks were observed in analyte-ges for 0.025 pg/100 érof meth and seven
other drugs. This level is half the detection lighitNIOSH methods and one-fourth of the lowest
U.S. state decontamination limit for meth. Dynanaioges of 100 in concentration were
demonstrated for eight drugs, which is sufficietd screening technique. The volatilities of 11
drugs deposited on glass were determined. Theupiak the drugs by solvent-soaked cotton-
swab wipe samples from glass relative to acryliexgaint were also compared.

Introduction

In 2009 alone, 10,064 methamphetamine (meth) laildents were reported by the U.S.
Drug Enforcement Administratidfi. Meth syntheses that use the red phosphorus odesursy
ammonia methods produce meth vapor, aerosol, atididates that contaminate floors, walls,
ceilings, and objectd Meth contamination is found immediately and loftgrameth syntheses
at levels well above U.S. state clean-up standarti$hese standards can also be exceeded by
meth residues produced by habitual meth U8e@auze pad wipe samples analyzed by NIOSH
mass spectrometric meth&f8 have detection limits of 0.05 or 0.1 ug/100°cBased primarily
on NIOSH method detection limits, 15 U.S. stdfeékave set decontamination standards of 0.1-
0.5 pg /100 ch

To quantify meth retrievable from surfaces, the &/method$%® and LCMS
method¥ " require wipe sampling, extraction, clean-up, sohexchange, and/or mass spectral
analysis using selected ion monitoring. Derivitiaatis also required for the GC/MS methods.



The expense of these methods limits the thoroughwigs which meth labs can be screened for
drug-contamination. Biased sampling or judgmerdai@ing plans are recommended by the
U.S EPAM In either case, meticulous focus on a sampling j@aecessary due to the limited
number of samples collected. A simple, specifiosgeve, inexpensive, and high throughput,
screening technique with a meth detection limi®df 1g/100 crhor less would enable

collection of more wipe samples to screen for noetitamination before and after
decontamination.

The popularity of specific illegal drugs changegmtime, and new designer drugs can
become common. A new screening technique shoutdpable of identifying and detecting
numerous smoked or spilled illicit-drug residuessarfaces. Interpretation of mass spectra
obtained using an inexpensive and broadly appkcabieening technique based on analysis of
wipe samples could assure a perspective buyepaderty that gross contamination by
numerous illegal drugs, including those listed able 1, is absent. A simple kit could enable
wipe sample collection by people with no prior dislhmpling experience.

Our lab has performed direct analyses of wipe sasnjolr analytes on insoluble surfaces
using an open-air ion source coupled to a massrspeetert > Similar analyses of wipe
samples of smoke condensed on surfaces or spiileg dhould be possible. Nine drugs were
investigated that are used illicitly, including seal that are commonly smoked, along with
nicotine found in tobacco smoke and pseudoephedsinieh is used to produce
methamphetamine. Their chemical structures are shiokigure 1.

Factors important to wipe sample pick up of drugd the persistence of drug residues
are the impermeability and inertness of surfadesténdency of drugs to adhere to or penetrate a
surface, and the volatility of drugs. Several expents investigated these factors.

Experimental

InstrumentationA Direct Analysis in Real Time DARion source (lonSense, Saugus,
MA) interfaced to a JEOL AccuTGFLOO time-of-flight mass spectrometer (TOFMS) (JEOL
USA, Peabody, MA) acquired all mass spectra. A Vapvaculated flange was located between
the DART and the TOFMS.

DART/TOMS parameter$he following instrument settings were those res@mnded by
the manufacturer. The DART settings were: positngle; needle voltage, 3.5 kV; electrode 1
voltage, 150 V; and electrode 2 voltage, 250 V.



TOFMS settings included: ring lens, 10 V; orifice52V; cone temperature, 120;
peaks voltage, 600 V (to observe ions dowmtn60); bias, 28 V; focus voltage, -120 V;
reflectron voltage, 800 V; pusher voltage, 778 Mipg voltage, -778 V; suppression voltage,
0.20 V; flight tube voltage, -7000 V; and detectottage, 2300 V. The mass range acquired was
60-600 Da and the scan rate measured was 8/semudporifice 1 voltages were analyte
specific as discussed below.

lon abundance was maximized for a helium flow 6f[Zmin (nearly the maximum
available) and a setting of 15 for the throttlevedlocated along the vacuum line between the
Vapur flange and the membrane pump (lonSense, SaM). The high helium flow subjected
cotton-swab wipe samples to more heat at a givearhéemperature, and more gas was
directed into the ceramic tube leading into the Wdfange. The high-throughput autosampler
minimized helium consumption for large sets of ssvathe optimum helium temperature was
analyte-specific as discussed later.

AutosamplerAn autosampler fabricated from N-scale model oait flatcars (flatbed
wagons), track, and a transformer (£15 VDC powepsy); a small variable-speed DC motor;
several pulleys; and other readily available amxrensive componefts*® transported the
heads of cotton-swab wipe samples sequentiallytirahe open-air ionizing region of the
DART. To maximize simplicity and speed when scregrfor drugs, water-soaked swab heads
were not placed between analyte swabs to mitigaty over'™ which is a problem when high
levels of analyte are present. If carry over wesggaificant problem, then copious quantities of
the analyte would be present and decontaminatiandnme required. Effective removal of drugs
below or near the decontamination limit would ehate the carry over.

Field sample carrierA field sample carrier that contained the corenaet of the
autosampler, a 3-feet, ¥-inch square aluminum lithr ¥ holes along its length to support
cotton-swab heads, was used when collecting wipples from household surfacé8.The
head of each 6-inch swab was covered by an invérgdL, wide-mouth, glass vial held in
place by a linear cell assembly that encased thbdfare and after a wipe sample was taken.
After collecting a wipe sample, the swab stick wiggped off at the base of the cell assembly to
avoid acquiring multiple samples with the same seuadh to ready the swab for analysis. Before
analysis, the cell assembly and vials were quioktgoved and the support bar with wipe
samples was loaded onto the flat cars of the antplea.

Analytes Eleven standards containing 1 mg of one of thiediegys listed in Table 1 in 1
mL of methanol were purchased from Cerilliant (Rd&ock, TX). The standards were
refrigerated. Distilled water was used for serialttbns immediately prior to depositing analytes
on surfaces. One time-release, cold-remedy tab&egét, Minneapolis, MN) provided 120 mg



of pseudoephedrine for preliminary experimentsaddug pick up study from household
surfaces.

Paint. For some experiments two coats of Lowe’s (MoolesvNC) acrylic latex paint
(Extra Premium Valspar, interior flat) was applieith a paint brush to a mirror to simulate a
painted wall or ceiling.

Wipe sample solventdethanol (GR, EM Science, Gibbstown, NJ), 99%ispanol
(IPA), and distilled water were each tested as wg@ple solvents for picking up the 11 drugs
from a mirror. Only IPA and water were comparedgdimking up the drugs from acrylic latex
paint. Distilled water and IPA were purchased freupermarkets to minimize the cost of
analyses.

Laboratorysurfaces.A mirror provided an impermeable, smooth, insadylaind easily
cleaned surface. The mirror was wiped twice wititied water on paper towels between
experiments, which yielded non-detectable druglée\Because paint could not be removed
from drywall between experiments, two coats of kcigtex paint were brushed across the
mirror at least 2 hours apart to provide a paistadiace. The paint cured for at least 1 week, the
time specified on the label before the paint waldvive washing with a mild soap solution.
Each paint surface was sampled only once excephéorecovery experiments. A razor blade
was used to remove the paint from the mirror betwesgeriments.

Cotton swabswWhile small pieces of walls, ceilings, or flooimutd be chiseled free and
small pieces of furniture, drapes, or clothing doo# cut free for analysis, a non-destructive and
more reproducible sampling technique with solveraked cotton swabs was preferred, even
though detection limits might be higher. An ared®® cnf was wipe sampled to provide a more
representative sample than a chip or piece ofdatich would require alignment so that the
helium beam grazed the original surface. Samplial & large area would increase the
likelihood of finding small localized regions ofudy residues. Use of cotton swabs also provided
compact samples with similar shapes that enabteated, high-throughput, direct analy&éks.
Cotton swabs with 6-inch wooden sticks (REF 867-\W@jtan, Guilford, ME), which
contained no glue to affix the cotton to the stigkye used to acquire the wipe samples.

For laboratory experiments, solvent-soaked cotveatbs were used to acquire wipe
samples, air dried, and analyzed 0.75 to 3 hotes @ minimize volatilization of analyte from
the swabs before analysis. The household surfgoe samples were analyzed within 24 hr.

Analyte depositiorMartyny et af*! burned meth to provide deposition on surfaces
similar to that expected from smoking meth. Ouutwas the applicability of our analytical
system for detecting smoked drugs. More converdepbsitions consisted of ejecting 25, 50, or



100 pL of aqueous drug solutions from a 100-pLrgyeiwhile guiding the syringe back and

forth from top to bottom onto horizontal, 10 x 1®surfaces or by spraying 0.14 mL of an
agueous solution with a small bottle equipped withanually depressed spray nozzle. At least 1
hr and 3 hrs were allowed for the solutions toamglass and paint, respectively, before wipe
sampling.

Sampling techniquéAnalytes deposited within 10 cm-square areas daateby fishing
line on the mirror or painted mirror were wipe sad@apusing the head of a 6-inch-long cotton
swab that had been dipped for 5 sec into meth#dal,or water in a scintillation vial. To
measure an average solvent volume on swabs, 1Gsmek dipped into a 10-mL graduated
cylinder containing one of the solvents. The averagjumes were 0.17, 0.18, and 0.17 mL for
methanol, IPA, and water, respectively. The sohsmatked swab head was rolled right-to-left
and back until the entire 100 émvas sampled. The swab was rotated 90° and thirgoll
procedure was repeated to ensure a uniform disitvibof the analyte along the swab head and
around its circumference. This was important, sihegeading and trailing edges of the swab
are preferentially sampled as it passes througheham stream. For water, the cotton
compacted during sampling and no fibers stuck aumfthe swab head. After wipe sampling
with methanol or IPA, however, such fibers weredewit. The swab was rolled nearly parallel to
the surface sampled until all of the cotton was pacted and the entire swab head was aligned
with the stick. This practice pushed fibers stigkout from the swab back into the swab head
and minimized the effect on measured ion abundathetshe fibers and slight shape differences
of the swab heads might cause.

The solvent was allowed to dry in air to simplibnimolecule chemistry®*” to
simulate real-world wipe samples which would be lejore reaching the instrument, and to
avoid having different amounts of solvent presentie swabs during analysis, which would
consume heat from the helium stream to evaporatergarather than to desorb analyte and
lower sensitivity. Unless stated otherwise, trigleewipe samples were acquired for each level of
analyte from all surfaces.

Results and Discussion

Area calculations for paired chromatographic peakgeak is observed as the helium
stream grazes the leading edge and again wheazégthe trailing edge of the swab. When the
swab blocks the ceramic tube into the Vapur flatige signal sometimes approaches 0 as shown
in Figure 2. The signal for each swab is the sumateds for the pair of chromatographic peaks
arising from the swab. Figure 2a shows the aresggrations provided by the data system. The
region between the two peaks was used as the masdler the first peak and before the second
peak. Using this region to establish a baselinates the calculated peak areas, because an



artificially low chemical-noise baseline is obsetweghen background contaminants are not
continuously analyzed.

A simple integration procedure was written in theus 123 macro language to provide
the integrated areas shown in Figure 2b. The iamddnces versus time for the full scan data
acquisition were imported into an ancillary PC.d=point averages were calculated to smooth
the data. The baseline was taken as the minimumdamee within 30 scans prior to the first
peak maximum. All abundances above the minimum wdd®d until either: 1) the abundance at
least 20 scans after the second peak was lessianinimum or 2) the abundances at least 40
scans after the second peak were greater for tttehree scans than for the scan being
considered. This algorithm included carry overhia area when large amounts of analyte were
present.

Optimum conditions for 11 drug$able 1 provides the optimum conditions of codirsi
induced dissociation voltage (CIDV), temperature] aolvent determined for 2.5 pg of 11
individual drugs deposited on 10-cm squares ofriveor.

The CIDV was varied over a wide range to find theexomum analyte ion abundance for
each analyte. The voltage and precursor or pradadhat provided the greatest ion abundance
with minimal interference from interfering ions wetsosen to detect that analyte.

Higher CIDVs induce more fragmentation, while pudlimore ions into the TOFMS. The
precursor ion, [M+H], provided the greatest ion abundance for 10 dimgspseudoephedrine
lost a water molecule so easily that the maximummdance was found for tme/z148 product
ion [M+H-H,0]". Phencyclidine (PCP) easily fragmented at low CldVield ions am/z159
([C12H15]"; @ benzonium ion having lost the 5-membered rimga@ining an N atom) anu/z86
([CsH12N]"; the protonated N-containing ring), while herondanorphine required higher
CIDVs to provide their largest precursor ion aburass, since product ion formation was
minimal. The optimum CIDVs for the other eight dsugere between 40 and 50 V. The CID
voltages in Table 1 were -5V, 0V, and +5 V diéfet from the optimum values. The average
RSDs (n=3) for the CID voltage determinations wé%1The average -5V and +5 V paired
peak areas relative to the optimum CIDV were 80% &#o, respectively. Hence, broad
maxima were observed for optimizing the CIDV. Thaxima can be shifted by accumulated
material on the inner surface of the ceramic tulté®Vapur flange and on the entrance cone
into the mass spectrometer.

Helium temperature settings of 150 °C to 350 *Gaid °C increments were used to find
the optimum desorption temperatures. In generghdrrmass drugs yielded higher optimum
desorption temperatures than lower-mass drugsuBxx nicotine and PCP, the average paired
peak area obtained at 50 °C below the optimum temtype was 81% of the areas obtained for



the optimum value. The corresponding value fod albdrugs when data were acquired at 50 °C
above the optimum temperature was 84%. Generathgdomaxima were also observed for the
temperature setting.

The three solvents used to pick up drugs from tlieomwere methanol, IPA, and
distilled water. In all cases, IPA was the bestaol for picking up drugs from the glass surface.
The average relative paired peak areas for allrddsdusing methanol, IPA, and water were
43%, 100%, and 17%, respectively. The choice ofestlis more critical for optimizing drug
pick up from glass (and presumably other impernmeeabifaces) than off-optimum settings in
the CID voltage and temperature.

Observable peak limits from glagdhe detection limit provided by NIOSH methods
9101 and 9106 for methamphetamine is 0.05 pg/1G0Betause 12 U.S. states have the
minimum U.S. state decontamination target for nuéth.1 |1g/100 crh analyte peaks observed
for 0.025 png/100 chone-fourth of the lowest decontamination standard one-half of the
NIOSH detection limit, would provide adequate sevisy for a screening technique.

Distilled water for blanks and eight aqueous soh#ito provide 0.025, 0.05, 0.1, 0.25,
0.5, 1, 2.5, and 5 pg of the individual drugs, weaieh deposited on three 10 x 10-cm mirror
squares. An IPA-soaked swab was rolled across spadre after the water had evaporated. All
27 swabs for each drug were mounted on the sanposugar, and spectra for all swabs were
recorded during a single data acquisition. Figush@ws the ion chromatogram recorded for
meth.

A signal trace that provides observable peakseatiftontamination limit is required for
an acceptable screening technique. In Figure 4igmgrof ion traces for 10 drugs are shown. For
all three wipe samples the analyte level chosewdigplay for each drug provided
chromatographic peaks well above the baseline psarall peaks observed for the three blank
wipe samples. Visual inspection established that#ight of the leading or trailing edge peak
for each analyte swab was at least three timepahk-to-peak noise of the surrounding baseline.

Peaks were observed for 0.025 pg/108 oframphetamine, meth, pseudoephedrine,
ketamine, PCP, heroin, cocaine, and fentanyl. Momhetrahydrocannabinol (THC), and
nicotine (not shown) were observable at the 0.1.Q@yent level. These observable peak
thresholds are listed in Table 1. The appearantieeobn chromatograms suggests that for
several drugs, peaks would be observed if lowezl$ewere tested.

Based on the maximum ion abundances and appearhtieeion traces in Figure 4, the
sensitivity of the DART/TOFMS analysis decreaseading to the sequence:



ketamine > cocaine > amphetaminpseudoephedrirre meth= PCP > fentanyl > heroin
> THC > morphine.

All 11 drugs can be detected from a smooth impebheesurface at the lowest U.S. state
decontamination limit for meth of 0.1 pg/100%Ror any drug of interest, acquiring wipe
samples of a standard deposited at its decontaominanit onto clean glass with a hand-held
mechanical sprayer would provide an ion chromatogadocument adequate sensitivity and to
compare to those obtained for wipe samples froerimt surfaces. Product ion spectra acquired
at three CIDVs for the standard and suspected slagld also be compared to confirm the
identity of the drug.

Screening for multiple drug#. multiple drugs are present on a swab, ion abuands
will be observed from each one, because full seaascquired. Figure 5 was obtained for wipe
samples of 2.5 pg each of meth, cocaine, and TdMaps the three most commonly abused
drugs, and for a mixture of 2.5 pug of each drughE@drug was readily detected in the presence
of the others.

Mass interferencesmportant for lowering the observable peak limas fiwo drugs was
the ability to distinguish the analyte ion frombsoic mass interferences. Figure 6 shows the
analyte ion and interferences for nicotine and THIK® resolving powers measured from the
mass peaks at half height were 4600 and 5400 ¢otine and THC, respectively. The best
signal-to-interference ratio was obtainedrdzratios corresponding to the vertical lines in
Figure 6.

Based on its exact mass, théz 163 interference for nicotine was due to a compoun
with the composition, gH100s, most likely a sugar unit from the cellulose of totton swabs.
The level of the interference varied greatly amewgb blanks. Then/z315 interference for
THC was present at a level that was nearly conslianimg each data acquisition.

Partial dynamic rangedrigure 7 displays log-log plots of the averagequhi
chromatographic peak areas for each set of thrabswersus the pg of analyte on the mirror
squares for all drugs tested except nicotine. Tois lustrate a dynamic range of at least 100
for eight drugs. A wider dynamic range is likely foany of the drugs, but for screening of
levels near a remediation limit, these dynamic ezngre adequate. The average % RSD (n=3)
for the plotted points was 24%.

Volatility of drugs from glasdlow long drug residues posing health risks remain
impermeable surfaces will depend on the amounailyitpresent and the volatility of the drug.
Abdullah and Miskellﬂ}sl studied the loss of meth by volatilization fronrieas impermeable
surfaces in both free base and hydrochloride fanisfound the volatilities were similar. In this



study, the losses of the 11 drugs from glass afteeek were determined. Wipe samples were
acquired on the same day for 2.5 pg of each dratghidd been deposited on six mirror squares,
1 hr and 1 week earlier. A single data acquisitecorded the data for all 12 swabs. Major
differences in the remaining amount of drug werenfibas listed in Table 2. The volatility of the
drugs increased in the sequence:

Heroin < cocaine < ketamine < pseudoephedtineotine < fentanyl<
morhinesamphetamine<meth<PEPHC.

These results suggest that many drugs on impermesalfaces will volatilize and condense
elsewhere or be transported outside if windowsaen for long periods, but drugs that
condensed on permeable surfaces could stronglyatihéhe surfaces or be absorbed into the
bulk material and remain indefinitely. Meth labatthad been shut down for months were found
to have high levels of meth on many surfaces dniwitateriald®’ The average % RSDs (n=6)
for the wipe samples of the 11 drugs depositeddntrl week earlier were 22% and 26%,
respectively.

Pick up and drug retention by paimick up of drugs provides a measure of risk
exposure. If a drug is not easily removed fromrdese or bulk material, it may pose a minimal
risk when touched, relative to the amount of dregspnt. Painted surfaces, which might not be
impermeable and inert, often comprise most of thitase area within meth labd§a drug
adhered strongly to paint, IPA would be expectepli¢t up more drug than water, because IPA
picked up more drug from glass. However, if mosa afug absorbed into the paint and the paint
was soluble or formed a suspension in water teatgr extent than in organic solvents, pick up
by water would improve relative to IPA for the drdige to collection of a layer of paint. Meth
has been shown to absorb into paint by Gaynot, &t a

To compare paint removal using three solvents, mpsstra were examined for blank
wipe samples from week-old paint. Low levelsw®90 (GH12NO") and 104 (gH1sNO") ions
from paint additives, most likely 2-(dimethylamiethanol and/or 2-amino-2-methyl-1-
propandf® and1-(dimethylamino)propan-2-&1% were evident. The relative abundances for the
m/z104 ion were 40%, 45%, and 100% for methanol--JRAd water-soaked swabs,
respectively. When, after sampling, a still wettevesoaked cotton swab was rolled across clean
glass, a film of paint appeared on the glass. Thbservations confirm a layer of week-old paint
is picked up by the cotton swabs, especially whatewis the solvent.

Three IPA-soaked swab, wipe samples were colldoted glass, and three IPA-and
water-soaked wipe samples were each collected fraraek old acrylic latex paint onto which
10 pg of each of the 11 drugs had been depositét.tis data, drug pick up from glass using
IPA was compared with pick up from week-old paising both IPA and water and between
IPA- and water-soaked swabs from the paint. Théyta&on trace for the nine swabs was



collected during a single data acquisition. TheXAlRvater from paint” column in Table 2 lists
the % relative pick ups for the two solvents froaimnp. These relative pick ups indicated that
absorption for nine drugs decreased in the sequ@&@ie > fentany heroin > ketamine
pseudoephedrirre meth~ cocaine >> nicotine > amphetamine. Repeating xpergment with
50 pg of morphine or THC still did not provide psak the analyte-ion traces for the paint.

For meth on glass from Table 1, water picked up 48%nuch meth as IPA. For meth on
week-old paint from Table 2, IPA picked up 50% asmmeth as water. The superior ability of
water to strip the paint provided a 5-fold enhaneetin pick up for water relative to IPA
between sampling glass and paint.

Using the same data, the average signal fromalerst that provided the greater pick up
for paint was compared to that obtained for IPAevsamples from glass in the “Glass/Paint”
column in Table 2. The pick ups of the drugs freampwere more than an order of magnitude
less than from glass. For week-old paint, adsonpdiod/or absorption were important for all 11
drugs, and the drugs were less available for pickysolvent-soaked swabs. The order of drug
availability for paint relative to glass decreagethe order: PCP~Ketamine~amphetamine~
meth~nicotine<pseudoephedrine~fentanyl<cocainesenworphine~THC.

Drug recoveries from surfacelot all of the drug within the 100-crarea sampled is
picked up. To obtain a measure of what fractionai@sibehind, wipe samples were taken
repeatedly from the same glass and painted squares.

For glass, absorption was not an issue. Three ssigestriplicate samplings with water
of 2.5 pg of meth from the same three glass squuosded relative summed peak areas of
100%, 12%, and 2%. For IPA, four successive trgtécsamplings of 2.5 pg of meth from glass
provided relative summed peak areas of 100%, 69%, 4nd 21%. One might conclude that
the recovery using water was greater than thaffAr because it appears that less meth was left
behind for successive samplings using water.

Yet, from Table 1, the first samplings using waissvided only 40% as much signal as
the first samplings using IPA. In addition, samglthree mirror squares with 10 pug of meth
using water-soaked swabs and then the same thuaeesqwith IPA-soaked swabs provided 55%
as much signal for the first-collected, water-sabg&eabs as for the IPA-soaked swabs. Much
less meth is picked up by water-soaked swabs, edlydor repeated samplings.

The meth in a drop of solution might be much maantsufficient to occupy the
adsorptive sites under the drop, and the bulk@htieth could be more available for pick up.
After the meth left behind has been redistributgdhe wet swab throughout the 100°awhile
collecting the first wipe sample, most of the metlild occupy adsorptive sites and become



more difficult to pick up. IPA was the better satvdor picking up meth adsorbed on the glass,
and a greater fraction of the adsorbed meth wa®gdiap in successive wipe samplings.

The amount of meth picked up by the last thredeffbur wipe samples was 1.3 times
that picked up by the first wipe sample. Hence fitts¢ IPA-soaked swabs recovered less than
half of the meth from glass.

For paint, adsorption was an issue. The reductiaignal for successive samplings for
both IPA and water from the paint were less tharéductions from glass. For water-soaked
swabs, successive samplings provided relative bom@ances of 100%, 51%, 32%, and 29%.
These results also indicate absorption occurredtaatdoaint is removed by the swabs, even
though less pressure is applied by rolling swaba thy rubbing with cotton gauze pad¥ or
filter paper*®

Paint variation.The composition, thickness, and age of the paidtaaralyte deposition
method could all influence the amount of meth tveodrugs that absorb into the paint and the
amount that is picked up by solvent-soaked swalbsle® low pick ups using IPA and water to
wipe sample for pseudoephedrine were obtained &¢mar old paint from a different vendor
that was applied with a roller within a home, anz90 and 104 ions were not observed. Either
the older paint never contained the additives ey thad out-gassed over time. Water might not
always provide an advantage over IPA for pseudadpies meth, or other drugs, because real-
world painted surfaces are likely to be much ottian 1 week.

Using methanol-soaked, 12-ply, 3-inch square, cogauze pads, CHfhobtained
recoveries for 0.6 pg of meth deposited on flahpsirfaces of 51% and 74% for meth applied
as a solution by a syringe (wet deposition) andvieth dried on a Teflon sheet that was then
rubbed onto the paint surface (dry depositionjpeesvely. The lower recovery for wet
deposition supports the hypothesis that meth mas#yanfiltrates the paint from solutions.
Deposition of combustion products that include wateuld likely provide a recovery within
this range using his cotton-gauze square, wipe-Bagigchnique. Recoveries from latex paint
for wipe samples acquired by rolling IPA-soaked@otswab heads across the paint were lower.
Presumably, rubbing dissolves and collects moexIpaint containing the meth than rolling
with pressure insufficient to break the 6-inch-lamgoden stick.

Pick up of pseudoephedrine from household surfdgkess and paint are only two of the
many surfaces found in structures. In Figure 8spldyed a chromatogram for th€z148 ion
from pseudoephedrine collected from seven househwfdces. Triplicate wipe samples using
IPA-soaked swabs were collected within a 10-cm sgteamplate from a glass table, floor tile, a
kitchen table with a vinyl veneer surface, a vdrad Philippine mahogany door, 9-year old latex
paint applied with a roller, a cloth quilt, and med pile nylon carpet. Ten pg of



pseudoephedrine had been sprayed onto each 10uaresgith a small manual sprayer, which
delivered 0.14 mL within a 3-cm circle, when theznle was positioned about 5 cm above the
surface by a fixture. Considerably more pseudoejiedvas picked up from the impermeable
surfaces. The thick cloth quilt absorbed both thelye solution and the IPA from the swab, so
that very little analyte was recovered. The nylog was less absorbent, and more analyte was
picked up. The latex paint also retained the arabmd little was retrieved by the IPA-soaked
swab. Using water as the solvent in an earlier exy@at made little difference in analyte
recovery from the household paint. The low leveltfe wipe sample from the first 100-tm
area of the door may be due to wearing away ofttimevarnish coating. The door was
positioned horizontally, having served as a deslabout 20 years, and items were dragged
across one section most often. The soft wood thatexposed absorbed more analyte than the
varnish.

Fast, low cost, and green analys&he method described herein requires no sample
extraction, sample clean-up, solvent exchangeenvatization, which can require 2-3 hours for
mixing steps alone for a modified version of NIOBidthod 9106° Batch processes probably
reduce the time per sample before a 25 min GC pmgequired for each final extract is run to
acquire mass spectfalUp to 57 mL of various solvents and solutionstdahg methylene
chloride were used for each samPldzor NIOSH method 9111, sample extraction requa@d
mL of 0.2 N sulfuric acid, mixing for 30 min, antéan up using an ion chromatrography
column prior to injection onto an LC column. The pgram required 25 mifl.

The time axis in Figure 3 illustrates that 27 wgaenples were analyzed in about 6 min
(13 sec/swab) with a single gap between swabsmhiriplicate set and with two gaps to
separate the sets to allow the user (and Lotusaphtxeasily correlate leading and trailing edge
peaks with individual swabs and swabs with wipe@am The time required to collect a wipe
sample was 2 min, perhaps twice the time requexbliect a cotton gauze or filter paper wipe
sample. Each 6-inch cotton swab cost about 3 cAdtitional costs were power, nitrogen, and
helium. About 0.2 mL of solvent was required to wath swab before collecting a sample from
a dry surface. No solvent waste was generated.djeach analysis was faster, cheaper, and
greener than conventional GC/MS or LC/MS analyses.

Conclusion

A single-stage, time-of-flight mass spectrometghwmodest resolving power provided
adequate specificity to resolve analyte ion prefftem mass interferences for 11 drugs. This
capability was most useful for tme/z315 ion from THC and the/z163 ion from nicotine.

The minimum U.S. state decontamination level spegtiby each of 12 U.S. states is 0.1
11g/100 crf. Sensitivity was adequate for detecting 0.025 P@#int, one-fourth of this level,



for meth, amphetamine, pseudoephedrine, ketam(@@, Reroin, cocaine, and fentanyl for each
wipe sample acquired in triplicate. For morphinklCT and, nicotine, 0.1 pg/100 émas
detected.

An average % RSD of 24% (n=3) was obtained fortdiglels of 10 drugs.

The use of cotton-swab wipe samples, field samgiger, and autosampler minimized
the time per analysis, greatly increasing the thhpuit of the technique. Devising complex
sampling strategies to mitigate the disadvantageqtiiring few samples due to analysis costs
would no longer be necessary. Inexpensive and sag&kning for drug residues in clandestine
drug labs or building interiors prior to propertgrisactions would reveal which rooms, if any,
required remediation. The sensitivity, speed, aedipion of this screening technique are
adequate for real-time monitoring of decontamirmatad thorough documentation of successful
clean ups.

Direct analysis of solvent-soaked, cotton-swabevdamples required only 0.2 mL per
sample and generated none of the waste associdtedample extraction, clean-up,
derivatization, and/or chromatography required tmyventional mass spectrometric methods.
IPA provided the best solvent for impermeable ste$awhile water picked up more of seven
drugs from week-old paint. Overall, IPA was thetlsgvent. Ultra-pure solvents are not
required, and both IPA and distilled water couldobechased from a supermarket in the field.

Nine illicitly used drugs and two legal drugs wemmnsidered in this study. This
technique could also be applied to detect otheksohdrugs from surfaces and spilled drugs
from carpeted floors, especially drugs with stroesuthat contain a non-aromatic N atom.
Numerous wipe samples of surfaces and carpets teutdllected and analyzed prior to
property transactions to screen for many drugs.
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Tablel

Optimum Valuesfor Three Variablesand Observable Peak Limitsfor 11 Drugs

OPL

Analyte lon CIDV (¥) Temperature (°C) Pick Up Solvent (ug/

Analyte m/z [M+H] (% RCPA} _Setting (% RCPA) (% RCPA} (100 crn)
Amphetamine 136.1121 50 (81,16),9200 (89,100,64) IPA (72,100,31) 0.025

Pseudoephedrine HCl  148.1§270 (81,100,94) 200 (69,100,84) IPA (46,1@) 0.025
Methamphetamine 150.1277 45 (82,100,870 (80,100,91) IPA (41,100,40) 0.025

Nicotine 163.1230 45 (67,100,83) O {500,84,54) IPA (22,100,15) 0.1
Ketamine HCI 238.0993 45 (91,78), 200 (87,100,98) IPA (43,100,18) 0/025
PCP 244.2060 30 (88,100,83D0 @,100,63)  IPA (44,100,16) 0.625
Morphine 286.1438 80 (74,100,8800 (58,100,70) IPA (11,100,3) 0.1
Cocaine 304.1543 45 (93,100,9850 (92,100,91) IPA (62,100,20) 0.b25
THC 315.2318 40 (69,100,81)50 285,100,100) IPA (73,100,1) 0.1
Fentanyl 337.2274 50 (78,100,88F0 (71,100,78) IPA (32,100,15) 0.025
Heroin 370.1649 80 (73,100,8@50 (100,100,98) IPA (28,100,17) 0.625

aThe voltage applied to the cone orifice leadinig the mass spectrometer (collision induced disgioei voltage).
®The numbers in parentheses are the average (N¥8)edive chromatographic peak areas (% RCPAs) coedpa
to that obtained for the optimum CID voltage (1Q0%ive V increments in the CID voltage below and
above the optimum correspond to the lesser % RCPA
“The helium stream temperature was set betweenrib@%0 °C in 50 °C increments for each analyte.
The numbers in parentheses are the % RCPAs condisygoto temperatures different from the optimum by
-50, 0, and +50 °C, except for nicotine for whi&0XC was the optimum temperature.
“The testing order for the solvents was MeOH, |P#] water. The numbers in parentheses are thespomeing
% RCPAs.
*Observable Peak Limit
Lowest level tested.
9A product ion, [M+H-HO]", was the quantitation ion for pseudoephedrine.



Table?2

Volatility from Glass, Relative Recoveries of |PA and
Water from Paint, and Pick up Ratios from Glass vs Paint

% After IPA, water
1 week from paint
Analyte from glass (%) Glass/Paint
Amphetamine 7 100,12 14
Pseudoephedrine HCI 19 48,100 55
Methamphetamine HCI 4 50,100 17
Nicotine 19 100,45 20
Ketamine HCI 27 46,100 12
PCP 2 34,100 11
Morphine 8 n.d.x —
Cocaine 69 52,100 111
THC 1 n.d. —
Fentanyl 10 38,100 61
Heroin 91 41,100 655
* not detected from paint
H ?H H
N‘CH:, NH, Nech,
CH, CH, CH,
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Figure 1. Structures and monoisotopic massesre ni
illicitly smoked drugs, nicotine, and pseudoepimezir
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Figure 2. (a) Areas calculated by the data
system for the chromatographic peaks from three
swabs and (b) the area calculation provided by

the Lotus 123 macro.

hazs Chrom[1];150.11840..150.123580; FESK J MethDLd
Irtensity (461267
404, , Slu
¢ X4 * 25 g g
. 0.1
8 Methamphetamine He
£ 30 1ug
=
S
% 0] 0.05 ug
0.025

= | Blank Hg 0.5ug

0 0s 1.0 15 20 25 30 35 40 45 50 55 6.0
Time {min)

Figure 3. M/z 150 ion chromatogram for triplicateA-soaked wipe samples for no meth
and eight levels of meth deposited on 10 x 10-amonsquares.
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