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Abstract 

The effectiveness of commonly used surface testing and decontamination methods was 

investigated for 20 suspected former clandestine methamphetamine laboratories in 

New Zealand.  Methamphetamine surface contamination was collected via wipe sampling and 

measured quantitatively with GC-MS using an isotopically labelled methamphetamine 

internal standard.  Methamphetamine surface wipe concentrations (n = 137) ranged from 

below detection limits (0.005 µg/100 cm
2
) up to 6100 µg/100 cm

2
.  The median concentration 

was 2 µg/100 cm
2
 and 95 % of concentrations lay between detection limits and 

500 µg/100 cm
2
.  Results showed that some testing methods in use in New Zealand in 2008 -

 2010 were unreliable, and that some decontamination methods used at that time were 

ineffective.  All but three of the sites tested had surface concentrations exceeding the 

New Zealand Ministry of Health surface clean-up guideline of 0.5 µg/100 cm
2
.  Only glass 

and very smooth impervious surfaces were effectively cleaned.  Building materials that were 

analysed for methamphetamine (n = 15) had concentrations ranging from below detection 

limits up to 5,200 µg/g methamphetamine.  Pseudoephedrine was the second most common 

contaminant found.  The ratio between pseudoephedrine and methamphetamine was strongly 

correlated with the suspected site of manufacture.  There were 39 compounds found to be 

associated with methamphetamine manufacture, of these 11 were associated only with drug 

synthesis, and 14 were associated with methamphetamine precursor activities.  Six 

compounds were found that could originate from either methamphetamine smoking or 

methamphetamine manufacture, and five compounds were found that could originate as 

analytical artifacts or from methamphetamine manufacture.  The compound 1,2-dimethyl-3-

phenylaziridine was detected at several sites, and may be a more useful manufacture indicator 

compound than methamphetamine.  A novel method for sampling and quantitation of airborne 

methamphetamine at µg/m
3
 concentrations was developed using dynamic SPME GC-MS and 

isotopically labelled methamphetamine.  Air was sampled for airborne methamphetamine and 

other semivolatile organic compounds at 11 suspected former clandestine methamphetamine 

laboratories using SPME GC-MS, and methamphetamine was detected in the air at three 

former clandestine methamphetamine laboratories.  There was a positive correlation between 

the detection of airborne methamphetamine and high methamphetamine surface 

concentrations.   
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1. Introduction 

1.1 Clandestine methamphetamine laboratories 

The New Zealand Police have identified over 1,700 clandestine amphetamine-type stimulant 

(ATS) laboratories in New Zealand between 1999 – 2011 (Helen Pickmere, NZ Police 

National Drug Intelligence Bureau, pers. comm.).  Worldwide, 137,285 clandestine ATS 

laboratories were identified between 1999-2009, of which 96% were clandestine 

methamphetamine laboratories.
1
  In New Zealand, methamphetamine is often manufactured 

on a small scale in houses, apartments, garages, outbuildings, caravans and motels.  The 

practice of using domestic residences can result in other persons being exposed to chemicals 

used or produced in the manufacture of methamphetamine. 

The methods that can be used to manufacture methamphetamine are diverse, with most using 

reductive amination.
2
  Metallic reductants were commonly documented in the USA in the 

1970’s – 1980’s, with just two methods using non-metal reductions.
2
  Non-metal reductions 

involving iodine or hydroiodic acid and red phosphorus, or phosphorous acid 

or hypophosphorous acid
3
 became popular in the early 1990’s

4
 and are the most commonly 

used method for methamphetamine manufacture in New Zealand, with rare occurences of 

other methods such as the anhydrous ammonia method (also known as the “Birch” or “Nazi” 

method).
5
  Different precursors can be used to manufacture methamphetamine, with 

phenylacetone being widely used in the U.S.,
2
 while pseudoephedrine from pharmaceutical 

preparations is currently the most popular starting material for clandestine methamphetamine 

production in New Zealand.   

There are several variations of the reduction of ephedrine or pseudoephedrine via hydrogen 

iodide used in New Zealand, these include the combination of hydriodic acid and red 

phosphorus, or iodine, water and red phosphorus, or iodine, water and hypophosphorous or 

phosphorous acid.
5
  The mechanism of the reaction is shown in Figure 1.1, as described by 

Skinner.
4
  Briefly, pseudoephedrine and hydrogen iodine react to form an intermediate, 

iodomethamphetamine, which is reduced to methamphetamine.  
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pseudoephedrine iodo-methamphetamine methamphetamine  

Figure 1.1: Reduction of pseudoephedrine to methamphetamine via hydrogen iodide.
4
 

Contaminants may be released at different stages of methamphetamine manufacture, either 

directly via explosion, boil-over, spills or spatter, or indirectly via aerosolisation or 

volatilisation.  The first stage of manufacture involves extraction of precursor and while it is 

likely that spills or aerosolisation might occur during this step, there is no information in the 

open literature as to whether this step produces airborne emissions.  Methamphetamine 

synthesis (referred to as the ‘cook’) may release little or no contamination, depending on 

whether the method uses a condenser or not, or is in a pressurised or open reaction vessel.
6, 7

  

Methamphetamine, iodine, phosphine, the side product 1,2-dimethyl-3-aziridine and the 

byproducts 1-phenyl-2-propanone, 1,3-dimethyl-2-phenylnaphthalene and 1-benzyl-3-

methylnaphthalene have been reported as aerosolised or volatilised contaminants arising 

during synthesis.
7
  The origin of the side products and byproducts was described by Skinner 

and is shown in Figure 1.2.
4
  Extraction and crystallisation (‘salting out’) of the reaction 

mixture, commonly with hydrogen chloride, has been reported to volatilise 

methamphetamine, iodine and hydrochloric acid.
7, 8

  A detailed explanation of the process is 

not included in this thesis due to legal restrictions in New Zealand on the dissemination of 

material deemed objectionable under the Films, Videos, and Publications Classification Act 

1993.
9
   

Suspected clandestine laboratories may be identified by Police, or the owner or new 

occupants of a dwelling may identify factors such as unusual behaviour of previous 

occupants, ‘chemical’ odours, or stains within the dwelling.  Previous studies of scientists, 

law enforcement personnel, methamphetamine ‘cooks’, and other people inhabiting 

clandestine methamphetamine laboratories have also reported adverse health effects, 

including headache, dizziness, nausea, abdominal pain, breathing difficulty, cough, chest pain, 

eye irritation, nasal irritation, and sore throat.
10-12

  When a clandestine laboratory is identified 

by NZ Police, hazardous chemicals are screened and removed from clandestine 
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methamphetamine laboratories by scientists from the Institute for Environmental Science and 

Research Ltd (ESR).
13

   

ephedrine / pseudoephedrine iodo-methamphetamine methamphetamine

1,2-dimethyl-3-phenyl-aziridine

1-phenyl-2-propanone

1,3-dimethyl-2-phenylnaphthalene1-benzyl-3-methylnaphthalene

 

Figure 1.2: The side-products 1,2-dimethyl-3-phenylaziridine and byproducts 1-phenyl-2-propanone, 1-benzyl-3-
methylnaphthalene and 1,3-dimethyl-2-phenylnaphthalene.  Figure redrawn from Skinner.

4
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Most clandestine methamphetamine laboratories are not active at the time a warrant is 

executed.  If there is no obvious evidence remaining, it becomes necessary to establish 

whether the dwelling was in fact used for methamphetamine manufacture.  The current 

practice for assessment of contamination is the collection of surface wipes throughout the 

structure.  The concentration of methamphetamine from surface wipes is used to determine 

whether methamphetamine manufacture has occurred in that structure, and is used as an 

indicator of methamphetamine contamination and other contaminants associated with 

methamphetamine manufacture.
14

  Compounds other than methamphetamine are not typically 

identified or quantified.  However, recent laboratory experiments simulating 

methamphetamine smoking
15

 have produced methamphetamine surface concentrations 

comparable to those associated with manufacture, raising doubts that methamphetamine 

concentration alone is a reliable indicator of manufacture.   

The surface wipe method also has some limitations.  Not all surfaces are able to be sampled, 

and thus there is always a chance that areas of contamination may be missed.  Porous or rough 

surfaces may give poor recoveries for surface methamphetamine and thus have their actual 

contamination underestimated.  Some jurisdictions are aware of this phenomenon and 

routinely advise complete removal of all soft furnishings and porous materials.
16

 

The minimum decontamination levels of surface methamphetamine varies throughout the 

world; some are based on exposure risk assessments,
17

 while others are set at the current 

detection limits.
18

  Methamphetamine is known to be stable and persistent under ambient 

conditions in wastewater,
19-26

 and in soil,
27

 and one study has documented long-term 

(> 3 years) persistence of methamphetamine in a building.
28

  Methamphetamine persistence 

inside buildings raises the possibility that it may act as a source to spread methamphetamine 

contamination throughout the building, especially if activities disturb methamphetamine-

contaminated surfaces.
8
 

1.2 Testing of suspected clandestine laboratories 

In New Zealand, after ESR personnel arrange removal of immediate chemical hazards, Police 

notify the local territorial authority who, in turn, contacts the property owner or their agent.  

The local authorities advise the owner that they need to have the dwelling tested for 

contamination and may also issue a Cleansing Order under Section 41 of the Health Act.
29

  

The property is then tested for contamination, and if decontamination is required, 

decontaminated and re-tested. 
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At the time this research study commenced, the testing methods employed by the few private 

companies testing suspected clandestine methamphetamine laboratories comprised visual 

inspection, colorimetric tests, surface pH tests, odour, and total volatile organic compounds 

(TVOC) by photoionisation detection (PID).  Although they are convenient and economical, 

all of these methods are susceptible to false negative results.  Dark surfaces are not amenable 

to visual inspection.  The detection limits for the colorimetric drug indicator tests are 

~ 10 - 20 μg/100 cm
2
, far higher than any of the U.S. surface clean-up limits (Table 1.1).  

Whilst sensitive immunoassay methods were developed and commercialised at the time of the 

study, they were not used routinely by the private testing companies because of their high 

cost.  When they were used, only one or two surface wipes were collected, which was 

insufficient to be representative of surface contamination inside a structure.   

While humans can be very sensitive to certain odours, there is considerable variation between 

individuals in their ability to detect and identify odours.  Ethnicity, gender, age, medications, 

drug habits and diseases can affect the sensitivity to compounds.  Environmental effects such 

as humidity and wind movement can affect olfactory performance.  The human olfactory 

system is selectively sensitive to some odours and not others.
30

  While mixtures of chemicals 

can be detected by human olfaction, some chemical combinations may inhibit or enhance 

odour perception.
31

  Photoionisation detectors are commonly used for measuring total volatile 

organic compounds.  In addition to a wide range of volatile organic compounds they can also 

detect iodine down to 0.1 ppb
32

, after 30 s of air collection (≈ 250 mL air).  However, PID are 

not sensitive to methamphetamine and they do not respond well to many halogenated organic 

compounds,
33

 which are likely to be compounds of interest in former clandestine 

methamphetamine laboratories.  Another disadvantage of photoionisation detectors is that 

they are not able to discriminate between different volatile compounds.  Personal experience 

with Forensic & Industrial Science Ltd using PID to test clandestine methamphetamine 

laboratories in geothermally active areas or adjacent to paint-spraying facilities showed such 

environments interfered with PID testing.  This can make post-remediation volatile testing 

with a PID unreliable, as volatiles from paint and carpet resin can mask original contaminants.   
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Table 1.1: International clean-up limits for surface-recoverable methamphetamine 

Jurisdiction Agency Date Title Document Methamphetamine 
surface limit 

New Zealand Ministry of Health 2010 Guidelines for the Remediation of Clandestine 
Methamphetamine Laboratory Sites 

Guidelines 0.5 µg/100 cm
2
 

Australia Australian Government 2011 Clandestine Drug Laboratory Remediation Guidelines Guidelines 0.5 µg/100 cm
2
 

Canada National Collaborating Centre for 
Environmental Health 

2012 Clandestine amphetamine-derived drug laboratories: 
remediation guidelines for residential settings 

Guidelines Not specified 

United States Environmental Protection Agency 2009 Voluntary Guidelines for Methamphetamine Laboratory Cleanup Guidelines Not specified 

United States - 
Alaska 

Alaska Department of Environmental 
Conservation 

2007 Guidance and Standards for Cleanup of Illegal Drug-
Manufacturing Sites 

Guidelines and 
standards + regulations 

0.1 µg/100 cm
2
 

United States - 
Arizona 

Arizona State Board of Technical 
Registration 

2004 R4-30-305: Drug Laboratory Site Remediation Best Standards 
and Practices 

Statute + regulations 0.1 µg/100 cm
2
 

United States – 
California 

Office of Environmental Health Hazard 
Assessment and Department of Toxic 
Substances Control 

2005 Methamphetamine Contaminated Property Cleanup Act Act 1.5 µg/100 cm
2
 

United States - 
Colorado 

Colorado Department of Public Health 
and Environment 

2007 Cleanup of Clandestine Methamphetamine Labs Guidance 
Document (2007) 
6 CCR 1014-3: Regulations pertaining to the cleanup of 
methamphetamine laboratories (2005) 

Guidelines + statute 
and regulations 

0.5 µg/100 cm
2
 

United States - 
Minnesota 

Minnesota Department of Health, and 
Minnesota Pollution Control Agency 

2010 Clandestine Drug Lab General Cleanup Guidance Guidelines 1 µg/ft
2
 

United States – 
Washington State 

Department of Health 2005 Guidelines for Environmental Sampling at Illegal Drug 
Manufacturing Sites 
246-205: Decontamination of Illegal Drug Manufacturing or 
Storage Sites 

Guidelines + Act 0.1 µg/100 cm
2
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1.3 Decontamination of clandestine laboratories 

After testing of a suspected clandestine methamphetamine laboratory site, the following 

measures were commonly recommended by Forensic & Industrial Science Ltd (originally 

based on U.S. guidelines): 

 Ventilation of the dwelling. 

 Removal of visible residues, drug manufacturing equipment or paraphernalia, 

chemicals or chemical waste, soft furnishings and visibly contaminated items. 

 Cleaning of surfaces inside the structure including flushing of the plumbing system 

and removal of soil, if required. 

 Sealing of surfaces with paint or varnish. 

Figure 1.3 shows a typical sequence of decontamination prior to the advent of quantitative 

surface methamphetamine methods.  Because the indicator tests available at the time were 

non-quantitative, decontamination was often an iterative process. 

 

Figure 1.3: Overview of decontamination process 
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Research on the effectiveness of decontamination is dominated by experimental studies,
34-44

 

with just one study (Patrick et al.) testing actual former clandestine laboratory sites before and 

after decontamination.
45

  The Patrick et al. study showed that the majority of wipe samples 

from three ‘decontaminated’ dwellings in the USA exceeded the 0.1 μg/100 cm
2
 cleanup 

limit.  Previous testing of these dwellings by the contractor gave results that were below the 

0.1 μg/100 cm
2
 clean-up limit.  Research on the nature of methamphetamine contamination at 

six former clandestine methamphetamine sites by the Minnesota Pollution Control Agency
28, 

36-39, 46-56
 found that, in addition to deposition on surfaces, methamphetamine penetrated into 

many common building materials, including painted gypsum board, plaster, varnished wood, 

linoleum, concrete blocks, concrete floors and raw wood.  This study showed that washing of 

surfaces did not adequately remove contamination.   

Personal experience of the author from working with Forensic & Industrial Science Ltd 

during the period 2003 – 2010 revealed that remediation often involved several cleaning 

attempts and in a few cases, contamination was spread following remediation from dust from 

paint sandings or the re-use of cleaning rags.  Decontamination methods in use during this 

time were based primarily around surface washing methods rather than stripping or removal.  

Dwellings that appeared to be heavily contaminated were recommended for demolition.   

Table 1.2 shows a variety of cleaning compounds have been used or suggested for removal of 

methamphetamine, with varying degrees of success.  A recent thesis by Nakayama
57

 showed 

that even undiluted bleach takes many hours to 'degrade' methamphetamine and only low 

concentrations of methamphetamine are completely removed.  Unfortunately, the Nakayama 

study did not measure volatiles from the treated surfaces so it is possible that observed 

reductions in concentration could simply have been due to volatilisation.  The study also 

found that the application of bleach converted some of the methamphetamine into N-chloro-

N-methyl-1-phenylpropan-2-amine.  However, the stability of this compound was not 

investigated, which leaves open the possibility that it could revert to back to 

methamphetamine in the same way that the MDMA-chloramine derivative can re-form 

MDMA.
58
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Table 1.2: Summary of cleaning compounds used in methamphetamine remediation 

Trade name Compounds Breakdown or removal of 
methamphetamine 

TSP Trisodium phosphate No breakdown
35

 

ProPlus Sodium hydroxide, anionic surfactant, 
2-butoxyethanol, complex phosphates, 
sodium citrate, sodium carbonate, sodium 
silicate or sodium aluminosilicate. 

Unknown, used in NZ 

Blast-It Trisodium phosphate, 2-butoxyethanol Unknown, used in NZ 

Pine Sol 
 

Pine oil, isopropanol, alkyl alcohol 
ethoxylates, sodium petroleum sulfonate 

No breakdown, unspecified by-products 
produced

35
 

Crystal Simple Green 2-butoxyethanol, nonionic surfactants No breakdown, unspecified by-products 
produced

35
. averaged 84 % reduction on 

tested surfaces, 75 % on Formica
34

 

Ultra Clorox Bleach 
 

Sodium hypochlorite, sodium hydroxide 90 % reduction, unspecified by-products 
produced

35
 

Liqui-Nox Sodium dodecylbenzenesulfonate No breakdown, unspecified by-products 
produced

35
 

Crystal Clean 
Easy Decon 200 

Quaternary ammonium compounds, benzyl-
C12-C16 alkyl di-methyl chlorides, liquid 
hydrogen peroxide, diacetin 

Unknown, claims methamphetamine 
removal.

59
 

DeconGel™ 1101 
DeconGel™ 1120/1121 

Copolymer, ethanol, ‘chelator’, sodium 
hydroxide.   

Claims methamphetamine removal.  Water-
based hydrogel, dries into film that is 
removed and disposed of.  

60, 61
 

Isopropanol Isopropanol Averaged 60 % reduction on tested 
surfaces

34
 

Windex window cleaner 2-butoxyethanol, isopropyl alcohol, ethylene 
glycol hexyl ether 

88 % reduction on glass
34

 

Murphy’s Oil Soap Potassium hydroxide 54 % reduction on wood
34

 

Baking soda Sodium bicarbonate Unknown 

Septi-Zyme Unknown No breakdown, unspecified by-products 
produced

35
 

1.4 Exposure to contaminants 

Recent data show that children from former clandestine methamphetamine laboratories are 

passively exposed to methamphetamine.  Testing of hair from 103 children thought to have 

been exposed to methamphetamine manufacture in the U.S.
62

 showed that 46 had detectable 

methamphetamine (> 0.1 ng/mg) in their hair.  Testing of hair from 52 children removed from 

clandestine methamphetamine laboratories in New Zealand showed that 38 (73 %) contained 

methamphetamine at concentrations > 0.1 ng/mg.
63

  Exposure to contaminants in former 

clandestine methamphetamine laboratories may occur via: 

 Direct dermal contact from surfaces. 

 Accidental ingestion. 

 Inhalation of airborne contaminants. 

 Direct dermal absorption from air. 
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Different compounds have different absorption characteristics and different toxicities.  

Ingestion of contaminants may be greater in small children due to hand-mouth behaviour.
64

  

While methamphetamine is known to stimulate the central nervous system, causing anorexia, 

tachycardia and hypertension,
65

 the health effects of exposure to low levels of 

methamphetamine are largely unknown.   

In 2010, the New Zealand Ministry of Health produced a guideline for acceptable levels of 

surface methamphetamine in former clandestine methamphetamine laboratories based on U.S. 

and Australian clean-up levels.
66

  Most of the U.S. and Australian guidelines were not based 

on toxicity data, but rather were levels that could be practically measured at the time.  In 

2009, California’s Office of Environmental Health Hazard Assessment (OEHHA) and 

Department of Toxic Substances Control (DTSC) published the first risk-based remediation 

standard for methamphetamine.
17, 65

  The exposure calculations were based on those used for 

indoor pesticide residues and suggest that dermal absorption is the major exposure route for 

methamphetamine, based on measured absorption of methamphetamine from vinyl or fabric 

through dermatomed human cadaver skin.
67

  The exposure limit was set at 1.5 μg/100 cm
2
, 

based on a sub-chronic dose of 0.3 µg/kg/day, which was estimated from historical clinical 

data from pregnant women, drug users, and children with ADHD.   

As the OEHHA estimates are based on nonvolatile pesticide residue modelling, they do not 

take into account exposures from airborne methamphetamine.  However, inhalation of 

airborne methamphetamine results in rapid absorption because of the large surface area 

offered by the lungs and their direct connection with the bloodstream.
68, 69

  The OEHHA risk 

assessment
17

 states that exposure to methamphetamine from indoor sources via inhalation is 

likely to be minimal, based on the data collected by Martyny et al.
70

  Another route for 

methamphetamine exposure that has not been discussed in the OEHHA estimates is direct 

absorption via exposed skin and mucous membranes from airborne methamphetamine.
71

  The 

justification given for not including airborne methamphetamine as an exposure source is that 

the long duration of the remediation process (several months) means that there should be 

ample time for airborne contaminants to dissipate.  However, although localised reduction in 

methamphetamine concentrations have been observed,
44

 it has yet to be proven that the 

passage of time results in a decrease in overall methamphetamine contamination.  Raynor and 

Carmody
28

 note in relation to the U.S. Minnesota Pollution Control Agency surface cleanup 

guidance: 
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“No data exist to relate the level of contamination on surfaces in a former lab to the 

inhalation exposures to which workers or residents in these structures could be 

exposed.” 

Iodine exposure is also problematic, because the exposure limit for airborne iodine is below 

the detection limit for most standard analytical methods, and iodine cannot be detected by the 

human olfactory system below 9 mg/m
3
,
30

 which is nine times the NZ Workplace Exposure 

Standard ceiling exposure limit of 1 mg/m
3
.
72

  It is possible that long-term exposure to low-

level iodine via inhalation may cause thyroid problems in children.
73, 74

  There is one 

anecdotal account from parents of a child who developed thyroid cancer after residing in 

former clandestine methamphetamine laboratory,
75

 however no causal link was established.  

New methods for pre-concentration or derivatisation of airborne iodine
76

 need to be further 

developed and implemented. 

Hydrochloric acid aerosol is commonly produced at high concentrations during the 

manufacture of methamphetamine.  Most testing and remediation guidelines encountered thus 

far have assumed that while hydrochloric acid is a significant chemical hazard immediately 

after manufacture, it rapidly dissipates.  However the acidification of interior components of 

dwellings is often observed in former clandestine laboratories in New Zealand and may 

indicate persistence of hydrogen chloride, as was also observed by Martyny et al.
70

 

Exposure to vapours from organic solvents may also be of concern.  However, unlike 

methamphetamine, many of the volatile organic solvents seem to dissipate over time.  One 

thesis
77

 measured emissions of toluene, acetone and naphtha in an experimental test house in 

order to model human inhalation exposures during operation of a clandestine 

methamphetamine laboratory.  However, the test focused solely on evaporation of volatile 

solvents from containers, which is not a likely scenario as bulk solvents are removed during 

scene processing, and the remaining residues are likely to be semivolatile rather than volatile.   

  



 

 

12 
 

 

 



13 
 

2. Aims and objectives 

2.1 Justification for study 

There is only one study by Patrick et al.
45

 that has measured the effectiveness of testing and 

decontamination in former clandestine drug laboratories.  While the Patrick study had a very 

thorough sampling regime (159 wipe samples) it was limited to just three sites.  Our study 

will provide data from a larger number of suspected former clandestine methamphetamine 

laboratories.  It will also provide data specific to methamphetamine manufacture methods that 

are favoured in New Zealand.   

Two other research groups have investigated the nature of contamination in former 

clandestine methamphetamine laboratories: John Martyny’s group from the National Jewish 

Medical and Research Center,
6, 8, 15, 40, 70, 78-81

 and Kate Gaynor’s group from the Minnesota 

Pollution Control Agency.
36-39, 46-50, 52-56

  These studies measured surface and air 

concentrations of methamphetamine, iodine, hydrochloric acid, phosphine and organic 

solvents during and following methamphetamine manufacture.  They also investigated the 

distribution of methamphetamine in carpets and wall coverings, experimental cleaning 

effectiveness, surface wipe method effectiveness, interlaboratory wipe sample variability, 

personnel decontamination and respirator use, effectiveness of encapsulation using 

paint / varnish, contribution of methamphetamine smoking to surface methamphetamine 

concentration, and clothing decontamination effectiveness.  All of the studies mentioned 

above focused on methamphetamine and some measured pseudoephedrine.  However none 

investigated the trace compounds associated with methamphetamine synthesis.   

Measurement of airborne methamphetamine in former clandestine laboratories is useful for 

indicating exposure via inhalation, and is required in order to verify theoretical models that 

estimate inhalation exposure from surface-recoverable methamphetamine.  We plan to 

investigate the relationship between surface concentrations and airborne methamphetamine.  

Kate Gaynor’s research group have developed a method for collection and analysis of 

airborne methamphetamine,
28, 82

 but it requires several hours to acquire enough sample for 

measurement and sample extraction is as laborious as that for wipe sampling.  Our plan is to 

develop a faster, easier method for sampling of airborne methamphetamine, that also gives 

information on other semivolatile compounds present in indoor air in New Zealand dwellings. 
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2.2 Aims 

This study aims to address the following questions: 

Exposure 
What concentrations of methamphetamine are commonly encountered on surfaces, 
building materials, furnishings and air prior to decontamination?    

Testing How effective are the current testing methods? 

Decontamination 

How effective are current decontamination methods?  Which decontamination 
methods are effective?  Which surfaces are most easily decontaminated? 

Are cleanup guidelines being met?  Are cleanup guidelines adequate? 

What happens to airborne methamphetamine during decontamination?  Does 
methamphetamine persist in indoor air following decontamination? 

Methamphetamine 
as a surrogate for 

contamination 

What other compounds associated with methamphetamine manufacture or smoking 
are present as surface contaminants?  Is methamphetamine a good surrogate for other 
chemical contamination? 

Is airborne methamphetamine a surrogate for contamination?  What other persistent 
volatiles associated with methamphetamine manufacture are present in air? 

Methamphetamine 
manufacture 

Is it possible to determine if and where manufacture has occurred from surface wipes, 
materials or air samples? 

Is it possible to discriminate between methamphetamine smoking and 
methamphetamine manufacture? 

2.3 Objectives 

In order to address the aims of this project the following objectives needed to be fulfilled: 

1. Collection and analysis of surface wipes, materials and air samples from experimental 

methamphetamine manufacture (positive control); 

2. Collection and analysis of surface wipes, materials and air samples from suspected 

former clandestine methamphetamine laboratories; 

3. Collection and analysis of surface wipes, materials and air samples from a house not 

used for methamphetamine manufacture (negative control); 

4. Development of a method for collection and accurate quantitation of methamphetamine 

recovered from surfaces and building materials; 

5. Development of a method to collect and quantitate airborne methamphetamine. 
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3. Introduction to methods 

3.1 Previous methods used for surface sampling 

3.1.1 Target analytes 

Based on previous studies,
5, 6, 14, 28, 36-39, 46-50, 52-56, 70, 76, 80

 methamphetamine and 

pseudoephedrine are likely to be the most commonly encountered surface contaminants in 

former clandestine methamphetamine laboratories (Figure 3.1). 

 

Figure 3.1: Chemical structure of methamphetamine and its precursor pseudoephedrine 

Methamphetamine freebase has a boiling point of 209 - 212 
o
C at normal atmospheric 

pressure (Table 3.1).  This places methamphetamine in the category of volatile organic 

compounds, defined as having boiling point range of 50 - 100 
o
C up to 240 - 260 

o
C.

83
   

Table 3.1: Physical and chemical properties of methamphetamine and pseudoephdrine 

Property Methamphetamine Pseudoephedrine 

Boiling point at 760 Torr 209 - 210 °C
84

 255 °C (calculated
85

) 

Melting point 170 – 171 °C
86

 116 – 119 °C
87

 

Vapour pressure at 25 
o
C (mmHg) 0.163

88
 0.0086 (calculated

85
) 

LogP (partition coefficient) 2.1
89

 1.05 - 1.08 (calculated
85

) 

pKa 10.1
90

 9.4 , 14 (calculated
85

) 

Mass solubility Very soluble below pH 8 Very soluble below pH 9 

Exact mass 149.12045 165.11536 

Pseudoephedrine (Figure 3.1) is the second most commonly reported surface contaminant in 

clandestine methamphetamine laboratories where it has been used as a precursor for 

methamphetamine manufacture.  Pseudoephedrine freebase has a boiling point of 255 
o
C at 

normal atmospheric pressure (Table 3.1).  This places it between the category of volatile and 

semivolatile organic compounds, defined as having boiling point range of 50 - 100 
o
C up to 

240 - 260 
o
C.

83
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Other compounds of interest are 1,2-dimethyl-3-phenylaziridine, iodine and 

N-formylmethamphetamine, which have been detected on surfaces exposed to the headspace 

of experimentally manufactured methamphetamine.
3
  Amphetamine and 

dimethylamphetamine have also been reported from surface wipes collected after 

experimental methamphetamine smoking.
3
  These compounds, along with 1,3-dimethyl-2-

phenylnaphthalene and 1-benzyl-3-methylnaphthalene have also been reported.
91-96

  

Manufacture methods involving ammonia, lead and mercury were less common in 

New Zealand at the time of the study, and therefore analysis of these compounds was not a 

primary aim of this project.  The methods chosen for surface analysis were optimised for 

methamphetamine, with the realisation that the method was not going to be ideal for detection 

of all surface organic compounds.  This does not mean that other organic and inorganic 

compounds are of any less concern however, and future work in this area should include tests 

for inorganic compounds such as phosphorous acid, iodine and hydrochloric acid.   

3.1.2 Surface sampling techniques 

The earliest described sampling methods for contamination in former clandestine 

methamphetamine laboratories were formulated by Lazarus,
14

 who proposed a method called 

‘the surrogate protocol’ which involved collecting both wipe and bulk samples.  Lazarus 

recommended surface wipes be collected using gauze or filter paper with deionised water over 

a 100 cm
2
 area and recommended analysis using the EPA Method 8270 for semivolatiles by 

gas chromatography-mass spectrometry (GC-MS).
97

  Lazarus observed that his wipe samples 

often gave concentrations three to four times less than bulk extractions and cautioned:  

In some cases, particularly with painted surfaces, a decision must be made if a wipe 

sample or a bulk samples would be more appropriate to recover and identify potential 

contamination. To address error associated with mass loading of bulk samples, 

particularly from painted surfaces and drywall, it may be appropriate to obtain bulk 

samples using a surface scraping technique (i.e., scrape sample). 

Abdullah
76

 used filter papers dampened with methanol in a controlled laboratory experiment 

to recover methamphetamine and pseudoephedrine from surfaces, and Martyny et al.
6
 tested 

for methamphetamine on surfaces using wipe sampling with methanol-dampened gauze.  

Both of these researchers also measured recoveries from a variety of surfaces and confirmed 

that recovery from rough or porous surfaces was poor.  More recent studies showed that the 
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solubility of the surface compounds in the wiping solvent also affects the recovery 

efficiency.
47, 98

   

There are some alternatives to wipe sampling.  Tayler
3
 rinsed her surfaces directly with 

solvent and collected the rinsate.  While this might work well for laboratory experiments, it is 

not practical in the field as the solvent may soak into some surfaces and it becomes difficult to 

measure the area sampled, unless a portion of the surface is removed, then rinsed.  A more 

promising method may be a spray-on gel, such as DeconGel™ developed by CBI Polymers.
60, 

61
  The benefit of the gel is that areas sprayed with it can be sampled by cutting squares of the 

dried gel and taking them away for extraction and analysis.  DeconGel™ has not been 

commonly used in New Zealand due to its cost.  For screening purposes, direct analysis with 

ion mobility spectroscopy
99

 could be helpful.  However, it is not sensitive to the low levels 

typically encountered on surfaces
100

 and is subject to interferences from tobacco smoking 

contamination,
101

 which is commonly encountered inside dwellings. 

3.1.3 Analysis of wipe samples 

Martyny et al.
6
 extracted methamphetamine from wipe samples and analysed the extracts by 

GC-MS using an early version of the draft method NIOSH NMAM 9106 Methamphetamine 

and illicit drugs, precursors, and adulterants on wipes by liquid-liquid extraction.
102

  

However the extraction and analysis method were not described in any of the self-published 

papers by Martyny at the time this research project commenced.
6, 15, 40-42, 70, 78-80, 98

 

The early study by Lazarus
14

 and the more recent study by Patrick et al.
45

 used the EPA 8270 

semivolatiles GC-MS method for extraction and analysis of methamphetamine and related 

compounds from surface wipes.  However their methods did not use an internal standard with 

similar properties to methamphetamine, which meant neither analyte losses during extraction 

nor matrix effects were compensated for.  Tung
92

 attempted a faster extraction method via 

sampling of the headspace of surface wipe samples using solid-phase microextraction 

(SPME).  However, while the method was useful for identifying the compounds present, it 

suffered from reproducibility problems, and did not work successfully with real surface wipes 

from former clandestine methamphetamine laboratories.  Abdullah
76

 developed a base-solvent 

extraction method with derivatisation and GC-MS analysis.  Briefly, the wipe sample was 

sonicated in 4 % sodium hydroxide, vortexed with dichloromethane, and the dichloromethane 

fraction was separated and concentrated by evaporation.  The residue was then re-dissolved in 
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ethyl acetate, derivatised with trifluoroacetic acid anhydride, evaporated, reconstituted in 

more ethyl acetate, an internal instrument standard was added and the sample was analysed by 

GC-MS.  However, like the Lazarus and Patrick methods, the method developed by 

Abdullah
76

 did not use an internal standard that could compensate for extraction losses and 

matrix effects. 

3.2 Previous methods for testing for airborne contaminants 

3.2.1 Target analytes 

Only one study thus far has identified airborne contaminants associated with 

methamphetamine manufacture
8
 (Table 3.2).  However, some compounds such as 

dichloromethane (Table 3.2) are also detected in uncontaminated houses,
103

 therefore air 

testing of uncontaminated dwellings is also necessary in order to provide a baseline for 

interpretation of data from contaminated sites.   

Table 3.2: Compounds detected in air from former clandestine methamphetamine laboratories
8
 that exceed long-term 

exposure limits. 
104

 

Compound Amount detected in air day 
following manufacture (μg/m

3
) 

Exposure limit (μg/m
3
) 

Benzyl chloride 3 0.03
a
 

Cyclohexane 262 - 344 5
a
 

Dichloromethane 14 - 1737 0.03
a
 

Heptane 131 - 217 5
a
 

Hexane 56 - 215 5
a
 

Hydrochloric acid 61 - 97 20
b
 

Iodine 10 - 26 1
b
 

Isopropanol 12 - 79 5
a
 

Methamphetamine 170 - 210 Not developed 

Phosphine No post-synthesis data 0.1 – 0.4
a,b

 

 

a:
 
Chronic Air Guideline Value: concentration at which the compound can be breathed for the majority of a 

person’s life without significant risk of harm
105

 

b: 24 hours/day, 350 days/year, for 30 years
104
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3.2.2 Previous air sampling methods 

The Van Dyke et al. study
8
 used several different methods to characterise airborne 

contaminants.  For total airborne methamphetamine an acid-treated glass fibre filter was used 

with an air pump operated at a rate of 2 L/min.
8, 28

  For respirable methamphetamine an air 

sampling pump was operated at 2.5 L/min with an aluminium cyclone.  For size fraction 

analysis of airborne methamphetamine a cascade impactor was operated at 9 L/min with acid-

treated glass fibre filters for methamphetamine collection at each size stage.  Analysis of the 

filters for methamphetamine was carried out using the NIOSH 9106 method.
102

  Large 

particulate matter was collected via vacuum samples, which were obtained by vacuuming 

with a dust collection device that was analysed for methamphetamine using the NIOSH 9106 

GC-MS method.  For general volatile organic compounds Van Dyke et al. used an air 

sampling pump operated at 50 cc/min with a Carbotrap™ sorbent which was analysed using 

EPA method TO-17.
106

  Hydrochloric acid was collected with silica gel sorbent and an air 

sampling pump operated at 200 cc/min and was analysed using NIOSH method 7903.
107

  

Iodine was collected using charcoal sorbent and an air sampling pump at a rate of 1 L/min and 

was analysed using NIOSH method 6005.
108

  All of these methods sampled air for a period of 

approximately 2 h.
8
  The Martyny & Van Dyke study showed that 98 % of methamphetamine 

in indoor air had a diameter < 1 µm (PM1).
8
  A more recent 2014 study by the same research 

group showed similar results, with almost all (98 %) of airborne methamphetamine present as 

particles < 2.5 µm (ie: respirable), and 71 % being particles < 0.5µm.
109

  This means that 

sampling methods developed for airborne methamphetamine need to be optimised for 

collection of very fine particulates and vapour-phase methamphetamine.   

Solid-phase extraction cartridges have been used to collect methamphetamine from exhaled 

human breath, followed by solvent extraction and LC-MS analysis.
110

  However this method 

was not significantly quicker or easier than a standard sorbent collection method.  A sensitive 

impinger method for collection and detection of iodine vapour was developed recently by 

Abdullah.
76

  The method involved pumping air through a liquid that acts as a trap for the 

iodine.  The drawback with this method is that transportation of special liquid reagents is 

necessary and may become problematic if air travel is required.   
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3.2.3 Rapid air sampling methods 

In this study, air sample collection had to be carried out within the time usually taken by 

private testing companies to test a site for contamination (1-3 h).  However, wipe sampling 

and air sampling could not be carried out concurrently because of entrainment of methanol 

and methamphetamine into air during wipe sampling.  Therefore, realistically only 1 h was 

available for air testing.   

A recent review by Man et al.
111

 assessed existing and potential remote sensing technologies 

for the detection of airborne effluent from methamphetamine manufacture.  The review 

recommended PID (with specific filters) and Fourier transform infrared spectroscopy (FTIR) 

as being suitable for remote detection of clandestine methamphetamine manufacture.  While 

the emerging technologies of acoustic wave, microcantilever, electrical conductance-based 

and capacitance-based nanosensors, chemiresistor sensors and chemicapacitors were 

identified as being potentially useful by Man et al., none can currently achieve the low 

detection limits required for detection of airborne clandestine methamphetamine laboratory 

contaminants in ambient air.   

Standard methods for rapid air sampling involve ‘grab’ samples using containers such as 

Tedlar® bags,
112

 evacuated canisters (e.g. SUMMA canisters)
113

 or helium-filled canisters 

(e.g. Entech BottleVacs
®
).

114
  However, we lacked the expensive pre-concentrator

115
 or 

sensitive instrumentation such as SIFT-MS
116

 required to analyse container samples. 

Ion mobility spectroscopy has been used for the analysis of methamphetamine in air and 

headspace vapours.
101, 117-119

  This technique involves the collection of sample onto a sorbent, 

which is then heated to desorb volatiles, which are then subjected to atmospheric pressure 

chemical ionisation (APCI).  Recent modifications to the technique have been made
118, 120

 for 

use with SPME.  However direct reading instruments (e.g. Cozart Rapiscan, Sabre 2000) that 

use ion mobility spectroscopy suffer from high detection limits and significant interference 

with methamphetamine can occur from tobacco smoke contamination.
80, 119

  

Recent trends in air sampling have tended towards miniaturization of sampling devices, such 

as needle-traps,
121

 micro-tubes (SnifProbe),
122

 and solid phase microextraction (SPME).
123

  

The sampling time required is less because of the smaller surface area of the sorbent.  The 

advantage of micro-techniques is that they are sensitive, solventless, portable, involve little 

sample manipulation or transformation, and are easily coupled to existing sensitive analytical 
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techniques such as GC-MS.  A needle-trap is essentially a miniaturised sorbent tube.  It 

comprises a needle packed with sorbent that is designed to have air pumped through it 

(usually manually) and is inserted directly into the injection port of a GC to desorb 

analytes.
121

  However, while needle-trap devices are reusable with volatile compounds, 

semivolatiles could cause carryover problems.
121

  Micro-tubes
122

 are used in a similar way to 

sorbents.  An air pump is used to pass air through a very small diameter tube and analytes are 

trapped on the inside surfaces of the tube.  The tubes can then be analysed by direct 

introduction into a gas chromatograph inlet via a Chromatoprobe.
124, 125

  Solid-phase 

microextraction (SPME) involves a small fibre with a sorbent coating that is protected inside 

a needle and exposed for sampling (Figure 3.2).  The fibre can then be retracted inside the 

needle to protect the fibre until it is introduced into the injector of a GC-MS.   

 

Figure 3.2: SPME assembly with fibre retracted (above) and SPME assembly in holder (below) with fibre exposed. 

Li et al.
126

 compared SPME sampling with sorbent tube sampling in a university laboratory 

atmosphere and found that SPME was more sensitive than sorbent tube sampling.  SPME has 

been used widely as a research method to sample indoor air.
126-138

  SPME has also been used 

to analyse the headspace vapours of street methamphetamine.
91-94, 139, 140

  The main 

disadvantage of direct air sampling using SPME is that the sample interaction volume is 

unknown, preventing absolute quantitation.  One solution to this problem is to collect the air 

sample into a container such as a Tedlar® bag or a canister, then insert and expose the SPME 

fibre to extract the analytes.
135, 141, 142

  This approach also enables the addition of an internal 

standard.  However, for semivolatile compounds, potential analyte interactions with container 

walls can prove problematic.
143

   

  



 

 

22 
 

 



23 
 

4. Methods 

4.1 Sampling strategy 

4.1.1 Site selection 

Sites were primarily limited to properties that Forensic & Industrial Science Ltd were engaged 

to undertake testing at, with only one site being tested where Forensic & Industrial Science 

Ltd was not involved.  Due to non-disclosure of information obtained by the Police and 

uncertainties over the history of each site, it was difficult to have a reliable indication of 

whether the house had actually been used for methamphetamine synthesis, or some other drug 

synthesis, or just for storage of chemicals.  Therefore all sites tested were treated as suspected 

former clandestine laboratories.   

One control house (the authors’) was also tested as part of the study.  The house ownership 

history was known from since it was built; it was not rented during that time and the current 

owner (partner of the author) had owned it since 2000.  Since houses used for clandestine 

methamphetamine manufacture have been found in both poor and wealthy parts of Auckland, 

it seemed reasonable to assume the control house would be representative of most houses.  

The study was limited to sites close to the Auckland region due to financial and logistical 

constraints.  Sites sampled are shown in Figure 4.1. 

 

Figure 4.1: North Island of New Zealand, showing approximate locations of sites sampled 
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4.1.2 Informed consent 

Ethics permission was required for the project.  Ethics approval was granted by the University 

of Auckland Human Participants Ethics Committee on 09 July 2008.  Participant information 

sheets and consent forms for companies, owners and occupiers are included in the Appendices 

(pages 215-227).  Sampling occurred between 12 August 2009 and 6 October 2010.  Sites 

were limited to those where the property owner and occupier consented to the study.  The 

surface and air sampling methods used were non-destructive and safe, and did not cause 

additional chemical contamination.  Samples of building materials were obtained only when 

the owner gave permission, or when the materials were removed as part of the 

decontamination process. 

4.1.3 Speed and ease of use 

Available sampling time was often less than 3 h per visit.  While this was not an issue for 

surface samples, many standard air-testing protocols required several hours of air sampling to 

acquire sufficient sample for detection.  The method chosen for air sampling in this study was 

able to collect sufficient analyte for analysis within the short timeframe available.  Most air 

samples were analysed within 24 h to prevent transformation or loss due to heat, light or 

sample container infiltration / exfiltration.  The equipment and materials used in this study 

had to be suitable for easy transport and handling.  Fragile, bulky or expensive equipment, 

hazardous chemicals and large amounts of solvent were avoided.  Field sampling can be 

susceptible to factors causing sample contamination and thus field blanks were used.  Samples 

were personally transported from the site to the lab in a cooler either by the researcher, or by 

staff from Forensic & Industrial Science Ltd.  Upon return to the analytical laboratory, 

samples were kept in a locked, tethered refrigerator at 4 °C until they were processed for 

analysis. 
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4.1.4 Safety 

The following safety procedures were followed: 

 The researcher only visited sites when accompanied by personnel from Forensic & 

Industrial Science, Enviroclean, or Contaminated Site Solutions. 

 A mobile phone was carried at all times. 

 Personal safety apparel was donned before entering the dwelling.  This comprised a 

disposable impermeable suit, multi-gas respirator, nitrile gloves and safety-toe rubber 

boots. 

In 2008-2011, there were no guidelines on what respirators were suitable for clandestine 

methamphetamine laboratories.  After consultation with ESR staff for their advice, the 

researcher decided that self-contained breathing apparatus (SCBA) was not necessary, as most 

sites were well ventilated.  However previous work experience with VOC-only cartridges 

indicated that they were inadequate, as there were perceptible odours, and site visits were 

sometimes followed by a headache.  Therefore 3M 6006 multi gas or 6003 organic vapour 

and acid gases respirator cartridges were used.  Recent papers now recommend a similar 

approach.
144, 145

 

4.2 Wipe sampling and materials analysis 

The method developed for this study was based on the wipe sampling technique previously 

tested in the laboratory by Abdullah,
76

 and bulk building and lining materials were collected 

wherever possible, as recommended by Lazarus.
14

  Surfaces investigated in this study include 

those not normally removed as part of the decontamination process as well as materials 

sometimes discarded, such as carpet, in order to provide data to aid selection of materials for 

disposal.  For reasons of time, this study did not deal with the determination of surface 

recovery from different substrates, and results are reported as minimum surface-recoverable 

concentrations.   
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4.2.1 Chemicals, materials and equipment 

The following chemicals, materials and equipment were used: 

 Nitrogen (oxygen-free, BOC) 

 Trifluoroacetic anhydride (≤ 1 % acid, Sigma-Aldrich) 

 Nitric acid (Analytical Reagent, 69 %, Environmental Control Products) 

 Methamphetamine hydrochloride (> 98 %, Australian Government National 

Measurement Institute) 

 DL-Methamphetamine-d9 hydrochloride (ISOTEC 99 %, 100 μg/mL in methanol, 

Sigma-Aldrich) 

 Pseudoephedrine hydrochloride 1S,2S (+) (98 % Sigma-Aldrich) 

 Tetradecane (99 %, Supelco) 

 Ethyl acetate (Chromasolv Plus 99.9 %, Sigma Aldrich, and Select Assured, 99.5 %, 

Romil) 

 Dichloromethane (Super Purity Solvent (SpS), 99.9 %, Romil, and Analytical Grade, 

99.9 %, Environmental Control Products) 

 Sodium hydroxide (Reagent Grade 99 %, Scharlau) 

 Sodium sulphate (Anhydrous 99 %, Sharlau, Analytical Reagent, 99 %, 

Environmental Control Products) 

 Methanol (Methanol 215 SpS 99.9 %, Romil, and HPLC grade, 99.8 %, 

Environmental Control Products) 

 Heptane (Univar, 99.5 %, Ajax Finechem) 

 DECON-90 (Decon Laboratories) 

 Filter paper, 110 mm diameter (Sartorius 1388 and 388) 

 Glass gas-tight measuring syringes: 50 μL, 1 mL (SGE) 

 Glass interchangeable plunger syringes: 10 mL, 20 mL (Sanitex and SAMCO) 

 Forceps 

 Pasteur pipettes 

 Glass sample vials 22.5 mL (Wheaton) 

 Glass manifold (custom-made) 

 Glass screw-cap culture tubes (Kimax) 

 Glass GC vials with PTFE-lined red rubber septum screw caps (Agilent) 

 Pesticide-grade glass wool (Supelco) 

 Autopipette tips 2 - 200 µL (Axygen, Microanalytix) 
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4.2.2 Sampling protocol 

Household surfaces from 21 suspected former clandestine methamphetamine laboratories 

were sampled.  Sampling was targeted, with the aim of collecting wipes from a wall, floor, 

door, and ceiling in each room, and from different surface material types.  Sampling 

guidelines were developed after the first site visit in September 2009, and were amended 

twice throughout the study (Targeted surfaces guidelines, Appendix 11.14, 11.15, and 11.16, 

p. 233-235).  Paired samples were collected at later sites sampled to determine cleaning 

effectiveness.  Paired samples involved collection of a second wipe sample during a 

subsequent sampling visit on the same surface type and orientation near to where the original 

wipe sample was collected.  Surface wipes (10 x 10 cm) were collected by thoroughly 

dampening a pre-washed Sartorius 1388 110 mm diameter filter paper (cut into four pieces) 

with HPLC-grade methanol, wiping the surface four times in concentric squares from the 

outside to the centre with the four pieces of filter paper, both clockwise and anticlockwise, 

and folding and placing them in a clean 20 mL glass scintillation vial.   

4.2.3 Cleaning 

Cleaning of all equipment and materials is an important step in the analysis of 

methamphetamine and pseudoephedrine freebase because they are semivolatile
76

 and may 

adhere to glassware and other substrates.  In addition, the presence of other contaminants such 

as formaldehyde, or plasticisers from dust, storage containers, or from the manufacturing 

process can interfere with derivatisation reactions
76

 or can generate peaks that may overlap 

with the peaks of interest during GC-MS analysis. 

Glassware (including sample vials and GC vials), plasticware and metalware were soaked in 

5 % Decon 90 for > 8 h, then rinsed three times with milli-Q water.  Metalware was dried at 

100 °C and plasticware was air-dried for > 8 h.  Glassware was treated further by soaking 

> 8 h in 5 % nitric acid, rinsing with milli-Q water and drying at 100 
o
C for > 8 h.  Vials and 

test-tubes were capped after they had cooled to room temperature and all other equipment was 

keep covered with foil in a tray until use.  Sartorius 1388 110 mm diameter filter paper was 

used as the wipe sampling vehicle
76

 as it had previously been established as the most robust 

material for the extraction protocol.  The filter paper was washed before use as Abdullah
76

 

had found significant concentrations of formaldehyde in new filter paper, but found that 95 % 

of the formaldehyde could be easily removed by washing.  Filter papers were sonicated in 5 % 
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Decon 90 for 15 min then left to soak in 5 % Decon > 8 h.  The papers were then rinsed 

thoroughly with milli-Q water until no surfactant foam was visible and were dried at 100 °C, 

cooled to room temperature and were stored wrapped in foil or in a clean glass jar. 

4.2.4 Measuring error 

Internal standard was dispensed volumetrically.  Autopipettes and syringes were calibrated by 

weighing 10 repeat dispenses of water and calculating the accuracy and precision.  Syringes 

were found to have better precision and accuracy than autopipettes, and were therefore used to 

measure and dispense internal standard.  The process of making a 10 µg/mL stock solution 

from the reference standard and using it to spike the samples involved the following actions, 

each of which contributed to the overall error:  

1. Dispensing 1 mL of solvent when making a stock solution from the 

methamphetamine-d9 hydrochloride standard using a 1 mL syringe; 

2. Withdrawing 100 µL of the solvent, using a 50 µL syringe; 

3. Dispensing 100 µL of 100 µg/mL methamphetamine-d9 hydrochloride standard into 

the solvent, using a 50 µL syringe; 

4. Spiking 10 µL or 40 µL or 50 µL of the resultant solution containing 10 µg/mL 

methamphetamine-d9 hydrochloride into each vial using a 50 µL syringe. 

The random errors for each step were calculated (Appendices, page 229), for three different 

spiking regimens (Table 4.1).  The third regimen was for samples that were discovered to 

have high concentrations of methamphetamine, so more internal standard was added and the 

sample was re-derivatised. 

Table 4.1: Measuring error 

Spiking regimen 
Measuring error 

(% RSD) 

Make 10μg/mL methamphetamine-d9 hydrochloride and spike 10 μL into sample 2.26 % 

Make 10μg/mL methamphetamine-d9 hydrochloride and spike 50 μL into sample 0.74 % 

Make 10μg/mL methamphetamine-d9 hydrochloride and spike 10 μL, then 40 μL into sample 3.19 % 
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4.2.5 Preparation of calibration sets 

Prior to use for making calibration solutions, syringes were rinsed with dichloromethane, 

methanol and acetone before and after any solutions containing methamphetamine or 

methamphetamine-d9 were dispensed.  Before dispensing the syringe was taken apart, dried 

with a lint-free tissue, and 5 µL of solution to be dispensed was drawn into the syringe, 

pumped and discarded before drawing the aliquot to be dispensed into the syringe.  Two stock 

solutions were made to cover the range of concentrations required for the calibration set.  The 

10 µg/mL stock solution was made in the following manner:  

Exactly 1 mL of dichloromethane was dispensed with a 1 mL gastight syringe into a 2 mL 

vial.  A 50 µL syringe was used to remove 10 µL of the dichloromethane, then 10 µL of 

1 mg/mL methamphetamine hydrochloride in dichloromethane was added to give a 10 µg/mL 

solution.  The vial was shaken well.  The 10 µg/mL solution was then used to make the 

1 µg/mL stock solution.  Exactly 1 mL of dichloromethane was dispensed with a 1 mL 

gastight syringe into a 2 mL vial.  A 50 µL syringe was used to remove 100 µL of the 

dichloromethane, then 100 µL of the 10 µg/mL methamphetamine hydrochloride in 

dichloromethane solution was added to give a 1 µg/mL solution.  The vial was shaken well. 

Following addition of the different methamphetamine concentrations, the deuterated internal 

standard was added (10 or 50 µL of 10 µg/mL methamphetamine-d9 hydrochloride) to each 

vial at the same concentration (either all 0.1 µg/mL or all 0.5 µg/mL) for every vial.  The vial 

contents were then evaporated in a block heater at 26 °C (monitored using an external 

temperature probe) under a gentle stream of nitrogen to near-dryness.  Ethyl acetate (100 µL) 

was added to all vials.  Derivatising agent (50 µL) of trifluoroacetic anhydride (TFAA) was 

added to each vial using an autopipette.  Vials were tightly capped and shaken, then incubated 

for 30 min at 38 °C.  After 30 min the incubated samples were removed from the block heater 

and allowed to come back to room temperature.  The vial contents were evaporated in a block 

heater at 26 °C (block temperature) under a gentle stream of nitrogen to dryness.  Exactly 

1 mL ethyl acetate was added to each vial using a 1 mL gastight syringe.  Tetradecane (5 µL 

of 100 µg/mL) in heptane was added to each vial.  The vials were flushed with nitrogen, 

capped tightly and shaken well before GC-MS analysis. 
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4.2.6 Extraction and derivatisation of samples 

Upon return to the analytical laboratory, samples were spiked with 0.1 μg/mL 

methamphetamine-d9 hydrochloride (in methanol) internal standard and stored at 4 °C.  

Following Abdullah,
76

 tetradecane was used as additional internal standard to monitor 

instrument reproducibility.  Samples were processed in batches of eight, and sometimes 

samples from different sites were processed in the same batch.  Samples were extracted using 

the method developed by Abdullah,
76

 which involved adding 4 mL of 4 % sodium hydroxide 

to the wipe sample, tamping down firmly with a glass rod to submerge the sample, 5 min 

sonication, using a syringe to squeeze out the filter papers, collecting the solution in a culture 

tube, then the process was repeated with an additional 2 mL of 4 % sodium hydroxide.  

Dichloromethane (3 mL) was added to the sodium hydroxide extract, which was vortexed for 

3 min, centrifuged at 990 rpm for 5 min, then the bottom dichloromethane layer was 

transferred to another culture tube.  An additional 3 mL dichloromethane was added to the 

sodium hydroxide and the extraction repeated.  The dichloromethane extract was passed 

through a short column of anhydrous sodium sulfate, evaporated down to ~ 1 mL at 26 
o
C 

under nitrogen, then transferred to a GC vial and further evaporated to < 50 µL.  Ethyl acetate 

(100 µL) and trifluoroacetic anhydride (50 µL) 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 flushed 

with nitrogen, then capped with a PTFE lined silicone septum and cap. 
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4.2.7 GC-MS analysis of wipe samples 

The majority of samples were analysed on a Hewlett Packard 6890 gas chromatograph 

coupled to a Hewlett Packard 5973 mass spectrometer using positive ionisation.  This 

instrument was replaced in January 2012 with an Agilent 7890 gas chromatograph coupled to 

an Agilent 5975C mass spectrometer.  The analytical parameters for GC-MS analysis were 

based on the method developed by Abdullah,
76

 with minor changes (Table 4.2). 

Table 4.2: Comparison of GC-MS parameters between Abdullah and this study 

Parameter Abdullah This study 

Inlet Temperature 250 
o
C 260 

o
C 

Oven 

Start temperature Start 70 °C hold 2 min start 67 
o
C hold 1 min 

Ramp Increase 20 °C/min to 280 °C, hold 
2 min 

increase 15 
o
C/min to 280 

o
C, hold 

3 min 

Scan parameters Mass range 41-500 45-400 

The column temperature was modified to be at least 10 °C below the boiling point of the 

carrier solvent (ethyl acetate bp = 77 °C).  This reduced the residual background ethyl acetate 

from 600,000 counts to 20,000 counts.  The temperature could theoretically be further 

reduced to 57 °C, to improve the solvent condensation effect, however 67 °C proved to be 

sufficient for our purposes.  GC-MS parameters used are summarised in Table 4.3.  The 

septum was replaced every 200 injections, the inlet liner was replaced with a new one when it 

became visibly dirty, or when sensitivity dropped, and the column was trimmed when 

retention times began to wander. Autotunes, air and water, and vacuum gauge checks were 

performed on a regular basis to check the leaktightness of the system.  The ion source was 

cleaned before the repeller voltage approached 35 V.  Injections were made from Agilent 

2 mL GC autosampler vials using an Agilent 7683B autoinjector and Agilent 7683 

autosampler.  Two injections of ethyl acetate were made before running any sample set to 

ensure the system and solvent were not contaminated.  One or two injections of ethyl acetate 

were run in between samples. 
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Table 4.3: GC-MS parameters for wipe sample analysis 

Injection Autosampler Agilent 7683 

Syringe 

Type 10 µL Agilent gold series gastight syringe 

Injection volume 1 µL 

Draw 50 µL/min 

Dispense 300 µL/min 

Postinjection dwell 0.2 min 

Pre-injection rinses 3x ethyl acetate 

Post-injection rinses 3x dichloromethane 

Sample pumps before draw 3 

Sample discard before injection ~3 µL 

Inlet  

Septum 
Septum purge 

Red butyl rubber 
Septum purge 3 mL/min 

Mode splitless 

Temperature 260 
o
C 

Pressure 8 psi 

Purge time 50 mL/min at 1 min 

Liner split/splitless single taper deactivated glass wool 4 mm 
ID liner (Agilent) 

Gas helium Instrument grade  

Flow Constant flow 1 mL/min (36 cm/sec) 

Column 

Stationary phase HP-5MS (5 % phenyl methyl siloxane capillary column) 
0.25 µm film 

Internal diameter 0.25 mm 

Length 30 m 

Oven 

Start temperature start 67 
o
C hold 1 min 

Ramp increase 15 
o
C/min to 280 

o
C, hold 3 min 

Equilibration time 0.5 min 

Run time 18.2 min 

Transfer line Temperature 280 
o
C 

Detector 

Quad 150 
o
C 

Source 230 
o
C 

EM offset 12 

Energy 70 eV 

Solvent delay 4 min 

Scan parameters 

Mass range 45-400 amu 

Samples 2 

Scans/sec 4.05 

Threshold 50 

SIM parameters 

SIM masses 
110, 113, 118, 123, 154, 161  
(one group for the whole chromatographic run) 

Dwell time 40 ms 

Resolution low 

Cycles/sec 2.53 
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4.2.8 Compound identification 

Identification was attempted for all compounds whose chromatogram peaks were visible 

above the chromatogram background.  Compounds were identified by visual comparison of 

mass spectra with NIST08 and SWGDRUG mass spectral libraries and the scientific 

literature.  Some of the compounds were identified through TFA-derivatisation or with 

reference standards.   

4.2.9 Methamphetamine quantitation 

Methamphetamine surface concentrations were calculated using the peak areas of the most 

abundant ion fragment for TFA-derivatised methamphetamine (154) and 

methamphetamine-d9 (161) using the formula: 

Concentration  
                                                                                   

                              
 

The response factor for methamphetamine:methamphetamine-d9 is 1.  Determination of the 

response factor is detailed in the Methods Development chapter (Figure 5.7, page 51), along 

with detection limits and error calculations. 

4.2.10 Pseudoephedrine quantitation 

Pseudoephedrine was co-extracted with methamphetamine as part of surface wipe analysis 

and concentrations were calculated using the peak areas of the most abundant ion fragment 

for TFA-derivatised pseudoephedrine (154) and methamphetamine-d9 (161) using a 

calibration set containing pseudoephedrine and methamphetamine-d9.  The curve generated 

from the calibration set was used to calculate the concentration (Figure 5.17, p. 63). 

4.2.11 Whole material analysis 

Whole materials (glass / rock / cellulose fibre insulation, latex-backed curtains, wallpaper, 

newspaper, cushion filling, plasterboard, paint, jute pipe lagging, building paper) were 

collected where possible.  Whole materials were weighed (~1 g), spiked with 0.1 µg or 0.5 μg 

methamphetamine-d9 and extracted and analysed in the same way as the wipe samples.   
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Glass fibre and cellulose ceiling insulation were not amenable to extraction by this method 

because of non-compressibility and friability, respectively.  These samples were subjected to 

a single base extraction, using 6 mL NaOH instead of a double extraction with 4 mL and 

2 mL NaOH.  GC-MS analysis for materials used the same parameters as those for surface 

wipes. 

4.3 Air sampling and analysis 

4.3.1 Equipment 

The following equipment was used for air sampling: 

• SKC Model 224-PCXR4 air sampling pump with flow dampener  

• 4100 series flow meter model 4199 (TSI Inc.) 

• Tygon 2275 tubing ¼" ID, ⅜" OD 

• SKC Anasorb/Tenax 226-171 sorbent tube  

• Supelco 23 and 24 gauge 100μm polydimethylsiloxane (PDMS) fibres with a phase 

volume of ~ 600 μm
3146

(Sigma Aldrich) 

• Supelco manual SPME fibre holder (Sigma Aldrich) 

• Brannan 135442 whirling hygrometer (temperature +/- 1 %, humidity rounding error 

+/ 1 %) 

• Dynamic SPME sampler constructed with ⅜" OD 0.277" ID 0.049" thick Restek straight 

seamless 316L grade stainless steel tubing (Silcosteel®-CR treated) 

• SPME fibre holders constructed from ⅜" OD 0.277" ID 0.049" thick Restek straight 

seamless 316L grade stainless steel tubing (Silcosteel®-CR treated) and Swagelok 316 

grade stainless steel caps and stainless steel ferrules for ⅜" OD tubing 

• A Rae systems ppbRae 3000 handheld photoionisation detector (10.6 eV) was used by 

Forensic & Industrial Science Ltd to measure volatile organic compounds. 
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4.3.2 Sampling method 

Sampling was carried out at each location: 

 Before decontamination 

 During decontamination activities (if possible) 

 After decontamination 

As methanol was used for collecting surface wipes, surface wipe sampling was carried out 

after air testing.  Standard international air sampling methods recommend that air sampling is 

best undertaken after the dwelling has been shut for at least 8 h or more, in order to provide a 

sample representative of normal living conditions.
147, 148

  In general, this procedure has been 

followed, however often windows at former clandestine methamphetamine laboratories had 

been broken and also some owners did not comply with instructions to leave the dwelling shut 

for 8 h.   

A prototype dynamic field sampler was used to aid collection of samples (Figure 4.2).  The air 

pump shown in Figure 4.2 is generally not held during sampling and is normally housed in a 

washable carry bag.  The construction of the dynamic field sampler is detailed in the Methods 

Development chapter (Figure 5.28, page 77).  The sampler was coupled to an SKC Model 

224-PCXR4 air sampling pump using a push-fit connector and tube adapter with Tygon 2275 

¼" inner diameter, ⅜" outer diameter tubing.  The air pump had a built-in rotameter and flow 

rate was confirmed independently using a TSI 4100 series flow meter.  A flow dampener and 

Anasorb/Tenax 226-171 sorbent tube (SKC) were added to even out the flow rate and to 

protect the air sampling pump from contamination.  The dynamic sampler was operated for 5-

30 min at a flow rate of 1 L/min, with the researcher walking through the house with the 

sampler held at chest level, in order to sample from what might be analagous to the typical air 

intake zone for human respiration.  A number of static SPME measurements were also 

collected, with the SPME fibre clamped ~ 30 cm above any given surface. 
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Figure 4.2: Photograph of the dynamic SPME sampler being used inside a suspected former clandestine 
methamphetamine laboratory.  

4.3.3 Sample transportation and storage 

SPME samples of volatile compounds should normally be analysed within a few minutes of 

sample collection,
127

 as many volatile compounds start to desorb after this time.  Specialised 

commercial field samplers for SPME are expensive, so instead SPME fibres were transported 

to and from the sampling site in airtight holders that were fabricated from Silcosteel®-CR 

treated ⅜" outer diameter 0.277" inner diameter, 316L grade stainless steel tube with ⅜" 

Swagelok 316 stainless steel caps (Figure 4.3) based on the design reported by 

Larroque et al.
149

  The SPME fibres and holders were stored in a cooled insulated container 

during transportation back to the laboratory to reduce analyte losses.  Most SPME fibres were 

analysed within 24 h of collection, and those that required a longer holding period were stored 

at 4 °C until analysis.  Only one set of site samples (collected on a Friday evening from the 

first visit of site 25) were analysed 72 h later. 

 

Figure 4.3: Field holder for SPME fibre (shown with Carboxen-PDMS fibre). 
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4.3.4 GC-MS analysis of SPME fibres 

GC-MS instrument parameters were developed based on published guidelines for 

SPME GC-MS
150

 and were varied slightly during method development.  SPME fibres were 

manually injected on the same instrument as the surface wipes, with the parameters 

summarised in Table 4.4.  After SPME fibre desorption in the GC-MS inlet, the fibre was left 

in the inlet with the split vent open during the chromatographic separation to desorb all 

analytes on the fibre and prepare it for the next sampling.  Peak integration and identification 

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 

underivatised methamphetamine hydrochloride (58 amu), although identification of 

methamphetamine used the retention time and the ratio between the main two ion fragments 

of methamphetamine (58 amu and 91 amu). 
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Table 4.4: GC-MS parameters for the analysis of PDMS SPME fibres 

Injection Manual SPME (100 µm PDMS) 

Inlet  

Septum 
Septum purge 

Merlin high pressure microseal 
Septum purge 3 mL/min 

Mode Splitless 

Pressure 13 psi 

Temperature 250 
o
C 

Purge time 10 mL/min at 2 min 

Liner SPME glass straight 0.75 mm ID liner 

Gas helium Instrument grade  

Flow Constant flow 1 mL/min (35 cm/sec) 

Column 

Stationary phase HP-5MS (5 % phenyl methyl siloxane) 0.25 µm film 

Internal diameter 0.25 mm 

Length 30 m 

Oven 

Start temperature start 40 
o
C hold 1 min 

Ramp increase 10 
o
C/min to 115 

o
C, increase 1 

o
C /min to 125 

o
C, increase 

20 
o
C /min to 280

 o
C, hold 3.75 min 

Equilibration time 0.5 min 

Run time 30 min 

Transfer line Temperature 280 
o
C 

Detector 

Quad 150 
o
C 

Source 230 
o
C 

EM offset 12 

Energy 70 eV 

Solvent delay Minutes 0 

Scan parameters 

Mass range 35 - 400 amu 

Samples 2 

Scans/sec 4 

Threshold 20 
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4.4 Calibration of air sampler 

Calibration of the air sampler was carried out using custom-made apparatus described in the 

Methods Development section (Chapter 5.7). 

4.4.1 Chemicals and equipment 

The following chemicals, materials and equipment were used for air sampling calibration: 

• Methamphetamine hydrochloride (> 98 %, Australian Government National 

Measurement Institute) obtained from Environmental Science & Research Ltd 

• DL-Methamphetamine-d9 hydrochloride (ISOTEC 99 %, 100 μg/mL in methanol, Sigma-

Aldrich) 

• Sodium hydroxide (Reagent Grade 99 %, Scharlau) 

• Acetonitrile (Univar AR – 0.3 % H2O, 0.005 % residue - Ajax) 

• Dichloromethane (Super Purity Solvent, 99.9 %, Romil, and Analytical Grade, 99.9 %, 

Environmental Control Products) 

• Water: deionised (18.2 MΩ cm), UV-sterilised (bacteria < 0.1 cfu/mL), filtered (0.22μm) 

• Nitrogen (compressed gas 99.998 %, oxygen-free) BOC 

• Sodium sulphate (Anhydrous 99 %, Scharlau, Analytical Reagent, 99 %, Environmental 

Control Products) 

• Glass screw-cap reusable 16 mm x 100 mm test tubes (Kimax) 

• Pesticide-grade glass wool (Supelco) 

• Glass Pasteur pipettes 

• Mass flow controller Alicat MC-5SLPM-D 

• IKA RCT basic heating plate 

• ⅜" OD 0.277" ID 0.049" thick Restek straight seamless 316L grade stainless steel tubing 

(Silcosteel®-CR treated) 

• ¼" stainless steel plugs (Swagelok) 

• Male ¼" to male NPT connector (Swagelok)  

• ⅜
"
 to ¼" stainless steel reducing union (Swagelok) 

• Stainless steel ¼" to ¼" union (Swagelok) 

• Stainless steel ⅜" x ⅜" x ¼" reducing union tee (Swagelok) 
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• Custom-made bevelled glass cylindrical plug to fit reducing union tee 

• ¼" and ⅜" PTFE ferrules (Swagelok) 

• Perfluoroalkoxy (PFA) tubing ¼" OD, 0.047" thick (Swagelok) 

• SKC Anasorb/Tenax 226-171 sorbent tube 

• TSI 4100 series flow meter model 4199 

• Greisinger GTH 175/Pt digital thermometer with probe 

• Custom-made glass 1.5 L mixing chamber with sampling ports 

• Glass funnel with ⅜" OD neck and ~ 44 mm open end 

• Multi-phaser NE-1000 syringe pump (New Era Pump Systems Inc.) 

• 50 μL gastight syringes (SGE) 

• Injector BTO septum (Agilent) 

• Supelco 100 μm polydimethylsiloxane (PDMS) fibres (23 and 24 gauge) and Supelco 

manual SPME fibre holder 

• Aeroqual real-time VOC sensor  

4.4.2 Description of SPME calibration system 

Restek Silcosteel®-CR treated ⅜" outer diameter, 0.277" inner diameter 316L grade stainless 

steel tubing (Shimadzu Scientific Instruments), stainless steel ¼" plugs, ⅜" to ¼" reducing 

unions, PTFE ferrules and a ⅜" by ⅜" by ¼" reducing union tee were used to make an 

injection vaporisation system contained within an aluminium block (Method Development 

chapter, Figure 5.32).  Heat was supplied to the block by an IKA RCT basic heating plate and 

temperature was monitored in-block with a Greisinger GTH 175/Pt digital thermometer probe 

to maintain a temperature of 185 °C.   

Temperature, ozone, and humidity were controlled by using cylinder-supplied nitrogen as the 

carrier gas (99.998 %, oxygen-free, BOC).  Nitrogen flow was controlled with an Alicat mass 

flow controller MC-5SLPM-D (Instrumatics).  A contaminant trap (Anasorb/Tenax 226-171 

SKC sorbent tube, Thermofisher), was installed downstream of the mass flow controller after 

investigations showed the contaminants diphenyl sulfide, hexadecane and pentadecane 

originating from the mass flow controller.  The vapour-dosing system, comprising a mass 

flow controller, vaporisation block and syringe pump is shown in Figure 5.34.  Components 
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were coupled together using stainless steel ¼" plugs, male ¼" to male NPT connector, ¼" to 

¼" union, ⅜" polytetrafluoroethylene (PTFE) ferrules, and perfluoroalkoxy (PFA) tubing ¼" 

outer diameter, obtained from Swagelok.  Flow was checked independently with a TSI 4100 

series flow meter from Thermofisher.   

4.4.3 Preparation of standard solutions  

Methamphetamine hydrochloride (> 98 %, Australian Government National Measurement 

Institute) was obtained from the Institute for Environmental Science and Research (ESR).  

DL-Methamphetamine-d9 hydrochloride (100 µg/mL ISOTEC 99 %) was obtained from 

Sigma-Aldrich.  Reference standards were measured using gastight syringes (1 mL and 50 μL, 

SGE, Phenomenex).  As methamphetamine freebase was not available as a reference standard, 

methamphetamine hydrochloride stock solution was made up to be equivalent to 1 mg/mL 

methamphetamine freebase, and aliquots from this solution were basified and transferred into 

acetonitrile, a solvent that is compatible with the PDMS coating on the SPME fibre.
151

 

Approximately 1 mL of a 4 % aqueous solution of sodium hydroxide (99 %, Environmental 

Control Products) was added to 1 mL of 1 mg/mL methamphetamine hydrochloride in 

dichloromethane in a glass screw-cap 16 mm diameter by 100 mm long culture tube (Kimax, 

Thermofisher).  The two-phase solution was vortex-mixed for 3 min and centrifuged at 

~  990 rpm (rcf ~ 87 g) for 5 min.  The bottom layer containing dichloromethane was 

transferred with a Pasteur pipette to a culture tube.  Dichloromethane (1 mL, 99.9 % 

Environmental Control Products) was added to the remaining sodium hydroxide solution and 

the process repeated.  The dichloromethane extract was passed through a drying column of 

anhydrous sodium sulfate (99 %, Environmental Control Products), and pesticide-grade glass 

wool (Supelco, Sigma Aldrich), and was evaporated at 26 °C under a gentle flow of nitrogen 

to ~ 1 mL, then transferred to a 10 mL volumetric flask and made up to 10 mL with 

acetonitrile (Univar, Ajax) to make a final solution of 100 µg/mL methamphetamine freebase.  

A solution of 24 µg/mL methamphetamine in water was prepared by dilution of the 

100 µg/mL acetonitrile solution. 

Methamphetamine-d9 hydrochloride was prepared in the same way as methamphetamine.  

However, as the reference standard for methamphetamine-d9 hydrochloride was only 

available in 1 mL ampoules, 1 mL of 100 µg/mL methamphetamine-d9 in methanol was used 

and the final evaporation was carried out in a GC vial, to which 1 mL acetonitrile was added 
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to make ~ 100 µg/mL methamphetamine-d9 freebase.  Recovery was checked using liquid 

injection GC-MS by comparison of peak area with the 100 µg/mL unlabelled 

methamphetamine freebase solution.   

4.4.4 Procedure for calibration of SPME dynamic sampler 

Methamphetamine solutions were dispensed using 50 μL SGE gastight syringes obtained 

from Phenomenex.  Syringe dispense rate was controlled by a Multi-phaser NE-1000 syringe 

pump from New Era Pump Systems Inc.  The syringe pump was run at a dispense rate of 

5 µL/h and the mass flow controller was set at a flow rate of 2 L/min.  Lower 

methamphetamine concentrations were achieved by dilution of solutions, rather than 

adjustment of infusion rate, to try and reduce confounding factors. 

Initial tests with the mixing chamber used heptane as the carrier solvent for methamphetamine 

and an injection block temperature of ~ 120 °C.  For the optimised system, the injection block 

was set to an internal temperature of 185 °C and allowed to stabilise (1 h).  The mass flow 

controller was set to deliver nitrogen at a rate of 2 L/s.  With the extended 70 cm outlet, the 

temperature at the outlet was 27 °C and the temperature at the SPME fibre was ~ 26 °C.  This 

was in contrast to the temperatures from the initial design with shorter tube, which were 83 °C 

at the outlet and 41 °C at the SPME fibre.   

Solutions of either 100 μg/mL or 24 µg methamphetamine freebase in acetonitrile or water, 

respectively, were injected at a rate of 5 μL/h into nitrogen flowing at 2 L/min in the vapour 

generation system, producing a theoretical concentration of 4.2 µg/m
3
 or 1 µg/m

3
, 

respectively.  The dynamic SPME sampler prototype was inserted into the system outlet 

funnel and the air sampling pump connected to it was run at 1 L/min, to give a calculated flow 

velocity of ~ 0.43 m/s inside the tube housing the SPME fibre.  A conditioned PDMS SPME 

fibre was inserted into the sampler and exposed inside the tube to the methamphetamine-

containing gas stream.  The time interval for fibre exposure was measured to 1 s using a 

digital wristwatch, then the fibre was withdrawn, the fibre holder decoupled, and the SPME 

assembly was taken to the GC-MS for analysis.  The whole system was run for ~ 3 h until 

replicates gave a consistent response.  Stability was confirmed by SPME sampling at 20 min 

intervals.   
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4.4.5 SPME GC-MS analysis 

GC-MS instrument parameters were developed based on published guidelines for 

SPME GC-MS.
150, 152

  The SPME GC-MS method developed for analysis of SPME field 

samples was modified slightly and shortened to 12 minutes for the calibration experiments.  

GC-MS parameters are given in Table 4.5.   

Table 4.5: GC-MS parameters for SPME analysis 

Injection Manual SPME (100 µm PDMS) 

Inlet  

Septum 
Septum purge 

Merlin microseal, replaced by red butyl rubber 
Septum purge 3 mL/min 

Mode Splitless 

Pressure 6 psi 

Temperature 250 
o
C 

Purge time 30 mL/min at 1.5 min 

Liner 0.75 mm ID deactivated glass SPME liner (Supelco) 

Gas helium Instrument grade  

Flow Constant flow 1mL/min (36 cm/sec) 

Column 

Stationary phase HP-5MS (5 % phenyl methyl siloxane) 0.25µm film 

Internal diameter 0.25 mm 

Length 30 m 

Oven 

Start temperature start 40
o
C hold 2.5 min 

Ramp increase 40 
o
C/min to 300 

o
C, hold 3 min 

Equilibration time 1 min 

Run time 12 min 

Transfer line Temperature 280 
o
C 

Detector 

Quad 150 
o
C 

Source 230 
o
C 

EM offset 12 

Energy 70 eV 

Solvent delay Minutes 0 

Scan parameters 

Mass range 38-400 

Samples 2 

Scans/sec 3.97 

Threshold 0 
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After SPME fibre desorption in the GC inlet in splitless mode, the fibre was left in the inlet 

after the split valve opened for the duration of the chromatographic separation to ensure that 

all compounds had been desorbed and that it was clean for the next sample.  Identification 

was made based on retention time, main ion fragments and their relative ratios.   

Peak integration was carried out on the extracted ion chromatogram for the main ion fragment 

of underivatised methamphetamine freebase (58 amu) and underivatised 

DL-methamphetamine-d9 freebase (Figure 4.4).  Ratios for secondary ion fragments (58:91 

and 65:93) were also checked for consistency (0.13 and 0.08, respectively). 

 

Figure 4.4: Extracted ion chromatograms for SPME fibre that has been exposed to both methamphetamine freebase and 
DL-methamphetamine-d9, freebase, showing the mass spectrum for DL-methamphetamine-d9.  The small shoulder on the 
peak for ion fragment m/z 65 is cross-contribution from the unlabelled methamphetamine. 
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5. Methods development 

5.1 Ethical issues 

The researcher anticipated the following potential issues arising from this study: 

 Adverse effects on the property owner if their names and addresses were disclosed; 

 What to do with data that might indicate a serious health risk for present or future 

occupants; 

 The personal safety of the researcher at the site; 

 Potential conflict of interests due to the researcher working part-time for a scientific 

company that carries out testing of former clandestine methamphetamine laboratories; 

 The unequal relationship between landlord and tenant could result in coercion of the 

tenant by the landlord to allow testing; 

 Property owners could obtain data from the study via Court Order for the purpose of 

Court Proceedings to support a claim for damages against their tenants and tenants 

needed to be made aware of this. 

The solution to these issues was to provide informed consent forms for owners, tenants, and 

participating organisations.  Information and consent forms were drafted and sent to the 

University of Auckland Human Participants Ethics Committee for approval.  Approval was 

granted on 10 July 2008.  The information sheet and consent forms are included in the 

Appendices (page 215).  The forms state: 

 That procedures taken by the researcher to ensure private details identifying 

properties, owners, or inhabitants are not released to any other party during or after the 

study; 

 That data indicating an immediate or serious health risk will be passed onto 

appropriate authorities; 

 That participants give assurances of the personal safety of the researcher from 

aggressive animals, violent tenants or structurally unsafe dwellings or land; 
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 The relationship between the researcher and the company that employs the researcher;   

 That data from the study can be obtained under Court Order; 

 That participation in the study is not a condition of tenancy or a requirement of testing 

or decontamination. 

During the study, it became apparent that some participants could not read English and 

therefore participant information sheets and consent forms for owners and occupiers were 

translated into traditional Chinese and simplified Chinese (Appendices, page 218).  The 

translated versions were approved on 24 September 2009 by the University of Auckland 

Human Participants Ethics Committee. 

In the early fieldwork, some participants took issue with the clause on the Consent form 

relating to visits to the property by the researcher.  They said they thought it meant there was 

a possibility that they might get an unannounced visit after the house has been re-tenanted.  

The Consent Forms were thus amended to clarify that researcher visits would only occur with 

the testing company authorised by the owner / occupier or by prior arrangement with the 

owner / occupier.  The amendments were approved by the University of Auckland Human 

Participants Ethics Committee on 12 November 2009.  The amended forms are included in 

the Appendix (page 223). 
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5.2 Methamphetamine quantitation 

Liquid injections of methamphetamine freebase do not give a symmetrical, intense peak using 

GC-MS at the concentrations specified by international and national cleanup guidelines 

(0.1 - 0.5 µg/100 cm
2
).

76
  Samples containing methamphetamine were thus derivatised using 

trifluoroacetic anhydride (TFAA) to improve signal and specificity.
153

  Methamphetamine 

derivatises to form N-mono-trifluoroacetyl methamphetamine (Figure 5.1).   

 

Figure 5.1: Structure for methamphetamine and methamphetamine trifluoroacetyl (TFA) derivative 

The electron ionisation (EI) mass spectrum for N-mono-trifluoroacetyl methamphetamine 

contains the main ion 154, and the less abundant fragments 118, 110 and 91 (Figure 5.2).   

 

Figure 5.2: Electron ionisation mass spectrum for N-mono-trifluoroacetyl methamphetamine 
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Possible fragments of N-mono-trifluoroacetyl methamphetamine are shown in Figure 5.3.  

Selected ion monitoring
154

 of the key fragments was used to further increase sensitivity.   

 

Figure 5.3: Possible fragments of N-mono-trifluoroacetyl methamphetamine 

5.2.1 Internal standard 

At the time research commenced, there was no published method for accurate quantitation of 

methamphetamine on surface wipes.  Previous work on methamphetamine quantitation from 

surface wipes
76

 showed two areas where quantitation accuracy is compromised.  Firstly, not 

all methamphetamine can be recovered from some surfaces, because of the physical and 

chemical nature of the surface.  Secondly, loss of methamphetamine can sometimes occur 

during sample processing.  Controlling for incomplete recovery of methamphetamine from 

surfaces is difficult; in most cases property owners did not permit removal of the surface for 

analysis.  Spiking the surface with internal standard is also problematic if the internal standard 

is a controlled substance, as the analyst would be effectively contaminating a private 

residence, an action that most property owners would not permit. 

Loss of methamphetamine during sample processing is easier to control for.  A major 

difference between this study and the earlier surface wipe sampling method used by Abdullah 

is that an internal standard was added to the sample before any sample manipulation was 

carried out.  This provided a control for sample loss due to extraction.   
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By using an internal standard in this way, variability is theoretically confined to three areas: 

1. Measuring error of internal standard 

2. Contamination 

3. Chromatographic peak integration  

Isotopically altered internal standards are thought to be the best internal standards as they 

theoretically behave in the same way as the analyte of interest throughout the extraction and 

derivatisation process.
155

  After consulting literature on suitable isotopic internal standards for 

quantification of methamphetamine,
156

 methamphetamine-d9 was selected as an internal 

standard, as it is isotopically different enough that cross-contribution between its 

chromatographic peak and that of methamphetamine is minimal, compared with the other 

deuterated methamphetamine standards available.   

Methamphetamine-d9 derivatises in the same way as methamphetamine (Figure 5.4).  

 

Figure 5.4: Deuterated methamphetamine (d9) and N-mono-trifluoroacetyl methamphetamine-d9 
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The EI mass spectrum for N-mono-trifluoroacetyl methamphetamine-d9 contains the main ion 

161, and the less abundant fragments 123, 113 and 93 (Figure 5.5).   

 

Figure 5.5: Electron ionisation mass spectrum for N-mono-trifluoroacetyl methamphetamine-d9 

Possible fragments of N-mono-trifluoroacetyl methamphetamine-d9 are shown in Figure 5.6.   

 

Figure 5.6: Possible fragments of N-mono-trifluoroacetyl methamphetamine-d9 
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Figure 5.7 shows the extracted ion chromatogram for the main ion fragment for derivatised 

methamphetamine (m/z 154) compared to derivatised methamphetamine-d9 (m/z 161).  Note 

that the deuterated compound elutes slightly earlier than the protio compound. 

 

Figure 5.7: Extracted ion GC-MS chromatogram showing response of the methamphetamine trifluoroacetyl derivative 
compared with the methamphetamine-d9 trifluoroacetyl derivative 

5.2.2 Cross-contribution 

Cross contribution of ions to mass spectra can be an issue when using isotopically altered 

internal standards.
157

  There are two reasons for this.  The isotopically altered compound may 

not be suffuciently altered such that it contains some fragments that are in common with the 

parent compound.  However, care was taken in this case to select an internal standard that did 

not have fragments in common with the parent compound.  The second reason cross-

contribution can occur is because of the large discrepancy between the concentration of the 

parent compound and the isotopically altered compound.  It was observed that whenever 

concentrations of methamphetamine exceeded 4 µg/100 cm
2
 for site samples, a raised m/z 161 

signal was observed after the methamphetamine-d9 m/z 161 ion peak (Figure 5.8).  A likely 

reason is that the parent compound signal is so large that it increases the abundance of ion 

fragments that would normally have a low probability of detection at lower concentrations.  

This raised signal sometimes appeared as a ‘shoulder’ on the methamphetamine-d9 peak 

(Figure 5.9), which made accurate peak integration for the methamphetamine-d9 peak 

difficult.   
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Figure 5.8: 161 ion peak with additional 'pull-up' peak originating from very large methamphetamine peak. 

 

Figure 5.9: Cross-contribution in the form of a 'shoulder' on the side of the main 161 peak when methamphetamine 
concentrations are moderate. 

Accuracy of the internal standard peak area is critical for quantitation, so the 

cross-contribution between the methamphetamine and the internal standard was determined.  

Five samples which exhibited a fully-resolved extra 161 peak under the protio 

methamphetamine peak and for which the methamphetamine peak did not overload the 

detector were chosen to calculate the cross-contribution (Table 5.1). 

  



 

 

53 
 

Table 5.1: Calculation of cross-contribution from methamphetamine to internal standard. 

154 peak area 161 peak area 161:154 

217853834 57291 0.00026 

136154974 33920 0.00025 

90593046 22263 0.00025 

72530287 17720 0.00024 

68412879 16932 0.00025 

The peak area of the extra 161 peak under the methamphetamine peak averaged 0.00025 of 

the 154 peak area, with a standard deviation of 8 x 10
-6

.  For all subsequent measurements, the 

internal standard 161 peak area was corrected by subtracting 0.00025 of the 154 peak area. 

5.2.3 Detection limit for derivatised methamphetamine 

In this study, the limit of detection is defined as being the lowest concentration at which a 

target peak in the total ion current chromatogram is obtained which has: 

1. A well-defined peak; 

2. A retention time relative to the deuterated methamphetamine internal standard that 

does not vary more than ± 2 %; 

3. Two identifier ions in addition to the most abundant ion with relative abundances ± 

20 % of the average ion ratios observed for reference standards that are within the 

linear range of the calibration curve. 

The limit of detection was determined using a 7-point calibration set of methamphetamine 

hydrochloride ranging from 0.001 µg/mL – 1 µg/mL.  Methamphetamine-d9 hydrochloride 

internal standard was added to each calibration standard at a concentration of 0.1 µg/mL or 

0.5 µg/mL.   

The methamphetamine-d9 hydrochloride reference standard was supplied in methanol.  The 

trifluoroacetyl derivatisation method appears to be sensitive to excess methanol, which may 

inhibit the formation of the methamphetamine-d9 trifluoroacetyl derivative and the 

methamphetamine trifluoroacetyl derivative.  To reduce the impact of methanol on the 

derivatisation reaction, dichloromethane was used in serial dilutions for calibration solutions.  

The methamphetamine hydrochloride and methamphetamine-d9 hydrochloride solutions were 

combined in a glass GC-MS vial and all visible solvent was evaporated at 26 °C under a 

gentle flow of nitrogen prior to the addition of derivatising agent.  The limits calculated from 
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the calibration sets are thus for methamphetamine hydrochloride, rather than freebase.  The 

estimation of the detection limit was performed three times.  Table 5.2 shows the 

concentrations and the volumes used for adding the stock solutions (10 µg/mL and 1 µg/mL) 

of methamphetamine to 2 mL vials.  

Table 5.2: Stock solution volumes and concentrations used in the methamphetamine hydrochloride calibration set 

10 µg/mL solution volume  (µL) 1µg/mL solution volume (µL) Methamphetamine (μg/mL) 

 1 0.001 

5 0.005 

1  0.01 

5 0.05 

10 0.1 

50 0.5 

100 1 

The methamphetamine-TFA gave peaks and mass spectra fitting these criteria for detection 

limits at a concentration of 0.001 µg/mL (Appendices: Limit of Detection data page 228).  

The ion ratio of 154:118 in 2011 (~ 3.8) was slightly higher than those in 2009 (~ 3.3), which 

may be due to slight changes in mass spectrometer sensitivity at different masses.  Two of the 

three method negatives for the calibration sets showed evidence of slight methamphetamine 

contamination, however both were well below the lowest standard.  At a concentration of 

0.001 µg/mL it was found that a small change in choosing where to integrate the peak had a 

significant effect on whether or not ion ratios fell within the acceptance criteria.  Due to this 

possible source of uncertainty a detection limit of 0.005 µg/mL was selected.   

5.2.4 Limits of quantitation for derivatised methamphetamine 

The limits of quantitation for derivatised methamphetamine hydrochloride were determined 

using the 0.1 µg/mL calibration set described above as well as a 0.5 µg/mL calibration set, for 

samples with high methamphetamine concentrations. 

In this study, the limit of quantitation is defined as being the presence of a peak in the total 

ion current chromatogram obtained using the method specified above that: 

1. Fulfils the criteria for the limit of detection, 

2. Has an internal standard to analyte response factor that does not vary more than 20 % 

when replicated.
158
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Figure 5.10 shows a logarithmic plot of the calculated vs measured methamphetamine 

concentrations for the GC-MS analysis of derivatised methamphetamine hydrochloride using 

0.1 µg of methamphetamine-d9 hydrochloride as an internal standard for a set of three 

replicates.   

 

Figure 5.10: Logarithmic plot showing the calculated vs theoretical methamphetamine concentrations for the GC-MS 
analysis of derivatised methamphetamine hydrochloride using 0.1 µg of methamphetamine-d9 hydrochloride as an 
internal standard for three replicates. 

The lower concentrations show a higher degree of deviation from the expected value (Table 

5.3).  The higher concentration region of the curve was more linear for the 0.1 µg/mL 

methamphetamine-d9 hydrochloride spiked calibration set and response factors varied less 

than 20 % at or above 0.05 µg/mL (Table 5.3).  Therefore, the lower limit of quantitation 

selected for this method is 0.05 µg/mL.   
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Table 5.3: Response factor average and relative standard deviation of three replicate calibration sets for 
methamphetamine hydrochloride over the range 0.001 - 1 µg/mL 

Methamphetamine (µg/mL) average %RSD 

0.001 1.0 57 

0.005 1.9 59 

0.01 1.0 49 

0.05 1.1 10 

0.1 1.1 10 

0.5 1.1 18 

1 1.1 16 

Figure 5.11 shows a logarithmic plot of calculated vs measured methamphetamine 

concentrations for the GC-MS analysis of derivatised methamphetamine hydrochloride using 

0.5 µg of methamphetamine-d9 hydrochloride as an internal standard.  Only one calibration 

set was prepared.   

 

Figure 5.11: Logarithmic plot showing the calculated vs theoretical methamphetamine concentrations for the GC-MS 
analysis of derivatised methamphetamine hydrochloride using 0.5 µg of methamphetamine-d9 hydrochloride as an 
internal standard 
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Table 5.4 shows the response factors for the 0.5 µg calibration set.  The higher concentration 

region of the curve had better linearity for the 0.5 µg/mL methamphetamine-d9 hydrochloride 

calibration sets and the response factors varied less than 20 % from 1:1 at concentrations 

above 0.05 µg/mL, therefore the lower limit of quantitation selected for 0.5 µg/mL 

methamphetamine-d9 internal standard was 0.05 µg/mL.   

Table 5.4: Response factors for calibration sets 

Methamphetamine (µg/mL) Response factor for 0.5 µg internal standard 

0.001 1.3 

0.005 1.9 

0.01 1.8 

0.05 1.2 

0.1 1.1 

0.5 1.1 

1 1.0 

5.2.5 Sample storage stability 

To assess sample loss after collection, seven wiping media (filter papers) were spiked with 

20 µL of a 100 µg/mL solution of methamphetamine hydrochloride in methanol to give a 

concentration of 2 µg/swab.  The filter papers were placed inside screw-cap glass vials and 

stored at 4 °C.  A teflon liner was used for one pair of vials to see if there were losses to 

different cap liner components.  Samples were spiked with methamphetamine-d9 

hydrochloride before extraction.  One sample was analysed immediately (control, zero days).  

Two samples were analysed at 165 days and one at 710 days.  The stored spiked filter papers 

appeared to be very stable with little loss (Table 5.5).  In hindsight, methamphetamine 

freebase would have been a more representative compound to use to study storage stability.  

Table 5.5: Stability of stored methamphetamine-spiked samples over time 

Time Methamphetamine concentration (µg/mL) 

Control (0 days) 2.00 

165 days (with teflon cap liner) 2.02 

165 days (no cap liner) 1.93 

710 days (with teflon cap liner) 1.89 
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5.2.6 Materials extraction method 

At the time research commenced, there were no published methods for the extraction and 

analysis of methamphetamine from building materials.  However the surface wipe method 

used in this research was amenable to modification for use for materials analysis.  The 

following modifications were made: 

 The mass of the materials was recorded on a balance (accurate to < 1 mg) before 

analysis in order to enable concentration to be calculated in µg/g.  Approximately 1 g 

was weighed out into a tared glass collection vial and the weight recorded. 

 Internal standard was spiked directly onto the material and then the sample was 

processed in the same way as for surface wipes. 

 For non-compressible and friable materials, only one base-extraction step was carried 

out. 
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5.3 Pseudoephedrine quantitation 

Underivatised pseudoephedrine gives an even poorer peak response and shape using GC-MS 

than underivatised methamphetamine,
76

 and derivatisation with trifluoroacetic anhydride 

significantly improves peak shape and response.  Pseudoephedrine derivatises to form 

N,O-di-trifluoroacetyl pseudoephedrine, sometimes with traces of N-mono-trifluoroacetyl 

pseudoephedrine (Figure 5.12).
159

  

 

Figure 5.12: Structures of pseudoephedrine and its mono- and di- trifluoroacetyl derivatives 
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The EI mass spectrum for N,O-di-trifluoroacetyl pseudoephedrine contains the main ion at 

m/z 154, and the less abundant fragments at m/z 110, 69, 155 and 244 (Figure 5.13).   

 

Figure 5.13: Electron ionisation mass spectrum for N,O-di-trifluoroacetyl pseudoephedrine 

The EI mass spectrum for N-mono-trifluoroacetyl pseudoephedrine contains the main ions at 

m/z 155 and 154, with less abundant fragments at m/z 86, 110 and 140 (Figure 5.14).   

 

Figure 5.14: Electron ionisation mass spectrum for N-mono-trifluoroacetyl pseudoephedrine 
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Possible fragments for N,O-di-trifluoroacetyl pseudoephedrine are shown in Figure 5.15.  

Selected ion monitoring
154

 of the key fragments was used to further increase sensitivity.   

 

Figure 5.15: Possible fragments for N,O-di-trifluoroacetyl pseudoephedrine 

As the GC-MS method was originally optimised for methamphetamine detection, an internal 

standard had not been selected for pseudoephedrine.  As samples from sites were analysed, it 

became apparent that it would be desirable to estimate the concentration of pseudoephedrine.  

A set of pseudoephedrine calibration standards were made and analysed, using 

methamphetamine-d9 hydrochloride as the internal standard, with all of the same extraction 

and analysis methods as for methamphetamine.   

5.3.1 Limit of detection for derivatised pseudoephedrine 

The main pseudoephedrine-TFA derivative, N,O-di-trifluoroacetyl pseudoephedrine, gave 

peaks and mass spectra fitting the criteria for the detection limit at a concentration of 

0.001 µg/mL (Table 5.6).  The ion ratio of 154:110 was 0.18, and remained within the ± 20 % 

tolerance down to the lowest standard.  However apparent pseudoephedrine contamination 

observed in several method negative controls resulted in a detection limit of 0.005 µg/mL 

being adopted. 
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Table 5.6: Response factors and ion ratios for pseudoephedrine:methamphetamine-d9 

Pseudoephedrine (μg/mL) Response factor 154:110 

0.001 0.6 0.19 

0.005 0.9 0.17 

0.01 0.9 0.18 

0.05 0.8 0.18 

0.1 0.8 0.18 

0.5 0.6 0.18 

1 0.5 0.18 

5.3.2 Limits of Quantitation for derivatised pseudoephedrine 

The limits of quantitation for derivatised pseudoephedrine were determined using the 

calibration set described above.  The calibration curve (Figure 5.16) shows a curvilinear 

response for the range 0.001 – 1 μg/mL for pseudoephedrine hydrochloride relative to 

methamphetamine-d9 hydrochloride. 

 

Figure 5.16: Logarithmic plot showing the calculated vs theoretical pseudoephedrine concentration for the GC-MS 
analysis of derivatised pseudoephedrine 
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Although the curvilinear relationship between pseudoephedrine and methamphetamine-d9 is 

best fitted by a quadratic function, it overestimates the lower values (Figure 5.17).  A linear 

function also overestimates the lower values (Figure 5.17).  For concentrations relevant for 

decontamination, the most accurate fit for all values was using a power function (Figure 5.17).   

 

Figure 5.17: Logarithmic plot showing the calculated vs theoretical methamphetamine concentrations for the GC-MS 
analysis of derivatised pseudoephedrine using linear (solid), power (dashed) and quadratic (dotted) functions.  
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However, for higher concentrations, a linear function more accurately describes the curve 

(Figure 5.18), most likely due to the fact that trace contamination events, noise and false 

positive identification can affect the measurement of very low concentrations of 

pseudoephedrine. 

 

Figure 5.18: Plot of calibration curve on a normal scale, with curve fitted using linear (solid), power (dashed) and 
quadratic (dotted) functions. 

While methamphetamine-d9 hydrochloride may not be an ideal internal standard for 

quantitation of pseudoephedrine, it suffices for making a semi-quantitative estimate of 

pseudoephedrine concentrations. 
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5.4 Contamination 

5.4.1 Field contamination 

Field blanks were taken to and from each sampling site.  The original intention was that field 

blank vials were not opened throughout the visit.  However, as there were three different 

people collecting samples, there were a few instances when some field blank vials were 

opened, the filter paper was dampened with methanol, then replaced in the vial.  Field blanks 

treated in this way gave higher levels of methamphetamine and pseudoephedrine/ephedrine 

contamination than those that were not opened.  In hindsight, the practice of opening the field 

blank vials is probably more representative of contamination that can occur during sampling 

of clandestine laboratory sites, than if vials were not opened. 

5.4.2 Cross-contamination 

Method blanks from each batch revealed that a small amount of cross-contamination 

sometimes occurred during sample extraction and derivatisation.  Guidelines for laboratory 

analysis
158

 specify that method blanks should be: 

1. Less than the limit of detection or less than the level of acceptable blank 

contamination as determined by the laboratory; 

2. Less than 5 % of the regulatory limit associated with an analyte or less than 5 % of the 

concentration of the analysed sample, whichever is greater. 

The limit of detection determined for this study is 0.005 μg/mL.  Ten samples had method 

blanks with concentrations above 0.005 μg/mL, and three were above 0.025 μg/100 cm
2 

(5 % 

of the 2010 New Zealand Ministry of Health cleanup guideline).  Method blank results are 

reported in Table 11.5 (Appendices, page 232) but have not been subtracted from sample 

concentrations as the contamination event may not have occurred evenly for all samples in the 

batch.  There was a slight correlation between the highest concentration sample in the batch 

and a high method blank (Figure 5.19).  Some of the method blanks with low or no detectable 

methamphetamine contained peaks for pseudoephedrine or ephedrine at trace levels 

(< 0.002 µg/mL).  
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Figure 5.19: Comparison of method blank methamphetamine levels with maximum sample concentration in batch 

The presence of trace derivatised methamphetamine in one underivatised sample processed in 

April 2010 suggested that cross-contamination had occurred during the sample evaporation 

stage (shown in Figure 5.20).  Cross-sample and cross-batch contamination was well 

controlled for, with vials being kept in the same labelled positions during evaporation under 

nitrogen and the glass manifolds being Decon 90- and acid- washed and baked at 100 °C in 

between batches.  However, intra-sample contamination (contamination of underivatised 

sample by its derivatised counterpart) demonstrated that a glass manifold for nitrogen could 

become a potential source of contamination. 

 

Figure 5.20: Evaporation under nitrogen using glass manifolds 
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5.4.3 Instrument carryover 

Carryover is the inadvertent addition of analytes from the previous sample to the next sample.  

In the GC-MS carryover can occur when analytes are not successfully removed from the 

syringe, septum, inlet or column between sample runs.  For extracted samples from sites with 

very high surface concentrations of methamphetamine (Sites 10 and 23), carryover between 

samples injected into the GC-MS was observed.  The origin of the carryover is not from the 

column as the retention time is typical for methamphetamine, and it is also unlikely to be 

from over-expansion of carrier solvent in the liner, because the theoretical expansion volume 

was checked, and the septum purge was used.  While methamphetamine carryover was only 

0.5 - 1 % of the previous injection, very high concentrations can have longer decay curves.  

To check the effect of carryover the affected samples were re-injected, with three solvent 

blanks in between each sample.  Comparison of results showed that there was no significant 

difference in concentration between two or three solvent blanks, so two solvent blanks proved 

to be sufficient in reducing carryover to less than 0.02 %. 

5.4.4 Laboratory contaminants 

Plasticisers were found to be a significant contaminant when autopipettors were used initially 

to dispense organic solvents.  Phthalates are known to be present in pipette tips, reagent bottle 

liners, filter housings, filters, plastic syringes and Parafilm.
160

  Methanol, dichloromethane 

and ethyl acetate are known to leach phthalates.
160, 161

   

The extraction and recovery method for methamphetamine was carried out using glass 

syringes and plastic autopipettors in parallel and results were compared.  The experiment 

showed the use of autopipette tips coincided with the presence of a large peak in the GC 

chromatogram (compare Figure 5.21 and Figure 5.22) with a mass spectrum that closely 

matches the NIST library mass spectrum for the plasticiser bis(2-ethylhexyl) phthalate 

(BEHP).  The raised background underneath the BEHP peak has a mass spectrum matching 

that of the column phase and roughly follows the temperature program, and therefore may be 

column bleed from residual surface moisture on the autopipette tips, as they were not oven-

dried like the glassware.  However, there was not sufficient time for further investigation of 

this phenomenon. 
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Figure 5.21: Total ion current GC-MS chromatogram obtained using the wipe sample extraction method with plastic 
autopipettors showing tetradecane (8.235 min) and methamphetamine-TFA (8.436 min).  The plasticiser BEHP peak is 
visible at 14.495 min.   

 

Figure 5.22: Total ion current GC-MS chromatogram obtained using the wipe sample extraction method with glass 
syringes showing tetradecane (8.234 min) and methamphetamine-TFA (8.435 min).   
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5.5 Experimental clandestine laboratory 

As part of method development for field work, experiments using the method for recovery of 

methamphetamine surface contamination developed by Abdullah
76

 were carried out first in an 

experimental setting.  The study aimed to test the methamphetamine surface residue recovery 

method developed by Abdullah to measure the effect of orientation on recovery of 

methamphetamine, to determine the effect of substrate type on recovery of methamphetamine, 

and to determine the effect of different surface cleaning treatment on recovery of 

methamphetamine 

Nine stainless steel grade 304 and nine glass tiles were chosen as substrates, based on 

previous work, which showed that methamphetamine and pseudoephedrine was readily 

recovered from them and that they were not susceptible to absorption or diffusion effects 

observed with other materials such as paint, vinyl and wood.
76

  Previous work
76

 had also 

showed differences for pseudoephedrine recovery between glass washed in laboratory 

detergent (Decon-90™) and glass washed in laboratory detergent then soaked in weak acid, 

so five of the glass tiles were washed with laboratory detergent and four were washed with 

laboratory detergent then soaked in 5 % nitric acid and air dried.  The tiles were rinsed with 

deionised water after soaking.  Nine stainless steel tiles were washed in laboratory detergent 

and air-dried.  After drying the tiles were wrapped individually in aluminium foil.  Four of 

these stainless steel tiles were left exposed to office air for 24 h prior to the experiment to see 

if indoor air components such as dust particles had any effect on recovery of 

methamphetamine.  The substrates, surface treatments and orientations are summarised in 

Table 5.7. 

Table 5.7: Surface types and treatments for pilot study 

orientation glass glass stainless steel stainless steel 

horizontal 2 acid washed 2 detergent washed 2 detergent washed 2 exposed for 24 hours 

vertical 2 acid washed 2 detergent washed 2 detergent washed 2 exposed for 24 hours 

field blanks 1 acid washed  1 detergent washed  
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Sampling substrates were placed in an unventilated room (Figure 5.23).  Stainless steel and 

glass tiles were laid flat on cardboard boxes or stood semi-vertically in plastic holders and 

remained there for seven weeks, during which time small-scale methamphetamine 

manufacture thought to be analogous to clandestine manufacture was carried out by ESR staff 

(Anne Coxon, pers. comm. 2008).  Explicit details of the manufacture were not disclosed.  

Field blanks were left wrapped in aluminium foil in a container in an office near the site.   

 

 

 

Figure 5.23: Setup of sampling tiles for simulated clandestine methamphetamine manufacture 

5.5.1 Surface wiping protocol 

Surface wipe and whole materials sampling and analysis was carried out using the method 

developed by Abdullah,
76

 with modifications to suit the field setting.  As a result of the pilot 

study, the following modifications were made to the wipe sampling method:  

 Disposable Manila cardboard templates were produced (Figure 5.24) instead of using 

dots to mark the 100 cm
2
 boundary as the dots proved difficult to see.  The card templates 

were pre-packaged individually in resealable plastic bags before use to reduce 

contamination. 
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 Filter papers were cut into quarters because folding and wiping four times with one paper 

required both hands, whereas one hand was needed to hold the sampling vial.  Filter 

papers were pre-packaged individually in resealable plastic bags. 

 A clean disposable working surface of aluminium foil (Figure 5.24) suggested by Anne 

Coxon was introduced to reduce the likelihood of contamination from manipulation of 

collection vials and materials on surfaces already contaminated with methamphetamine.  

 Vials were transported in a portable cool box with ice pads and stored in a refrigerator at 

4 °C upon return to the laboratory. 

  

Figure 5.24: Disposable wiping template and disposable working surface to reduce cross-contamination 
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5.5.2 Observations 

The grade 304 stainless steel tiles developed significant pitting corrosion (Figure 5.25), likely 

due to exposure to hydrogen chloride and iodine vapours from the manufacture process.  This 

is consistent with corrosion of metal objects observed in the vicinity of methamphetamine 

manufacture at former clandestine methamphetamine laboratories. 

 

Figure 5.25: Stainless steel tile showing corrosion residues (right) with pitting corrosion underneath when wiped (left). 

5.5.3 Concentrations 

The tiles were analysed using the method of Abdullah,
76

 modified to include isotopically 

labelled methamphetamine (d9) as an internal standard.  Wipes were spiked with 0.1 µg 

methamphetamine-d9, then extracts were derivatised and analysed quantitatively by GC-MS.   

The recovery efficiency for methamphetamine-d9 was an order of magnitude lower (peak area 

~ 2 x 10
4
) in these samples compared to reference standards and to later field samples (peak 

area ~ 2 x 10
5
), and the metal tiles (peak area ~ 1 x 10

4
) gave lower recoveries than the glass 

tiles.  It was suggested by Anne Coxon (pers. comm.) that the highly acidic environment 

might have caused the lower recoveries from surface wipes.  The wipe was pH tested after 

sodium hydroxide was added during the extraction process and did not indicate any problems 

with basification.  For the metal tiles, there was visible rust staining on the surface wipes and 

it is possible that amine-iron oxide interactions may have affected some of the 

methamphetamine.
162
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All exposed tiles except the vertical steel ones gave peaks for methamphetamine and 

pseudoephedrine (Table 5.8), while the field blanks and method negatives did not give peaks 

for methamphetamine or pseudoephedrine.  Overall, methamphetamine concentrations were 

very low, with none exceeding 0.7 µg/100 cm
2
.  Pseudoephedrine was present at 

concentrations that were consistently higher than methamphetamine.  Caution is required, 

however, in interpretation of ratios in samples that have concentrations below the quantitation 

limit of 0.05 µg/100 cm
2
, as variability error can become greatly magnified at very low 

concentrations. 

Table 5.8: Surface methamphetamine on glass and metal after experimental methamphetamine manufacture 

Sample 
Methamphetamine 

µg/100 cm
2
 

Pseudoephedrine 
µg/100 cm

2
 

% pseudoephedrine of 
total 

Horizontal glass  A-1A 0.3 1.8 86 

Horizontal glass  A-2A 0.3 0.6 69 

Horizontal glass  D-1 0.7 1.2 63 

Horizontal glass  D-2 0.2 0.5 69 

Vertical glass  A-1A 0.05 0.1 73 

Vertical glass  A-2A 0.06 0.1 65 

Vertical glass  D-1 0.06 0.4 86 

Vertical glass  D-2 0.05 1.1 96 

Horizontal steel  D-1 0.01 0.03 Below LOQ 

Horizontal steel  D-2 0.01 0.02 Below LOQ 

Horizontal steel  E-1 0.02 0.07 Below LOQ 

Horizontal steel  E-2 0.01 0.02 Below LOQ 

Vertical steel  D-1 ND ND - 

Vertical steel  D-2 ND ND - 

Vertical steel  E-1 ND ND - 

Vertical steel  E-2 ND 0.01 Below LOQ 

Standard deviation 0.19 0.54  

There was no significant difference observed from the different cleaning surface treatments 

prior to exposure.  The glass surfaces yielded higher concentrations of detectable 

methamphetamine and pseudoephedrine than the stainless steel surfaces, while the horizontal 

tiles gave slightly higher methamphetamine and pseudoephedrine concentrations than vertical 

tiles.  The difference in concentrations for different orientations may be due to an increased 

incidence of larger particles on the horizontal tiles, suggesting that the airborne contaminants 

comprise a mixture of different particle sizes.  The similar distributions of pseudoephedrine 

and methamphetamine suggests that both have similar airborne behaviour, as first observed by 

Abdullah.
163
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In our experimental trial, methamphetamine manufacture using a Liebig condenser resulted in 

only trace levels of surface methamphetamine on glass and metal tiles.  The low levels 

detected in the pilot study would have all returned negative responses to the Mistral “Detect 4 

Drugs” test
164

 (LLOD 5-15 µg/100 cm
2
) that was commonly used by private testing 

companies for surface methamphetamine testing in New Zealand prior to 2009.  However, it 

is likely that some of the glass surface wipes would have given a positive response to the 

“MethCheck”
165

 immunoassay tests that became available in New Zealand in 2009 (LLOD 

0.05 µg/100 cm
2
).   

The simulated clandestine laboratory results show that methamphetamine concentration alone 

is not sufficient to rule out methamphetamine manufacture, and that other data such as the 

ratio of pseudoephedrine to methamphetamine may be a better indicator of methamphetamine 

manufacture.  Our observations for experimental manufacture are consistent with previous 

research by Tayler
3
 and Martyny,

70
 which showed that methamphetamine synthesis does not 

always cause deposition of high concentrations of methamphetamine on surfaces.  However, 

the average concentrations we observed were much lower than for the methamphetamine 

manufacture experiments conducted by Martyny et al.,
70

 who documented concentrations 

ranging from 0.07 µg/100 cm
2
 – 23 µg/100 cm

2
.   

5.6 Airborne methamphetamine field sampling 

At the time research commenced, only one method had been developed for the quantitation of 

total airborne methamphetamine.  The method
8, 82

 used an air sampling pump with closed-

face, 37 mm, acid-treated glass fibre filter cassettes, operated between ~ 2 L/min for 2 h, with 

a detection limit of ~ 50 ng/m
3
.  The filters were removed and processed in the same way as 

surface wipes, using the draft NIOSH 9106 liquid-liquid extraction method.  However, we 

required a quicker technique and therefore SPME was investigated as a possible method. 

5.6.1 SPME fibre selection 

Polydimethylsiloxane (PDMS) is the phase most suited for collection of relatively non-polar 

semivolatiles,
166

 and previous work indicated that non-bonded polydimethylsiloxane (PDMS) 

was suitable for headspace extraction of methamphetamine.
167

  Other studies 
91-93

 indicated 

that other phases such as CAR/DVB (carboxen-divinylbenzene) or DVB/CAR/PDMS might 

also be suitable.   
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CAR/PDMS and PDMS (100 µm) SPME fibres were exposed to indoor air (Figure 5.26) in 

former clandestine methamphetamine laboratories that were known to have high surface 

concentrations of methamphetamine.  The results indicated that PDMS had an affinity for 

methamphetamine (Figure 5.27).  Air was also collected in the field using 1 L Tedlar® bags 

inside evacuated containers.  These were later sub-sampled using PDMS SPME fibres.  No 

methamphetamine was detected by sub-sampling from the Tedlar® bags.  This is likely to be 

due to insufficient sampling volume, but could also be from sorption of analytes to the bag 

interior, however this was not investigated further.   

 

Figure 5.26: Passive SPME air sampling at a suspected clandestine methamphetamine laboratory site 

 

Figure 5.27: GC-MS total ion chromatogram from a PDMS SPME fibre exposed to air at a former clandestine 
methamphetamine laboratory showing methamphetamine (9.635 min).  The mass spectrum for the methamphetamine 
peak is shown below the chromatogram. 
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Later experiments with the laboratory-based methamphetamine generating apparatus 

confirmed that PDMS was the most successful for extracting methamphetamine from air 

(Table 5.9).   

Table 5.9: Comparison of GC-MS response from two SPME fibre types exposed for 10 min to 4.2 µg/m
3
 

methamphetamine in nitrogen 

Fibre type Ion fragment m/z 58 peak area/10
6
 

CAR/PDMS 0.55 

CAR/PDMS 0.42 

PDMS 1.54 

PDMS 1.54 

5.6.2 SPME quantitation method 

Sampling indoor air using SPME can be interpreted theoretically as sampling an infinite 

volume of air, as the accessible volume is so large that the SPME extraction has a negligible 

effect on concentration of analytes in the ambient air.  The SPME phase that we chose, 

PDMS, is a viscous liquid at room temperature and extracts compounds from air primarily by 

means of absorption.
168

  The extraction is not exhaustive; an equilibrium develops between 

the PDMS phase and air.  The time taken to reach equilibrium depends on the tendency of the 

analyte to absorb into the PDMS (the distribution constant), the condition and thickness of the 

PDMS, the presence of other compounds, and the mass transport (airflow) across the PDMS.   

Initial field sampling with the prototype dynamic SPME sampler showed that 

methamphetamine peak area had a strong linear relationship with sampling time, and we 

thought that this pre-equilibrium behaviour could be exploited as a method for calibrating the 

air sampler.  For all of the sampling times used (5, 10, 15 min) there was no abatement of the 

linear response with time, indicating that time to reach equilibrium might be considerable.  

Subsequently, classical equilibrium-based quantitation of methamphetamine may not be 

practical for quick sampling.   

Pre-equilibrium SPME is the uptake of analyte onto the SPME fibre prior to equilibrium of 

the analyte with the fibre.  If the pre-equilibrium behaviour can be reproducibly and 

accurately modelled, then it can be used to calculate unknown concentrations of analyte.
169

  

Pre-equilibrium SPME is suitable for situations where the sample size is so large (e.g. indoor 

air) and the analyte is at such a low concentration that the sampled volume can be regarded as 

being infinite, with respect to the SPME fibre.   
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However, quantitation using non-equilibrium SPME requires control of sampling time and 

control of airflow around the fibre.
169

  Therefore, a dynamic SPME sampling device was 

constructed that would cause a known volume of air to pass the fibre and that would introduce 

the air at a sufficient rate that the response should not be affected by the air currents within a 

closed dwelling.  SPME has been coupled with dynamic air sampling previously,
170-173

 

however most samplers, except Bravo-Linares et al.,
174

 and Nicolle et al.
175

 are based on 

maximising turbulence around the fibre in order to increase analyte uptake.   

The dynamic SPME sampler with a laminar flow sampling system that we developed in 2009 

was inspired by the apparatus described by Bartelt and Zilkowski which was used to test the 

effect of airflow rate in the quantitation of volatiles in air streams by solid-phase 

microextraction.
176

  The sampler (Figure 5.28 and Figure 5.29) was constructed so that all 

surfaces upstream and slightly downstream of the SPME fibre were of inert materials, with 

the main structural material being Silcosteel, to reduce the potential for methamphetamine 

adsorption which could lead to both low results and cross-contamination.  This construction 

also meant that the device was robust, which is an important consideration for application in 

the field.  The main body of the sampler was constructed from a 200 mm piece of Restek 

Silcosteel®-CR treated ⅜" outer diameter 0.277" inner diameter, 316L grade stainless steel 

tube.  The side-arm of was an ~ 105 mm piece of the same tubing 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 (Figure 5.29).  

 

Figure 5.28: Design of dynamic SPME sampler 
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Figure 5.29: Dynamic SPME sampler constructed and used in this study 

A Supelco SPME fibre 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 (Figure 5.30). 

 

Figure 5.30: SPME holder hub, with machined thread on outside of the hub terminus 

This arrangement theoretically produces a laminar airflow along an SPME fibre mounted 

axially in the flow.  Laminar airflow should reduce the boundary layer adjacent to the fibre, 

which would therefore increase reproducibility.  While mounting the fibre perpendicular to 
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the flow, as in previous studies, would increase turbulence and encourage better analyte 

uptake, we had concerns that the fibre might flex at higher air velocities, causing localised 

stress fatigue of the fibre and limiting the air speed at which it could be operated.  Recent 

studies
177-179

 showed that the uptake rate is higher for perpendicular mounting - not 

significantly, however, and axial mounting had more predictable behaviour and enabled a 

larger range of velocities to be used.  Field tests with the dynamic field sampler showed 

results that were similar to those obtained via static sampling, however a means of 

quantitation needed to be devised. 

5.7 Airborne methamphetamine calibration using SPME 

A method for calibrating the air sampler was required.  There are two main issues that need to 

be considered when developing a method for SPME quantitation of airborne 

methamphetamine.  Firstly, a means of generating μg/m
3
 levels of methamphetamine in air is 

required; secondly, a SPME calibration method needed to be developed that could be used in 

the field. 

5.7.1 SPME calibration methods 

There are several methods of SPME calibration: 

1. Equilibrium extraction using external standard
180

 

2. Equilibrium extraction using internal standard
181

 

3. Pre-equilibrium extraction using external standard
169

 

4. Pre-equilibrium extraction using internal standard (this study) 

Equilibrium extraction with an external reference standard involves exposure of an SPME 

fibre to different concentrations of reference standard.
180

  Equilibrium extraction with internal 

standard calibration is the application of a compound to a fibre prior to sampling as an 

internal standard.  Application can be by exposure to headspace of pure reference standard, or 

headspace of a liquid containing reference standard, or immersion in a liquid containing 

reference standard.  Under ideal conditions using an isotopically labelled analog desorption of 

internal standard is isotopic to adsorption of analyte
181

 enabling concentration to be 

calculated.  However equilibrium extraction is not practical in this situation as it requires a 

well-mixed matrix and an analyte that fully equilibrates within the time available for 
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sampling.  Pre-equilibrium extraction calibration involves exposure of a fibre to a constant 

concentration of reference standard for different times, in order to construct an absorption 

curve.  A sampling time that falls within the linear part of the absorption curve is chosen, and 

applied to a set of calibration standards of different concentrations in order to construct a 

calibration curve.
169

  Use of the pre-equilibrium calibration method requires control of 

sampling time and linear velocity (interaction volume) under both field and calibration 

conditions.
177

  The pre-equilibrium method was chosen as the calibration method for this 

study due to its ability to be used with a large volume analyte source, and its shorter sampling 

times.  However because of possible losses during transport and handling in the field and the 

inherent variability in SPME fibres, the external calibration method was not adequate for our 

purposes.  Therefore, we also decided to attempt to develop an internal standard calibration 

method using methamphetamine-d9 freebase.   

5.7.2 Generation of airborne methamphetamine standard 

There are a variety of approaches that have been used for calibration of SPME GC-MS for air 

sampling.  Our initial approach was to use injection of a liquid standard into the GC-MS for 

comparison.  This enables comparison of the response from known concentrations of 

methamphetamine in solution with the total amount of methamphetamine absorbed onto the 

fibre.  However this method is inadequate as it does not provide the concentration per volume 

of air.  Some researchers use headspace extraction of a liquid standard.
181, 182

  However 

adsorption effects on the walls of containers can lead to inaccuracies.
183

  An alternative 

approach has been to use gas sampling bags filled with a known volume of gas and analyte for 

calibration.
136

  However standards produced this way were reported to only be stable for 

< 30 min,
184

 and some compounds can have strong surface interaction effects, causing 

concentration gradients from the wall of the bag to the inside space.  There is also the 

possibility of diffusion through the wall of the bag.
185

  Static calibration mixtures may be 

prepared in pressurised systems using gravimetric, partial pressure or volumetric generation, 

or at atmospheric pressure using rigid or flexible containers.  Dynamic calibration mixtures 

may be prepared by injection, permeation, diffusion, evaporation, electrolytic and chemical 

reaction.
185

  Generation of methamphetamine vapour could theoretically be carried out using 

methamphetamine heated in a permeation tube, with a gas standard generating system such as 

those offered by Kin-Tek.  However permeation and diffusion tubes
186

 require very stable, 

controlled heating systems, which must be less than ± 0.2 
o
C fluctuation.

185
  At a cost of NZD 
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$50,000 for such a system, this option fell outside the funding available for this research 

project.  Furthermore, it was not guaranteed that such a system would be adequate for μg/m
3
 

levels.  While injection-based production of standard gas mixtures is the easiest way to 

achieve trace-level concentrations, long equilibration times are typical for such systems.
185

  

However the ability of the injection-based system to attain the concentrations we required and 

the fact it was relatively inexpensive meant that we were prepared to accommodate the longer 

equilibration times. 
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5.7.3 Calibration apparatus 

In order to test the dynamic SPME sampling device, a constant concentration vapour 

generating system based on the designs of Johnson et al.
187

 and Koziel et al.
188

 was 

constructed.  Three different designs were trialled, until a system that was responsive, not 

susceptible to carryover, and that gave a stable, reproducible output was found (Figure 5.31). 

 

 

 

Figure 5.31: Vapour dosing systems based on Johnson et al.
187

 and Koziel et al.,
188

 with a mixing chamber (top), no mixing 
chamber (middle), and an elongated vapour exit tube (bottom). 
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Mixing was accomplished by use of a vapour-dosing block, which allowed nitrogen to flow 

past the tip of a needle inserted perpendicular to the flow from which the methamphetamine 

freebase solution emerges (Figure 5.32).
189

  Silcosteel was used downstream of the injection 

port to reduce surface adsorption of analytes. 

 

Figure 5.32: Injection vaporisation system 

Dispersion was further aided by letting the needle tip ride up against a flat surface.  Due to 

concerns about the interaction of methamphetamine freebase with a stainless steel fixed plug, 

we used a free-floating bevelled glass dowel as a dispersion block (Figure 5.33).  It was 

observed that the concentration produced by the system was sensitive to the position of the 

needle tip against the bevelled glass dowel, and this arrangement did not always give 

reproducible results.   

 

Figure 5.33: Bevelled glass dowel insert in situ inside vapour-dosing block T-piece 
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5.7.4 Initial testing of system 

Initial tests with the first prototype (Figure 5.34) were carried out by injecting 100 µg/mL 

tetradecane in heptane at 10 µL/h using a 100 µL gastight syringe (SGE, Phenomenex), in a 

flow of 2 L/min nitrogen, to give a concentration of ~ 8 µg/m
3
 tetradecane.  The injection 

block was maintained at ~ 111 °C.  Results from these tests showed reproducible and 

consistent results (Figure 11.3, Appendices, page 236), so testing with methamphetamine 

commenced. 

 

Figure 5.34: Initial setup of the vapour-dosing system, comprising mass flow controller, syringe pump, vaporisation block 
and mixing chamber.  Dynamic sampler is shown coupled to mixing chamber. 

5.7.5 Dosing concentration 

During methamphetamine smoking or synthesis, airborne methamphetamine concentrations 

have been measured at 100 µg/m
3 

- 4000 µg/m
3
.
8
  The day after smoking or manufacture, 

airborne levels have been reported to be 100 – 800 µg/m
3
.
8
  Previous work indicated that from 

20 days to one year after discovery, typical airborne methamphetamine concentrations in 

remediated former clandestine methamphetamine laboratories were between 0.1 µg/m
3
 and 

1 µg/m
3
.
53-55

  No comparable data exists for unremediated former clandestine 

methamphetamine laboratories, and it is likely that the levels may be higher than for 

remediated former clandestine methamphetamine laboratories.  Therefore the dosing 

concentration chosen for the methamphetamine experiments was ~ 4 µg/m
3
. 
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5.7.6 Mixing chamber surface adsorption 

Preliminary investigations using sequential dosing of methamphetamine freebase and 

methamphetamine-d9 freebase showed that methamphetamine was retained within the dosing 

system.  Subsequently two separate injection vaporisation blocks were constructed, one for 

methamphetamine and one for methamphetamine-d9.  Initial experiments were carried out 

using a custom-made ~ 1.5 L glass mixing chamber (Figure 5.31), coupled to the end of the 

injection block assembly with PFA tubing and Swagelok fittings.  The chamber had in 

internal diameter of 74.5 mm, giving a theoretical linear velocity of 0.0067 m/sec inside the 

chamber.  The system with the mixing chamber was associated with a gradual increase in 

methamphetamine concentrations exiting the chamber over time.  However the same 

behaviour was not observed for the carrier solvents heptane and acetonitrile.  When dosing 

ceased, the methamphetamine took a long time to come back to pre-dosing levels (Figure 

5.35).  This behaviour was thought to be due to surface adsorption of methamphetamine in the 

mixing chamber and/or connecting PFA tubing.   

 

Figure 5.35: Graph showing carryover in methamphetamine concentrations after dosing had ceased.  Each data point 
corresponds to a 20 min SPME exposure.  The data point ‘MA’ represents the system being injected with 
methamphetamine; the data points ‘0’ represent times when nothing was being injected. 
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While the system gave reproducible results once it eventually reached equilibrium, 

background levels of methamphetamine precluded its use for measurement of the ratio of 

methamphetamine-d9 to methamphetamine.  In order to obviate carryover from surface 

adsorption, the mixing chamber was removed and a small glass funnel with ~ ⅜" neck was 

fitted to the end of the injection block assembly using a Swagelok ⅜" plug and PTFE ferrules 

(Figure 5.36).   

 

Figure 5.36: Vapour-dosing system with mixing chamber removed 

The dynamic sampler tip was inserted as far inside the funnel as possible, without fully 

occluding the funnel neck (Figure 5.37).   

 

Figure 5.37: Dynamic sampler in funnel outlet 
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This arrangement appeared to largely resolve the carryover problem, as shown in Figure 5.38. 

 

Figure 5.38: Methamphetamine concentrations exiting the system before and after dosing 

However the exiting vapour now had a temperature of 83 °C at outlet and 41 °C at the SPME 

fibre, which affected the reproducibility of absorption and desorption of methamphetamine.  

Therefore, the 15 cm Silcosteel
®
-CR outlet tube was replaced with a ~ 70 cm length of 

Silcosteel®-CR tube (Figure 5.39), resulting in an exiting vapour of 27 °C at the funnel and 

~ 26 °C at the SPME fibre.  This arrangement preserved the responsiveness of the short 

system, whilst attaining near-ambient temperatures at the SPME fibre. 
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Figure 5.39: Vapour-dosing system with ~70 cm exit tubing 

5.7.7 Reproducibility 

SPME fibres were exposed in the dynamic air sampler, sampling from an airstream of 

4.2 µg/m
3
 methamphetamine freebase for 20 minutes.  The intra-fibre relative standard 

deviation for two different fibres was 9 % (n = 3) and 6 % (n = 3).  The difference in the mean 

response between the two fibres was 7 %.  This inherent variability in SPME fibres makes 

internal standard methods preferable to external calibration. 

5.7.8  Pre-equilibrium absorption behaviour 

Tests were carried out in order to determine the pre-equilibration behaviour of 

methamphetamine freebase.  SPME fibres were exposed in the dynamic air sampler, sampling 

from an airstream of 4.2 µg/m
3
 methamphetamine freebase for a time series from 1 - 120 min.  

Initial tests were carried out using heptane as the carrier solvent.  The increase in 

methamphetamine peak area over time was curvilinear and the absorption of 

methamphetamine to PDMS did not reach equilibrium within the timeframe tested (Figure 

11.1, Appendices p. 231).  The initial desorption behaviour tests (Figure 11.2, Appendices 
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p. 231) with heptane as a carrier raised doubts as to whether heptane may be swelling the 

PDMS fibre and therefore acetonitrile was used as the carrier solvent.   

A solution of 100 µg/mL methamphetamine freebase in acetonitrile was dispensed at 5 μL/h 

into nitrogen flowing at 2 L/min, to produce a theoretical concentration of ~ 4.2 µg/m
3
 in 

nitrogen.  The increase in methamphetamine peak area for this concentration over time was 

curvilinear, with near-linear behaviour between 1 – 120 min (Figure 5.40).  

 

Figure 5.40: Graph of peak area for methamphetamine (m/z 58) as a function of exposure time when a PDMS SPME fibre 
was exposed to a nitrogen stream containing 4.2 µg/m

3
 methamphetamine freebase in acetonitrile. 
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A solution of 24 µg/mL methamphetamine freebase was prepared from the 100 µg/mL 

acetonitrile solution by dilution with water (1 : 3.2 respectively) and dispensed under the 

same conditions as the previous solution, to produce a theoretical concentration of 1 µg/m
3
 in 

nitrogen.  A time series from 1-90 min was carried out to confirm that linear behaviour was 

observed in lower concentrations of methamphetamine freebase diluted in an aqueous solution 

(Figure 5.41). 

 

Figure 5.41: Graph of peak area for methamphetamine (m/z 58) as a function of exposure time when a PDMS SPME fibre 
was exposed to a nitrogen stream containing 1 µg/m

3
 methamphetamine freebase, using an injection solvent of 1:3.2 

acetonitrile:water.  The filled markers were collected on day 1 and the unfilled markers were collected on day 2.   
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When plotted together on a logarithmic scale the 1 and 4.2 µg/m
3
 concentrations are near-

parallel between 1 - 20 min (Figure 5.42).  The linear pre-equilibrium absorption phase means 

that, under our regime, provided sampling is carried out between 5 - 20 min, the PDMS 

appears to be acting as an infinite sink for methamphetamine freebase and theoretically there 

is a reduced likelihood of analyte competition or displacement. 

 

Figure 5.42: Logarithmic plot of exposure time vs abundance for PDMS exposed to an airstream of 1 and 4.2 µg/m
3 

methamphetamine freebase 

5.7.9 Stability of analyte on SPME fibre 

The stability and retention of methamphetamine on PDMS SPME fibres was characterised by 

pre-loading fibres with methamphetamine freebase in the vapour dosing system then exposing 

them to air.  The laboratory air in the fume hood containing the vapour dosing system was 

tested using the dynamic sampler before the experiment and no methamphetamine peak was 

detected.  A solution of 100 μg/mL methamphetamine freebase in acetonitrile was injected 

into the vapour dosing system at a rate of 5 μL/h with nitrogen flowing at 2 L/min, giving a 
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concentration of ~ 4.2 μg/m
3
 methamphetamine.  The PDMS fibre was exposed in the 

dynamic SPME sampler to ~ 4.2 μg/m
3
 methamphetamine freebase in the dosing system for 

40 min.  The dynamic sampler was then removed from the dosing system and left running 

exposed to laboratory air for a range of times from 5 - 90 min.  Control samples were obtained 

by exposing SPME fibres in the dynamic sampler to ~ 4.2 μg/m
3
 methamphetamine freebase 

in the dosing system for 40 min, then analysing the fibres immediately.  Figure 5.43 shows 

that desorption of methamphetamine freebase from PDMS fibres exposed to laboratory air 

was negligible, therefore methamphetamine freebase is retained well on the PDMS fibre.  

This suggests that the methamphetamine on the fibre represents the maximum concentration 

to which the fibre has been exposed.   

 

Figure 5.43: Graph showing effect of exposure time to 1 L/min laboratory air on methamphetamine freebase preloaded 
onto PDMS SPME fibres.  Controls are shown as open circles. 
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5.8 Pre-equilibrium internal standard method 

The results from the desorption experiments indicated that the stability of methamphetamine 

freebase on PDMS enables the fibre to be spiked with methamphetamine-d9 freebase as an 

internal standard, prior to sampling for methamphetamine.  Although modifications to the 

calibration apparatus mentioned earlier had reduced carryover in the system significantly, 

trace background levels of methamphetamine still remained (Figure 5.44), so a second 

vapour-dosing block was fabricated for use exclusively with methamphetamine-d9.   

 

Figure 5.44: Effect of injecting methamphetamine-d9 into a vapour generation system previously used to generate 
methamphetamine.  Each data point corresponds to a 20 min SPME exposure.  The unfilled circles correspond to m/z 65 
(methamphetamine-d9), and the crosses correspond to m/z 58 (unlabeled methamphetamine).  The ‘D9’ on the dosing 
regime axis represents times when the system was being injected with methamphetmaine-d9 freebase and ‘0’ represents 
times when the syringe was removed from the dosing generator. 

Repeated 20 min exposures of two PDMS SPME fibres in the new system gave an intra-fibre 

relative standard deviation of 6% (n = 10) and 6% (n = 10), respectively.  The inter-fibre 

relative standard deviation in the mean was only 2 %, showing a very similar absorption 

behaviour for both fibres.  Over four days the relative standard deviation of 54 replicates of 20 

min exposures for the whole system was ~ 30% (Figure 11.3 Appendices, p. 236), suggesting 

that further development is required to maintain a more stable methamphetamine generation 

system. 
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5.8.1 Cross-contribution 

Methamphetamine freebase and methamphetamine-d9 freebase elute closely together 

(0.02 min apart) and their peaks overlap slightly at the base.  Cross-contribution of the m/z 65 

ion fragment from unlabelled methamphetamine contributes a shoulder to the 

methamphetamine-d9 peak (Figure 4.4).  This is a known phenomenon of methamphetamine 

and its deuterated forms.
157

  Examination of 27 SPME and liquid injections of 

methamphetamine freebase in acetonitrile showed that the methamphetamine peak contained 

ion fragment at m/z 65 at constant ratio of 4.5 % (standard deviation 0.1 %) of the 58 ion 

fragment.  The internal standard 65 peak area was corrected by calculating the additional peak 

area by multiplying 0.045 by the 58 peak area and then subtracting it from the total 65 peak 

area. 

5.8.2 Fibre spiking experiments 

Due to the high cost of methamphetamine-d9, the experiment was initially done in reverse, 

with the system tested for stability, and methamphetamine freebase loaded onto the fibre first.  

Fibres were exposed to 4.2 µg/m
3
 methamphetamine freebase in the dynamic sampler for 

20 min, retracted and stored at room temperature in foil in a clean glass jar.  The system was 

then switched to the methamphetamine-d9 block and equilibrated with 4.2 µg/m
3
 

methamphetamine-d9 freebase.  The preloaded fibre was then exposed to to 4.2 µg/m
3
 

methamphetamine-d9 freebase in the dynamic sampler for 20 min and was then analysed by 

GC-MS.  Controls were also collected to confirm peak areas for 20 min exposure times. 

Table 5.10 shows that when a PDMS SPME fibre is exposed in our dynamic sampler to 

4.2 µg/m
3
 methamphetamine-d9 freebase for 20 min and 4.2 µg/m

3
 methamphetamine 

freebase for 20 min, the peak areas for both analytes are very similar.  These results show that 

in a dynamic pre-equilibrium system, 100 µm PDMS SPME fibres can be preloaded with 

isotopically labelled methamphetamine before field sampling, without loss of standard, and 

without competitive displacement.   
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Table 5.10: Ratio of methamphetamine to methamphetamine-d9 after 20 min sequential exposure to 4.2 µg.m
3
 of each 

compound.  The first set of three were collected on the vapour generator system with the short outlet (exit vapour 
40 °C); the second set were collected on the optimised system with the long outlet (exit vapour 26 °C).  

Dosing regime Peak area m/z 65 (/10
6
) Peak area m/z 58 (/10

6
) Ratio 

4.2 µg/m
3 

unlabelled 
methamphetamine freebase 
followed by 4.2 µg/m

3 

methamphetamine-d9 freebase 

2.05 1.84 1.1 

2.73 2.49 1.1 

2.84 3.11 0.9 

4.2 µg/m
3 

methamphetamine-d9 

freebase followed by 4.2 µg/m
3
 

unlabelled methamphetamine 
freebase 

1.52 1.56 1.0 

1.80 1.79 1.0 

1.37 1.38 1.0 

1.62 1.72 1.1 

1.45 1.67 1.1 

1.11 1.42 1.3 

0.92 1.14 1.2 

0.72 0.96 1.3 

1.15 1.56 1.4 

The dosing experiments also showed that the time between preloading the fibre and exposing 

it to analyte was important.  Times longer than ~ 3 h were associated with a gradual loss of 

internal standard (Figure 5.45). 

 

Figure 5.45: Graph showing effect of time (h) on stability of methamphetamine-d9 freebase on PDMS SPME fibres. 
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5.8.3 Methamphetamine artifacts in SPME test solutions 

A number of methamphetamine-related compounds were observed following basification and 

solvent-substitution of stock solutions of methamphetamine hydrochloride in dichloromethane 

and methamphetamine-d9 hydrochloride in methanol into acetonitrile for SPME experiments.  

Compounds tentatively identified from liquid injections of the methamphetamine freebase in 

acetonitrile solutions are summarised in Table 5.11, in elution order.  For the acetonitrile 

solution which was made and used for experiments for a period of two years, most impurity 

compounds gave a response < 1 % of the methamphetamine peak, except for 

N,N-dimethylamphetamine and N-formylmethamphetamine (both ~ 7 %).  Equivalent 

deuterated forms of amphetamine, N,N-dimethylamphetamine, 2-(methyl(1-phenylpropan-2-

yl)amino)acetonitrile, N-formylmethamphetamine, and N-acetylmethamphetamine were also 

present in the more recently made methamphetamine-d9 freebase acetonitrile solution, but at 

lower levels than the unlabelled methamphetamine. 

Amphetamine, N,N-dimethylamphetamine and N-formylmethamphetamine have previously 

been documented from injection into the GC-MS when methanol was used as the carrier 

solvent.
190

  However that study noted that the artifacts did not form when ethyl acetate or 

acetonitrile was used as the carrier solvent.  Li et al.
190

 proposed that formaldehyde-

contaminated methanol could contribute to the formation of these three artifacts.  It is possible 

these compounds may have formed during the basification and solvent-substitution process. 

N,N-dimethylamphetamine and N-formylmethamphetamine were detected from SPME fibres 

exposed to vapours from methamphetamine freebase acetonitrile solutions injected into the 

vaporisation device.  However, while the ratio relative to methamphetamine remained the 

same for N,N-dimethylamphetamine (~ 8 %) for both liquid and SPME injections, 

N-formylmethamphetamine increased to ~ 19 % of the methamphetamine peak.  The higher 

amounts of N-formylmethamphetamine on the SPME fibre could be due to a more favourable 

partition coefficient for the PDMS, or it could have formed somewhere in the vapour-dosing 

apparatus.  If the latter is the case, the resulting reduction in methamphetamine abundance 

could affect methamphetamine quantitation. 
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Table 5.11: Analytical artifacts from the methamphetamine in acetonitrile standard solution 

Compound (in elution order) 
CAS 

Peak area relative 
to 

methamphetamine 
(%) 

Occurrence Structure 
Mass, 

chemical formula 
/ main ions 

Benzaldehyde 
100-52-7 
Identified from mass spectrum 
and elution order 

0.2 
Methamphetamine manufacture 

191, 192
 

Methamphetamine smoking 
193

 
 

106.04186 
C7H6O 

1-propenylbenzene and 2-
propenylbenzene 
300-57-2 / 637-50-3 
Identified from mass spectrum 
and elution order 

0.2, 0.4 
Methamphetamine smoking 

194, 195
 

Precursor, methamphetamine manufacture 
196

 
Methamphetamine manufacture 

197
  

118.07825 
C9H10 

Amphetamine 
300-62-9 
Identified from mass spectrum 
and elution order 

0.5 

Methamphetamine smoking 
3
 

Methamphetamine metabolite – exhalation / sweat / urine aerosol 
110, 198

 
Methamphetamine analytical artifact 

190
 

Methamphetamine manufacture 
4, 197

 
 

135.10480 
C9H13N 

N-methyliminopropylbenzene 
869898-17-9 
Identified from mass spectrum 

0.7 
SWGDRUG mass spectral database describes as an imine formed from 
amphetamine and formaldehyde or from 1-phenyl-2-propanone and 
methylamine

199
  

147.10480 
C10H13N 

? (2-chloropropyl)-benzene 0.1 Unknown 
 

154.05493 
C9H11Cl 

3-phenyl-3-buten-2-one 
32123-84-5 
Identified from mass spectrum 

1.3 Methamphetamine synthesis product impurity
91, 200

 

 

146.07316 
C10H10O 

N,N-dimethylamphetamine 
4075-96-1 
Identified from mass spectrum 
+ elution order 

6.8 

Methamphetamine smoking 
3, 195

 
Methamphetamine analytical artifact 

190
 

Methamphetamine manufacture 
197, 201

 
Methamphetamine metabolite – exhalation / sweat / urine aerosol 

193
  

163.13610 
C11H17N 
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Compound (in elution order) 
CAS 

Peak area relative 
to 

methamphetamine 
(%) 

Occurrence Structure 
Mass, 

chemical formula 
/ main ions 

1-methylnaphthalene and 
2-methylnaphthalene 

0.3, 0.2 Unknown  
 

 

142.19710 
142.07825 

C11H10 

Unknown 1 0.3 170 (100), 68 (70), 58 (38), 144 (31), 171 (30), 77 (18) 

N-formylamphetamine 
22148-75-0 
Identified from mass spectrum 

0.3 Methamphetamine manufacture 
200, 202, 203

 
201, 204

 

 

163.09971 
C10H13NO 

Unknown 2 
similar mass spectrum to 
N-formylamphetamine 

0.4 118 (100), 91 (33), 72 (23), 117 (22), 65 (9), 119 (9) 

2-(methyl(1-phenylpropan-2-
yl)amino)acetonitrile  
Identified from mass spectrum 

1.3 Methamphetamine synthesis
205

 

 

188.13135 
C12H16N2 

N-formylmethamphetamine 
42932-20-7 
Identified from mass spectrum 
+ elution order 

7.3 
Methamphetamine analytical artifact (SPME - this study) 
Methamphetamine manufacture 

200, 206
 

 

177.11536 
C11H15NO 

N-acetylmethamphetamine 
27765-80-6 
Identified from mass spectrum 
+ elution order 

0.2 
Methamphetamine analytical artifact 

207
 

Methamphetamine smoking 
194

 
Methamphetamine manufacture 

202, 208
  

191.13101 
C12H17NO 

Unknown 3 0.1 105 (100), 162 (60), 77 (30), 106 (9) 

Unknown 4 0.3 203 (100), 91 (42), 58 (28), 204 (13) 



99 
 

5.8.4 Methamphetamine vapour vs methamphetamine aerosol 

Martyny et al.
8
 showed that the majority of airborne methamphetamine collected from a 

former clandestine methamphetamine laboratory with a cascade impactor was < 1 µm.  It is 

not clear that the vapour-dosing system used in this study produces methamphetamine vapour 

or aerosol, or both.  The injection temperature of 185 °C chosen in this study was above the 

boiling point of the acetonitrile carrier solvent (82 °C), and above the 171 °C melting 

temperature of the methamphetamine freebase, but below its boiling point of 210 °C.  It is 

possible that some condensation occurs on vapour exit, producing aerosolised 

methamphetamine freebase.  A study using PDMS/DVB SPME fibres exposed to 

pentafluorobenzyl hydroxylamine (PFBHA), and then to formaldehyde both as a gas and from 

particles
209

 showed the fibre was capable of sampling both, giving results comparable to those 

obtained with sorbent tubes.  However, the study also showed that abundant particulate matter 

decreased the sorption capacity of the SPME fibre.  Future work in the area of calibration 

devices for airborne SPME sampling would benefit from collection and analysis of vapour 

from the vapour-dosing system with a cascade impactor. 
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6. Results 

6.1.1 Sites 

Samples were collected from 20 suspected former clandestine methamphetamine laboratories 

(Table 6.2).  The samples came from 11 urban, 3 semi-rural and 6 rural properties in the 

North Island.  A house belonging to the researcher (negative control) and an experimental 

methamphetamine manufacture site at ESR (positive control) were also tested.  Site 

numbering is discontinuous as some property owners initially consented to the study but later 

withdrew their consent.  Most sites were sampled personally by the researcher; though some 

sites, often those further afield, were sampled by staff from Forensic & Industrial Science Ltd.  

There were several potential biases affecting site selection: 

1. Samples were only from the North Island and most were from the Auckland region. 

2. The requirement for informed consent dissuaded property owners who had been, or had 

associates who had been involved in the manufacture of methamphetamine from 

participating.   

3. Forensic & Industrial Science Ltd charged more for their testing than the other private 

testing company in the Auckland region and so there was a bias towards property owners 

or their insurance companies who wanted and could afford such testing. 

4. Sampling was permitted only in buildings that had been specified by Forensic & 

Industrial customers.  Other buildings on the property were not permitted to be tested, 

despite the fact that these other buildings may have been used for the manufacture of 

methamphetamine. 

5. Follow-up testing did not occur at all sites, as some sites were either deemed by Forensic 

& Industrial Science to be suitable for habitation, or a conditional sign-off was given.   

6. In some cases very limited time was available for sampling and thus fewer samples were 

collected.  In addition, persons accused of the manufacture of methamphetamine in New 

Zealand are commonly granted bail and often return to their dwelling.  There were a few 

instances when Forensic & Industrial Science staff or the researcher felt intimidated by 

the behaviour of tenants or their associates and this also affected the sampling.  Evidence 
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of post-‘bust’ vandalism of the building was observed at site 13 and site 25.  While there 

was no evidence of ‘post-bust’ or post-decontamination manufacture in this study, there 

are cases in the NZ Courts that indicate this sometimes occurs.   

It is unlikely that location of the sites tested affected the results, however factors 2, 3 and 4 

may have resulted in a data set with lower than average surface concentrations of 

methamphetamine.  Factors 5 and 6 resulted in fewer samples and therefore increased 

uncertainty associated with those sites.  Unlike the research groups from the U.S.
39

, Forensic 

& Industrial Science Ltd were unable to obtain detailed information from ESR Ltd or the 

NZ Police for each site.  Therefore the data set in this study has no date of last alleged 

manufacture and may include sites that were not former clandestine methamphetamine 

laboratories, indeed, the results for some sites (e.g.: sites 21 and 22) indicate very little 

evidence for methamphetamine contamination. 

6.1.2 Visits 

For all sites, the initial visit is described as “visit 1”.  This does not necessarily mean that no 

cleaning or refurbishment had taken place, indeed, site 4 had been ‘remediated’ in late 2008, 

prior to our first visit; site 12 had been repainted; site 13 had been cleaned (normal household 

cleaning); site 22 had the wallpaper stripped off, and the tenants of site 23 had water-blasted 

the downstairs garage.  “Visit 2” occurred after some sort of remediation activity was 

confirmed to have taken place, subsequent to visit 1.  For nine sites either no remediation was 

recommended, or sign-off by Forensic & Industrial Science Ltd was given with a proviso, so 

there was no second visit.  One site (site 5) was recommended for demolition, and therefore 

was not revisited.  Ten sites were tested following decontamination, and while a small sample 

set, this number is comparable to decontamination studies reported in the scientific literature 

as previous studies by the Minnesota Pollution Control Agency
47

 used six sites and 

Patrick et al.
45

 used three sites.  The Minnesota Pollution Control Agency collected more 

samples per site than Patrick et al. and this study.   
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The time elapsed between the initial testing visit and the final testing visit varied considerably 

between sites (Table 6.1). 

Table 6.1: Time elapsed between initial testing visit and final testing visit. 

Site number Time beween first and final tests 

1 35 days 

10 386 days 

12 12 days 

13 36 days 

17 85 days 

20 42 days 

23 71 days 

24 3 hours of cleaning 

25 19 days 

26 51 days 

Two sites were visited during cleaning (sites 10 and 25), and air samples only were collected 

during those visits.  Additional visits (visit 3, visit 4, etc.) for sampling were carried out each 

time an additional decontamination activity had taken place, for as many times as was 

practically possible, or until the site was signed off as “fit for habitation” by Forensic & 

Industrial Science Ltd.  The “fit for habitation” indication in the Forensic & Industrial Science 

report is used by local authorities to lift the Health Act Section 41 Cleansing Order
29

 and 

allows the property to be re-tenanted.  Forensic & Industrial Science Ltd did not have access 

to the results of this study, and thus sign-off was based only on the results of their tests, 

except in a few circumstances, where the levels we detected were high enough to warrant 

health concerns.  In those cases, a non-specific indication was given by the author that further 

decontamination was required. 

6.2 Surface wipes 

The wipe sampling protocol used was consistent with the methamphetamine sampling 

protocol later developed by NIOSH.
102

  Concentrations were calculated using 

methamphetamine-d9 as an internal standard.  The methamphetamine-d9 internal standard was 

added to the swabs after collection but prior to storage and analysis.  A correction for cross-

contribution of methamphetamine to the peak for the methamphetamine-d9 standard was 

applied to all measured concentrations. 
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Sources of bias during wipe sampling are as follows: 

1. Too few samples were collected initially; it became apparent during the study that more 

surface wipes were required than the five wipes recommended in 2010 by the 

New Zealand Ministry of Health cleanup guidelines.
66

  The number of surface wipes was 

increased from 4 to 6-8 after site 1, with ~ 12 being collected when time allowed. 

2. Wipe sampling was not systematic or randomised early in the study, with samples being 

collected from areas that seemed to the researcher to be likely candidates for surface 

contamination.  Sampling guidelines were developed in September 2009, after the first 

site visit in August 2009, and were amended in January and April 2010 (Targeted 

surfaces guidelines, Appendices 11.14, 11.15, and 11.16, p. 233-235).  

3. More vertical samples were collected than horizontal samples, this is because upward-

facing horizontal surfaces such as floors tended to be cleaned more often than other 

surfaces and were less likely to be reliable sources for vapour-deposited contamination.  

Downward-facing horizontal surfaces (ceilings) were sometimes difficult to reach. 

4. Sampling that occurred later in the study became more difficult as decontamination 

procedures used by NZ decontamination companies changed, with some surfaces being 

completely removed.  This made finding a comparable surface for paired wipe samples 

more difficult. 

A total of 266 wipe samples were collected from 20 sites between 2009-2011.  Of these, 262 

were able to be quantitated successfully for methamphetamine.  Methamphetamine 

concentrations from all surface wipe samples collected in this study are summarised in Table 

6.2, with full details given in Table 11.6 (Appendices, p. 237).  Concentrations for surface 

wipe samples and materials are given in µg/100 cm
2
, while concentrations for the LLOQ 

based on laboratory standards is given in µg/mL.  Since the final volume of the extract from 

the wipe samples and the bulk materials is 1 mL, the LLOQ would correspond to 

0.05 µg/100 cm
2
, or 0.05 µg/g respectively.   

Concentrations reported below the lower limit of quantitation (0.05 µg/mL) and 

concentrations higher than 1 µg/mL (upper limit of calibration standards) have a higher 

degree of uncertainty associated with their measurement than concentrations within the 

quantitation limits (0.05 µg/mL - 1 µg/mL) for which this study was designed.  While the 
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calibration set was designed to cover levels thought to be encountered in ‘decontaminated’ 

properties, in hindsight, it would have been prudent to develop a calibration set that extended 

up to at least 1000 µg/mL. 

Wipe sampling from the positive control site (experimental methamphetamine manufacture) 

occurred before sampling from suspected former clandestine methamphetamine laboratories.  

Data for this positive control site is shown as site 30 in Table 6.2.  Full data are given in Table 

5.7, p. 69.  Analysis of 16 surface wipe samples from the positive control site gave surface 

methamphetamine concentrations from below the lower limit of quantitation up to 

0.7 µg/100 cm
2
.   

Wipe sampling from the negative control site occurred after sampling from suspected former 

clandestine methamphetamine laboratory samples had been completed.  Data for the control 

house is shown as site 27 in Table 6.2, with full results given in Table 11.6 (Appendices, 

p. 237).  Analysis of results from the control house showed a low level of contamination in 

the field blank (0.07 µg/mL).  All wipe samples collected from the control house were below 

the field blank level.   

To conserve methamphetamine-d9, post-remediation samples were analysed first to provide an 

estimate of the likely initial concentrations at a given site, and, where necessary, the 

concentration of the internal standard was increased to 0.5 µg/mL in samples identified as 

likely to have high methamphetamine concentrations.  When concentrations were so high that 

the peak for the internal standard was not resolved from the methamphetamine peak in the 

chromatogram, the sample was diluted, or more internal standard was added to increase the 

internal standard concentration from 0.1 µg/mL to 0.5 µg/mL, and the sample was 

re-derivatised and analysed.  Neither methamphetamine nor methamphetamine-d9 were 

detected in three surface wipe samples from site 23, visit 3.  One wipe sample from site 24, 

visit 1, contained methamphetamine, however methamphetamine-d9 was not detected and the 

methamphetamine concentration for that sample was not determined.  At present, it is unclear 

as to what has happened to the methamphetamine-d9 in these samples. 
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Table 6.2: Summary of surface wipe samples collected from suspected former clandestine methamphetamine laboratories and control house 

site urban/rural visits Sampler Wipe samples Area tested Surface 
concentration 

range 
(μg/100cm2) 

reason for testing Activities 

1 Urban 12 August 2009 Researcher 4 + field blank Dwelling  
Shed 

1 - 5 
9 

storage of items for manufacture, 
suspected manufacture 

 

14 September 2009 Researcher 11 + field blank Dwelling < LLOQ* - 3 Airing, vacuum, wash surfaces 

16 September 2009 Researcher 4 Dwelling 0.4 - 5 Wash surfaces 

4 Semi-rural 25 August 2009 FISL staff 3 + 2 field 
blanks + 2 
wipes from 
ceiling panel 
samples 

Dwelling < LLOQ - 2 suspected manufacture Sampled after surfaces washed and 
Formica removed 

5 Rural 26 August 2009 Researcher 11 + field blank Shed 
Dwelling 

3 - 39 
0.6 - 293 

3 months of manufacture, Police 
surveillance 

No cleaning: recommended demolition of 
structure, water-blast remaining concrete 
pad 

7 Semi-rural 8 September 2009 FISL staff 6 + field blank Dwelling 0.3 - 46 storage of items for manufacture, 
suspected manufacture 

Vacuum, wash surfaces, remove carpet 
and ceiling tiles 

8 Urban 19 September 2009 FISL staff 6 + field blank Dwelling 0.8 - 3 attempted synthesis with pressure 
vessel, storage of items for 
manufacture 

Steam carpet, wash surfaces 

10 Rural 25 September 2009 Researcher 7 + field blank Dwelling 2 - 653 suspected manufacture  

27 October 2009 Researcher 6 + field blank Dwelling 0.5 - 137 Discard carpet and curtains, wash 
surfaces 

5 November 2009 Researcher 6 + field blank Dwelling < LLOQ - 150 Wash surfaces 

16 October 2010 FISL staff 3 + field blank Dwelling 0.2 - 84 Remove veneer ply linings, re-varnish 

11 Rural 29 September 2009 FISL staff 7 + field blank Dwelling 
Shed 

1 - 14 
0.2 - 0.9 

storage of items for manufacture, 
suspected manufacture 

Wash surfaces, remove carpet 

12 Urban 13 November 2009 Researcher 8 + field blank Dwelling 0.3 - 3 suspected manufacture Painting 2 weeks prior 

25 November 2009 FISL staff 5 + field blank Dwelling 
Internal garage 

< LLOQ - 4 
< LLOQ 

Remove carpet, curtains, wash surfaces 

13 Urban 30 September 2009 Researcher 7 + field blank Dwelling 17 - 6093 manufacture, Police surveillance Commercial cleaning 

6 October 2009 FISL staff 2 Dwelling 4 - 145 Remove carpet, ceiling panels, ceiling 
insulation, strip wallpaper, remove vinyl, 
discard Formica benches, wash surfaces 

5 November 2009 Researcher 6 + field blank Dwelling 1 - 545 Remove wallpaper, sand floor, remove 
softboard walls and vanity 

20 November 2009 FISL staff 2 + field blank Dwelling 0.06 - 0.2 Re-varnish lounge floor 

16 Urban 20 January 2010 Researcher 5 + field blank Dwelling 
Internal garage 

0.1 - 29 
16 

 Wash surfaces, remove carpet, wallpaper, 
Strip ceiling, repaint 
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site urban/rural visits Sampler Wipe samples Area tested Surface 
concentration 

range 
(μg/100cm2) 

reason for testing Activities 

17 Urban 27 January 2010 Researcher 5 + field blank Dwelling 
 

< LLOQ - 2 storage of items for manufacture, 
suspected manufacture 

Remove carpet, remove kitchen wallpaper 

22 April 2010 Researcher 6 + field blank Dwelling < LLOQ - 1 Sand and varnish floor 

18 Rural 25 February 2010 FISL staff 4 + field blank shed 
 

0.1 - 2 2-3 months of manufacture, Police 
surveillance 

Wash surfaces, water-blast concrete, 
remove benches 

19 Urban 16 March 2010 Researcher 2 + field blank Dwelling 0.9 - 1 suspected manufacture,  cannabis  

20 Rural 27 March 2010 FISL staff 5 + field blank Dwelling 1 - 186 suspected manufacture  

31 March 2010 FISL staff 6 + field blank Dwelling < LLOQ-30 Wash surfaces, seal floor, remove carpet, 
paint 

22 April 2010 Researcher 6 + field blank Dwelling 0.1 - 14 Clean top of kitchen cupboard 

21 Urban 12 April 2010 Researcher 2 + field blank Shed < LLOQ Alleged storage of items for 
manufacture 

 

22 Urban 24 May 2010 Researcher 6 + field blank Dwelling < LLOQ unusual tenant behaviour Wallpaper stripped off by tenant 

23 Semi-rural 1 June 2010 Researcher 13 + field blank Dwelling 
Internal garage 

1 - 24 
1 - 58 

manufacture in garage under house 
for 3 weeks, Police surveillance 

Garage cleaned and water-blasted by 
tenant 

7 July 2010 Researcher 13 + field blank Dwelling 
Internal garage 

< LLOQ - 2 
< LLOQ - 39 

Surface washing 

11 August 2010 Researcher 9 + field blank Dwelling < LLOQ - 9 Wallpaper stripped, insulation removed 

24 Rural 15 July 2010 Researcher 19 + field blank Dwelling 
shed 

0.2 - 13 
28 - 41 

manufacture in shed Master bedroom, ensuite and kitchen 
cleaned, bench and Formica removed 
from shed. 

   Dwelling 0.4 - 18  

25 Urban 23 July 2010 Researcher 13 + field blank Dwelling 
Internal garage 

0.5 - 9 
2 - 41 

Fire in garage, suspected 
manufacture 

Surface washing, removal of ceiling 
insulation 

11 August 2010 Researcher 12 + field blank Dwelling 
Internal garage 

< LLOQ - 4 
0.2 - 57 

Garage door and top of kitchen cupboards 
washed, building paper removed 

26 Urban 16 August 2010 Researcher 12 + field blank Dwelling 0.06 - 27 Suspected clandestine laboratory - 
rumour 

 

6 October 2010 Researcher 13 + field blank Dwelling < LLOQ - 6 Surfaces stripped, sanded and washed 

27 Urban 26 June 2011 Researcher 6 + field blank Dwelling 
Downstairs workshop 

< LLOQ 
< LLOQ 

Negative control Typical domestic cleaning 

20 July 2011 Researcher 4 + field blank Downstairs workshop < LLOQ Suspected field kit contamination  

30 Experimental 15 August 2008 Researcher 16 + 2 field 
blanks 

Glass and metal tiles <LLOQ – 0.7 Positive control Acid-washed and alkali-washed and glass 
and metal substrates. 

*LLOQ means the result was below the lower limit of quantitation for methamphetamine – 0.05 µg/mL 
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6.2.1 Initial methamphetamine concentrations 

Although quantitative analysis of surface wipe samples is now routinely carried out in several 

countries, including New Zealand and the U.S., there are few studies published in the open 

literature that document the range of concentrations encountered in surface wipe samples 

from actual clandestine methamphetamine laboratories.
6, 45, 47

   

Figure 6.1 shows the range of pre-remediation surface concentrations of methamphetamine 

for 20 sites plus a control site and the ESR experimental manufacture site.  Each point 

represents one surface wipe, and the values are given in Table 11.6 (Appendices, page 237).  

The surface wipe data for methamphetamine showed that 18 of the 20 sites tested before 

decontamination had surface-recoverable methamphetamine concentrations above the 

0.5 μg/100 cm
2
 NZ Ministry of Health clean-up limit.

66
  The control house, site 21 and site 22 

all had concentrations below the quantitation limit of 0.05 µg/100 cm².  However, only two 

surface wipes were collected from site 21 and, while the wipes might be representative, not 

enough were collected to provide certainty that the methamphetamine contamination level 

was indeed low at this site.  Concentrations of methamphetamine in wipe samples ranged 

from below detection limits up to a maximum surface wipe concentration of 

~ 6,100 µg/100 cm², with a median of 1.8 µg/100 cm
2
.   

The surface wipe concentration data (n = 137) shows a relatively log-normal distribution 

(Figure 6.2).  The surface wipe methamphetamine concentrations at most sites were within 

0.1 - 100 µg/100 cm
2
, with sites 5, 10 and 13 exceeding 100 µg/100 cm

2
 and site 13 

exceeding 1000 µg/100 cm
2
.  Of the 19 sites tested, 17 had surface methamphetamine 

concentrations exceeding the highest surface concentration recovered from the ESR 

experimental manufacture study, however they were consistent with the levels observed by 

Martyny et al. from their experimental methamphetamine manufacture study.
70

  The 

variability may be due to several factors: some sites may not have been former clandestine 

methamphetamine laboratories; different methods of manufacture may have been used; the 

frequency of manufacture was different; or there may have been additional sources of 

methamphetamine, such as methamphetamine smoking, that has contributed significantly to 

surface methamphetamine concentration. 
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Figure 6.1: Distribution of methamphetamine from surface wipes (µg/100 cm²) collected on the initial site visit.  Points 
shown below the lower limit of quantitation (0.05 µg/100 cm

2
) may not be accurate, and points shown below the lower 

limit of detection (0.005 µg/100 cm
2
) may or may not represent a positive detection. 
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Figure 6.2: Plot showing log-normal distribution of methamphetamine concentrations on wipe samples from the initial 
visit to each site (n = 137). 

Another study by Martyny et al.
6
 analysed 89 surface wipes from 14 suspected 

methamphetamine laboratories.  The limit of detection for their study was 0.6 µg/100 cm² and 

methamphetamine concentrations ranged from 0.6 µg/100 cm
2
 up to 16,000 µg/100 cm².  A 

study by the Minnesota Pollution Control Agency analysed over 300 wipe samples from six 

sites and recorded surface-recoverable methamphetamine up to 5,574 μg/100 cm
2
.
47

  The 

results from both of these studies are consistent with the range of concentrations that we 

observe in the results from this field study. 

6.2.2 Surface concentration variability within sites 

Within-site variability was high for most sites visited during this study, with relative standard 

deviations ranging from 10 % to 221 %, (Table 11.7, Appendices, page 246) and 

methamphetamine concentrations within sites often covered more than three orders of 

magnitude (Figure 6.1), from below 0.1 µg/100 cm
2
 to above 10,000 µg/100 cm

2
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the need for a methamphetamine quantitation method that covers a wide range of 

concentrations.  Only two sites had relatively uniform surface concentrations of 

methamphetamine (e.g. Sites 8 and 12); this could be due to the use of ventilation systems 

that connect all rooms via the roof cavity, although this was not confirmed. 

The high within-site spatial variability of methamphetamine surface concentrations can be 

influenced by a variety of factors.  The main sources of methamphetamine include 

manufacture and smoking.  Deposition of methamphetamine on surfaces is thought to be 

primarily determined by proximity to manufacture or smoking activities.  However the route 

that such deposition can take is influenced by airflow, thermal gradients and surface type.  

Air-conditioning can mobilise methamphetamine vapour, resulting in a more uniform 

distribution throughout the dwelling.
47

  Direct transfer can also occur via cleaning or moving 

activities and ‘tracking’ – where people walk from a contaminated room to a non-

contaminated room.
8
  Once deposited, surface methamphetamine concentrations can be 

increased or decreased due to cleaning activities, direct human surface contact, ventilation, 

heating and surface type.   

Another influence on concentration variability is the mode of sampling.  When sampling, the 

recovery of surface methamphetamine can be decreased by the surface type and the choice of 

wiping medium and solvent.  If no internal standard is used, or is added after extraction, the 

measured concentration may be under-estimated.  The high variability in the clandestine 

methamphetamine laboratories with the highest concentrations means that if few surface 

wipes are collected, there is a chance that the highest contamination levels will be missed.  

With these factors in mind, all concentrations reported in this study should be regarded as 

minimum surface concentrations. 

Figure 6.3 shows the relationship between the methamphetamine concentration standard 

deviation and the median methamphetamine concentration at each site.  While the relationship 

shown in Figure 6.3 tends to have the likely manufacture sites grouped together, there are two 

notable exceptions: site 18 and the ESR experimental manufacture both had relatively low 

methamphetamine concentrations and variability, and are shown in the same region associated 

with concentrations from smoking.  However the synthesis indicator indicator 1,2-dimethyl-3-

phenylaziridine was detected at site 18.  Therefore, the methamphetamine surface 

concentrations at that site may not be a reliable indicator of methamphetamine manufacture. 
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Figure 6.3: Relationship between methamphetamine concentration variability and median concentration.  Data for both 
materials and surface wipes are included.   

6.2.3 Surface orientation and surface type 

Our simulated clandestine methamphetamine laboratory results showed that upwards-facing 

horizontal surfaces had higher concentrations of methamphetamine and pseudoephedrine than 

vertical surfaces (Table 5.8 p. 73).  Previous work by the Minnesota Pollution Control 

Agency showed that methamphetamine surface concentrations increased from floor to 

ceiling
47

 and Tayler found during experiments with simulated smoking of methamphetamine 

that ceiling samples had higher concentrations of methamphetamine than wall samples.
3
  

However, unlike our data from the simulated methamphetamine laboratory experiments and 

from previous literature, our field data did not show any correlation between substrate 

orientation and the concentration of methamphetamine (Figure 11.4, Appendices pp. 250).   
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Although studies by Abdullah
163

 show some surfaces retain methamphetamine more than 

others, there was little correlation found between surface type and the concentration of 

methamphetamine in our field samples (Figure 11.6, Appendices p. 252).  Our results suggest 

that other factors, such as proximity to source and thermal convection, have a stronger effect 

on surface distribution than surface type.  

Investigation of the effect of surface orientation or surface type requires many samples to be 

collected at a given site and the limited time available at each site in this study precluded this 

type of investigation.  In addition, the focus of this study was evaluation of overall 

methamphetamine levels and of changes during remediation, and sampling was designed to 

meet these objectives. 

6.2.4 Post-decontamination methamphetamine concentrations 

Sites were wipe-sampled following decontamination.  Samples were collected to represent 

each surface type and orientation.  Some samples were ‘paired’ samples, that is, samples 

taken from right next to where a pre-decontamination wipe sample had been collected.  Figure 

6.4 shows the surface methamphetamine concentrations for sites tested after decontamination.  

While there is a slight reduction in surface wipe concentrations, with the exception of Site 13 

that was stripped of its linings, methamphetamine surface concentrations at all other sites 

were not reduced below the NZ Ministry of Health guideline of 0.5 µg/100 cm².  The median 

for the complete pre-decontamination dataset was 1.8 µg/100 cm
2
 (n = 161), dropping to 

0.9 µg/100 cm
2
 (n = 80) post-decontamination, but rising again to 2 µg/100 cm

2
 (n = 28) for 

those sites that required a third decontamination attempt, presumably because sites that 

required more than one decontamination attempt were significantly contaminated. 
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Figure 6.4: Logarithmic plot of surface wipe concentration from suspected former clandestine methamphetamine 
laboratories that had been ‘decontaminated’.  Points shown below the lower limit of quantitation (0.05 µg/100 cm

2
) may 

not be accurate, and points shown below the lower limit of detection (0.005 µg/100 cm
2
) may or may not represent a 

positive detection. 
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The distributions for the initial (n = 137), post-decontamination (n = 82) and second post-

decontamination (n = 28) data for methamphetamine (Figure 6.5) shows that after the first 

decontamination the higher concentrations reduced significantly, resulting in a distribution 

skewed towards lower concentrations.  However, methamphetamine concentrations at sites 

requiring further decontamination (‘post- second clean) did not change significantly from the 

initial distribution, possibly indicating that extremely contaminated sites are difficult to 

decontaminate successfully. 

 

Figure 6.5:  Plot showing distribution of methamphetamine concentrations on wipe samples from the initial visit, the first 
decontamination, and the second decontamination. 
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6.2.5 Paired surface wipes 

Paired samples involved collection of a second wipe sample following decontamination 

activities.  The second sample was collected from the same surface type and orientation next 

to where the original wipe sample was collected.  Sites with paired samples give a more 

accurate picture of the effectiveness of decontamination on different surfaces.  However, 

paired samples were not always available as some surfaces were completely removed during 

decontamination.  Table 11.8 shows all paired wipe samples collected (Appendices page 247).  

The paired surface wipe sample data for Site 1 (Figure 6.6) shows that surface washing was 

effective for reducing surface methamphetamine on glass, but not on painted or varnished 

wood or wallboard.   

 

Figure 6.6: Methamphetamine concentrations for paired surface wipes from Site 1, after two attempts at surface 
washing.  Initial sampling was not designed to have paired samples, however some samples happened to be collected 
very close to the previous ones and could therefore be classified as paired samples. 
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The paired surface wipe sample data for Site 10 (Figure 6.7) shows that surface washing was 

ineffective at reducing surface methamphetamine on PVC or laminate, and sealing with 

polyurethane was not effective. 

 

Figure 6.7: Methamphetamine concentrations for paired surface wipes from Site 10 after two surface washing attempts 
and an attempt to seal laminated surfaces with polyurethane (third remediation).  Gaps indicate that paired wipe 
samples were not collected. 

  

0.001

0.01

0.1

1

10

100

1000

laminate laminate polyvinyl
chloride

laminate

m
et

h
am

p
h

et
am

in
e 

µ
g/

1
0

0
 c

m
2

Site 10 paired wipes

pre-remediation 25/09/2009

post-remediation 27/10/2009

post- second remediation 5/11/2009

post- third remediation 16/10/2010



 

 

118 
 

Paired surface wipe sample data for sites 12, 13 and 17 are shown in Figure 6.8.  The data 

shows that washing painted wallboard or wallpaper has no significant effect on 

methamphetamine concentrations (Site 12), whereas stripping and sanding is very effective at 

reducing surface methamphetamine concentrations on painted wallboard and varnished 

particleboard (Site 13), and washing of varnished wood was slightly effective (Site 17). 

   

Figure 6.8: Methamphetamine concentrations for paired surface wipe samples from sites 12, 13 and 17 
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The paired surface wipe sample data for Site 20 (Figure 6.9) again shows that surface washing 

was effective at reducing surface methamphetamine on window glass, but shows that washing 

was ineffective at reducing surface methamphetamine on PVC, laminate or glazed ceramic. It 

is surprising that the methamphetamine concentrations on the glazed ceramic toilet cistern did 

not decrease as much as for glass, given that it is a smooth, relatively impermeable surface.  

However, it is possible that cross-contamination may have occurred during the cleaning 

process. 

 

Figure 6.9: Methamphetamine concentrations for paired surface wipe samples from Site 20 after washing. 

The paired surface wipe sample data for Site 23 (Figure 6.10) shows that surface washing was 

effective at reducing surface methamphetamine on window glass, and was slightly effective at 

reducing surface methamphetamine on some laminate, PVC, raw wood and painted concrete, 

but was ineffective at reducing surface methamphetamine on painted wall/softboard and some 

laminates.  
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Figure 6.10: Methamphetamine concentrations for paired surface wipe samples from Site 23 after one washing, then linings were removed 
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The paired surface wipe sample data for Site 24 (Figure 6.11) shows that spraying with 

‘denaturing compound’ (the composition was not disclosed to the researcher due to 

commercial sensitivity) followed by surface wiping was ineffective at reducing surface 

methamphetamine on any tested surface.   

 

Figure 6.11: Methamphetamine concentrations for paired surface wipe samples from Site 24 after treatment with 
‘denaturing compound’.  

Our results from Site 24 showed that the “denaturing” solution that had been developed 

locally had no effect on surface methamphetamine, and surface wipes taken after the 

‘treatment’ had slightly higher concentrations after spraying with the compound, indicating 

the solution may facilitate methamphetamine extraction or the recovery of methamphetamine 

from the substrate.  Due to concerns in relation to human health, the data for this site were 

disclosed to the cleaning company in August 2010 and they then abandoned their spray-on 

“denaturing solution” method and returned to washing techniques.   
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The paired surface wipe sample data for Site 25 (Figure 6.12) shows that surface washing was 

ineffective at reducing surface methamphetamine on laminate, painted board and painted 

wood, and only slightly effective at reducing surface methamphetamine on unpainted wood 

and board. 

 

Figure 6.12: Paired surface wipe samples from Site 25 after surface washing 

The paired surface wipe sample data for Site 26 (Figure 6.13) shows that surface washing was 

ineffective at reducing surface methamphetamine concentrations on painted wood, varnished 

chipboard, some varnished wood, some wallpaper, some painted board and linoleum, and 

only slightly effective at reducing methamphetamine surface concentrations on painted 

chipboard, some painted board, some wallpaper and some varnished wood. 
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Figure 6.13: Methamphetamine concentrations for paired surface wipe samples from Site 26 after surface washing 
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The paired wipe results show that methamphetamine can effectively be removed from glass 

by normal cleaning, and that methamphetamine on PVC, glazed ceramics and laminates 

appear to be reduced somewhat by cleaning.  However decontamination of wallpapered, 

painted and varnished surfaces is problematic, and it may be necessary to remove these 

surfaces.  Our observations from paired wipe samples are mostly in agreement with the 

experimental decontamination study carried out by Serrano et al. 
44

  That study showed that 

methamphetamine can be removed from metal and glass to below detectable levels 

(0.05 µg/100 cm
2
) using a mild cleaning solution (water, 2-butoxyethanol, 

ethoxylated alcohol, tetrapotassium pyrophosphate, sodium citrate).  However the same 

cleaning solution on painted plywood and plasterboard did not reduce methamphetamine 

surface concentrations even to regulatory levels (0.1, 0.5, or 1.5 µg/100 cm
2
).  The 

Serrano et al. study tested painting as a form of encapsulation and found it to be successful, 

however in our study one of the two surface wipes from surfaces that had been painted with a 

polyurethane sealant after cleaning did not show a significant decrease in recovered 

methamphetamine concentration.  Furthermore, painting and varnishing does not actually 

remove contamination, and future renovations could expose renovators and occupants to 

chemical contamination. 

In summary, while surface type was not found to have a strong relationship with initial 

surface concentration, it was found to have a strong influence on the effectiveness of surface 

cleaning in reducing surface methamphetamine concentrations.   

6.2.6 Decontamination effectiveness 

Initial testing prior to decontamination showed that 19 % of the total wipe samples (n = 124) 

had a methamphetamine concentration of less than 0.5 µg/100 cm
2
.  After a single 

decontamination 36 % had a methamphetamine concentration of less than 0.5 µg/100 cm
2
 

(n = 85), while after two decontamination attempts 24 % had a concentration of less than 

0.5 µg/100 cm
2
 (n = 33).  At sign-off, 61 % (n = 107) of the total wipe samples still exceeded 

0.5 µg/100 cm
2
.  On a per site basis, only three of the sites had all surface wipes under the 

clean-up limit at sign-off, and of these only one site had concentrations exceeding 

0.5 µg/100 cm
2
 before decontamination.  As noted earlier, the testing companies were making 

their decisions based on surface samples taken and analysed independently of this study. 
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The post-decontamination results show that the surface washing and surface treatment 

methods used from 2009 – 2011 were not effective at removing surface methamphetamine 

contamination.  This is most likely due to a combination of factors:  

1. Cleaning compounds and methods used were inappropriate. 

2. Cleaning was not thorough enough. 

3. Contamination extended beneath the surface and could not be remediated by surface 

cleaning. 

The most effective decontamination technique observed in this study was complete removal 

of the linings and surfaces i.e.: removal of plasterboard and full-thickness stripping of paint 

and varnish layers (Site 13).  The results obtained during the present study are consistent with 

a study by Patrick et al.
45

 who collected 191 wipe samples from three clandestine 

methamphetamine laboratories after decontamination.  Patrick et al. found that only 38 % of 

the samples met the local decontamination standard of 0.1 μg/100 cm
2
 and of the 62 % that 

failed the limit, 28 % exceeded 0.5 μg/100 cm
2
. 

6.3 Building and furnishing materials 

Property owners at eight of the sites permitted building and furnishing materials to be 

collected for analysis.  Fifteen samples of building and furnishing materials were collected 

from these sites and were analysed for methamphetamine.  Materials were collected on an 

opportunistic basis in consultation with the property owner.  While much of the material was 

marked to be discarded, some sites did not discard any building materials (e.g. Site 24).  As 

soft furnishings were the items most often removed and discarded, insulation and wall 

coverings or building paper were collected, to see if they represented significant reservoirs for 

methamphetamine contamination. 

Table 6.3 shows the methamphetamine concentration in the collected materials in µg/g 

compared with the surface wipe concentrations for each site.  For most materials, the 

methamphetamine concentration on a µg/g basis was a similar order of magnitude to the 

methamphetamine surface concentrations observed for surface wipes in µg/100 cm
2
.  The 

exception was 5220 µg/g methamphetamine encountered in a latex-backed curtain above a 

kitchen sink at Site 10, where surface wipe levels were substantially lower.  However, it is 

possible that the curtain may have been exposed to splashes or spatter.   
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Table 6.3: Methamphetamine concentrations in materials collected from suspected former clandestine 
methamphetamine laboratories 

Site Visits Materials 
Methamphetamine 

(µg/g) 

Surface wipe 
concentrations range at 

site (µg/100 cm²) 
Reason for testing 

4 20 October 2008 
Ceiling panel paint layer 14 

< LLOQ - 2 Suspected manufacture 
Ceiling panel softboard 2 

10 25 September 2009 
Cushion stuffing 0.2 

1 - 285 Suspected manufacture 
Latex backed curtain 5220 

13 30 September 2009 
Glass fibre ceiling 

insulation 
89 17 - 6093 

Manufacture, Police 
surveillance 

22 24 May 2010 
Glass fibre ceiling 

insulation 
0.02 < LLOQ 

Unusual tenant 
behaviour 

23 7 July 2010 

House cellulose ceiling 
insulation 

2 
House 1 - 15 Smoking in house 

House wallpaper < LLOQ 

Garage pipe lagging 39 Garage 1-58 

Manufacture in garage 
under house for 3 

weeks, Police 
surveillance 

24 15 July 2010 

Glass fibre ceiling 
insulation 

0.9 House 0.2 - 13 Smoking in house 

Shed wall glass fibre 
insulation 

52 Shed 28 – 41 Manufacture in shed 

25 23 July 2010 

House cellulose ceiling 
insulation 

2 
House 0.5 - 9 Smoking in house 

House wallpaper 3 

Garage black building 
paper 

50 Garage 2 - 41 Manufacture in garage 

26 16 August 2010 
Glass fibre ceiling 

insulation 
0.7 0.06 - 27 Manufacture in house 
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Curtains, pipe lagging, and glass fibre insulation were easily processed using the method 

developed for surface wipes and proved to be good sources for methamphetamine 

manufacture-related compounds (Table 6.4, page 146).  However, cellulose insulation was 

difficult and messy to process using base extraction and its future analysis will require some 

method modification. 

The presence of significant methamphetamine in ceiling and wall insulation had not been 

previously documented and, at the time of testing, insulation was not routinely removed as 

part of the decontamination process.  Following the analysis of insulation from Site 13, 

Forensic & Industrial Science Ltd and Enviroclean & Restoration Ltd were advised that 

insulation in former clandestine methamphetamine laboratories could contain significant 

concentrations of methamphetamine.  As a result, Forensic & Industrial Science Ltd advised 

decontamination contractors to remove insulation. 

The Minnesota Pollution Control Agency (MPCA) study tested grouting (1"x 6", to 1/8" 

depth),
46

 paint peeled from wallboard (ft
2
),

36, 37
 unpainted wallboard (ft

2
),

50
 painted cement 

(2"x 2") and wood (ft
2
, 2"x 8" shavings, 2"x 6", 1"x 4", or to a depth of 1/16"-1/8")

39, 46
 

However, almost all results were reported on a mass per area basis, with only carpet fibre and 

backing reported on a mass per mass basis.
48

  The MPCA experiments indicated that 

methamphetamine could penetrate into many substrates and these substrates could then act as 

sources for methamphetamine re-contamination.  Unfortunately it is not possible to 

quantitatively compare the results obtained during the present study with the MPCA study 

because that study did not report the concentration on a mass per mass basis.
47
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6.4 Pseudoephedrine concentrations - surfaces and materials 

Pseudoephedrine was co-extracted with methamphetamine during the surface wipe and 

materials analyses and pseudoephedrine concentrations were calculated using the peak areas 

of the most abundant ion fragment for TFA-derivatised pseudoephedrine (154) and 

methamphetamine-d9 (161).  Pseudoephedrine concentrations from surface wipe samples are 

given in Table 11.10 (Appendices, p.254).  Concentrations for surface wipe samples and 

materials are given in µg/100 cm
2
 and µg/g, respectively, and concentrations for calibration 

standards are given in µg/mL.  The final volume of the extract from the wipe samples and the 

gram of material is 1 mL.  Concentrations reported below the lower limit of quantitation 

(0.05 µg/mL) and concentrations higher than 1 µg/mL (upper limit of quantitation) have a 

higher degree of uncertainty associated with their measurement than concentrations within 

quantitation limits (0.05 µg/mL - 1 µg/mL).  Like methamphetamine, pseudoephedrine 

concentrations (Figure 6.14, shown as filled circles) varied over several orders of magnitude 

both between and within sites.  Surface wipe concentrations of pseudoephedrine ranged from 

below detection limits up to 447 µg/100 cm².  A major difference between methamphetamine 

and pseudoephedrine surface concentrations is that pseudoephedrine was not detected in 14 % 

of surface wipes, whereas methamphetamine was not detected in only 3 % of surface wipes 

(both excluding the control house).  Most sites had surface wipe pseudoephedrine 

concentrations between 0.001 - 100 µg/100 cm
2
, with three sites having surface wipe 

pseudoephedrine concentrations exceeding 100 µg/100 cm
2
.  Ten sites had pseudoephedrine 

surface concentrations exceeding the concentrations observed from the ESR experimental 

manufacture study.   



 

 

129 
 

 

Figure 6.14: Concentrations of methamphetamine (x) and pseudoephedrine (o) on surface wipes.  Points shown below 
the lower limit of quantitation (0.05 µg/100 cm

2
) may not be accurate, and points shown below the lower limit of 

detection (0.005 µg/100 cm
2
) may or may not represent a positive detection. 
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The distribution for the log-transformed initial data set (n = 137) for pseudoephedrine 

(diagonal lines, Figure 6.15) is more skewed than methamphetamine (black), and has a 

concentration apex two orders of magnitude lower than for methamphetamine.   

 

Figure 6.15: Plot showing distribution of pseudoephedrine and methamphetamine concentrations on wipe samples 
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The pseudoephedrine concentration distribution for surface wipe samples acquired after the 

first decontamination (n = 82), shows a significant drop-off in the abundance of higher 

concentrations, but, like methamphetamine, sites that required a third decontamination 

attempt (n = 28) had a distribution that was skewed towards higher concentrations. 

 

Figure 6.16: Plot showing distribution of pseudoephedrine concentrations on wipe samples from the initial visit, the first 
decontamination, and the second decontamination. 

A study by Martyny et al.
80

 documented surface concentrations of pseudoephedrine from 97 

surface wipes from clandestine methamphetamine laboratories ranging from below detection 

limits up to 51,000 µg/100 cm
2
.  Pseudoephedrine was not detected in 32 % of the samples, 

and methamphetamine was not detected in 20 % of the samples.  A New Zealand MSc thesis 

documented pseudoephedrine in surface wipes from former clandestine methamphetamine 

laboratories.
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  However data on pseudoephedrine surface concentrations from former 

clandestine methamphetamine laboratories does not appear to have been published in the open 
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6.4.1 Intra-site variability of pseudoephedrine surface concentrations 

Within-site variability for pseudoephedrine was high, with relative standard deviations 

ranging from 35 % to 280 % (Table 11.9, Appendices, p. 253).  A log-log plot of 

pseudoephedrine concentration standard deviation vs median pseudoephedrine concentration 

is shown in Figure 6.17.  While the distribution of pseudoephedrine concentration and 

variability is slightly better correlated with the likelihood of manufacture, there is one notable 

exception: site 26 is found in the region dominated by methamphetamine smoking, but the 

synthesis indicator 1,2-dimethyl-3-phenylaziridine was also detected at site 26.  Therefore 

pseudoephedrine concentration and variability alone are not always reliable predictors of 

methamphetamine manufacture. 

 

Figure 6.17: Graph showing pseudoephedrine concentration within-site variation vs median pseudoephedrine 
concentration.  Data for both materials and surface wipes is included.     
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6.4.2 Pseudoephedrine – surface concentration variation 

Like methamphetamine, pseudoephedrine has been shown to exhibit volatile behaviour when 

distributed in methanol at a concentration of 2 µg/80 cm
2
 on certain surface types after 48 h at 

26 °C.
163

  The amount of pseudoephedrine on surfaces is currently thought to have the 

following origins: 

1. Vapours and aerosols and dust from pseudoephedrine extraction activities 

2. Vapours and aerosols from synthesis 

3. Splashes or spatter from synthesis 

Extraction and purification of pseudoephedrine from pharmaceutical preparations could 

generate detectable pseudoephedrine on nearby surfaces from vapour, aerosol, or dust.  

However no experimental studies have been published in the open literature confirming the 

deposition of pseudoephedrine at locations remote from the extraction or synthesis sites. 

There is also a possibility that smoked street methamphetamine could sometimes contain 

significant amounts of pseudoephedrine.  Pseudoephedrine has been reported in seized street 

methamphetamine from the U.S., Australia, Finland, Estonia, Norway, Denmark, Korea, 

China and the Czech Republic
210-213

 though the actual concentration of pseudoephedrine has 

not been documented.  Bulk seizures of methamphetamine in New Zealand between 2006-

2009 were 69 % pure on average,
214

 and for the period April-September 2011, 73 % of 

samples tested by ESR had a purity of more than 70 %, with a median of 75 %.
214

  This 

indicates that street methamphetamine in New Zealand is unlikely to contain more than 30 % 

pseudoephedrine, and in fact is likely to contain far less than 30 %, as there are other diluents, 

adulterants and impurity compounds contributing to the overall purity of the final product.   

If pseudoephedrine is present in street methamphetamine and is also deposited on surfaces 

during methamphetamine smoking, then data on the percentage of pseudoephedrine in surface 

wipes following methamphetamine smoking would help to include or exclude the possibility 

of smoked methamphetamine as an origin for the surface pseudoephedrine contamination 

observed at suspected clandestine laboratories.  Experiments involving actual or simulated 

smoking of street methamphetamine would be helpful for determining the probability of 

pseudoephedrine contamination arising from the smoking of methamphetamine. 
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6.4.3 Interpretation of pseudoephedrine concentrations in surface wipes 

Absence of pseudoephedrine in surface wipes per se does not preclude methamphetamine 

manufacture.  Rather, its absence neither refutes nor supports the hypothesis that 

methamphetamine manufacture with an ephedrine precursor has occurred, and other 

information such as the presence of synthesis indicator compounds, and the availability of 

non- ephedrine precursors at the alleged site of manufacture are required to provide 

information with probative value.  

For example, site 8 had pseudoephedrine surface concentrations close to the detection limit 

and low surface methamphetamine concentrations.  However, there were allegations that a 

Parr bomb had been used for methamphetamine synthesis at site 8 (pers. comm. Forensic & 

Industrial Science Ltd).  The use of a high-pressure reaction vessel such as a Parr bomb could 

result in very little surface contamination as the reaction is completely contained.  The surface 

concentrations of methamphetamine and pseudoephedrine for site 8 could be consistent with 

use of a Parr bomb, and therefore have very little probative value.  By contrast, surface wipes 

from sites 5, 7, 10, 13, 20, 23 and site 24 all showed pseudoephedrine surface concentrations 

in excess of 10 µg/100 cm
2
, which would be more consistent with either pseudoephedrine 

extraction activities and/or methamphetamine synthesis, rather than methamphetamine 

smoking.  

6.4.4 Ratio of pseudoephedrine to methamphetamine 

The measurement of the ratio of pseudoephedrine to methamphetamine is important when 

considering the assumption that methamphetamine surface concentration is an adequate 

surrogate for other chemical contamination, including pseudoephedrine.  Very few 

jurisdictions have cleanup guidelines for pseudoephedrine.  Some, such as Arizona (U.S.), 

have set cleanup levels for pseudoephedrine at the same level as methamphetamine 

(0.1 µg/100 cm
2
).  There is no cleanup level for pseudoephedrine specified in the NZ Ministry 

of Health guidelines.
66

   

The concentration of pseudoephedrine was compared to the concentration of 

methamphetamine for all sites in this study (Figure 6.18), with data for both materials and 

surface wipes being included.  When pseudoephedrine was not detected or was below the 

method detection limit of 0.005 µg/100 cm
2
, it is displayed with a value of 0.001 µg/100 cm

2
 

in the plot.  There is a general trend of increasing pseudoephedrine concentration with 
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increasing methamphetamine concentration.  Most samples had less pseudoephedrine than 

methamphetamine, and there is a large scatter, indicating that there are a number of factors 

controlling the relative abundance of pseudoephedrine to methamphetamine on surfaces.  

These may include: 

 Vapours, aerosols, or dust from pseudoephedrine extraction 

 Vapours, aerosols, or dust from methamphetamine synthesis 

 Splashes or spatter from synthesis 

 Vapours or aerosols from methamphetamine ‘salting-out’ 

 Methamphetamine smoking 

 Secondary redistribution due to environmental factors 

Only one surface wipe with a methamphetamine concentration less than 0.5 µg/100 cm
2
 had 

an associated pseudoephedrine concentration that exceeded 0.5 µg/100 cm
2
.  This initially 

appears to indicate that methamphetamine is a good surrogate for pseudoephedrine.  However 

if the cleanup limit had been 1.5 µg/100 cm
2
, a window and concrete wall at site 23 with 

surface concentrations of 16 µg/100 cm
2
 pseudoephedrine may not have been decontaminated 

(see red box - Figure 6.18).  Thus, the adequacy of methamphetamine as a surrogate for the 

main other contaminant, pseudoephedrine, is not completely reliable.  Therefore it would be 

prudent to check for both methamphetamine and pseudoephedrine in samples. 
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Figure 6.18: Ratio of pseudoephedrine to methamphetamine in both surface wipes (diamonds - R
2
 = 0.443) and materials 

(filled circles – R
2
 = 0.6822) collected from all sites in the study.  Box shows samples with significantly higher 

pseudoephedrine than methamphetamine. 
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6.4.5 Comparison of pseudoephedrine and methamphetamine variability 

The pseudoephedrine concentrations showed a low correlation with the observed 

methamphetamine concentration at each site, indicating that surface methamphetamine 

concentration is affected by one or more different factors to pseudoephedrine surface 

concentrations (Figure 6.19).   

 

Figure 6.19: Plot of observed pseudoephedrine standard deviation vs methamphetamine standard deviation for each 
site.  Data for both materials and surface wipes is included. 
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6.4.6 Spatial variability of the pseudoephedrine : methamphetamine ratio 

While pseudoephedrine surface concentrations have previously been documented in wipe 

samples from experimental methamphetamine manufacture and from clandestine 

methamphetamine laboratories,
80

 the ratio between pseudoephedrine and methamphetamine 

has not been reported as a forensic tool by these authors.  The ratio of pseudoephedrine to 

methamphetamine was investigated as a potential indicator of the location of 

methamphetamine manufacture in preference to the concentration of pseudoephedrine 

because of differences in pseudoephedrine recovery from different substrates.  At the three 

sites where more than ten surface wipes were collected, it was possible to observe trends in 

the spatial distribution of methamphetamine and pseudoephedrine.  Data from sites 5, 23, and 

24 were sorted first by methamphetamine concentration.  At site 24, both methamphetamine 

concentration and pseudoephedrine to methamphetamine ratio were correlated with the 

alleged location of manufacture (Figure 6.20 and Figure 6.21).   

 

Figure 6.20: Methamphetamine concentration from surface wipes and materials from site 24.  Data have been ordered 
by methamphetamine concentration.  Alleged location of manufacture was the shed. 
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Figure 6.21: Ratio of pseudoephedrine to methamphetamine on surface wipes from site 24.  Data have been ordered by 
pseudoephedrine to methamphetamine ratio.  Alleged location of manufacture was the shed. 
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However no correlation was observed between methamphetamine concentration and the 

alleged location of manufacture at sites 5 and 23 (e.g. site 23 - Figure 6.22).   

 

Figure 6.22: Methamphetamine concentration from surface wipes and materials from site 23.  Data have been ordered 
by methamphetamine concentration.  Alleged location of manufacture was downstairs. 
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When data for site 23 were ordered by the ratio between pseudoephedrine and 

methamphetamine (Figure 6.23), the higher ratios were associated with the garage downstairs, 

which was consistent with anecdotal information about the location of methamphetamine 

manufacture for site 23 (pers. comm., owner, site 23).   

 

Figure 6.23: Ratio of pseudoephedrine to methamphetamine from surface wipes and materials from site 23.  Data have 
been ordered by pseudoephedrine to methamphetamine ratio.  Alleged location of manufacture was downstairs. 
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At site 5 the higher pseudoephedrine to methamphetamine ratios were associated with 

outbuildings, whereas the main dwellings had lower ratios (Figure 6.24).  Again, this is 

consistent with information given by the property owner as to the location of manufacture. 

 

Figure 6.24: Ratio of pseudoephedrine to methamphetamine on surface wipes from site 5.  Data have been ordered by 
pseudoephedrine to methamphetamine ratio.  Alleged location of manufacture was the shed. 
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the observed distribution of the pseudoephedrine : methamphetamine ratio is affected by 

pseudoephedrine base having a slightly lower volatility than methamphetamine base, (Ben 

Bogun pers. comm. 2012) and the more widely distributed methamphetamine may due to the 

higher volatility of methamphetamine, but this could also be due to methamphetamine 

smoking. 
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6.4.7 Significance of pseudoephedrine fraction in surface wipes 

The measurement of the fraction of pseudoephedrine to the total amount of methamphetamine 

and pseudoephedrine in surface wipes is useful when considering the possibility of smoked 

methamphetamine versus methamphetamine manufacture as an origin for the surface 

contamination.  As mentioned earlier, street methamphetamine in New Zealand is likely to 

contain far less than 30 % pseudoephedrine, or no pseudoephedrine. 

Sites 4, 5, 7, 10, 18, 20, 23 and 24 had a fraction of pseudoephedrine to total 

methamphetamine and pseudoephedrine that was in excess of 30 %, and this high relative 

pseudoephedrine content would tend to rule out methamphetamine smoking as a source 

(Table 11.10, Appendices, p. 254).  However, the total surface concentrations of 

methamphetamine or pseudoephedrine from sites 4 and 18 did not exceed 2 µg/100 cm
2
.  

While the surface methamphetamine concentrations are more typical of those generated by 

methamphetamine smoking, the high fraction of pseudoephedrine is a cause for concern and 

necessitates a more detailed examination of the data.  The confounding factors in interpreting 

data from these two sites arise from two things: firstly, because sites 4 and 18 were outside 

the Auckland region, they were sampled by staff from Forensic & Industrial Science Ltd, with 

only four surface wipes being collected for each site.  Secondly, site 4 had been painted 

shortly before sampling occurred. 

In contrast, all of the surface wipes for site 13 had pseudoephedrine fractions < 30 %.  

However, the pseudoephedrine was present at high surface concentrations (~ 150 µg/100 cm
2
) 

and methamphetamine was present at very high surface concentrations (~ 6000 µg/100 cm
2
).  

The overall high values coupled with an iodine stain and the presence of 1,2-dimethyl-3-

phenylaziridine on surface wipes at site 13 suggests manufacture. 
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6.5 Other compounds 

Only one published study has identified other compounds present with methamphetamine on 

surfaces at former clandestine methamphetamine laboratories.  The study by Martyny et al.
80

 

measured concentrations of pseudoephedrine, ephedrine and amphetamine in addition to 

methamphetamine, however it did not investigate additional trace compounds. 

We decided to conduct a survey for additional compounds by performing GC-MS analysis on 

both an underivatised and a derivatised split of the base extracts from surface wipes and 

materials from suspected former clandestine laboratories.  The samples were split because 

some of the underivatised phenethylamines have very similar mass spectra, and having the 

data from both derivatised and underivatised splits increased the chance of identifying these 

compounds.  GC-MS analysis of 24 underivatised wipes and materials collected from 14 

suspected former clandestine laboratories revealed over 200 compounds (Table 11.11, 

Appendices, p. 263).  The compounds detected are those that are isolated by the extraction 

conditions, and chromatograph well under the analysis conditions used in this study, since the 

analysis protocol was not originally designed for comprehensive analysis.  The aqueous 

extraction followed by basic liquid-liquid extraction method used in this study is designed to 

isolate basic compounds, and is not suitable for non-polar compounds such as 1-benzyl-3-

methylnaphthalene and 1,3-dimethyl-2-phenylnaphthalene, that have been associated with 

methamphetamine manufacture.
4
   

Identification of compounds was from chromatogram peaks that were significantly higher 

than chromatogram noise at their retention time and that had a mass spectrum not 

significantly impacted by carrier solvent or column bleed.  There were 35 instances of 

coleuting peaks, however most were readily identified using extracted ion chromatograms.  

All but 10 compounds were identified using NIST08 and SWGDRUG mass spectral libraries 

and the scientific literature.   

Of the ~ 200 compounds, 39 were documented as being associated with methamphetamine 

use or methamphetamine / MDMA / cathinone manufacture (Table 6.4).  Six compounds were 

unable to be identified (‘Unknown’, Table 6.4), however their fragmentation pattern suggests 

they could possibly be associated with methamphetamine use or manufacture.  Seven 

compounds were able to be positively identified from their TFA-derivatives.  

Methamphetamine and pseudoephedrine were identified from reference standards.  SciFinder 

(Chemical Abstracts Service) was used to find information on compounds, like association 
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with illicit drug synthesis, common uses, metabolites and toxicity, and environmental 

occurrence. 

The compounds can be grouped in the following way:  

 160 compounds not known to be associated with methamphetamine activities; 

 8 compounds associated with methamphetamine manufacture that could also originate 

from licit origins; 

 6 compounds associated with methamphetamine manufacture that could also originate 

from methamphetamine smoking;  

 5 compounds associated with methamphetamine manufacture that could also be 

methamphetamine analytical artifacts; 

 14 compounds that indicate activities with precursors; 

 11 compounds that originate from methamphetamine synthesis activities. 

Compounds that are not documented as being associated with the use or manufacture of 

methamphetamine could have originated from laboratory and sampling materials, pesticides, 

insect repellents, cooking, cleaning, personal care, building materials, furnishings, surface-

coatings, vehicles, fuel or tobacco smoking. 

Chemical contaminants specifically associated with the manufacture of methamphetamine 

comprise precursors, products, by-products, intermediates and impurities.  Precursors are the 

chemicals used as starting materials to produce the product.  By-products are compounds that 

are formed by other reactions that compete with formation of product, or by reaction of 

product with precursor.
215

  Intermediates are compounds formed en route from precursor to 

product formation.  Impurities include both trace compounds not intended to be present and 

compounds that form from reactions involving these impurities.  Some impurity compounds 

may also form as analytical artifacts, so care must be taken with their interpretation. 
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Table 6.4: Compounds associated with methamphetamine/MDMA/cathinone manufacture or methamphetamine use.  

Compound (in elution order) 
CAS 

Occurrence Structure 
Mass , 

chemical 
formula 

Sample 

Benzaldehyde 
100-52-7 
Identified from mass spectrum and 
elution order 

Perfumes, common house volatile 
216

* 
Methamphetamine precursor manufacture 

217, 

218
 

Methamphetamine manufacture 
191, 192

 
Methamphetamine smoking 

193
 

 

106.04186 
C7H6O 

Site 5 spill wipe 
Site 10 sink curtain  
Site 17 floor wipe 
Site 20 shelf wipe 
Site 23 under shelf wipe 
Site 24 wall spatter wipe 

1-propenylbenzene or 2-
propenylbenzene 
300-57-2 / 637-50-3 
Identified from mass spectrum and 
elution order 

Plant, honey essential oil 
219, 220

 
Tobacco smoke 

221
 

Methamphetamine smoking 
194, 195

 
Precursor, methamphetamine manufacture 

196
 

Methamphetamine manufacture
215

 

 

118.07825 
C9H10 

Site 5 spill wipe 
Site 10 sink curtain  
Site 20 shelf wipe 

Benzyl chloride 
100-44-7 
Identified from mass spectrum and 
elution order 

Chemical industry air pollutant 
222

 
Methamphetamine smoking 

223
 

Methamphetamine impurity 
211, 224

  

126.02363 
C7H7Cl 

Site 17 floor wipe 
Site 24 wall spatter wipe 

Amphetamine 
300-62-9 
Identified from mass spectrum, 
TFA-derivatised mass spectrum 
and retention time 

Methamphetamine smoking 
3
 

Methamphetamine metabolite – exhalation / 
sweat / urine aerosol 

110, 198
 

Methamphetamine analytical artifact 
190

 
Methamphetamine manufacture 

4, 197
 

 

135.10480 
C9H13N 

Site 5 spill wipe 
Site 10 sink curtain  
Site 10 ceiling wipe 
Site 20 shelf wipe 

Benzyl alcohol 
100-51-6 
Identified from mass spectrum and 
elution order 

Methamphetamine impurity 
91, 212, 224

 
Fragrances, essential oils 

225
 

 

108.05751 
C7H8O 

Site 17 floor wipe 

N,N-dimethylbenzylamine 
103-83-3 
Identified from mass spectrum and 
elution order 

Methamphetamine manufacture 
200

 
Catalyst for polymer foams and epoxy resins 

226
  

135.10480 
C9H13N 

Site 17 floor wipe 
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Compound (in elution order) 
CAS 

Occurrence Structure 
Mass , 

chemical 
formula 

Sample 

1-phenyl-1,2-propanedione 
579-07-7 
Identified from mass spectrum and 
elution order 

UV-curable furniture resin 
227

 
Flower, honey and bacterial volatile 

228-230
 

Breakdown product of 1-phenyl-2-propanone 
93, 200

 
Present in Catha edulis and Ephedra sp.

231, 232
 

 

148.05243 
C9H8O2 

Site 5 spill wipe 

Methamphetamine 
537-46-2 
Identified from mass spectrum, 
TFA-derivatised mass spectrum 
and retention time 

Methamphetamine smoking 
3, 15

 
Un-metabolised methamphetamine – 
exhalation / sweat / urine aerosol 

110, 167, 198, 233
 

Methamphetamine manufacture 
 

149.12045 
C10H15N 

Eighteen out of twenty sites, excluding 
control. 

1,2-dimethyl-3-phenylaziridine 
124919-00-2 (cis)* 
13148-28-2 (trans)* 
Identified from mass spectrum + 
elution order 

Methamphetamine synthesis intermediate 
4, 

197, 234, 235
 

 

147.10480 
C10H13N 

Site 5 bench spill wipe 
Site 10 sink curtain  
Site 13 door, derivatised 
Site 13 window, derivatised 
Site 18 bench, derivatised 
Site 20 shelf wipe 
Site 23 under shelf wipe 
Site 24 wall spatter wipe 
Site 25 door, derivatised 
Site 26 kitchen wall,derivatised 

Nor-pseudoephedrine/ephedrine 
48115-38-4 
Identified from TFA-derivatised 
mass spectrum 

Precursor – present in ephedra 
236, 237

 
Precursor - amphetamine manufacture 

197
 

Possibly from demethylation of 
pseudoephedrine  

151.09971 
C9H13NO 

Site 5 bench spill wipe, derivatised 
Site 5 fridge top wipe, derivatised 
Site 10 sink curtain, derivatised 
Site 18 bench wipe, derivatised 
Site 20 shelf wipe, derivatised 
Site 23 shelf wipe, derivatised 
Site 24 wall spatter wipe, derivatised 
Site 24 insulation, derivatised 

N,N-dimethylamphetamine 
4075-96-1 
Identified from mass spectrum + 
elution order 

Methamphetamine smoking 
3, 195, 238

 
Methamphetamine analytical artifact 

190
 

Methamphetamine manufacture 
197, 201

 
Methamphetamine metabolite – exhalation / 
sweat / urine aerosol 

193
 

 

163.13610 
C11H17N 

Site 5 fridge top wipe 
Site 10 sink curtain  
Site 16 ceiling wipe 
Site 20 shelf wipe 
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Compound (in elution order) 
CAS 

Occurrence Structure 
Mass , 

chemical 
formula 

Sample 

3,4-methylenedioxyamphetamine 
4764-17-4 
Identified from TFA-derivatised 
mass spectrum 

MDA manufacture 
MDMA manufacture impurity 

239
  

179.09463 
C10H13NO2 

Site 5 bench spill wipe, derivatised 

2-, 3-, or 4- 
methoxymethamphetamine 
22331-70-0 
Tentatively identified from mass 
spectrum 

MDMA manufacture byproduct 
240

 
PMMA manufacture 

 

179.13101 
C11H17NO 

Site 5 bench spill wipe 

N-cyclohexylacetamide 
1124-53-4 
Identified from mass spectrum 

MDMA impurity 
241, 242

 
Common organic pollutant 

243
 

 

141.11536 
C8H15NO 

Site 10 squab fibre 

N-ethyl-N-methamphetamine 
119290-77-6 
Tentative identification from mass 
spectrum  

Methamphetamine analytical artifact 
190

 
Methamphetamine manufacture 

244
 

 

177.15175 
C12H19N 

Site 20 shelf wipe 

Methcathinone 
5650-44-2 
Tentative identification from mass 
spectrum 

Methamphetamine manufacture 
234, 240, 245

 

 

163.09971 
C10H13NO 

Site 5 bench spill wipe 
Site 23 under shelf wipe 
site 24 wall spatter wipe 

Unknown 57 (100), 56 (31), 77 (11), 91 (10), 105 (8), 174 (8) 
Site 5 bench spill wipe 
site 24 shed metal wall wipe 

3,4-dimethyl-5-phenyloxazolidine 
66574-19-4 (4S,5S)** 
Identified from mass spectrum + 
retention time 

Analytical artifact - formaldehyde-
pseudoephedrine adduct 

246-250
 

Methamphetamine manufacture 
200

 
  

177.11536 
C11H15NO 

Site 5 fridge top wipe 
Site 5 bench spill wipe 
Site 10 sink curtain  
Site 13 insulation 
Site 18 bench wipe 
Site 20 shelf wipe 
Site 23 under shelf wipe 
Site 24 wall spatter wipe 
Site 24 insulation 
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Compound (in elution order) 
CAS 

Occurrence Structure 
Mass , 

chemical 
formula 

Sample 

2,3,4-trimethyl-5-
phenyloxazolidine 
66471-29-2 (2S,4S,5S)** 
66471-31-6 (2R,4S,5S)** 
Identified from mass spectrum 

Acetaldehyde-pseudoephedrine adduct 
251-253

 

 

191.13101 
C12H17NO 

Site 10 sink curtain  
Site 20 shelf wipe 
Site 23 under shelf wipe 
Site 24 wall spatter wipe 
Site 24 insulation 

Ephedrine 
299-42-3 (1R,2S) 
Identified from mass spectrum, 
TFA-derivatised mass spectrum 
and retention time 

Precursor 
Pseudoephedrine analytical artifact 

246
 

Methamphetamine manufacture
215

 
 

165.11536 
C10H15NO 

Site 5 bench spill wipe, derivatised 
Site 5 fridge top wipe, derivatised 
Site 5 newspaper, derivatised 
Site 10 sink curtain, derivatised 
Site 10 ceiling wipe, derivatised 
Site 11 garage door wipe, derivatised 
Site 16 ceiling wipe, derivatised 
Site 18 bench wipe, derivatised 
Site 20 shelf wipe, derivatised 
Site 23 shelf wipe, derivatised 
Site 24 wall spatter wipe, derivatised 
Site 24 insulation, derivatised 

Pseudoephedrine 
90-82-4 (1S,2S) 
Identified from mass spectrum, 
TFA-derivatised mass spectrum 
and reference standard retention 
time 

Precursor 

 

165.11536 
C10H15NO 

Site 5 bench spill wipe 
Site 5 fridge top wipe, derivatised 
Site 5 newspaper, derivatised 
Site 7 wood beam, derivatised 
Site 10 sink curtain, derivatised 
Site 10 ceiling wipe, derivatised 
Site 16 ceiling wipe, derivatised 
Site 18 bench wipe, derivatised 
Site 20 shelf wipe 
Site 23 wall wipe 
Site 23 shelf wipe, derivatised 
Site 24 wall spatter wipe 
Site 24 wall wipe, derivatised 
Site 24 insulation, derivatised 
Site 25 cupboard wipe, derivatised 
Site 25 tub wipe, derivatised 
Site 26 ceiling spatter wipe, derivatised 
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Compound (in elution order) 
CAS 

Occurrence Structure 
Mass , 

chemical 
formula 

Sample 

Unknown  148 (100), 176 (90), 113 (22), 91 (22), 84 (17), 117 (16), 98 (13) 

Site 10 curtain 
Site 20 melamine shelf wipe 
Site 23 painted wood wipe 
Site 24 shed metal wall wipe 

Bibenzyl 
103-29-7 
Identified from mass spectrum + 
elution order 

Food, plant 
254

 and waste pyrolysis 
255

 
Methamphetamine pyrolysis 

212
 

Methamphetamine manufacture 
200, 202, 207

 
 

182.10955 
C14H14 

Site 17 floor wipe 

3,4-methylenedioxy-N-
methylamphetamine 
42542-10-9 
Identified from mass spectrum + 
TFA-derivatised mass spectrum 

MDMA manufacture 

 

193.11028 
C11H15NO2 

Site 5 bench spill wipe, derivatised 

N-formylmethamphetamine 
42932-20-7 
Identified from mass spectrum + 
elution order 

Methamphetamine analytical artifact (SPME - 
this study) 
Methamphetamine pyrolysis

238
 

Methamphetamine manufacture 
200, 206

  

177.11536 
C11H15NO 

Site 4 ceiling paint 
Site 5 bench spill wipe 
Site 5 newspaper 
Site 10 sink curtain  
Site 20 shelf wipe 
Site 24 wall spatter wipe 
Site 24 insulation 

N-acetylmethamphetamine 
27765-80-6 
Identified from mass spectrum + 
elution order 

Analytical artifact 
207

 
Methamphetamine smoking 

194
 

Methamphetamine manufacture 
202, 208

  

191.13101 
C12H17NO 

Site 10 sink curtain  
Site 10 ceiling wipe 
Site 16 ceiling wipe 
Site 20 shelf wipe 
Site 24 wall wipe 
Site 24 wall spatter wipe 
Site 24 insulation 

3,4-dimethyl-5-phenyl-2-
oxazolidinone 
16251-47-1 (4S,5S)** 
Identified from mass spectrum 

Carbon dioxide + pseudoephedrine (or 1,2-
dimethyl-3-phenylaziridine) adduct 

256
 

Methamphetamine manufacture
215

 

 

191.09463 
C11H13NO2 

Site 5 bench spill wipe 
Site 24 wall spatter wipe 
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Compound (in elution order) 
CAS 

Occurrence Structure 
Mass , 

chemical 
formula 

Sample 

Unknown 176 (100), 148 (71), 177 (15), 91 (13), 126 (12), 117 (12), 149 (11) 
Site 10 curtain 
Site 20 melamine shelf wipe 
Site 23 painted wood wipe 

N-formylpseudoephedrine 
67844-52-4 (1S,2S)** 
Identified from mass spectrum 

Methamphetamine synthesis 
200

 

 

193.11028 
C11H15NO2 

Site 5 bench spill wipe 
Site 20 shelf wipe 
Site 24 wall spatter wipe 
Site 24 insulation 

N-acetylpseudoephedrine 
84472-25-3 (1S,2S)** 
Identified from mass spectrum + 
elution order 

Pseudoephedrine analytical artifact 
Methamphetamine synthesis 

200
 

 

207.12593 
C12H17NO2 

Site 5 bench spill wipe 
Site 20 shelf wipe 
Site 23 under shelf wipe 
Site 24 wall spatter wipe 
Site 24 insulation 

Unknown 132 (100), 118 (36), 72 (35), 223 (31), 91 (25), 75 (24), 117 (20) 
Site 10 ceiling wipe 
Site 24 metal shed wall wipe 

N-(β-
phenylisopropyl)benzaldimine 
2980-02-1 
Identified from mass spectrum 

Amphetamine manufacture byproduct – 
Leuckart synthesis 

257, 258
 

 

223.13610 
C16H17N 

Site 5 bench spill wipe 
Site 10 sink curtain 

4-methyl-5-phenyl-2-
oxazolidinone 
17097-67-5 (4S,5S)** 
Identified from mass spectrum 

Norpseudoephedrine (or its aziridine) + carbon 
dioxide adduct

259
 

 

177.07898 
C10H11NO2 

Site 20 shelf wipe 

Pheniramine 
86-21-5 
Identified from mass spectrum 

Antihistamine co-administered with 
pseudoephedrine 

 

240.16265 
C16H20N2 

Site 5 bench spill wipe 
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Compound (in elution order) 
CAS 

Occurrence Structure 
Mass , 

chemical 
formula 

Sample 

3,4-dimethyl-2,5-
diphenyloxazolidine 
54656-18-7 (2S,4S,5S)** 
2R,4S,5S (no CAS) ** 
Identified from mass spectrum + 
elution order 

Benzaldehyde-pseudoephedrine adduct 
260

 

 

253.14666 
C17H19NO 

Site 5 bench spill wipe 
Site 20 shelf wipe 
Site 24 wall spatter wipe 

1-oxo-1-phenyl-2-(β-
phenylisopropylimino)propane 
79301-73-8 
Identified from mass spectrum 

Amphetamine synthesis: reductive amination 
of 1-phenyl-2-propanone 

257, 261
 

 

265.14666 
C18H19NO 

Site 5 bench spill wipe 

Chlorpheniramine 
132-22-9 
Identified from mass spectrum + 
elution order 

Antihistamine co-administered with 
pseudoephedrine

262
 

 

274.12368 
C16H19ClN2 

Site 5 bench spill wipe 
Site 5 newspaper 
Site 10 sink curtain  
Site 20 shelf wipe 
Site 24 wall spatter wipe 
Site 24 insulation 

Unknown 303 (100), 304 (24), 57 (8), 374 (4), 231 (4), 305 (4) 
Site 10 ceiling wipe 
Site 11 metal garage door wipe 
Site 17 painted wall wipe 

Carbinoxamine 
486-16-8 
Identified from mass spectrum 

Antihistamine co-administered with 
pseudoephedrine

262
 

 

290.11859 
C16H19ClN2O 

Site 20 shelf wipe 

Unknown 324 (100), 309 (73), 181 (21), 182 (18), 246 (16), 325 (14), 91 (14) Site 5 bench spill wipe 

possible chloro-dibenzazepine 
mass spectrum 

Possibly from degradation of an antihistamine  

 

227 (100) 
228 (16) 
229 (33) 
190 (7) 

191 (24) 
192 (7) 

Site 5 bench spill wipe 
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Compound (in elution order) 
CAS 

Occurrence Structure 
Mass , 

chemical 
formula 

Sample 

2-benzyl-2,3,4-trimethyl-5-
phenyloxazolidine  
1093364-94-3 (2S,4S,5S)** 
2R,4S,5S (no CAS) ** 
Identified from mass spectrum + 
elution order 

1-phenyl-2-propanone-pseudoephedrine 
adduct (pers. comm. Roger Ely, 2012)

263
 

 

281.17796 
C19H23NO 

Site 5 bench spill wipe 

N,N-di-(β-
phenylisopropyl)formamide 
(2 isomers) 
71685-26-2 
Identified from mass spectrum 

Methamphetamine manufacture 
200, 202, 213

 

 

281.17796 
C19H23NO 

Site 5 bench spill wipe 

Similar to 2,6-diphenyl-3,4-
dimethylpyridine 
(2 isomers) 
Identified from mass spectrum 

Amphetamine manufacture 
264

 

 

259.13610 
C19H17N 

Site 20 shelf wipe 

2,4-dimethyl-3-phenyl-6-
(phenylmethyl)pyridine 
68870-69-9 
Identified from mass spectrum 

Amphetamine manufacture: condensation of 
1-phenyl-2-propanone + formamide, Leuckart 
synthesis 

264, 265
 

 

273.15175 
C20H19N 

Site 20 shelf wipe 

* References provided are not comprehensive, where extensive literature exists, review papers, primary papers or representative papers have been cited. 

**based on assumption that 1S,2S (+) pseudoephedrine has been used as a precursor 
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6.5.1 Effect of depositional mode on compound type 

The results showed that wipes taken from spills and spatter contained higher concentrations of 

compounds and had higher compound diversity than wipes taken from other areas.  This is 

likely to be due to the fact that wipes from spills and spatter included nonvolatile compounds 

as well as volatile compounds whereas wipes from other areas tended to have fewer synthesis-

related compounds, presumably because they contained only volatile and semivolatile 

compounds.   

For example, nine compounds (1-phenyl-1,2-propanedione, 3,4-methylenedioxyamphetamine, 

2-, 3-, or 4- methoxymethamphetamine, 3,4-methylenedioxy-N-methylamphetamine, 

pheniramine, 1-oxo-1-phenyl-2-(β-phenylisopropylimino)propane, possible chloro-

dibenzazepine, 2-benzyl-2,3,4-trimethyl-5-phenyloxazolidine, and N,N-di-(β-

phenylisopropyl)formamide) were identified only from one spill at one site.  By contrast, 

methamphetamine was detected at 18 sites, benzaldehyde at six sites,  1,2-dimethyl-3-

phenylaziridine at nine sites, nor- ephedrine/pseudoephedrine at six sites, 3,4-dimethyl-5-

phenyloxazolidine at seven sites, ephedrine at eight sites, pseudoephedrine at 10 sites, and 

N-formylmethamphetamine at five sites.  This means that the latter compounds are more 

likely to originate as aerosols or vapour during manufacture. 

6.5.2 Analytical artifacts 

Amphetamine, N,N-dimethylamphetamine, N-ethyl-N-methamphetamine, 

N-formylmethamphetamine and N-acetylmethamphetamine have been associated with 

methamphetamine manufacture. However they have also been reported as artifacts that form 

during the GC-MS analysis of methamphetamine.
190, 207

  During the analysis of 

methamphetamine, artifact compounds may form as a result of reactions caused by 

temperature, inappropriate solvents, solvent contamination and dirty, activated inlet liners.   

The total ion chromatogram peak areas of the compounds in Table 6.4 normalised to 

methamphetamine peak area are given in Table 11.12 (Appendices, p. 270).  Since relative 

peak areas are roughly proportional to concentration ratios, differing by a fixed, but unknown 

factor, they provide a means by which to compare the relative concentrations of artifact 

compounds in laboratory standards with measurements from field samples.  Of the possible 

artifact compounds, only N,N-dimethylamphetamine consistently occurred with peak area 
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ratios relative to methamphetamine in field samples that were comparable to those observed 

when the methamphetamine reference standard solution was analysed.  This means that an 

artifactual origin for N,N-dimethylamphetamine in the field samples cannot be ruled out.  The 

origin of potential artifact compounds amphetamine, N-ethyl-N-methamphetamine, 

N-formylmethamphetamine and N-acetylmethamphetamine could be further elucidated by 

using a different analytical method such as LC-MS with the methamphetamine standards and 

samples.  

6.5.3 Compounds with multiple origins 

The indoor environment contains a diverse array of semivolatile compounds derived from 

building materials, furniture and furnishings, and from normal household emissions such as 

cooking, cigarette smoking, cleaning, personal hygiene, pot plants, perfumes, pest sprays and 

open fires.  The indoor environment is also affected by pollutants in the external ambient air 

that infiltrates the building airspace. 

The compounds benzaldehyde, 1-propenylbenzene, 2-propenylbenzene, benzyl alcohol, 

benzyl chloride, N,N-dimethylbenzylamine, 1-phenyl-1,2-propanedione and bibenzyl have 

been documented in the scientific literature as being associated with methamphetamine 

manufacture, however they can also originate from a variety of other sources.
216, 221, 222, 225-227, 

254
  Quantitative studies of typical background levels of these compounds in non-

contaminated houses would be required in order to assess their health risks and forensic 

utility. 

6.5.4 Methamphetamine smoking 

The compounds benzaldehyde, 1-propenylbenzene, 2-propenylbenzene, benzyl chloride, 

amphetamine, methamphetamine, N,N-dimethylamphetamine, bibenzyl, 

N-formylmethamphetamine and N-acetylmethamphetamine have previously been found 

associated with smoking of methamphetamine.
3, 15, 193-195, 198, 212, 238

  Due to the lack of 

quantitative experimental studies that analyse surface contamination from methamphetamine 

smoking it is difficult to ascertain the concentration at which these compounds are more likely 

to be derived from methamphetamine manufacture rather than methamphetamine smoking. 
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6.5.5 Precursor compounds 

Pseudoephedrine is the most common precursor compound used in New Zealand for the 

manufacture of methamphetamine
214

 and is commonly sourced from pharmaceutical 

preparations containing pseudoephedrine such as Codral Original Cold & Flu Max, Codral 

Nighttime Cold & Flu, Coldrex Day & Night, Sinutab Sinus Allergy & Pain Relief
262

 and 

Contac NT.
214

  Norpseudoephedrine and ephedrine are found along with pseudoephedrine in 

the plants Ephedra sp., the extracts of which can also be used as precursor for 

methamphetamine synthesis.
197

  The compounds N-acetylpseudoephedrine and N-

formylpseudoephedrine derive from the addition of a formyl- or acetyl- group to 

pseudoephedrine.  It is possible that they arise in similar ways to N-acetyl- and N-

formylmethamphetamine.   

Oxazolidines can be produced by condensation of pseudoephedrine with carbonyl compounds 

such as aldehydes and ketones.  The compounds 3,4-dimethyl-5-phenyloxazolidine, 2,3,4-

trimethyl-5-phenyloxazolidine, 3,4-dimethyl-5-phenyl-2-oxazolidinone, 4-methyl-5-phenyl-2-

oxazolidinone, 3,4-dimethyl-2,5-diphenyloxazolidine and 2-benzyl-2,3,4-trimethyl-5-

phenyloxazolidine are all adducts of pseudoephedrine with a carbonyl compound, and may 

form during precursor extraction, methamphetamine synthesis, or during the analysis process.  

The compound 3,4-dimethyl-5-phenyloxazolidine has been reported to form from the reaction 

of pseudoephedrine or ephedrine with formaldehyde either after sampling, or in the injector 

during GC-MS analysis.
246, 249

  Formaldehyde can be present as a contaminant in methanol, or 

can form from methanol in the GC injector,
248

 but it is also a common contaminant from 

building materials in houses,
216, 221

 and in medical laboratories.
266

  It is possible that 3,4-

dimethyl-5-phenyloxazolidine may also form from reaction of ephedrine or pseudoephedrine 

with formaldehyde at ambient temperatures, such as on household surfaces, although this has 

not yet been demonstrated.  These specific oxazolidines are useful indicators of the presence 

of pseudoephedrine or ephedrine.  However, research into the amounts of oxazolidines 

generated from precursor activities as opposed to synthesis is lacking.   

Other indirect indicators of the possible presence of pseudoephedrine at a former clandestine 

laboratory site are the antihistamines commonly included in pharmaceutical preparations 

containing pseudoephedrine.  The antihistamines pheniramine, chlorpheniramine and 

carbinoxamine are commonly found combined with pseudoephedrine in cough and cold 

preparations.
262

  Sometimes antihistamines are co-extracted with pseudoephedrine when 
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pseudoephedrine is separated from solid tabletting agents.  The possible chloro-dibenzazepine 

found at Site 5 (Figure 11.7, Appendices page 273) may also derive from an antihistamine.  

Injections of solvent extracts from a preparation containing loratadine indicated that GC 

analysis can cause breakdown of loratadine into smaller compounds giving a mass spectrum 

analogous to the chloro-dibenzazepine (Figure 11.8, Appendices, page 274).  The presence of 

ephedrine, pseudoephedrine, norpseudoephedrine and their oxazolidines, 

N-acetylpseudoephedrine or N-formylpseudoephedrine are likely to be reliable indicators of 

activities leading to methamphetamine manufacture, as their presence in surface wipes from a 

dwelling currently has no other known origin. 

By contrast, 1-propenylbenzene and 2-propenylbenzene, benzaldehyde, 1-phenyl-2-

propanone, and 1-phenyl-1,2-propanedione can originate from licit as well as drug-related 

sources.  The compounds 1-propenylbenzene and 2-propenylbenzene can be used as 

precursors for methamphetamine synthesis,
196

 however they can also form as byproducts of 

methamphetamine synthesis.
197

  Benzaldehyde may be bio-transformed with various yeasts to 

produce pseudoephedrine,
217

 or can allegedly be reacted with nitroethane to produce phenyl-

2-nitropropene and then reduced to produce the methamphetamine precursor 1-phenyl-2-

propanone.
218

  However, benzaldehyde can also form as a byproduct of methamphetamine 

synthesis.
191

  The compound 1-phenyl-1,2-propanedione is the oxidation product of 1-phenyl-

2-propanone,
200

 which can be present either because 1-phenyl-2-propanone has been used as a 

precursor,
267

 or it has formed as a byproduct of methamphetamine synthesis.
4
  

With respect to 1-propenylbenzene and 2-propenylbenzene, benzaldehyde, and 1-phenyl-1,2-

propanedione, the amount of compound present becomes important when interpreting results, 

as trace amounts could originate from licit origins or as methamphetamine synthesis 

byproducts.  However research on amounts associated with use as precursor versus amounts 

generated during methamphetamine synthesis or other origin is presently lacking. 

6.5.6 Amphetamine synthesis compounds 

The compounds N-(β-phenylisopropyl)benzaldimine, 1-oxo-1-phenyl-2-(β-

phenylisopropylimino)propane, N,N-di-(β-phenylisopropyl)formamide, 2,6-diphenyl-3-4-

dimethylpyridine and 2,4-dimethyl-3-phenyl-6-(phenylmethyl)pyridine have been reported in 

the literature as being associated with amphetamine synthesis.
258, 264, 265

  Only 



 

 

158 
 

N,N-di-(β-phenylisopropyl)formamide has been reported to be associated with both 

amphetamine and methamphetamine synthesis.
213

 

6.5.7 Methamphetamine synthesis compounds 

Although all of the compounds presented in Table 6.4 have been reported as being able to 

come from methamphetamine synthesis, many of them can originate from other sources and 

quantitation is required in order to infer an origin.  However, data which compares the 

amounts generated from synthesis, smoking, and innocent origins are lacking.  Some of the 

compounds do appear to be exclusively associated with methamphetamine synthesis.  Thus, 

the compounds cis- and trans- 1,2-dimethyl-3-phenylaziridine have so far only been reported 

associated with methamphetamine synthesis.
234

  Methcathinone and 

N,N-di-(β-phenylisopropyl)formamide have been reported to be associated with 

methamphetamine synthesis,
213, 234

 as well as from methcathinone and amphetamine 

synthesis. 

Nine of the 20 suspected former clandestine methamphetamine laboratories had surface wipe 

samples or materials that contained significant amounts of the 1,2-dimethyl-3-phenylaziridine 

isomers.  Without standards for cis- and trans- 1,2-dimethyl-3-phenylaziridine, peak area is at 

best only roughly proportional to concentration, however the peak area can still be used to 

identify relationships with other compounds present in the sample.  The combined peak areas 

of the cis- and trans- isomers of 1,2-dimethyl-3-phenylaziridine were compared with 

methamphetamine concentration and pseudoephedrine concentration (Figure 6.25).  The 

comparison of the 1,2-dimethyl-3-phenylaziridine isomers with methamphetamine and 

pseudoephedrine concentration show a very slight correlation (R
2
 = 0.57) with 

pseudoephedrine and no correlation (R
2
 = 0.08) with methamphetamine.  Three samples with 

pseudoephedrine concentrations less than 0.5 µg/100 cm
2
 were found to contain the 1,2-

dimethyl-3-phenylaziridine, however low concentrations of methamphetamine were 

negatively associated with the detection of 1,2-dimethyl-3-phenylaziridine.  This means that 

even though pseudoephedrine might be a better predictor of 1,2-dimethyl-3-phenylaziridine 

amounts, the higher methamphetamine concentrations associated with 1,2-dimethyl-3-

phenylaziridine isomers ensure that surfaces likely to contain 1,2-dimethyl-3-phenylaziridine 

will be cleaned. 
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Figure 6.25: Comparison of methamphetamine and pseudoephedrine concentration with combined isomer 1,2-dimethyl-
3-phenylaziridine peak area.  Only samples containing 1,2-dimethyl-3-phenylaziridine are shown in the graph. 

The GC-MS method used for methamphetamine analysis did not give a good response for 

1,2-dimethyl-3-phenylaziridine.  However, preliminary trials with the same samples showed 

that liquid injection with electrospray ionization and quadropole-time of flight mass 

spectrometry gave a very good response to 1,2-dimethyl-3-phenylaziridine and this may be a 

good technique to use in future. 

6.5.8 MDMA synthesis compounds 

The compounds 3,4-methylenedioxyamphetamine (MDA), 4-methoxymethamphetamine 

(PMMA), N-cyclohexylacetamide and 3,4-methylenedioxy-N-methylamine (MDMA) have 

been reported to be associated with the manufacture of MDMA.(Ecstasy)
239, 240, 242

  

N-cyclohexylacetamide has also been reported as an organic pollutant.
243
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6.6 Air sampling using SPME 

At 11 of the 21 sites visited, air within the dwelling was sampled for gas chromatograph-mass 

spectrometry analysis using solid phase microextraction.  A dynamic SPME sampling device 

was used to sample air so that a known volume of air passed the SPME fibre, and the air was 

drawn through the sampler at a rate high enough so that it was not affected by the air currents 

within a dwelling.  Details of the SPME sampling device are described in Chapter 5.6.  A 

summary of all air samples is shown in Table 6.5.  Different SPME fibre phases were trialled 

at sites 10 and 23, to investigate which phases were better for collecting methamphetamine.  

Odour characteristics described in Table 6.5 were noted by the researcher at the dwelling 

entry point before protective breathing apparatus was donned.  While olfactory detection can 

be a very sensitive and effective method of detection, it is highly variable between individuals 

with respect to intensity and sensitivity to specific compounds, and it can be difficult to 

distinguish specific compounds.  Total volatile organic compounds detected via the 

photoionisation detector (TVOCPID) used by Forensic & Industrial Science Ltd are also 

recorded in Table 6.5, where available. 
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Table 6.5: Summary of air samples collected 

Site Visit 
Methamphetamine 

surface concentration 
(µg/100cm²) 

Test number and type Test mode Test time SPME air test results TVOCPID 
Relative 
humidity 

Odours and pre/post test activities 

10 

25 September 2009 
40 – 653 

(n=7) 

1 Tedlar® bag 
subsampled with 

1 PDMS 
1 Carboxen/PDMS 

1 PDMS 

Passive* 10 min 
Methamphetamine 

(PDMS only) 
3 - 105 66 % 

Iodine / chlorine odour, catches in back 
of throat 
Suspected manufacture 

27 October 2009 
0.6 – 137 

(n=6) 
1 Carboxen/PDMS 

2 PDMS 
Passive 10 min 

Methamphetamine 
(PDMS only) 

Not tested 74 % Discard carpet, curtains, wash surfaces 

4 November 2009 Not tested 3 PDMS 
Dynamic**, 1L/min 

Dynamic, 1L/min 
Field blank 

Few min 
10 min 

Not exposed 
Methamphetamine Not tested 44 % Re- wash surfaces 

5 November 2009 
ND – 150 

(n=6) 
4 PDMS 

Passive 
Dynamic, 1L/min 
Dynamic, 1L/min 

Field blank 

10 min 
10 min 
5 min 

Not exposed 

Methamphetamine Not tested 86 % Re-wash surfaces 

16 October 2010 
0.2 – 84 

(n=3) 
Not tested Not tested Not tested Not tested Not tested 

Not 
tested 

Remove veneer ply linings, polyurethane 

13 

30 September 2009 
17 – 6093 

(n=7) 
4 PDMS 

Passive 
Dynamic, 2L/min 

Field blank 

10 min 
10 min 

Not exposed 
Methamphetamine 100 - 678 72 % 

Strong Iodine / chlorine odour, catches 
in back of throat.  Noticeable from 
outside the dwelling 
Alleged manufacture, Police surveillance 

6 October 2009 
4 – 145 
(n=2) 

Not tested Not tested Not tested Not tested 
Not 

available 
Not 

tested 

Remove carpet, ceiling panels, 
insulation, wallpaper, vinyl, Formica, 
wash surfaces 

5 November 2009 
1 – 545 
(n=6) 

4 PDMS 

Passive 
Dynamic, 1L/min 
Dynamic, 1L/min 

Field blank 

10 min 
10 min 
5 min 

Not exposed 

Methamphetamine 8 - 28 70 % Sand, remove softboard, vanity 

20 November 2009 
0.06 – 0.2 

(n=2) 
Not tested Not tested Not tested Not tested 

Not 
available 

Not 
tested 

Polyurethane floors 

16 20 January 2010 
0.1 – 29 

(n=5) 
7 PDMS 

Passive 
Passive 
Passive 

Dynamic, 1L/min 
Dynamic, 1L/min 
Dynamic, 1L/min 

Field blank 

15 min 
10 min 
5 min 

15 min 
10 min 
5 min 

Not exposed 

Not detected 177 - 281 56 % 
Cigarette odour plus an additional 
unidentifiable odour 
Suspected manufacture 

17 27 January 2010 
0.02 – 2 

(n=5) 
3 PDMS 

Passive 
2 dynamic, 5L/min 

10 min 
10 min 

Not detected 174 - 517 56 % 

Faint iodine / chlorine odour, catches in 
back of throat 
Storage of items for manufacture, 
suspected manufacture 
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Site Visit 
Methamphetamine 

surface concentration 
(µg/100cm²) 

Test number and type Test mode Test time SPME air test results TVOCPID 
Relative 
humidity 

Odours and pre/post test activities 

19 16 March 2010 
0.9 – 1 
(n=2) 

7 PDMS 

Passive 
Passive 
Passive 

Dynamic, 2L/min 
Dynamic, 2L/min 
Dynamic, 2L/min 

Field blank 

15 min 
10 min 
5 min 

15 min 
10 min 
5 min 

Not exposed 

Not detected 4 - 22 54 % 

Sweet perfume, no organic solvent or 
iodine or chlorine odour 
Suspected manufacture, Cannabis 
growing 

20 22 April 2010 
0.1 - 14 
(n=6) 

6 PDMS 
2 passive 

3 dynamic, 1L/min 
Field blank 

10 min 
10 min 

Not exposed 
Not detected 200 – 270 68 % 

Paint odour, plus another unidentifiable 
odour 
Suspected manufacture 

21 12 April 2010 Not detected 7 PDMS 

2 passive 
2 dynamic, 4L/min 
2 dynamic, 1L/min 

Field blank 

5 min 43 sec 
5 min 43 sec 4L/min 
5 min 43 sec 1L/min 

Not exposed 

Not detected 
Not 

available 
43 % 

Vehicle fuel odour, no chlorine odour 
Storage of items for manufacture 

22 24 May 2010 Not detected 7 PDMS 
3 passive 

3 dynamic, 1L/min 
Field blank 

10 min 
10 min 

Not exposed 
Not detected 70 - 250 86 % 

Unpleasant odour associated with dead 
things or rancid fat, no organic solvent 
or chlorine odour 
Unusual tenant behaviour 

23 

1 June 2010 
1 – 58 
(n=13) 

PDMS 
DVB/Carboxen/PDMS 
DVB/Carboxen/PDMS 

Polyethylene glycol 
Carboxen/PDMS 

PDMS 

Passive 
Passive 

Dynamic, 1L/min 
Dynamic, 1L/min 
Dynamic, 1L/min 

Field blank 

10 min 
10 min 
10 min 
10 min 
10 min 

Not exposed 

Not detected 

30 - 80 
upstairs, 

710 - 1200 
downstairs 

81 % 

Strong iodine / chlorine and organic 
solvent odour noticeable from outside 
the dwelling 
Manufacture in garage under house for 
3 weeks, Police surveillance 
Tenants water-blasted garage after 
discovery 

7 July 2010 
ND – 2 
(n=13) 

6 PDMS 

3 passive 
Dynamic, 1L/min 
Dynamic, 1L/min 

Field blank 

10 min 
10 min 
15 min 

Not exposed 

Not detected 

2 – 7 
upstairs 
34 – 57 

downstairs 

65 % 
Ceiling panel, insulation, wallpaper 
removal, surface washing 

25 

23 July 2010 
0.5 – 41 
(n=13) 

4 PDMS 
3 passive 

Field blank 
15 min 

Not exposed 
Methamphetamine 

Below 
detection 

68 % 

Smoky ‘wet dog’ odour, but no chlorine, 
iodine or organic solvent odour 
Broken windows - fire in garage, 
suspected manufacture 

5 August 2010 Not tested 7 PDMS 
6 dynamic, 1L/min 

Field blank 
20 min 

Not exposed 
Methamphetamine Not tested 90 % 

Surface washing, removal of ceiling 
insulation 

11 August 2010 
ND – 57 
(n=12) 

6 PDMS 
3 passive 

2 dynamic, 1L/min 
Field blank 

15 min 
30 min 

Not exposed 
Methamphetamine 

Below 
detection 

77 % 
Garage door and top of kitchen 
cupboards washed, building paper 
removed 

26 16 August 2010 
0.06 – 27 

(n=12) 
5 PDMS 

3 passive 
1 dynamic, 1L/min 

Field blank 

15 min 
15 min 

Not exposed 
Not detected 

Below 
detection 

76 % 

Iodine / chlorine, catches in back of 
throat. 
Rumour from neighbours - suspected 
manufacture 

*Passive SPME involved either holding or securing an SPME fibre in a clamp-stand and exposing the fibre for a timed period. 

**Dynamic SPME involved exposure of the SPME fibre inside the dynamic SPME sampler for a timed period at a fixed flow rate. 
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6.6.1 Methamphetamine by SPME sampling of air 

The volatiles collected on the SPME fibre were analysed by direct desorption in the GC-MS 

inlet without derivatisation.  SPME GC-MS of air from three former clandestine 

methamphetamine laboratories showed the presence of methamphetamine (e.g. site 10 - 

Figure 6.26).   

 

Figure 6.26: GC-MS total ion chromatogram from a PDMS SPME fibre exposed to air at 1 L/min for 10 min during cleaning 
activities at site 10.  The peak for methamphetamine is shown at 8.34 min and its mass spectrum is shown below the 
chromatogram.  The large peak at 4.2 min is 2-butoxyethanol, a cleaning compound.  The peak eluting at 17.1 min is 
butylated hydroxytoluene (BHT), a widely used compound that can originate from a variety of different sources. 

Identification of methamphetamine was made based on the matching retention time, 

fragmentation pattern, and ion fragment ratios from a methamphetamine reference standard 

that was basified, extracted into dichloromethane and injected into the GC-MS.   
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Figure 6.27 shows lower concentrations of airborne methamphetamine were detected 

following cleaning at site 10. 

 

Figure 6.27: GC-MS total ion chromatogram from a PDMS SPME fibre exposed to air at 1 L/min for 10 min the day after 
cleaning at site 10 showing a reduced methamphetamine peak at 8.365 min.  The mass spectrum for the 
methamphetamine peak is shown below the chromatogram.  

Methamphetamine was detected in SPME samples of air from sites where the maximum 

measured surface methamphetamine concentrations were equal to or greater 

than ~ 60 µg/100 cm
2 

(Table 6.5 and Figure 6.28).  This means that short-term dynamic 

SPME sampling is not sufficiently sensitive to detect airborne methamphetamine when 

methamphetamine surface concentrations are at recommended cleanup levels (0.1 –

 1.5 µg/100 cm
2
).  Furthermore, it means that the detection of airborne methamphetamine 

indicates high levels of methamphetamine contamination in a building.  Airborne 

methamphetamine continued to be detected after four decontamination attempts at site 10, 

three decontamination attempts at site 13, and two decontamination attempts at site 25 (Table 

6.5).  High concentrations of methamphetamine (~ 84 µg/100 cm
2
) in surface wipe samples 

from site 10 were evident at a visit subsequent to air testing.  Site 13 appears to have lower 

surface methamphetamine concentrations from samples obtained during a visit subsequent to 

final air testing (0.2 µg/100 cm
2
), however since only two surface wipe samples were 
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collected by staff from Forensic & Industrial Science this lower level may not represent the 

remaining contamination.   

  

Figure 6.28: Detection of methamphetamine in air compared with surface wipe concentrations 
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There was a slight coincidence of odour observations and airborne methamphetamine 

detection, but there was no correlation between the detection of airborne methamphetamine 

and TVOCPID values.   

6.6.2 Measurement of methamphetamine concentration in air  

An estimation of the concentration of methamphetamine in air at sites 10, 13 and 25 was 

attempted by calibrating SPME responses using a vapour generation apparatus specifically 

constructed for this project (Section 5.7, p. 79).  Field samples were collected using the 

dynamic SPME sampling device from sites 10, 13 (September-November 2009) and 25 (July-

August 2010).  Calibration experiments were carried out later in February 2012.  

Methamphetamine absorption onto 100 µm PDMS fibres was investigated by exposing fibres 

in the dynamic air sampler coupled to the vapour generation apparatus dosed at either 1 µg/m
3
 

or 4.2 µg/m
3
 over a range of times from 1 - 120 min.  The increase in methamphetamine peak 

area was curvilinear, with near-linear behaviour between 5 - 60 min at the above 

concentrations.  This concentration range was selected based on air concentrations reported in 

previous work.
6, 8, 53-55

  Calibration with additional standard concentrations was not carried out 

as the external standard method was abandoned in favour of development of an internal 

standard method.     

Samples at sites 10, 13 and 25 were taken for 5, 10 or 15 min, therefore data for 5, 10 and 15 

min from the dosing system were obtained for both 1 µg/m
3
 and 4.2 µg/m

3
.  The data sets for 

5 and 10 min are almost linear (Figure 6.29) and allow estimation of concentrations of 

methamphetamine from the SPME sampling of clandestine laboratory sites.   

Assuming similar SPME and GC-MS responses, site 10 had airborne methamphetamine 

present at ~ 3 µg/m
3
 during cleaning and ~ 0.2 µg/m

3
 after cleaning, while site 13 had 

~ 0.6 µg/m
3
 after cleaning, and site 25 had ~ 0.4 µg/m

3
 prior to cleaning (Figure 6.28).  The 

higher airborne methamphetamine concentrations measured during cleaning activities at site 

10 are in agreement with the observations of Van Dyke et al.,
8
 who documented higher 

airborne methamphetamine during activities that disturbed surfaces in a former clandestine 

methamphetamine laboratory.  However, as the external calibration method was abandoned 

before being fully validated, these values may be underestimated. 
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Figure 6.29: Calibration curves constructed from 1 and 4.2 µg/m
3
 dosing regimes for 5, 10 and 15 min sampling times 

using the dynamic SPME sampler at 1 L/min. 

6.6.3 Other compounds from SPME air samples 

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 field blanks were also analysed.  A total of 65 compounds were identified.  

Compounds that were also present in the field blanks with similar abundance have not been 

reported.  Compounds were identified using NIST08 and SWGDRUG mass spectral libraries.  

Methamphetamine was identified with reference standards.  SciFinder (Chemical Abstracts 

Service) was used to check for compound origin.  Methamphetamine- related compounds 

were identified from mass spectra and retention time or elution order (Table 6.6).  All other 

compounds are given in Table 11.13 (Appendices p. 275) and were tentatively identified from 

mass spectra.  Many derive from cleaning compounds, insecticides, insect repellents, air 

y = 0.0456x
R² = 0.9999

y = 0.0807x
R² = 0.9999

y = 0.1104x
R² = 0.9869

0

0.1

0.2

0.3

0.4

0.5

0.6

0 1 2 3 4 5 6

m
et

h
am

p
h

et
am

in
e 

p
ea

k 
ar

ea
 x

1
0

7

methamphetamine (µg/m3)

5 min

10 min

15 min



 

 

168 
 

fresheners, plant and food volatiles, cosmetics, perfumes, fuels, textile surface treatments and 

plastics.   

Table 6.6: Methamphetamine-related compounds detected by SPME 

Compound 
(in elution order) 
CAS 

Occurrence Structure 
Chemical formula 

Exact mass 
Sites 

1-phenyl-2-propanone 
103-79-7 
Identified from mass spectrum 

Methamphetamine precursor,267 
methamphetamine synthesis by-
product,200 methamphetamine 
volatile,91 MDMA 
volatile,268incense,269 food and plant 
volatiles270, 271 

 

134.07316 
C9H10O 

10 
13 

Methamphetamine 
537-46-2 
Identified from mass spectrum 
and retention time 

Methamphetamine smoking 3, 15 
Un-metabolised methamphetamine– 
exhalation / sweat / urine aerosol 110, 

167, 198, 233 
Methamphetamine manufacture 

 

149.12045 
C10H15N 

10 
13 
25 

N-formylmethamphetamine 
42932-20-7 
Identified from mass spectrum 
and elution order 

Methamphetamine analytical artifact 
(this study) 
Methamphetamine manufacture 200, 

206  

177.11536 
C11H15NO 

10 
13 

The compound 1-phenyl-2-propanone was detected in air samples from sites 10 and 13 but 

was not detected in surface wipes at any sites.  Differences in compounds identified in wipes 

from surfaces versus samples from air  can be due to the compound stability.  The breakdown 

product of 1-phenyl-2-propanone was detected only in a spill from site 5.  It may have been 

the case that there were undetected spills or concealed liquid waste that was acting as a source 

at sites 10 and 13, as access to the underfloor areas at these sites was not straightforward.  

However the compound 1-phenyl-2-propanone can also arise licit sources such as incense,
269

 

food,
270

 and plant
271

 volatiles, and therefore is of less probative value than compounds that 

can only originate from methamphetamine synthesis. 

While methamphetamine can originate from either methamphetamine smoking or synthesis, 

its presence in air in the absence of active methamphetamine-generating processes is 

associated with high surface concentrations of methamphetamine and therefore its detection in 

air could be considered to have a high probative value.  N-formylmethamphetamine is 

associated with methamphetamine manufacture,
200

 and it is also an analytical artifact of 

methamphetamine.  However, the detection of N-formylmethamphetamine in air is indicative 

of a source of methamphetamine in contact with that airspace, and thus, it has a similar 

probative value as methamphetamine. 
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Previous air analysis of methamphetamine laboratories
8
 and SPME headspace studies of street 

methamphetamine,
91, 94-96

 methamphetamine reaction mix and surface wipes  

from clandestine methamphetamine laboratories
92, 93

 have shown the presence of 

methamphetamine, amphetamine, ethylamphetamine, N-acetylmethamphetamine, 

N-formylmethamphetamine, N-formylamphetamine, pseudoephedrine, 1-phenyl-2-propanol, 

1-phenyl-2-propanone, 1-phenyl-1,2-propanedione, iodine, 1,2-dimethyl-3-aziridine, 

1,3-dimethyl-2-phenylnaphthalene, 1-benzyl-3-methylnaphthalene, hydrochloric acid, 

benzyl chloride, N,N-di(beta-phenylisopropylmethylamine, and 3,4-dimethyl-5-

phenyloxazolidine.  Our study detected just three of these previously reported compounds, 

however our results are what might be reasonably expected, given that air sampling was 

carried out several weeks or months after the alleged manufacture event.  Despite the 

relatively high concentrations of pseudoephedrine present on some surfaces, pseudoephedrine 

was not detected in air samples.  Further testing of pseudoephedrine hydrochloride and base 

and their volatility and behaviour at different pH would be beneficial for understanding 

pseudoephedrine distribution.  While iodine and hydrogen chloride were not detected, the 

sheets of paper taken into sites to record site and sampling information retain a persistent 

iodine-like odour, showing that the SPME sampling method combined with GC-MS is not 

sensitive to low levels of inorganic compounds such as iodine or hydrogen chloride.  
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7. Discussion 

7.1 Quantitation of surface methamphetamine 

At the time the study commenced, there were no standard methods for the quantitation of 

methamphetamine specifically from surface wipe samples.  However there was a research 

method developed by Abdullah for recovery and quantitation of methamphetamine from 

surface wipes,
76

 along with several methods that used isotopically altered internal standards 

for quantitation of methamphetamine from other matrices (e.g. hair, urine, blood) that could 

be adapted for use with surface wipe samples.
155-157, 182, 248, 272-286

  The method used in this 

study was a synthesis of the wiping and extraction method developed by Abdullah with the 

methods developed for body fluids that used isotopically labelled internal standards, along 

with development of additional modifications for field use, such as disposable cardboard 

wiping templates.  While the method developed in this study is adequate for quantitation of 

methamphetamine from wiping media, further replicate calibration sets are required to 

measure reproducibility of the method over the large range of concentrations encountered in 

former clandestine methamphetamine laboratories.   

The method that we developed in 2009 is similar to the draft NMAM 9106 Methamphetamine 

and Illicit Drugs, Precursors, and Adulterants on Wipes by Liquid-Liquid Extraction that was 

published by NIOSH in 2009.
102, 287, 288

  Unlike our method, the NIOSH method was more 

comprehensive in that it was able to quantitatively analyse ten compounds 

(methamphetamine, amphetamine, ephedrine, pseudoephedrine, norephedrine, MDMA, 

MDEA, caffeine, phencyclidine and phentermine).  The methods differed in the following 

ways: 

1. Gauze wipes were the recommended wiping media for the NIOSH method; our study 

used filter papers.  While NIOSH evaluated several wiping media, none of these were 

cellulose-based.  Whilst we found that filter papers were adequate for surface wipe 

sampling, they had to be prewashed to remove manufacturing residues such as 

formaldehyde, that could cause formation of analytical artifacts.  The prepackaged 

gauze wipes recommended by NIOSH may be more practical for use in the field. 

2. Our method involved spiking our wipes with internal standard straight after collection; 

the NIOSH method has the option of spiking the internal standard in at the beginning of 
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extraction.  Provided samples are kept tightly capped and refrigerated, or are analysed 

promptly, there is unlikely to be any loss.  However, if storage is going to be long term, 

or under warm conditions we would recommend spiking with internal standard, as soon 

as possible after collection.  However, the alternative option of adding premixed internal 

standard and acid desorption solution included in the NIOSH method is likely to be a 

good method for determination of methamphetamine in building materials, some of 

which may require larger volumes of desorption solution. 

3. The NIOSH method begins with acid desorption followed by hexane extraction to 

remove the plasticisers, triglycerides, oils and hydrocarbons, which we detected in our 

samples, as we started with the base-organic solvent extraction as the first step.  For 

detection of impurities and synthesis byproducts it would be necessary to test the 

method with and without the acid-hexane cleanup step to confirm that compounds of 

interest are not lost. The use of an acidification step in the NIOSH method also 

necessitated use of potassium carbonate to neutralise any residual acidity, which was 

not required for our method.  Although the NIOSH method used a hexane extraction 

ostensibly to remove plasticisers, the method also used polypropylene tubes and 

columns, all of which could contribute plasticisers.  Our method used acid-washed glass 

collection vials, acid-washed glass culture tubes and glass drying columns. 

4. There is an option in the NIOSH method to use bromothymol blue and phenolphthalein 

to confirm desired pH changes in the sample.  Crystal violet is also suggested to 

monitor sample drying and ensure complete derivatisation.  Our method used pH 

indicator strips when extreme sample acidity was suspected.  The use of colour 

indicators in the NIOSH method may be a more thorough approach.  However if there 

was an interest in detection of impurity compounds or synthesis byproducts, any 

potential effects on the detection of impurity compounds from the addition of indicator 

compounds should be tested first. 

5. A rotary mixer was used for 2.5 - 5 h to aid extraction in the NIOSH method.  Our 

method used manual tamping with an acid-washed glass rod, sonication, and 

compression inside an acid-washed glass syringe.  While our desorption method is 

much faster (< 30min), having to wash several sets of glassware and manually handling 

each sample may not be practical in a commercial setting.  However sonication could be 

used in addition to rotary mixing or vortexing to speed up the desorption. 
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6. The derivatising agent used in the NIOSH method was chlorodifluoroacetic acid (with 

pentafluoropropionic acid recommended as an alternative); although the NIOSH method 

evaluated HFBA, it did not evaluate TFAA.  Our method used trifluoroacetic anhydride 

(TFAA), which is well characterised as a derivatisation agent for methamphetamine in 

the literature and is readily available.  The TFA derivatives of methamphetamine are 

stable for at least one week when flushed with nitrogen, recapped and stored at room 

temperature.
76

  The presence of internal standard enabled reanalysis of stored samples 

for methamphetamine, although other compounds may degrade over time. 

7. NIOSH suggests prewetting surface wipes with methanol and putting them in vials for 

use in the field.  Given our problems with contamination in the field this would be a 

better method than taking a bottle of methanol and wetting the wiping media in the 

field. 

8. While the NIOSH method recommends recording the location of each wipe, we went 

one step further and photographed each wiping template, with the site number and 

wipe number written clearly on the template while it was taped in place.  The 

photographs were invaluable when going back to look for things that may not have been 

specifically recorded such as surface type and orientation. 

9. The NIOSH method recommends the addition of acetonitrile to facilitate separation of 

emulsions.  This was lacking in our method and would have been useful for samples 

where foaming was observed in post-decontamination samples, possibly due to 

surfactants remaining on surfaces. 

10. The NIOSH method mentions the use of a water bath to control temperature during 

derivatisation and sample evaporation.  Due to the sensitivity of many derivatising 

agents to water vapour, we would recommend use of a drybath for sample evaporation 

and derivatisation. 

11. We used tetradecane as an internal instrument standard.  The NIOSH method 

recommends 4,4-dibromooctafluorobiphenyl as an internal instrument standard.  Given 

the potential for tetradecane to be found in the household environment, 

4,4-dibromooctafluorobiphenyl may be a better instrument standard.   

12. We observed significant instrument carryover from samples from sites with high surface 

concentrations of methamphetamine.  To solve this problem extra blank solvent runs 



 

 

174 
 

were introduced between samples to reduce carryover.  As the retention time was 

typical for methamphetamine it is likely that the carryover originated from the injector, 

and not from the column.  The NIOSH method recommends ‘priming’ the GC by 

injecting high concentrations of target analyte.  It is debatable as to which is the best 

approach.  One concern would be that if active sites in the inlet are ‘filled’ with target 

analyte then unpredictable remobilisation of analyte could occur.   

13. Our method has a lower limit of detection (LOD) of 0.005 µg and limit of quantitation 

(LOQ) of 0.05 µg for methamphetamine than those reported in the NIOSH method 

NMAM 9106 of 0.05 µg and 0.1 µg, respectively.  However, our LOQ is the same as 

that obtained by Chin,
289

 who used the NIOSH method.  The accuracy of our 0.05 µg – 

1 µg quantitation range was 10 - 18 % (n = 3); higher than the NIOSH accuracy of 9 % 

for the range 0.1 µg – 30 µg (n = 6), however as our limit of quantitation was lower than 

NIOSH, it could reasonably be expected to be slightly more variable due inherent 

variability associated with lower concentrations. 

14. Our method uses methamphetamine-d9 whereas the NIOSH method recommends 

methamphetamine-d11 or -d14.  The NIOSH document does not mention cross-

contribution or whether it was observed or quantified.  Cross-contribution should be 

quantified and corrected for. 

15. The NIOSH method does not make mention of analysing samples underivatised.  If 

quantitation of methamphetamine is the primary goal, then the method is adequate, 

however if the analysis of surface wipes is for the purpose of determining the nature of 

contamination, analysis of an aliquot of underivatised sample is recommended.  

While both our method and the NIOSH methods are adequate for accurate quantitation of 

methamphetamine from surface wipes, neither of them are able to accurately correct for losses 

due to incomplete recovery of methamphetamine from surfaces and must instead rely on 

average estimates of surface recovery from experimental data.   
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7.2 Collection and quantitation of airborne methamphetamine 

Currently, air in former clandestine methamphetamine laboratories is not routinely tested.  

The Sacramento County Environmental Management Department outline the reasons for this 

in their Plan for the Assessment and Remediation of Properties Contaminated by 

Methamphetamine Laboratory Activities:
290

 

“For many precursor and waste materials, validated analytical methods do not exist. 

For materials which have appropriate analytical methods, industrial hygiene sampling 

methods may not yield a low enough detection limit for evaluation against suggested 

exposure limits, requiring the use of expensive ambient air monitoring equipment. 

Direct reading instruments are generally non-specific and have relatively high 

detection limits.” 

When this study commenced there were no standard methods for the analysis of airborne 

methamphetamine.  However there were two self-published research methods that used either 

an air sampling pump operated at 2 L/min to trap airborne methamphetamine onto acid-

treated glass fibre filters,
70

 or a cyclone cascade impactor operated at 9 L/min with a 3-stage 

series of acid-treated glass fibre filters (2.5 µm – 10 µm, 1 – 2.5 µm, < 1 µm).
8
  There were 

also nonspecific standard methods for the analysis of semivolatile compounds in air.  The 

research method required sampling for 2-3 hr and the standard methods generally recommend 

sampling for at least 8 hr.
291

  However, because access to suspected former clandestine 

methamphetamine laboratories is often limited, methods which require 2-3 hours of 

undisturbed air sampling are not practical.  The dynamic SPME GC-MS method we 

developed for collecting methamphetamine is quick, straightforward and sensitive.  It requires 

custom-built calibration apparatus, but the apparatus is economical, readily available and is 

relatively compact.  However, our SPME method requires further validation studies to enable 

routine use for quantitation of airborne methamphetamine.  A major limitation of our method 

at present is the ~ 3 h constraint on the stability of methamphetamine-d9 internal standard on 

the fibre.  Possible solutions might be to investigate the effect of keeping the fibres cool after 

preloading the internal standard, or whether the loss of the internal standard from the fibre 

over time could be accurately modelled.  It is possible that the sampling method of Van Dyke 

et al.
8
 could be modified for rapid sampling by increasing the air volume sampling rate, 

provided the sampling media can withstand the increased air speed, and backup media are 

installed to trap breakthrough analyte. 
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7.3 Distribution of methamphetamine 

Martyny et al.
70

 was the first to demonstrate that methamphetamine is dispersed widely 

throughout the structure and methamphetamine surface concentrations continued to increase 

long after cooking had finished, and postulated that this was likely due to deposition from 

airborne methamphetamine.  Recent experiments by Shakila et al.
292

 with a methamphetamine 

surrogate, N-isopropylbenzylamine, show that the surrogate is able to diffuse through 

plasterboard and accumulate in other building materials, such as insulation.  This recent study 

is consistent with observations made by the Minnesota Pollution Control Agency
49

 about the 

distribution of methamphetamine in plasterboard, and has implications for remediation of 

apartments or any other dwelling that shares internal walls with adjacent dwellings.   

Measured methamphetamine surface concentrations are also influenced by factors affecting 

redistribution and surface recovery.  Figure 7.1 shows the factors that affect each of these 

stages. 

7.3.1 Source 1: methamphetamine manufacture 

Patrick et al. 
45

 and Van Dyke et al. 
8
 found that methamphetamine concentrations were 

higher in the areas where methamphetamine was alleged to have been manufactured or was 

experimentally manufactured, than in adjacent areas.  Both the Patrick et al. and Van Dyke et 

al. studies involved collection of multiple samples, the Van Dyke et al. study used 6 wipe 

samples, 8 vacuum samples and 3 air samples to characterise methamphetamine distribution, 

while the Patrick et al. study used 191 surface wipe samples. 

During synthesis chemical contamination can occur from volatilisation, aerosolisation, 

spatter, explosion, boil-over and spills.  The chosen synthesis method affects the amount of 

methamphetamine deposited on surfaces, for example, methamphetamine manufacture using a 

Liebig condenser resulted in only trace levels of surface methamphetamine on glass and metal 

tiles in our experimental trial.  It is possible that manufacture with Parr bombs may cause no 

surface methamphetamine contamination, whereas improvised condensers, inadequate cooling 

of condensers or the use of balloons as condensers may result in higher levels of surface 

methamphetamine, although this has not been demonstrated experimentally. 
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Figure 7.1: Factors affecting the measured concentration of methamphetamine from surface wipes 

7.3.2 Source 2: methamphetamine smoking 

Like tobacco smoking,
293

 volatiles from smoking methamphetamine could have reversible 

vapour deposition behaviour, travelling between rooms.
3
  Martyny et al.

15
 measured the 

concentration range of methamphetamine deposited on surfaces from methamphetamine 

smoking and documented levels of 3 - 47 µg/100 cm
2
 after four simulated smoking sessions.  

Although methamphetamine surface contamination emplaced by methamphetamine smoking 

are widely assumed to be lower than those produced from manufacture, our experimental 

methamphetamine manufacture experiments showed that some manufacture methods generate 

very little surface methamphetamine.   
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7.3.3 Source 3: methamphetamine users 

Patrick et al.
45

 observed that methamphetamine concentrations were higher in rooms used for 

manufacture and also in bathrooms.  Bathrooms are sometimes used for methamphetamine 

manufacture due to the availability of ventilation and water supply, and may also be used for 

disposal of manufacture waste and for cleaning glassware.  It is also possible that 

methamphetamine may be smoked in bathrooms due to the availability of secure concealment 

and air extraction.  Some of the surface methamphetamine encountered in bathrooms that also 

contain toilets might also be due to aerosolised urine of methamphetamine users,
26

 which may 

contain significant concentrations of un-metabolised methamphetamine.
294

   

Methamphetamine contamination can also originate from methamphetamine users.  

Deposition of methamphetamine on surfaces can occur via direct contact from skin, for 

example walking and handling door or window elements.
45

  Like tobacco smokers, the human 

thermal plume
295, 296

 of methamphetamine smokers and the air turbulence associated with 

their movement
297

 is also likely to be a minor source of methamphetamine contamination.   

7.3.4 Redistribution factor 1: unforced convection 

Recent research by the Minnesota Pollution Control Agency and the Minnesota Department 

of Health investigated the surface distribution of methamphetamine at six sites.  Their studies 

showed that under normal ventilation conditions (not air-conditioned), methamphetamine 

concentrations from former clandestine methamphetamine laboratories increased in a linear 

fashion from 0.1 µg/100 cm² at floor level to 860 µg/100 cm² at the ceiling.
47

  Patrick et al.
45

 

tested three former clandestine methamphetamine laboratory sites and observed that whereas 

a dwelling with forced air circulation had fairly even methamphetamine concentrations from 

floor to ceiling, another site without air conditioning showed an increase in concentration 

from floor to ceiling.  These studies show that thermal convection inside houses can have a 

strong influence on the distribution of methamphetamine. 

  



 

 

179 
 

7.3.5 Redistribution factor 2: forced convection 

In a study of 16 former clandestine methamphetamine laboratories, Martyny et al.
80

 observed 

that the highest concentrations of methamphetamine were recovered from ceiling fan blades 

and extractor fans.  Extractor fans have been targeted by forensic scientists in New Zealand 

for collection of evidence of methamphetamine manufacture.  A criticism of this practice is 

that the high concentrations observed on items such as extractor fans may not be reliable 

indicators of proximity to manufacture, as they act as sinks for all airborne methamphetamine.  

However, this is only a valid criticism when other synthesis-specific compounds are not 

present.  Martyny et al.
80

 also noted that electrical appliances such as microwaves had 

significantly higher surface concentrations of methamphetamine than other surfaces.  

Appliances often have smooth surfaces that make surface recovery more efficient, and they 

have an increased surface airflow due to the cooling fan.   

7.3.6 Redistribution factor 3: surface type and charge 

Airborne contaminants do not distribute evenly onto every surface.  This means that the 

airborne concentrations of volatiles do not always follow classic decay curves because 

sorption and diffusion can occur with a variety of indoor materials.
298-309

  The tendency for 

certain surfaces to act as sinks and others to act as sources for methamphetamine and 

pseudoephedrine is demonstrated by the experiments of Abdullah.
163

  Factors governing the 

sorption behaviour of volatiles includes their mass, boiling point and polarity.
301

  Sorption is 

also governed by substrate characteristics such as permeability, pH, roughness, presence of 

dust,
310

 moisture and electrostatic charge.
311

  The high voltages found in microwave ovens 

and cathode-ray tube televisions cause an overall negative surface potential when the 

appliance is in use, providing electrostatic attraction to positively charged molecules and 

atmospheric dust.  In addition, the air passing through such appliances is likely to become 

charged.  As microwave ovens are optimised for maximum energy absorption in water 

molecules, airborne methamphetamine associated with water aerosol could be potentially 

become trapped by microwave ovens (Vern Rule, pers. comm.).  However electrostatic effects 

may be difficult to separate from other surface contributions such as air flow, the presence of 

cooking residues, and differences between the surface temperature and surface humidity of 

the appliance and air.  For example, the compounds from cooking such as fatty acids 

deposited on appliance surfaces may act to scavenge volatiles. 
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7.3.7 Redistribution factor 4: direct surface contact 

Some surfaces in dwellings are routinely touched or handled.  These include door and window 

elements, knobs, handles, benches, chairs, appliances, light fittings and cupboards.  Direct 

contact can result in primary or secondary transfer of surface methamphetamine, resulting in 

higher concentrations on surfaces that are regularly handled.
45

  Our results on the 

effectiveness of surface cleaning on methamphetamine concentrations show that surface 

deposits of methamphetamine can be depleted or redistributed on surfaces that are habitually 

cleaned.  This means that  surface sampling for those surfaces may return a value that is not 

representative of contamination as a whole, and  care must be taken to select areas that are not 

habitually cleaned for decontamination purposes.  Complementary methods such as whole 

materials or air testing are beneficial in order to assess contamination accurately.  Regularly 

cleaned surfaces may, however, be valuable for constraining the timing of an event that 

generated surface methamphetamine contamination. 

7.3.8 Surface recovery 

Claims that relate wipe sample concentration to surface distribution of methamphetamine 

require an estimate of the amount of methamphetamine recovered from the wiped surface.  As 

previously mentioned in the introduction to methods, recovery from rough, painted or porous 

surfaces is far below 100 %. 
47, 76, 78, 98, 163, 289, 312

  Abdullah
76

 demonstrated that surface wipe 

recovery for methamphetamine and pseudoephedrine is highest for polished metal surfaces 

and acid-washed clean glass, whereas other surfaces such as vinyl, wood, varnished wood, 

rock-resin composite and melamine resin gave lower recoveries of methamphetamine. 

7.3.9 Sample recovery from surface wipes 

The final factor controlling the measured concentration of methamphetamine from surface 

wipes is the extraction efficiency.  Use of an internal standard added to the sample before 

extraction corrects for losses during extraction.  Any method that does not use an internal 

standard added in this way must determine the average extraction efficiency experimentally. 
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7.4 Forensic assessment of the sites tested 

7.4.1 Methamphetamine surface concentration 

Under New Zealand law, proof of manufacture enables seizure of land, dwellings and assets 

by the Crown.  However many clandestine methamphetamine laboratories are not active at the 

time a warrant is executed.  Glassware with methamphetamine residues show manufacture has 

occurred, but unless they are found in use, they do not always prove manufacture occurred at 

a particular site.  Therefore surface methamphetamine contamination are important for 

indicating whether manufacture has occurred at a particular location.   

Often accused persons will admit to smoking methamphetamine in the dwelling, but may 

deny that they carried out methamphetamine manufacture.  Alternatively, they may admit to 

smoking and carrying out precursor extraction, but deny they carried out synthesis of 

methamphetamine.  However, both methamphetamine smoking and methamphetamine 

manufacture activities produce methamphetamine contamination, with some overlap in the 

methamphetamine surface concentrations produced.
15

   

A statement from ESR (R v Mr X - manufacture of methamphetamine), written in response to 

an earlier statement from E. McKenzie, shows that the amount of methamphetamine 

recovered from a surface is currently considered to be an indicator of methamphetamine 

manufacture:  

“The presence of methamphetamine in a wipe taken from the right hand side of the 

garage shows, in my opinion, that methamphetamine had been manufactured at or near 

where the wipe was taken.  This is based on the amount of methamphetamine detected 

in the wipe when compared to the standard methamphetamine analysed at the same 

time.  The presence of methamphetamine in a wipe taken from a surface in the middle 

garage could, in my opinion, have been the result of methamphetamine use (i.e., 

smoking) or contamination caused by its manufacture.  This, again, is based on the 

amount of methamphetamine detected in the wipe when compared to the standard 

methamphetamine analysed at the same time.” 

A more recent ESR statement indicates that the amount of methamphetamine is estimated by 

comparison with a single external methamphetamine standard: (R v Mr Y - manufacture of 

methamphetamine):  
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“Level of meth in swabs cf standard in test mix (GC charts) => consistent with being 

due to manufacture of methamphetamine…” 

The concentration of the standard is not documented in the disclosed notes.  However email 

correspondence with ESR has established that the methamphetamine standard concentration is 

0.2 mg/mL (200 µg/mL), the area sampled by ESR is “approximately 50 cm x 50 cm 

(2,500 cm
2
) although we do not record the exact area swabbed”, the method extraction 

efficiency is 90 %, and the final extract volume is 2 mL.  However, an estimated level/amount 

is not calculated and reported, either in the laboratory notes, or in the statement provided to 

the Court: (R v Mr Y - manufacture of methamphetamine): 

“Discussed manufacture vs smoking – said this would have been considered during 

interpretation.  Actual levels not determined – experience used in interpretation.”   

As experience rather than explicit scientific data is stated in the disclosure, no indication of 

what ‘cut-off’ levels are used by ESR to discriminate between smoking and manufacture have 

been given to date.  However there are published scientific studies that contain relevant 

information.  Martyny et al.
15

 attempted to determine the concentration range of 

methamphetamine deposited on surfaces due to methamphetamine smoking, and reported 

levels ranging from 3 - 47 µg/100 cm² after four simulated smoking sessions.  The same 

research group also measured the methamphetamine surface concentrations throughout a 

house after experimental methamphetamine manufacture was carried out.
6
  Methamphetamine 

surface concentrations ranged from 0.1 - 860 µg/100 cm², with higher concentration samples 

being closer to the area of manufacture.   

By contrast, our experimental methamphetamine manufacture results (Section 5.5) show that 

very low methamphetamine concentrations can also be associated with methamphetamine 

manufacture.  This finding was also observed from the experiments of Tayler,
3
 who undertook 

experiments to compare surface contamination arising from smoking with those arising from 

manufacture.  The results from Tayler showed that surface methamphetamine could easily be 

detected from surface wipes after 25 mg of methamphetamine had been smoked once inside a 

room, and that surface concentrations of methamphetamine rose in a linear fashion with 

repeated smoking sessions.  However, no methamphetamine was detected when 

methamphetamine was manufactured.  Both the Tayler study and our preliminary study used a 



 

 

183 
 

condenser during manufacture and the methamphetamine ‘salt-out’ was carried out in the 

same location.  

Based on current scientific literature on the analysis of surface wipe samples, ESR’s current 

method for collection and analysis of surface wipes is less rigorous than published methods 

such as NIOSH 9106.
102

  Irrespective of how methamphetamine surface concentrations are 

measured, the assertion that a certain amount of methamphetamine is associated with 

manufacture should be presented along with empirical evidence linking the amount of 

methamphetamine with manufacture.   

7.4.2 Other compounds associated with methamphetamine manufacture 

Impurity compounds found in surface wipe samples are often present at trace levels and many 

that are reported in disclosed laboratory notes are not reported in ESR statements to the Court 

because they have not been verified with reference standards or are below cut-offs for mass 

spectral library matches.  However they still represent valuable forensic information that 

could be presented to the Court.  

When impurity compounds are documented in ESR reports for the Court, they are presented 

only in terms of indicating methamphetamine manufacture; alternative origins such as 

environmental sources or analytical artifacts are not reported.  For example, in R v Mr A & Mr 

B (manufacture of methamphetamine), amphetamine was listed in an appendix to the ESR 

statement as a “Schedule 2 Part 1 Class B controlled drug under the Misuse of Drugs Act”.  

Examination of ESR laboratory disclosure for R v Mr A & Mr B showed that the amount of 

amphetamine detected was very small and could have also formed from methamphetamine 

smoking or as an analytical artifact of methamphetamine.  The practice of listing impurity 

compounds without providing information as to their many possible origins runs the risk of 

misleading the Court. 

7.4.3 A Bayesian approach 

The application of a Bayesian methodology for interpretation surface wipes from suspected 

former clandestine methamphetamine laboratories has not previously been reported.  Current 

practice in New Zealand is to use opinion evidence as the basis for interpretation of semi-

quantitative data.  A Bayesian approach would enable a probabilistic assessment of the 

likelihood of methamphetamine manufacture based on factors like the identity, concentration 
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and relative abundance of detected compounds.  An example of probabilities that could be 

compared in such a matrix are shown in Table 7.1.  An example set of propositions that might 

be considered by scientists for the likelihood ratio might be: 

P(compound X detected)|manufacture vs P(compound X detected)|meth smoking only 

P(compound X detected)|manufacture vs P(compound X detected)|unrelated historical manufacture 

P(compound X detected)|manufacture vs P(compound X detected)|occurrence of compound not 

methamphetamine-related 

The probability of encountering compound X when manufacture has not occurred at a site 

will not be close to zero for certain compounds, as some have multiple innocent origins (see 

Section 6.5.3).  The likelihood ratio calculated as a result of encountering compound X would 

need to be combined with the likelihood ratios associated with other detected compounds.  In 

order to estimate the probability of manufacture, a database containing manufacture-

associated compounds is required.  Multivariate analysis of street methamphetamine 

(‘profiling’) is currently used to assess drug provenance,
313

 and a similar compilation and 

analysis of compounds from controlled laboratory manufacture of methamphetamine could be 

used to assess manufacture provenance.  Some of this data is already in existence at ESR, and 

could be used, along with data from similar international organisations, to build a database.  

While it is likely that such a database already exists, its use within a formal Bayesian 

framework for estimating probabilities has not yet been explored. 

For example, the presence of compounds identified as synthesis indicators, that do not have 

any other known innocent origin, can be assigned a high probability of being observed, if 

methamphetamine manufacture has occurred.  The presence of precursor indicators can be 

assigned a lower probability, since they may also originate from precursor-only activities.  

The percent amount of pseudoephedrine relative to methamphetamine can be assigned a 

probability based on whether it is above or below the percent amount that could be 

encountered in smoked methamphetamine.  Compounds commonly found associated with 

methamphetamine manufacture, but also having innocent origins can also be factored in using 

the Bayesian approach.  While their contributions to the likelihood ratio may be less, they are 

still valuable pieces of information that would otherwise be lost in a traditional consideration 

of evidence. 

Table 7.1 shows factors that could be used in a framework for Bayesian assessment of the 

probability of the evidence if methamphetamine manufacture had occurred, if precursor 
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extraction and methamphetamine smoking had occurred, or if methamphetamine smoking 

only occurred.  If synthesis indicator compounds (that only derive from manufacture) are 

encountered, then the probability of manufacture approaches certainty.  If precursor indicator 

compounds are encountered, some are of more probative value than others, for example, 

antihistamines and certain oxazolidines that cannot have formed as an analytical artifact of 

pseudoephedrine, such as 2-benzyl-2,3,4-trimethyl-5-phenyloxazolidine, which forms from 

the reaction of pseudoephedrine and 1-phenyl-2-propanone.  The percentage of 

pseudoephedrine present relative to methamphetamine increases the certainty of precursor 

activities and/or synthesis as it rises above 30 %, although caution is recommended when 

comparing ratios for concentrations near the limit of quantitation.  The detection of airborne 

methamphetamine is correlated with widespread significant methamphetamine contamination 

and may, subject to further research, be strong evidence for manufacture of 

methamphetamine.  Finally, maximum methamphetamine concentrations from 

~ 100 µg/100 cm
2
 upwards could be assigned increasing weight towards manufacture rather 

than smoking. 
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Table 7.1: Factors that could be used to construct a Bayesian assessment of the likelihood of methamphetamine manufacture 

Site 
Maximum 

methamphetamine 
 (µg/100 cm2) 

Airborne 
methamphetamine 

Methamphetamine-related 
compounds (% of 

methamphetamine peak area) 

Pseudoephedrine/ 
Pseudoephedrine + 

methamphetamine (%) 
Other precursor indicators Synthesis indicators Conclusion Alleged activities 

1 9 NT* ND 26 NT NT 
Precursor activity + 

smoking or 
manufacture 

Storage of 
chemicals, possible 

manufacture 

4 2 NT N-formylmethamphetamine 54 %  62 ND** ND 
Precursor activity + 

smoking or 
manufacture 

Methamphetamine 
manufacture 

5 277 NT 
Amphetamine 8 %  

N-formylmethamphetamine 25 % 
95 

Pheniramine 
Chlorpheniramine 

2-benzyl-2,3,4-trimethyl-5-
phenyloxazolidine 

Norpseudoephedrine 
3,4-dimethyl-5-

phenyloxazolidine 
3,4-dimethyl-5-phenyl-2-

oxazolidinone 
N-formylpseudoephedrine 
N-acetylpseudoephedrine 

3,4-dimethyl-2,5-
diphenyloxazolidine 

1,2-dimethyl-3-phenylaziridine 
3,4-methylenedioxyamphetamine 

2-, 3-, or 4- 
methoxymethamphetamine 

Methcathinone 
3,4-methylenedioxy-N-
methylamphetamine 

N-(β-phenylisopropyl)benzaldimine 
1-oxo-1-phenyl-2- 

(β-phenylisopropylimino)propane 
N,N-di-(β-

phenylisopropyl)formamide 

Methamphetamine 
manufacture 

Methamphetamine 
manufacture for 3 

months (Police 
surveillance) 

7 46 NT ND 64 NT NT 
Precursor activity + 

smoking or 
manufacture 

Storage of 
chemicals, possible 

manufacture 

8 3 NT ND 3 ND NT 
Methamphetamine 

smoking 

Methamphetamine 
manufacture (Parr 

bomb) 
storage of chemicals 

10 653 
Methamphetamine 

detected 
Amphetamine 6 %  72 

Norpseudoephedrine 
3,4-dimethyl-5-

phenyloxazolidine 
2,3,4-trimethyl-5-
phenyloxazolidine 
Chlorpheniramine 

1,2-dimethyl-3-phenylaziridine 
N-(β-phenylisopropyl)benzaldimine 

Methamphetamine 
manufacture 

Methamphetamine 
manufacture 

11 14 NT ND 1 Ephedrine ND 

Methamphetamine 
smoking or 

methamphetamine 
manufacture 

Storage of 
chemicals, 

methamphetamine 
manufacture 

12 4 NT ND 1 ND ND 
Methamphetamine 

smoking 
Methamphetamine 

manufacture 

13 6093 
Methamphetamine 

detected 
ND 21 

3,4-dimethyl-5-
phenyloxazolidine 

1,2-dimethyl-3-phenylaziridine 
Methamphetamine 

manufacture 

Methamphetamine 
manufacture (Police 

surveillance) 
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Site 
Maximum 

methamphetamine 
 (µg/100 cm

2
) 

Airborne 
methamphetamine 

Methamphetamine-related 
compounds (% of 

methamphetamine peak area) 

Pseudoephedrine/ 
Pseudoephedrine + 

methamphetamine (%) 
Other precursor indicators Synthesis indicators Conclusion Alleged activities 

16 29 ND Artifact levels 8 ND ND 
Methamphetamine 

smoking or 
manufacture 

Suspected 
manufacture 

17 2 ND ND 14 ND ND 
Methamphetamine 

smoking 

Storage of 
chemicals, possible 

manufacture 

18 2 NT ND 48 
Norpseudoephedrine 

3,4-dimethyl-5-
phenyloxazolidine 

1,2-dimethyl-3-phenylaziridine 
Methamphetamine 

manufacture 
Methamphetamine 

manufacture 

19 1 ND ND - ND NT 
Methamphetamine 

smoking 

Cannabis growing, 
possible 

methamphetamine 
manufacture 

20 186 ND Artifact levels 61 

Norpseudoephedrine 
3,4-dimethyl-5-

phenyloxazolidine 
2,3,4-trimethyl-5-
phenyloxazolidine 

N-formylpseudoephedrine 
N-acetylpseudoephedrine 

4-methyl-5-phenyl-2-
oxazolidinone 

3,4-dimethyl-2,5-
diphenyloxazolidine 
Chlorpheniramine 

Carbinoxamine 

1,2-dimethyl-3-phenylaziridine 
2,4-dimethyl-3-phenyl-6-
(phenylmethyl)pyridine 

Methamphetamine 
manufacture 

Methamphetamine 
manufacture 

21 nd ND ND - ND NT Not a meth lab Storage of chemicals 

22 nd ND ND - ND NT Not a meth lab Unusual behaviour 

23 58 ND ND 94 

Norpseudoephedrine 
3,4-dimethyl-5-

phenyloxazolidine 
2,3,4-trimethyl-5-
phenyloxazolidine 

N-acetylpseudoephedrine 

1,2-dimethyl-3-phenylaziridine 
Methcathinone 

Methamphetamine 
manufacture 

Methamphetamine 
manufacture 
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Site 
Maximum 

methamphetamine 
 (µg/100 cm

2
) 

Airborne 
methamphetamine 

Methamphetamine-related 
compounds (% of 

methamphetamine peak area) 

Pseudoephedrine/ 
Pseudoephedrine + 

methamphetamine (%) 
Other precursor indicators Synthesis indicators Conclusion Alleged activities 

24 41 NT 
N-formylmethamphetamine 257 % 
N-acetylmethamphetamine 35 % 

68 

Norpseudoephedrine 
3,4-dimethyl-5-

phenyloxazolidine 
2,3,4-trimethyl-5-
phenyloxazolidine 

3,4-dimethyl-5-phenyl-2-
oxazolidinone 

N-formylpseudoephedrine 
N-acetylpseudoephedrine 

3,4-dimethyl-2,5-
diphenyloxazolidine 
Chlorpheniramine 

1,2-dimethyl-3-phenylaziridine 
Methcathinone 

Methamphetamine 
manufacture 

Methamphetamine 
manufacture 

25 57 
Methamphetamine 

detected 
ND 10 ND 1,2-dimethyl-3-phenylaziridine 

Methamphetamine 
manufacture 

Fire from 
methamphetamine 

manufacture 

26 27 ND ND 25 ND 1,2-dimethyl-3-phenylaziridine 
Methamphetamine 

manufacture 
Methamphetamine 

manufacture 

manufacture 0.7 NT ND 96 ND ND 
Precursor activity + 

smoking or 
manufacture 

Methamphetamine 
manufacture 

control nd ND ND - ND ND Not a meth lab Not a meth lab 

*NT = not tested 
**ND = not detected 
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7.5 Exposure to methamphetamine 

As observed by the MPCA,
47

 surface wipe sampling is not an accurate measure of the total 

mass of methamphetamine on, or in a material and therefore it is not a reliable indicator of the 

total mass humans are exposed to via dermal, inhalation or ingestion routes.  Toxic 

compounds only present a risk to humans if there is an exposure route that allows the 

compound into the human body.  Typical routes include dermal absorption, inhalation and 

ingestion.  

7.5.1 Dermal absorption of methamphetamine 

Following decontamination, 15 out of the 20 suspected former clandestine methamphetamine 

laboratory sites in our study still had surface wipe concentrations exceeding 1.5 µg/100 cm
2
 - 

the concentration assigned by Salocks
17

 as the level that would generate a dermal contact 

exposure reference dose (for children) of 0.3 µg/kg/day.  Our surface wipe results suggest 

that, despite ‘decontamination’, inhabitants of former clandestine methamphetamine 

laboratories in New Zealand at the time of our site visits were likely being exposed to levels 

of methamphetamine above the recommended exposure reference dose developed by 

Salocks.
65

  Recent studies of the transfer of methamphetamine from surfaces to hands by 

Van Dyke et al.
109

 also concluded that a surface cleanup limit of 1.5 µg/100 cm
2
 was not low 

enough to mitigate adverse effects from methamphetamine exposure. 

Our study has also shown that methamphetamine can be detected in indoor air in former 

clandestine methamphetamine laboratories.  In addition to methamphetamine absorbed via 

direct surface contact, airborne methamphetamine can deposit on hair, clothes, eyes and skin 

and can be absorbed via skin and mucous membranes.  Experiments with dermatomed 

cadaver skin showed that at least 57 % of methamphetamine applied to the skin surface was 

absorbed.
67

  At present there is no published data on the transfer rate of airborne 

methamphetamine through skin. 
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7.5.2 Inhalation of methamphetamine 

Most airborne methamphetamine has a particle size less than 1 µm, and is therefore able to 

penetrate the gas exchange regions of the lung.
109

  Particles < 0.1 µm and gases may pass 

directly through the lungs into the body.
314

  For site 10, methamphetamine was detected 41 

days after the first air test, and for site 13, methamphetamine was still able to be detected 36 

days after the first air test.  Table 7.2 shows estimates of exposure to airborne 

methamphetamine via inhalation using the estimated airborne methamphetamine 

concentration from Sites 10 and 13 after ‘decontamination’(data, Section 6.6.2, p. 166).  

Exposure estimates are based on respiration rates and body weights recommended by the U.S. 

E.P.A.
315

  Absorption is based on methamphetamine bioavailability in lungs.
294

  Exposure for 

children is higher as their respirations per body mass are higher
316

 and the values for children 

aged 0 - 6 exceeds the reference dose of 0.3 µg/kg/day suggested by Salocks.
65

  While the 

concentration estimates in this study are susceptible to significant uncertainties, this finding 

warrants further investigation of the concentrations of methamphetamine present in indoor air.  

Our results show that when decontamination is not effective, airborne methamphetamine 

exposure may be significant.  This factor alone suggests that airborne methamphetamine 

concentrations should be measured.   

Table 7.2: Estimates of exposure to airborne methamphetamine via inhalation from sites 10 and 13 

Age 
Average 

inhalation 
% 

Absorption 
Total bioavailable methamphetamine (µg/m3) 

Average 
individual 

weight 
Exposure (µg/kg/day) 

(years) (m3/day) (lungs) (0.6 µg/m3 – site 13) (0.2 µg/m3 – site 10) (kg) (site 13) (site 10) 

<1 9 90 4.9 1.6 7 0.7 0.2 

1-2 13 90 7.0 2.3 11 0.6 0.2 

2-6 14 90 7.6 2.5 16 0.5 0.2 

21-61 21 90 11.3 3.8 72 0.2 0.1 

61-71 18 90 9.7 3.2 80 0.1 0.04 
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7.6 Exposure to other compounds 

In addition to being an indicator of methamphetamine exposure, methamphetamine surface 

contamination is used as a surrogate for other chemical contamination associated with the 

manufacture of methamphetamine.   

The results obtained during the present study show that methamphetamine is an adequate 

surrogate for 1,2-dimethyl-3-phenylaziridine and pseudoephedrine contamination.  Samples 

containing 1,2-dimethyl-3-phenylaziridine were only observed when methamphetamine 

concentrations exceeded ~ 1 μg/100 cm
2
.  This means that even though pseudoephedrine 

might be a slightly better predictor of 1,2-dimethyl-3-phenylaziridine amounts, the higher 

methamphetamine concentrations associated with the 1,2-dimethyl-3-phenylaziridine isomers 

will ensure that surfaces likely to contain 1,2-dimethyl-3-phenylaziridine are likely to be 

cleaned.  Only one surface wipe with a methamphetamine concentration less than the 

0.5 µg/100 cm
2
 Ministry of Health cleanup guideline had a pseudoephedrine concentration 

that exceeded 0.5 µg/100 cm
2
.  However, at methamphetamine concentrations above 

0.5 µg/100 cm
2
 methamphetamine was not always an accurate predictor of pseudoephedrine 

concentration.   

Our results show that methamphetamine appears to be an adequate surrogate for  

1,2-dimethyl-3-phenylaziridine, and mostly for pseudoephedrine, but not always.  Further 

analysis of the relationships between impurity compounds and inorganic compounds such as 

iodine and hydrochloric acid and methamphetamine is required to test the validity of using 

methamphetamine as a surrogate for contamination.   

7.6.1 Exposure to pseudoephedrine 

Risk-based exposure limits for pseudoephedrine have not been developed.  Surface 

concentrations of pseudoephedrine at some sites were as high or higher than for 

methamphetamine.  In addition, pseudoephedrine oxazolidines were detected.  There is 

evidence that the oxazolidine adducts of pseudoephedrine/ephedrine are more easily absorbed 

by the skin than the parent compound.
317

  Modelling based on concentrations of pure 

pseudoephedrine, without taking into account differences in bioavailability from 

pseudoephedrine adducts, could result in underestimates of exposure.  Despite the relatively 

high concentrations of pseudoephedrine present on some surfaces, pseudoephedrine was not 
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detected in air samples.  However the suitability of SPME for measuring airborne 

pseudoephedrine is unknown at this time. 

7.6.2 Other compounds 

Methamphetamine exposure is only part of the exposure picture, and other compounds may 

affect the absorption of methamphetamine; methamphetamine may affect the absorption of 

other compounds, and other compounds may affect each other through synergistic or 

inhibitory interactions.  This means that while it is straightforward to test the toxicological 

effects of methamphetamine, the results may not be representative of what takes place when 

humans are exposed to a mixture of compounds.  The health effects of the compounds 

encountered in this study are listed in Table 7.3.  The health effects information presented in 

Table 7.3 is primarily from Chemgold III, with some information from IPCS INCHEM and 

SciFinder (Chemical Abstracts Service). 

For several compounds, exposure and toxicological data is sparse.  While the toxicity of the 

most commonly encountered contaminants methamphetamine and pseudoephedrine is 

relatively well-studied, the third most commonly encountered contaminant, 1,2-dimethyl-3-

phenyl-aziridine, has no toxicological information.  Aziridines as a group are regarded as 

toxic
318

 and some are possibly carcinogenic.  Some aziridines are known to cause allergic 

dermatitis and respiratory allergy.  However concerns about health effects of compounds such 

as 1,2-dimethyl-3-phenyl-aziridine are only warranted if an exposure route is established.  

Future research should include quantitation of 1,2-dimethyl-3-phenyl-aziridine, exposure and 

toxicity testing of 1,2-dimethyl-3-phenyl-aziridine, in order to determine whether 

1,2-dimethyl-3-phenyl-aziridine presents a risk to health. 

  



 

 

193 
 

Table 7.3: Summary of possible health effects of compounds identified in surface wipes and materials from suspected 
former clandestine methamphetamine laboratories 

Compound Occurrence # of 
sites 

Health effects 

Benzaldehyde 
100-52-7 

Perfumes, common house volatile 216* 

Methamphetamine precursor manufacture 217, 218 

Methamphetamine manufacture 191, 192 

Methamphetamine smoking 193 

6 Mild skin and respiratory irritant 

1-propenylbenzene / 
2-propenylbenzene 
300-57-2 / 637-50-3 

Plant, honey essential oil 219, 220 

Tobacco smoke 221 

Methamphetamine smoking 194, 195 

Precursor, methamphetamine manufacture 196 

Methamphetamine manufacture215 

3 Causes skin and eye irritation 

Benzyl chloride 
100-44-7 

Industrial air pollutant 222 

Methamphetamine smoking 223 

Methamphetamine impurity 211, 224 

2 
Damaging to mucous membranes and 
respiratory system.  Possibly 
carcinogenic. 

Amphetamine 
300-62-9 

Methamphetamine smoking 3 

Methamphetamine metabolite – exhalation / 
sweat / urine aerosol 110, 198 

Methamphetamine analytical artifact 190 

Methamphetamine manufacture 4, 197 

3 

Tachycardia, hypertension, arrhythmia, 
chest pain, palpitation, insomnia, 
headache, agitation, restlessness, 
cramps, diarrhoea, dysuria, dry mucous 
membranes, weight loss, 
hyperventilation, hyperthermia, 
dehydration. 

Benzyl alcohol 
100-51-6 

Methamphetamine impurity 91, 212, 224 

Fragrances, essential oils 225 
1 Causes eye irritation 

N,N-dimethylbenzylamine 
103-83-3 

Methamphetamine manufacture 200 

Catalyst for polymer foams and epoxy resins 226 
1 Causes serious skin and eye damage 

1-phenyl-1,2-propanedione 
579-07-7 

UV-curable furniture resin 227 

Flower, honey and bacterial volatile 228-230 

Breakdown product of 1-phenyl-2-propanone 93, 

200 

Present in Catha edulis and Ephedra sp.231, 232 

1 Causes skin and eye irritation 

Methamphetamine 
537-46-2 

Methamphetamine smoking 3, 15 

Un-metabolised methamphetamine – exhalation 
/ sweat / urine aerosol 110, 167, 198, 233 

Methamphetamine manufacture 

18 

Dizziness, headache, dry mouth, 
insomnia, irritability, poor 
concentration, hyperactivity, 
personality change, weight loss, 
anxiety. 

1,2-dimethyl-3-phenylaziridine 
124919-00-2 (cis) 
13148-28-2 (trans) 

Methamphetamine synthesis intermediate 4, 197, 

234, 235 9 
Unknown.  Possibly toxic318 and 
possibly carcinogenic.   

Nor-pseudoephedrine / Norephedrine 
48115-38-4 

Precursor – present in ephedra 236, 237 

Precursor - amphetamine manufacture 197 

Metabolite of amphetamine288 

6 Causes skin and eye irritation 

N,N-dimethylamphetamine 
4075-96-1 

Methamphetamine smoking 3, 195 

Methamphetamine analytical artifact 190 

Methamphetamine manufacture 197, 201 

Methamphetamine metabolite – exhalation / 
sweat / urine aerosol 193 

4 Bruxism, personality disorders. 

3,4-methylenedioxyamphetamine 
4764-17-4 

MDA manufacture 

MDMA manufacture impurity 239 
1 Damaging to respiratory tract 

2-, 3-, or 4- methoxymethamphetamine 
22331-70-0 

MDMA manufacture byproduct 240 

PMMA manufacture 
1 

Increase in blood pressure and heart 
rate 

N-cyclohexylacetamide 
1124-53-4 

MDMA impurity 241, 242 

Organic pollutant 243 
1 Unknown 

N-ethyl-N-methamphetamine 
119290-77-6 

Methamphetamine analytical artifact 190 

Methamphetamine manufacture 244 
1 Unknown 
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Compound Occurrence # of 
sites 

Health effects 

Methcathinone 
5650-44-2 

Methamphetamine manufacture 234, 240, 245 3 Causes skin and eye irritation 

3,4-dimethyl-5-phenyloxazolidine 
66574-19-4 

Analytical artifact - formaldehyde-
pseudoephedrine adduct 246-250 

Methamphetamine manufacture 200 
7 

Unknown, probably as for 
pseudoephedrine 

2,3,4-trimethyl-5-phenyloxazolidine 
66471-29-2 
66471-31-6 

Acetaldehyde-pseudoephedrine adduct 251-253 4 
Unknown, probably as for 
pseudoephedrine 

Ephedrine 
299-42-3 

Precursor 

Pseudoephedrine analytical artifact 246 

Methamphetamine manufacture215 

8 
Raised blood pressure, insomnia, 
tension, anxiety, tachycardia, 
hyperthermia, cold sweats. 

Pseudoephedrine 
90-82-4 

Precursor 10 
Causes skin and eye irritation, 
insomnia, tension, anxiety, tachycardia, 
hyperthermia, cold sweats. 

Bibenzyl 
103-29-7 

Food, plant 254 and waste pyrolysis 255 

Methamphetamine pyrolysis 212 

Methamphetamine manufacture 200, 202, 207 

1 Not hazardous 

3,4-methylenedioxymethamphetamine 
42542-10-9 

MDMA manufacture 1 

Stimulates heart and central nervous 
system, constriction of blood vessels 
supplying the skin and mucous 
membranes, dilation of blood vessels 
supplying muscles of movement, and 
widening of the airways.  Anxiety, 
restlessness, tremor, sleep disturbance, 
confusion, irritability, weakness and 
hallucinations. 

N-formylmethamphetamine 
42932-20-7 

Methamphetamine analytical artifact (SPME - 
this study) 

Methamphetamine manufacture 200, 206 
5 

Sleeplessness, nervousness, 
restlessness, irritability, dry mouth, 
poor appetite, abdominal cramps and 
other gastrointestinal disturbances, 
headache, dizziness, tremor, sweating, 
fast heartbeat, palpitations, increased 
blood pressure, difficulty urinating, 
altered sex drive and impotence.  

N-acetylmethamphetamine 
27765-80-6 

Analytical artifact 207 

Methamphetamine smoking 194 

Methamphetamine manufacture 202, 208 

5 

Stimulation of the central nervous 
system, sleeplessness, nervousness, 
restlessness, irritability and a feeling of 
well-being, followed by fatigue and 
depression. 

3,4-dimethyl-5-phenyl-2-oxazolidinone 
16251-47-1 

Carbon dioxide + pseudoephedrine (or 1,2-
dimethyl-3-phenylaziridine) adduct 256 

Methamphetamine manufacture215 
2 

Unknown, probably as for 
pseudoephedrine 

N-formylpseudoephedrine 
67844-52-4 

Methamphetamine synthesis 200 3 
Unknown, probably as for 
pseudoephedrine 

N-acetylpseudoephedrine 
84472-25-3 

Pseudoephedrine analytical artifact 

Methamphetamine synthesis 200 
4 

Unknown, probably as for 
pseudoephedrine 

N-(β-phenylisopropyl)benzaldimine 
2980-02-1 

Amphetamine manufacture byproduct – 
Leuckart synthesis 257, 258 2 Unknown 

4-methyl-5-phenyl-2-oxazolidinone 
17097-67-5 

Norpseudoephedrine (or its aziridine) + carbon 
dioxide adduct259 1 Causes eye irritation 

Pheniramine 
86-21-5 

Antihistamine co-administered with 
pseudoephedrine 1 

May cause drowsiness, bradycardia.  
Toxic to aquatic life 

3,4-dimethyl-2,5-diphenyloxazolidine 
54656-18-7 

Benzaldehyde-pseudoephedrine adduct 260 3 
Unknown, probably as for 
pseudoephedrine 

1-oxo-1-phenyl-2-(β-
phenylisopropylimino)propane 
79301-73-8 

Amphetamine synthesis: reductive amination of 
1-phenyl-2-propanone 257, 261 1 Unknown 
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Compound Occurrence # of 
sites 

Health effects 

Chlorpheniramine 
132-22-9 

Antihistamine co-administered with 
pseudoephedrine262 4 

Sedation, stomach upset, blurred 
vision, ringing in the ears, mood 
changes, irritability, nightmares, loss of 
appetite, difficulty urinating, dry 
mouth, chest tightness and tingling, 
heaviness and weakness in the hands, 
nervousness, restlessness, irritability, 
feeling of well-being, disturbed eye 
movements, difficulties moving the 
face, "pins and needles", palpitations, 
faintness, increased heart rate, 
uncommonly irregular heart rhythms, 
lung swelling, and disturbed sleep and 
dreaming. 

Carbinoxamine 
486-16-8 

Antihistamine co-administered with 
pseudoephedrine262 1 

Causes skin and eye irritation.  
Sedation, stomach upset, blurred 
vision, ringing in the ears, mood 
changes, irritability, nightmares, loss of 
appetite, difficulty urinating, dry 
mouth, chest tightness and tingling, 
heaviness and weakness in the hands, 
nervousness, restlessness, irritability, 
feeling of well-being, disturbed eye 
movements, difficulties moving the 
face, "pins and needles", palpitations, 
faintness, increased heart rate, 
uncommonly irregular heart rhythms, 
lung swelling, and disturbed sleep and 
dreaming.  Toxic to aquatic life. 

2-benzyl-2,3,4-trimethyl-5-
phenyloxazolidine  
1093364-94-3  

1-phenyl-2-propanone-pseudoephedrine adduct 
Roger Ely, pers. comm. 2012 263 1 

Unknown, probably as for 
pseudoephedrine 

N,N-di-(β-phenylisopropyl)formamide 
71685-26-2 

Methamphetamine manufacture 200, 202, 213 1 Not hazardous 

2,4-dimethyl-3-phenyl-6-
(phenylmethyl)pyridine 
68870-69-9 

Amphetamine manufacture: condensation of 
1-phenyl-2-propanone + formamide, Leuckart 
synthesis 264, 265 

1 Unknown 

 

Several of the compounds (benzaldehyde, 1- or 2- propenylbenzene, benzyl alcohol, 

N,N-dimethylbenzylamine, 1-phenyl-1,2-propanedione, N-cyclohexylacetamide, and 

bibenzyl) listed in Table 7.3 could occur normally in houses from licit activities, therefore 

data on normal background concentrations of these compounds is also required. 
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7.7 Guidelines, testing, and decontamination  

7.7.1 Guidelines 

This PhD study began in March 2008.  At that time, the New Zealand government did not 

have national guidelines or standards for testing and decontamination of former clandestine 

methamphetamine laboratories.  In September 2008, the researcher became aware that the 

Ministry of Health were drafting guidelines, so, to aid the development of the guidelines, a 

thesis proposal with literature review was sent on 5 December 2008 to Frances Graham, the 

Senior Policy Analyst responsible for drafting the new guidelines at the Ministry of Health.  

The thesis proposal was used in the preparation of the draft guidelines, with some sections 

being used verbatim.  The draft guidelines were released on 19 December 2008.
319

  The final 

version of the guidelines were issued in September 2010.
66

 

7.7.2 Testing 

Quantitative methods for testing surface methamphetamine were not in use in New Zealand 

when the study commenced in 2008.  The method of using an isotopically substituted internal 

standard for quantitation in this study was conceived in September 2008 and developed and 

used from April 2009 without awareness of a similar method developed by NIOSH,
102

 which 

was not published until late 2009.  While ESR used semi-quantitative methods for 

methamphetamine wipe sampling, their results were not readily available to local authorities, 

insurance companies, or cleaning companies.  The testing methods used by private testing 

companies in 2008 included the colorimetric tests: Mistral™ “Detect 4 Drugs” (claimed 

“0.5 µg”, but an LOD of 0.529 µg/mm
2
, for a wiping paper of 252 mm

2
 is actually 

~ 133 µg/wiping paper)
320

, Mistral™ Meth-lab cleanup kit (Simon’s reagent) 

(LOD > 17 μg/100 cm
2
),

321
 and an immunoassay test “Methcheck” (LOD 

0.05 µg/100 cm
2
).

165
  As the immunoassay kit was very expensive and the Mistral Meth-lab 

cleanup kit was extremely labour-intensive,
322

 testing companies relied on the Mistral Detect 

4 Drugs test, taking samples from as large an area as possible to try and improve the 

likelihood of recovery of sufficient methamphetamine.  The few companies that used the 

immunoassay test only used one or two tests per site.  This meant that during 2008-2010, 

there was likely to be a high false negative rate, due to high detection limits or an inadequate 

number of immunoassay samples being collected.  On 13 August 2009, the first batch of wipe 

samples from the first field samples for this study were analysed.  The data showed that the 
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first site had a maximum surface concentration of 9 µg/100 cm
2
, and all but one of the surface 

wipes had concentrations exceeding 1.5 µg/100 cm
2
 (the level initially proposed in the draft 

MOH guidelines).  However Forensic & Industrial Science Ltd had not detected any surface 

methamphetamine with their tests.  A letter was sent to Forensic & Industrial Science Ltd on 

14 August 2009, advising them that their testing methods were insensitive.  In late August, 

Forensic & Industrial Science Ltd started using the more sensitive “Methcheck” immunoassay 

test and began developing an extraction and derivatisation method for GC-FID analysis of 

methamphetamine. 

In July 2010, the decontamination company Contaminated Site Solutions arranged access to a 

site in order to test the effectiveness of their cleaning methods.  The site had been tested by a 

private testing company, who indicated it needed to be cleaned.  Surface wipes were collected 

from the site and post-clean samples were analysed on 22 July 2010 and pre-clean samples 

were analysed on 18 August 2010.  The results from that site after cleaning showed no change 

in methamphetamine surface concentrations, which was of a health concern as the post-clean 

concentrations ranged from 3 – 46 µg/100 cm
2
, with an average of 9 µg/100 cm

2
 and a median 

of 8 µg/100 cm
2
.  On 20 August 2010, Contaminated Site Solutions was contacted and 

informed of the results and the associated health concern.  Contaminated Site Solutions 

informed the researcher that subsequent testing of the same site by the private testing 

company with a Mistral test kit had shown that the site met the draft NZ MOH cleanup limits.  

Meetings were held with Contaminated Site Solutions on 01 September 2010 and 21 

September and, as a result, a letter was sent from the researcher to the private testing company, 

informing them that their testing methods were insensitive.  Contaminated Site Solutions 

abandoned their current cleaning technique and developed more effective cleaning techniques, 

which were tested for effectiveness by Forensic & Industrial Science Ltd.  From February 

2012, Forensic & Industrial Science Ltd developed a modified version of the NIOSH 9106 

method for the analysis of surface methamphetamine contamination. 

7.7.3 Decontamination 

When the study commenced, recommendations for decontamination of former clandestine 

methamphetamine laboratories were based on U.S. cleanup guidelines and involved disposal 

of carpet, soft furnishings and washing of surfaces.  However publication of studies conducted 

by the Minnesota Pollution Control Agency
47

 in April 2008 showed that methamphetamine 

contamination penetrated deeply into porous materials and the results obtained during the 
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present study caused a revision of the decontamination recommendations made by Forensic & 

Industrial Science Ltd to include wallpaper, paint and varnish removal, and sometimes 

softboard replacement.  Our first analysis of ceiling insulation in April 2010 showed 

significant methamphetamine contamination (89 µg/g) and caused Forensic & Industrial 

Science Ltd to modify its recommendations to include removal of all insulation in moderately 

to seriously contaminated sites. 

The two main cleaning companies that were operating in Auckland between 2009-2011 used 

different cleaning methods.  One company used a multiple washing technique with a 

commercial cleaning solution that contained water, 2-butoxyethanol, trisodium phosphate and 

other unnamed proprietary compounds (Enviroclean staff, pers. comm.), whereas the other 

company used a method that involved a custom-made ‘denaturing’ solution applied to the 

surface by spraying, and that was then wiped off (Contaminated Site Solutions, pers. comm.).  

The spray-on ‘denaturing’ formulation had been developed privately in an attempt to replicate 

the expensive U.S.-made cleaning compound “EasyDECON™”, which has been reported to 

be effective against surface methamphetamine contamination.
44

  EasyDECON™ comprises 

three solutions that are mixed together just prior to application: hydrogen peroxide, diacetin 

and quaternary ammonium compounds.
59

 Our results showed that the ‘denaturing’ solution 

that had been formulated based on EasyDECON™ does not appear to have been adequately 

tested for decontamination of former clandestine methamphetamine laboratories.   
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7.8 Literature on clandestine methamphetamine laboratories 

7.8.1 Restricted literature 

Government researchers may notice that there are restricted books such as Clandestine 

Laboratory Analyses and Syntheses (Roger Ely) and articles from restricted journals such as 

The Journal of the Clandestine Laboratory Investigating Chemists Association that have not 

been referred to in this thesis.  As the author was not a government employee, such 

publications are inaccessible.  While the content of some articles may justify restriction of 

certain publications, publications with an obvious public health interest should not be 

restricted, or should be published in an abridged format.   

An example of the potential effect of publishing an article with relevant public health 

information in a restricted journal can have is illustrated by the article by Lazarus,
14

 published 

in The Journal of the Clandestine Laboratory Investigating Chemists Association.  For the 

period between 2001 – 2008, when clandestine laboratory testing was being developed in 

New Zealand, private testing companies remained unaware of the recommendations
14

 to 

collect bulk building material samples from former clandestine methamphetamine 

laboratories, in addition to surface wiping.  This lack of awareness may have contributed to 

the results in this thesis demonstrating that testing prior to 2011 had a high false negative rate.  

Decontamination of clandestine methamphetamine laboratories is a serious public health 

issue.  Researchers should be careful when considering the most appropriate place to publish 

their articles, and weigh up the potential for public harm versus the potential for public good. 

7.8.2 Clandestine literature 

The author was able to access the book “Secrets of Methamphetamine Manufacture” 
218

 after 

applying for and being granted an exemption from the Chief Censor at the NZ Government 

Office of Film & Literature Classification.  However, in addition to books, there is also 

relevant unclassified clandestine literature available on the internet and some of it is de facto 

prohibited under New Zealand law, despite being unclassified, due to its content.
9
  Forensic 

scientists employed in government organisations such as Crown Research Institutes receive 

automatic exemption under the law, whereas research scientists employed in a University or 

in the private sector are required to apply and pay for an exemption for each document 

accessed.   
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While this system probably worked well in the past when most clandestine literature was 

distributed in hard copy, the clandestine literature on the internet is prolific and fragmented, 

and the law has not been updated to reflect this change in format.  The result is an impractical, 

expensive and time-consuming process for a scientist to get permission from the Chief Censor 

in order to read a document which may comprise a single internet page.  An alternative mode 

of exemption could be considered, where a scientist applies for exemption for a range of 

internet documents relevant to their research project that meet a general description, rather 

than for each individual document.   
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8. Conclusions 

1. Accurate and precise quantitation of methamphetamine from surface wipes is possible 

at nanogram levels, by using isotopically altered methamphetamine as an internal 

standard, with liquid-liquid extraction, derivatisation and GC-MS analysis. 

2. The concentration of methamphetamine on surface wipe samples from 20 suspected 

former clandestine methamphetamine laboratories (n = 137) ranged from below 

detection limits (0.005 µg/100 cm
2
) up to ~ 6100 µg/100 cm

2
.  The data was distributed 

around a median of 2 µg/100 cm
2
, with 95 % of concentrations lying between ~ 0.005 

µg/100 cm
2
 and ~ 500 µg/100 cm

2
.  There was a high degree of variability in 

methamphetamine surface concentrations, which can be due to proximity to 

manufacture, the manufacture method, methamphetamine smoking, or other factors 

such as air flow. 

3. The concentration of methamphetamine encountered in building materials from 

suspected former clandestine methamphetamine laboratories (n = 15) ranged from 

below detection limits (0.005 µg/g) up to ~ 5200 µg/g, and, with the exception of one 

sample with 5200 µg/g, concentrations tended to be in the same order of magnitude as 

surface wipe samples from the same site. 

4. Solid Phase Microextraction (SPME) can be used to collect methamphetamine from air 

in suspected former clandestine methamphetamine laboratories.  Our study has 

developed a possible method for quantitative SPME of airborne methamphetamine, 

however further method validation is required to determine the usefulness of the 

method. 

5. Our study shows that the methamphetamine concentration present in air is likely to be 

elevated if a high total mass of methamphetamine is present within the dwelling.  

Methamphetamine was detected in air using dynamic SPME from three suspected 

former clandestine methamphetamine laboratories and was associated with 

methamphetamine surface concentrations that exceeded ~ 60 µg/100 cm
2
 (Figure 6.28 

and Table 6.5).  Airborne methamphetamine was present at concentrations an order of 

magnitude higher during cleaning activities than prior to and following cleaning.  There 

was a slight correlation of odour observations and airborne methamphetamine detection, 
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however there was no correlation between the detection of airborne methamphetamine 

and TVOCPID values.  Our concentration estimates of airborne methamphetamine 

suggest that when decontamination is not effective, airborne methamphetamine 

exposure may be significant for infants and very young children.   

6. The distribution of methamphetamine within sites can be highly variable and is not 

always correlated with the alleged site of manufacture.  Factors such as the location of 

methamphetamine smoking, the substrate type, and airflow affect surface 

methamphetamine concentrations.  The ratio between pseudoephedrine and 

methamphetamine concentration was found to be a good indicator of the location of the 

alleged site of manufacture.   

7. Our quantitation of surface methamphetamine concentration showed that with the 

exception of immunoassay tests, the colorimetric surface test kits currently available are 

not sensitive enough for testing for surface methamphetamine concentration for human 

health purposes.  In addition, collection of only five surface wipe samples, as currently 

recommended by the Ministry of Health
66

 was found to be inadequate for locating the 

site of manufacture using surface contamination within a dwelling. 

8. Decontamination methods used prior to 2011 were not effective at removing surface 

methamphetamine.  Only three of the sites tested in this study had all surface wipes 

under the 0.5 µg/100 cm
2
 clean-up limit at sign-off, and of these three sites only one had 

concentrations that were above the limit prior to decontamination.  The only surfaces 

that showed large reductions in surface methamphetamine were glass and metal.  The 

most effective decontamination technique observed in this study was complete removal 

of surfaces i.e.: full-thickness removal of paint and varnish layers. 

9. GC-MS analysis of wipes and materials collected from 14 suspected former clandestine 

laboratories revealed over 200 compounds.  Of these, 39 were documented in the 

scientific literature as being associated with methamphetamine / MDMA / cathinone 

manufacture.  Of these 39 compounds, 11 were found that are known only to originate 

from synthesis activities, 14 were found that indicate activities with precursor 

compounds, 6 could originate from methamphetamine manufacture or from 

methamphetamine smoking; 5 could originate from methamphetamine manufacture or 

as methamphetamine analytical artifacts, and 8 could be associated with 

methamphetamine manufacture or could originate from licit origins. 
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10. Surface methamphetamine appears to be an adequate surrogate for 1,2-dimethyl-3-

phenylaziridine, but is less reliable as a surrogate for pseudoephedrine contamination.  

Further testing of the relationships between other chemical contaminants and 

methamphetamine is required to validate the use of methamphetamine as a surrogate for 

contamination.   

11. By combining information from methamphetamine surface concentration, airborne 

methamphetamine concentration, pseudoephedrine to methamphetamine ratio, 

pseudoephedrine fraction, relative abundance of impurity compounds, presence of 

precursor indicator compounds, and presence of synthesis indicator compounds, it is 

possible to make an assessment of the likelihood of a certain area having been used for 

manufacture, or for precursor extraction activities.  Although a strong statistical basis 

for this information is presently lacking, the data required is currently available from 

organisations like ESR and Forensic & Industrial Science Ltd and could be used to 

construct databases for this purpose.   
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9. Recommendations 

9.1.1 Register of former clandestine methamphetamine laboratories 

There have been some cases where suspected former clandestine methamphetamine 

laboratories seized by the Crown have been offered for sale without disclosure of their 

history,
323

 and some have been sold to unsuspecting new owners (e.g. Site 12).  For the safety 

of the public, it would be prudent for data on all suspected former clandestine 

methamphetamine laboratories including copies of all test reports commissioned by local 

authorities to be archived with Land Information NZ.   

9.1.2 Conversion of guidelines into a National Environmental Standard 

It is the researchers view that current Ministry of Health (MOH) Guidelines for the 

Remediation of Clandestine Methamphetamine Laboratory Sites are unwieldy and lack clarity 

and structure.  A revision of the document and its enshrinement in law as a National 

Environmental Standard would give local authorities the ability to enforce decontamination of 

former clandestine methamphetamine laboratories to a specified level using the Resource 

Management Act. 

9.1.3 Improved decontamination 

The results from this study show that the current process of testing and identifying areas of 

contamination is not resulting in adequate reductions in contamination.  One alternative 

approach would be to move to process-based decontamination where all surfaces in the 

dwelling are regarded as being contaminated at the same level as the highest surface level 

encountered and are treated or removed accordingly.  In some cases, a restorative justice 

approach could be adopted, where persons who have admitted manufacture of 

methamphetamine could be asked to provide information specifically to aid effective 

decontamination of the property that they have contaminated. 

9.1.4 Definition of the methamphetamine cleanup limit 

Recent research on dermal transfer of surface methamphetamine showed that an average 

0.5 µg/100 cm
2
 surface concentration could potentially result in adverse methamphetamine 

exposure in some cases and a lower level of 0.2 µg/100 cm
2
 may be more health protective.

109
  

In addition, the current MOH Guidelines are not specific as to how the cleanup limit should 
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be interpreted for a group of surface wipe samples.  It would be helpful to define how the 

limit is applied, e.g., “every surface wipe must be below 0.5 µg/100 cm
2
”, or “90 % of surface 

wipes must not exceed 0.5 µg/100 cm
2
.”  The former would be preferable, given the 

uncertainty associated with exposure estimates and with collecting representative samples. 

9.1.5 Retesting of former clandestine methamphetamine laboratories 

Our study has shown that suspected former clandestine methamphetamine laboratories that 

were tested and remediated prior to the release of the Ministry of Health guidelines in 

December 2010 may not have been remediated adequately.  We would recommend that the 

Ministry of Health works with the testing and decontamination companies to identify and re-

test these properties in accordance with Ministry of Health guidelines.  Re-testing is relatively 

inexpensive compared to decontamination, and not all sites will require extensive 

decontamination. 

9.1.6 Legal separation of testing from decontamination companies 

The study by Patrick et al.
45

 showed that inadequate decontamination can occur when 

companies doing testing are not fully independent from those carrying out the 

decontamination.  Those doing testing should be scientifically trained, and not employees of 

cleaning companies, real estate agents, landlords, tenants, lawyers, Police, or anyone else who 

may have a motivation to secure a particular result.  The establishment of a National 

Environmental Standard for testing and decontamination of former clandestine drug 

manufacture laboratories would enable regulation of testing and decontamination companies. 

9.1.7 Collection of samples from all buildings at a site 

During our study, we found that testing was sometimes constrained by the property owner.  

Some outbuildings were either locked or were not permitted to be tested.  Scientists engaged 

to test properties for contamination cannot fulfil their moral obligation to the public to 

adequately test all buildings on the property, without the force of law behind them.  Any 

future regulations should compel owners to facilitate testing of all buildings on the property.  

Buildings that have not been tested may present a hazard to future occupants. 
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9.1.8 Increase in minimum number of surface wipe samples collected 

Collection of only five surface wipe samples per dwelling, as currently recommended by the 

Ministry of Health
66

 was found to be inadequate for locating significant contamination.  

‘Hotspots’ of contamination are more likely to be identified if more surface wipes are 

collected in a systematic way throughout a dwelling.  At least five wipe samples per room 

should be collected, from the ceiling, floor and walls, with extra samples being collected in 

areas suspected to have been used for manufacture.  Collection of sufficient samples to gain 

an accurate picture of contamination saves unnecessary remediation.  The high variability 

observed in the surface wipe results from the clandestine methamphetamine laboratories with 

the highest surface methamphetamine concentrations means that the less surface wipes 

collected, the higher the chance that contamination will be missed.  Composite samples are 

not ideal for providing information for decontamination, if they must be used then the 

samples from each room could be combined, but samples from different rooms or areas 

should not be combined. 

9.1.9 Field sampling kit designed to prevent cross-contamination 

Our study showed that field kit components that are reused between sites are susceptible to 

contamination.  Field sampling methods should aim to have disposable and individually-

wrapped components to avoid cross-contamination between sites.  Solvents should only be 

taken in very small quantities and unused solvent should be disposed of after the site visit.  

Alternatively, pre-packaged solvent-dampened wipes could be used. 

9.1.10 Minimum standards for methamphetamine quantitation method  

Commercial colorimetric surface test kits that have been available in NZ (excluding 

immunoassay kits) are not sensitive enough for testing for surface methamphetamine 

concentration.  Testing companies and forensic scientists should use a method for analysing 

surface methamphetamine that at least meets the minimum standards set out in the NIOSH 

method series for Methamphetamine and Illicit Drugs, Precursors, and Adulterants on 

Wipes.
102, 324, 325

 

9.1.11 Air, dust, and materials testing 

We recommend that air testing be carried out in addition to surface wipe sampling, for two 

reasons.  Air testing may serve as a good indicator of severe contamination and may guide 



 

208 
 

decontamination measures.  Secondly, air testing following decontamination is useful as a 

cross-check against surface wipe results, as there may be hidden reservoirs of non-surficial 

contamination, such as ceiling insulation or underfloor soil.  Air testing should be carried out 

in a closed dwelling that has been closed for 8 h.  Ideally each room should have air samples 

collected from typical infant and adult standing and sleeping inhalation heights, then the 

maximum detected concentration (ie: worst case scenario) can be used as an indicator of 

contamination.   

Irrespective of the suggestion that dust should not theoretically be a methamphetamine sink,
17

 

vacuuming of rough, porous surfaces in former clandestine methamphetamine laboratories has 

been reported with significant methamphetamine contamination.
47

  It is thought that 

methamphetamine hydrochloride is more likely to be found in dust than methamphetamine 

base, as it distributes as an aerosol close to the manufacture site.
47

  Therefore, dust may be a 

useful indicator of proximity to manufacture, if used with an analytical method that is able to 

separate methamphetamine hydrochloride and methamphetamine base.   

We note that the early recommendations of Lazarus
14

 to collect bulk building material 

samples when surface wiping was not likely to be successful.  We recommend that bulk 

material samples are collected routinely, and that determination of methamphetamine in 

materials should always be on a mass per mass basis to enable straightforward comparisons 

across different jurisdictions. 
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10. Future work 

10.1.1 Evidence-based testing of cleaning compounds 

Our study shows that methamphetamine contamination is often difficult to remove, and 

products and techniques that were thought to work had not been independently tested.  Some 

cleaning products, such as “EasyDECON/Crystal Clean”
59

 and “DeconGel”
60, 61

 claim that 

they are suitable for decontamination of clandestine methamphetamine laboratories.  While 

there has been one independent study that tested the effectiveness of ‘Simple Green”, 

‘Chlorox’ bleach, and ‘EasyDECON”,
44

 such studies are rare and decontamination companies 

have to rely on claims and testimonials from the manufacturer of the product.   

There is anecdotal evidence that some cleaning products inhibit the action of some 

methamphetamine test kits, this may be what happened with site 24, where surface treatment 

gave a false negative on a colorimetric test.  Overseas researchers note that sodium 

hypochlorite (bleach) and “EasyDECON” can temporarily alter methamphetamine but not 

actually remove contamination (J Martyny, pers comm.).  This means that the surrogate for 

contamination has gone but the contamination has not been removed.  It is possible that air 

testing may be helpful in these circumstances. 

Independent laboratory and field testing of the effectiveness of cleaning products is required 

in order to establish the best cleaning products and methods.  If results from testing of surface 

cleaners show that none of the currently available products are adequate for removal of 

surface methamphetamine, the inhibition of recovery from rust-contaminated surface wipes 

indicate that it may be worthwhile investigating the feasibility of trialling different iron oxides 

in liquid or gel formulations to scavenge methamphetamine. 

10.1.2 Method automation for methamphetamine quantitation 

The methamphetamine quantitation method could potentially be automated in the following 

way (with a dual-head autosampler): 

1. Surface wipes are collected into acid washed or silanised 10 mL headspace vials or 

other vials with metal caps suitable for use with an autosampler. 

2. Autosampler adds internal standard  
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3. Autosampler adds 4 mL sodium hydroxide solution.  Vial is transferred to autosampler 

vortex mixer and vortexed. 

4. 2 mL chloroform is added to vial and vortexing continues.   

5. Vial is returned to tray and allowed to settle.   

6. 1 µL of the chloroform extract is withdrawn by syringe and injected (250 °C inlet) 

onto a 30 °C column. 

7. 1 µL of trifluoroacetic acid anhydride is injected onto the 30 °C column.
326

 

8. The column is heated in the usual way and separation occurs. 

10.1.3 New surface sampling methods 

The DeconGel product made by CBI Polymers
60, 61

 can be removed as a flexible film after it 

has dried.  If it is effective at sequestering surface methamphetamine, such a material may be 

amenable to either dissolution and GC-MS analysis, or analysis using a direct sample 

introduction device, such as a Chromatoprobe.
125

  This may provide an alternative to surface 

wipe sampling for rough surfaces, however tests would be required to assess the effectiveness 

of such a method. 

Development of a method that allows correction for losses due to incomplete recovery of 

surface methamphetamine would be beneficial for quantitation of surface methamphetamine.  

This might involve spiking isotopically altered standard directly onto the substrate prior to 

sampling. 

10.1.4 Improvements to dynamic air sampling system 

The current dynamic SPME sampler prototype could be improved in the following ways: 

 A narrower sampling tube to increase control of linear velocity and interaction 

volume; 

 Use of a Siltek™ or similar coated Swagelok™ tee to attach sidearm instead of 

soldering;
178

  

 Use of a stainless steel pot-lid-style accessory based on the FLEC
327

 for collection of 

volatiles emitted from porous surfaces. 
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10.1.5 Alternative air sampling methods for semivolatiles 

There are several alternatives to the dynamic SPME sampling method proposed in this thesis 

that may warrant further investigation: 

 Electrostatic precipitation, either with a custom built or commercially available 

precipitator (Paul Butler, pers. comm.). 

 Electroenhanced SPME
328

 developed for extraction of methamphetamine in urine may 

also be useful for sampling of methamphetamine from air. 

 SnifProbe,
329

 would be more cost-effective than SPME as the sampling media are 

cheap, robust, and reusable.  The method requires a relatively inexpensive direct 

sample introduction device called a ChromatoProbe,
330

 which is compatible with 

Agilent and Varian (now Bruker) gas chromatographs. 

 The use of SnifProbe with ChromatoProbe would enable miniaturisation of the 

traditional sorption tube technique.  A sorption tube miniaturised to fit the 

ChromatoProbe would be constructed using silicone tubing packed with Tenax™ or 

similar, held in place with glass wool plugs (Paul Butler, pers. comm.).  The silicone 

tubing is similar to PDMS in nature and would act as a sorbent for methamphetamine, 

while the Tenax™  would trap more volatile compounds.  The tube could be spiked 

with a deuterated methamphetamine reference standard, then would be inserted into 

the SnifProbe to collect the air sample, transported back to the analytical laboratory, 

then the whole assembly is transferred directly into the ChromatoProbe for desorption 

in the inlet of the gas chromatograph.   

10.1.6 Improved calibration system for airborne semivolatiles 

The current vapor-dosing system used for calibration of the SPME sampler has a design flaw.  

The bevelled glass insert used to disperse the liquid from the needle was found to be the 

source of considerable fluctuation in the dispensed concentration, likely due to the fact it is 

free-floating, i.e. the needle does not always hold it captive against the inside of the tube, 

resulting in a potential reservoir of methamphetamine.  This might be resolved by using the 

original design of Johnson et al.,
187

 which involved a bevelled stainless steel plug.   
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An alternative system offering more control over temperature and concentration would 

involve using a decommissioned gas chromatograph.  A syringe-pump would be connected 

directly to the inlet and the GC oven would contain a Silonite™ or similar canister as a 

mixing chamber.  The outlet from the mixing chamber could be split to a sampling port and a 

detector, in order to monitor real-time concentration during calibration sampling.  This system 

would offer electronic flow control, temperature control of the whole system, and would be 

easily cleaned by high-temperature baking, with cleanliness verified using the detector.  The 

high carrier gas flow volumes required for dilution of methamphetamine or other 

semivolatiles may require an external flow controller. 

10.1.7 Identification and quantitation of impurity compounds 

There are two methods that may be used to increase the certainty with which impurity 

compounds can be identified in GC-MS.  The first approach is to split samples and use 

different extraction and/or analytical methods.  For example, the GC-MS method optimised 

for methamphetamine analysis did not give a good peak shape and height for 1,2-dimethyl-3-

phenylaziridine, but preliminary trials with the same samples showed that quadropole-time of 

flight mass spectrometry (Q-ToF-MS) gives a strong response to  

1,2-dimethyl-3-phenylaziridine and may be a good technique to use in tandem with GC-MS.  

The drawback of splitting samples is that compounds present in trace amounts will have a 

lower chance of detection, however the recent development of the Agilent GC-QToF-MS may 

remove the requirement to split samples.   

Due to losses during extraction, quantitation would best be undertaken with isotopically 

labelled reference compounds.  However this would require synthesis of isotopically labelled 

impurity compounds such as those found in this study, as many of them are not commercially 

available.  One solution might be to use alternative derivatising agents (eg: alkyl- or methyl- 

chloroformates) that allow better characterisation of methamphetamine-related compounds, 

both with liquid extracts, and with SPME.
331

  If concentrations of impurities could be 

measured, then data collected from simulated smoked methamphetamine and experimental 

methamphetamine manufacture could be used to provide a basis for inference of the type of 

activity giving rise to the surface contamination. 
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10.1.8 Transfer of airborne methamphetamine via inhalation and skin 

Current estimates of methamphetamine exposure do not take into account exposure to 

airborne methamphetamine, either from inhalation, or from dermal absorption via skin and 

other mucous membranes.  A good starting point for estimating exposure would be 

characterisation of the particle size range of airborne methamphetamine in the 

0.001 µm - 0.25 µm size range.  This information would then provide an idea of the mode and 

rate of exposure.   

10.1.9 Method for determining origin of surface contamination 

From both a forensic and a public health viewpoint, one of the most helpful areas of study 

would be the development of a method that could determine whether surface contamination 

had originated from methamphetamine smoking, or from methamphetamine manufacture.  If 

the contamination is from methamphetamine smoking only, then the risk is only in terms of 

the amount of exposure to methamphetamine.  If the contamination is from methamphetamine 

manufacture, then risk may be from a variety of other organic and inorganic compounds, in 

addition to methamphetamine.  While analysis of impurity compounds is helpful in this 

regard, they are not always present, and other information such as the presence of inorganic 

compounds and pH surface measurements may be helpful.  Such information could be 

gleaned from a holistic analysis of all detectable compounds from each activity, ie: analysis of 

surface contamination from clandestine manufacture, analysis of clandestinely manufactured 

methamphetamine product, and analysis of surface contamination from smoking of the 

product.   

10.1.10 Aging of surface contamination 

Currently there is no method that enables the determination of the age of surface 

contamination from clandestine methamphetamine manufacture.  The scientific literature 

suggests that methamphetamine can remain on undisturbed surfaces for years, and there is a 

case currently before the NZ Courts where a house was used for the clandestine manufacture 

of methamphetamine in the past, and was subsequently alleged to have been used for 

clandestine methamphetamine manufacture again recently.  Unless cleaning was known to 

have taken place in specific places subsequent to the first event, or new items had been 

introduced into the dwelling after the first alleged event, it could be difficult to separate the 

two manufacture events.   
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Measurement of the relative abundance and composition of impurity compounds, and the 

ratios of methamphetamine hydrochloride and base on surfaces over different time scales may 

provide helpful information on whether there are any time-related changes in the chemical 

composition of surface contamination.   

10.1.11 Baseline studies of typical indoor compounds 

While the aim of this thesis was the analysis of indoor surfaces for chemical contamination 

arising from the manufacture of methamphetamine, GC-MS analysis of underivatised surface 

wipes showed that there are many other compounds present on indoor household surfaces 

(Appendices, Table 11.11 pp. 263).  Nine compounds associated with tobacco smoke 

contamination were found at 10 of the 14 sites with underivatised data, with nicotine being 

the most commonly encountered compound.  Seven compounds used as pesticides were found 

at eight sites, with diethyltoluamide (DEET) being common.  Eighteen compounds associated 

with petroleum fuel were identified at three sites, and nine compounds used as lubricants were 

identified at nine sites.  There were many different cleaning compounds (31 compounds, at 

nine sites), perfumes and plant volatiles (13 compounds at 12 sites).  Compounds associated 

with plastics, resins and rubbers such as siloxanes and phthalates were diverse (24 

compounds) and were found at all sites.  The persistence and abundance of semivolatile 

compounds on household surfaces from commonly used pesticides, drugs, fuels, perfumes 

and plastics merits further investigation, as the chronic health effects of such compounds may 

be important in the future.  In addition, investigation of volatile and semivolatile compounds 

in residential indoor air in New Zealand is necessary to provide baseline data for 

interpretation of airborne contaminants from suspected former clandestine methamphetamine 

laboratories.  SPME is a convenient and quick method and could be used for screening the 

indoor environment for sources of indoor pollution such as semivolatiles from building 

materials or environmental tobacco smoke. 

10.1.12 Inorganic contaminants 

Future work in the area of chemical contamination from clandestine methamphetamine 

manufacture should include development of methods for detection and quantitation of trace 

inorganic compounds such as phosphorous acid, iodine and hydrogen chloride.  However, due 

to the ubiquity of chloride and phosphorus in building materials,
14

 care must be taken to 

design appropriate controls.   
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11. Appendices 

11.1 Participant Information Sheet - English 
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11.2 Participant Information Sheet – Simplified Chinese 
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11.3 Consent form – companies 
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11.4 Original consent form – property owners - English 
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11.5 Amended consent form – property owners - English 
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11.6 Amended consent form – property owners – Simplified Chinese 
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11.7 Original consent form – occupiers - English 
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11.8 Amended consent form – occupiers - English 
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11.9 Amended consent form – occupiers – Simplified Chinese 
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11.10 Limit of Detection data 

 

Table 11.1: Ion ratios for 0.1 µg/mL methamphetamine-d9 spiked calibration standards, 6 August 2009 

μg/mL methamphetamine Retention time 161 area (d9) 154 area 154:118 154:110 

0.001 9.019 399841 2374 2.9 4.1 

0.005 9.017 392579 6348 3.4 3.9 

0.01 9.016 375618 61953 3.3 4.3 

0.05 9.015 382451 191888 3.2 4.2 

0.1 9.015 377208 369097 3.3 4.2 

0.5 9.014 376179 1905622 3.3 4.2 

1 9.013 383021 3610178 3.2 4.2 

 

Table 11.2: Ion ratios for 0.1 µg/mL methamphetamine-d9 spiked calibration standards, 22 June 2011 

μg/mL methamphetamine Retention time 161 area (d9) 154 area 154:118 154:110 

0.001 8.447 240967 2764 3.8 4.0 

0.005 8.447 265474 8557 3.6 3.5 

0.01 8.448 272099 18182 3.8 4.4 

0.05 8.447 257602 130774 3.7 4.3 

0.1 8.447 247218 228889 3.9 4.3 

0.5 8.447 304159 1556295 3.8 4.3 

1 8.446 359475 3808695 3.9 4.2 

 

Table 11.3: Ion ratios for 0.5 µg/mL methamphetamine-d9 spiked calibration standard, 30 Jun 2011 

μg/mL methamphetamine Retention time 161 area (d9) 154 area 154:118 154:110 

0.001 8.440 1565066 2373 3.4 4.1 

0.005 8.440 1561465 8428 3.6 4.1 

0.01 8.441 1319354 14861 3.7 4.2 

0.05 8.441 1522343 125088 3.8 4.2 

0.1 8.441 1350711 244834 3.8 4.2 

0.5 8.441 1198415 1133163 3.8 4.2 

1 8.441 957307 1888339 3.8 4.2 
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11.11 Measuring error calculations 

Table 11.4: Mean and standard deviation of dispensed volumes for syringes used in this study.  Each action was repeated 
10 times in order to determine accuracy and variability. 

Action mL Mean (mL) Std dev (mL) Relative std dev (%) 

Dispense 1 mL with 1 mL syringe 1 0.997 0.0014 0.14 

Dispense 50 µL with 50 µL syringe 0.05 0.050 0.0003 0.59 

Dispense 40 µL with 50 µL syringe 0.04 0.040 0.0009 2.25 

Dispense 10 µL with 50 µL syringe 0.01 0.010 0.0002 2.21 

Error was calculated using the standard deviations as follows:
332
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Combining error for solution with spiking error 
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11.12 Methamphetamine sorption behaviour – heptane data 

 

Figure 11.1: Graph of peak area for methamphetamine (m/z 58) as a function of exposure time when a PDMS SPME fibre 
was exposed to a nitrogen stream containing 4.2 µg/m

3
 methamphetamine in heptane. 

 

Figure 11.2: Graph showing effect of exposure time to 1 L/min laboratory air following methamphetamine exposure at 
4.2 µg/m

3
 for 45 min onto PDMS SPME fibres with heptane as the carrier solvent.   
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11.13 Method blank data 

Table 11.5: Methamphetamine concentrations for method blanks compared to maximum batch concentrations 

Batch prepared Max batch concentration 
(μg/mL methamphetamine) 

Method blank 
(μg/mL methamphetamine) 

13 August 2009 9 0.001 

31 August 2009 2 0.002 

18 January 2010 5 0.001 

3 February 2010 3 Nd 

8 February 2010 35 0.001 

10 February 2010 164 0.028 

15 February 2010 109 0.074 

17 February 2010 140 0.014 

12 March 2010 4 0.004 

18 March 2010 3 0.007 

24 March 2010 102 0.008 

9 April 2010 106 0.002 

20 April 2010 223 0.033 

28 April 2010 15 0.003 

18 May 2010 2 Nd 

28 May 2010 1442 0.016 

17 June 2010 492 0.013 

23 June 2010 17 Nd 

29 June 2010 13 Nd 

2 July 2010 72 0.003 

9 July 2010 127 Nd 

14 July 2010 2 0.001 

20 July 2010 14 0.001 

22 July 2010 18 0.002 

28 July 2010 9 Nd 

3 August 2010 37 Nd 

18 August 2010 13 0.003 

19 April 2011 4 0.008 

27 April 2011 14 0.001 

28 April 2011 41 Nd 

5 May 2011 3 Nd 

6 May 2011 0.03 Nd 

12 May 2011 9 Nd 

13 May 2011 43 Nd 

17 May 2011 70 0.002 

18 May 2011 27 0.001 

31 May 2011 6 Nd 

1 June 2011 50 0.001 

3 June 2011 2 Nd 

10 June 2011 2 0.001 

14 June 2011 50 Nd 

15 June 2011 25 0.002 

20 June 2011 26 Nd 

28 June 2011 0.01 Nd 

29 June 2011 51 0.003 

29 July 2011 0.07 0.008 
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11.14 Targeted surfaces – guidelines 18 September 2009 

(numbers represent order of priority) 

Please collect swabs from living areas: 

1. all bedrooms 

2. lounge 

3. dining 

4. kitchen 

Collect swabs from: 

1. horizontal built-in exposed shelving 

2. floor (not carpet), under large heavy furniture or beds or in corners 

3. wall 

4. window (or built-in mirror) 

5. door or wardrobe door 

6. wooden skirting/door frames 

7. ceiling (only if within reach) 

If you have spare swabs left, please swab: 

1. inside any built in wardrobes or cupboards 

2. top of tall furniture or built-in cabinetry 

3. oven side 
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11.14.1 Wipe recovery method 

1. Record swab details in data form. 

2. Put fresh gloves on.   

3. Place a sheet of aluminium foil down to use as a disposable clean surface. 

4. Bring out bottle of methanol, transfer pipette, collection vial, filter papers, swabbing 

template and tape (if required) and place on foil.  Do not open the methanol until you 

are ready to swab.  Try not to leave the cap off to prevent contamination. 

5. On the collection vial label write the swab number and site number.  Open the vial. 

6. Place or tape the template on area to swab.   

7. Take a photo of template and area, but exclude items or views that could identify the 

house or its occupants. 

8. Take the transfer pipette and dampen all of the filter papers with a little methanol. 

9. Wipe the surface with the first paper unfolded starting from the upper left corner of the 

10 x 10cm square and continue clockwise in a square-shaped spiral pattern until you 

finish in the centre.  Fold the swab so that the wiped areas face inward and place 

directly into collection vial.   

10. Take the second swab and start in the upper right hand corner and continue 

anticlockwise until you finish in the centre.  Fold so that all wiped areas face inward 

and place directly into collection vial.   

11. Take a third  and fourth paper and repeat as above.  Place in the same vial.   

12. Cap tightly, and place in container in chilly bin. 

13. Discard template, transfer pipette, foil, plastic bags and gloves into rubbish sack. 
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11.15 Targeted surfaces –revised guidelines 28 January 2010 

Please collect swabs from living areas: 

1. lounge 

2. dining/kitchen 

3. each bedroom 

Collect swabs from: 

1. floors: wood, vinyl, tiles or other smooth surface (not carpet), in areas protected from 

foot traffic such as under furniture or in corners. 

2. walls of any type: painted, wallpaper, Formica etc. 

3. doors, cupboard doors, wardrobe doors and wooden skirting/framing 

4. ceiling (only if within reach) 

5. horizontal surfaces of built-in shelving or top of tall furniture or built-in cabinetry 

11.16 Targeted surfaces – revised guidelines 12 April 2010 

Please collect swabs from these areas: 

1. lounge 

2. dining/kitchen 

3. bathroom/laundry 

4. each bedroom 

Try and collect at least two replicates (side by side) from each of these surfaces: 

1. Floor: wood, vinyl, tiles etc., especially in areas protected from foot traffic such as 

under furniture or in corners.   

2. Horizontal surfaces of built-in shelving is also good, whether Formica, wood or glass. 

3. Walls: painted, wallpaper, Formica etc. 

4. Doors, cupboard doors, wardrobe doors, wooden skirting/framing. 

5. Windows and built-in mirrors 

6. Ceiling 
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11.17 Stability and reproducibility of vapour-dosing system 

 

Figure 11.3: 20 minute SPME exposures to ~4.2 µg/m
3
 methamphetamine.  The relative standard deviation for 

methamphetamine and methamphetamine-d9 was 30 % and 26 %, respectively. 
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11.18 Surface wipe data: methamphetamine concentrations 

Table 11.6: Methamphetamine from surface wipes (µg/100cm²), values below the limit of detection (0.005 µg) but over 
0.001 µg are reported but may not be accurate. 

location surface type wipe # 
methamphetamine 

 µg/100 cm
2 

site 1, visit 1 

lounge oiled wooden furniture 1 6 

bedroom adjacent to kitchen window glass 2 2 

master bedroom window glass 3 1 

garage metal wall 4 9 

site 1, visit 2 - after clean 1 

lounge wall, frame and ledge painted wood and wallboard 1 1 

lounge painted wallboard 2 1 

lounge varnished wood floor 3 2 

bedroom adjacent to kitchen glass 4 0.006 

bedroom adjacent to kitchen varnished wood floor 5 3 

bedroom painted wallboard 6 0.1 

bedroom varnished wood floor 7 0.9 

master bedroom glass 8 0.01 

master bedroom varnished wood floor 9 0.8 

master bedroom painted wallboard 10 0.6 

laundry floor vinyl tiles 11 0.02 

site 1, visit 3 - after clean 2 

lounge  varnished wood floor 1 2 

bedroom adjacent to kitchen varnished wood floor 2 5 

master bedroom varnished wood floor 3 0.4 

bedroom varnished wood floor 4 3 

site 4 

ceiling panel painted cellulose board 1a 0.02 

ceiling panel painted cellulose board 1b 0.01 

kitchen bench varnished wood 2 0.2 

laundry wall melamine 3 2 

hall divider glass 4 0.03 

site 5 

shed wall galvanised metal 1 39 

shed bench raw wood 2 23 

shed window glass 3 3 

dwelling bathroom shelf varnished wood 4 9 
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location surface type wipe # 
methamphetamine 

 µg/100 cm
2 

dwelling cabinet glass 5 277 

dwelling microwave powder-coated metal 6 103 

dwelling refrigerator powder-coated metal 7 115 

dwelling bedroom wall melamine 8 0.6 

dwelling ceiling softboard 9 54 

dwelling ranchslider glass 10 0.9 

site 7 

lounge window glass 1 0.9 

kitchen window glass 2 0.9 

exposed beam varnished wood 3 46 

master bed window glass 4 0.3 

bed 1 window glass 5 0.7 

bed 2 window glass 6 3 

site 8 

kitchen tile splashback ceramic 1 2 

lounge window glass 2 3 

dishwasher (postdates manufacture) powder-coated metal 3 0.8 

northwest bedroom window glass 4 0.9 

east bedroom mirror glass 5 2 

north bedroom window glass 6 2 

site 10, visit 1 

lounge ceiling veneer 1 193 

living window glass 2 197 

lounge wall veneer 3 341 

kitchen floor PVC 4 40 

inside kitchen cupboard veneer 5 653 

shower door glass 6 50 

shower ceiling melamine 7 2 

site 10, visit 2 - after clean 1 

living ceiling veneer on plywood 1 137 

kitchen wall veneer on plywood 2 43 

kitchen benchtop wooden veneer 3 2 

kitchen floor vinyl 4 4 

bedroom window glass 5 0.5 

kitchen inside cupboard melamine/plastic 6 15 
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location surface type wipe # 
methamphetamine 

 µg/100 cm
2 

site 10, visit 4 - after clean 2 

kitchen window, vertical glass 1 0.04 

hall inside cupboard door melamine veneer 2 0.2 

cupboard over sink laminate 3 150 

ceiling above fridge laminate 4 7 

floor near shower vinyl 5 2 

sliding door inside bedroom laminate 6 2 

site 10, visit 5 - after polyurethane 

living wall polyurethaned laminate 1 0.2 

kitchen underside cupboard wood 2 84 

living ceiling polyurethaned laminate 3 4 

site 11 

lounge window glass 1 1 

lounge window sill painted wood 2 7 

bedroom window glass 3 3 

bedroom window sill painted wood 4 14 

garage window glass 5 0.2 

garage window sill wood 6 0.7 

garage door galvanised metal 7 0.9 

site 12, visit 1 

lounge wall painted plasterboard 1 0.5 

kitchen cupboard melamine fibre board 2 0.3 

cupboard above extractor melamine laminate 3 0.5 

kitchen countertop resin 4 3 

ensuite wall painted plasterboard 5 0.4 

master bed wardrobe painted plasterboard 6 1 

bedroom door painted wood 7 2 

bedroom wardrobe painted plasterboard 8 2 

site 12, visit 2 

floor after carpet removed concrete floor 1 0.05 

wall inside wardrobe painted plasterboard 2 2 

ranchslider ledge, lounge painted wood 4 4 

adjoining garage floor concrete floor 3 0.01 

window ledge, bedroom painted wood 5 4 
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location surface type wipe # 
methamphetamine 

 µg/100 cm
2 

site 13, visit 1 

hallway wall painted plasterboard 1 88 

lounge window glass 2 46 

top of extractor kitchen melamine fibre board 3 6093 

hall cupboard door painted wood 4 666 

kitchen floor slate 5 26 

wall above laundry door painted plasterboard 6 17 

bedroom window glass 7 4424 

site 13, visit 2 - after clean 1 

kitchen cupboard door melamine 1 4 

lounge wall painted building paper 2 145 

site 13, visit 3 - after clean 2 

underside of cupboard above refrigerator resin-coated fibre board 1 10 

stripped wall plasterboard 2 1 

lounge floor under carpet varnished chipboard 3 6 

curved wall painted plasterboard 4 2 

floor in bedroom unvarnished chipboard 5 215 

back of bathroom door varnished wood 6 545 

site 13, visit 4 - after clean 3 

lounge sanded chipboard floor 1 0.2 

hall floor sanded chipboard 2 0.06 

site 16 

lounge wallpaper 1 10 

lounge ceiling paint 2 29 

kitchen wall paint 3 22 

kitchen floor linoleum 4 0.1 

internal garage wall paint 5 16 

site 17, visit 1 

kitchen floor varnished wood 1 0.3 

hall door varnished wood 2 2 

hall wall textured wallpaper 3 1 

bathroom floor vinyl 4 0.02 

kitchen wall painted wallboard 5 0.2 

site 17, visit 2 - after clean 

hallway wall textured wallpaper 1 1 

hallway floor varnished wood 2 0.05 

Kitchen floor varnished wood 3 0.08 
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location surface type wipe # 
methamphetamine 

 µg/100 cm
2 

lounge wall textured wallpaper 4 0.02 

front bedroom wall wallpaper 5 1 

front bedroom floor varnished wood 6 0.1 

site 18 

kitchen windowsill painted wood 1 0.1 

alcove painted concrete 2 0.2 

workbench raw wood 3 2 

west wall corrugated iron 4 0.4 

site 19 

bedroom wall wallpaper 1 0.9 

bedroom wall wallpaper 2 1 

site 20, visit 1 

downstairs kitchen window glass 1 3 

downstairs top of shelf above oven melamine fibre board 2 88 

downstairs kitchen floor tiles PVC 3 1 

downstairs top of shelf above fridge melamine fibre board 4 186 

upstairs toilet cistern ceramic 5 2 

site 20, visit 2 - after clean  

downstairs kitchen floor tiles after one wash PVC 1 0.8 

upstairs toilet cistern glazed ceramic 2 0.3 

downstairs shelf above fridge melamine fibre board 3 6 

downstairs kitchen floor tiles after two washes PVC 4 0.1 

downstairs kitchen window glass 5 0.04 

downstairs top of shelf above oven melamine fibre board 6 30 

site 20, visit 3 - after paint 

floor upstairs bedroom unsealed particleboard 1 0.1 

framing under hot water tank upstairs unsealed wood  2 8 

wall inside hot water cupboard upstairs unsealed plasterboard 3 0.5 

underside of shelf upstairs bedroom painted chipboard 4 0.6 

newel post oiled wood 5 14 

window seat panelling oiled wood 6 4 

site 21 

garage galvanised metal 1 Not detected 

garage galvanised metal 2 0.02 
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location surface type wipe # 
methamphetamine 

 µg/100 cm
2 

site 22 

kitchen wall painted wallboard 1 0.007 

lounge floor varnished particleboard 2 Not detected 

lounge ceiling painted softboard 3 Not detected 

lounge window glass 4 0.002 

lounge windowsill painted wood 5 0.03 

bathroom door painted wood 6 0.005 

site 23, visit 1 

upstairs lounge window glass 1 9 

upstairs kitchen wall painted wallboard 2 6 

upstairs hall/lounge doorframe varnished wood 3 2 

upstairs lounge pelmet painted wallboard 4 1 

upstairs kitchen servery melamine 5 1 

upstairs kitchen floor PVC tiles 6 15 

upstairs kitchen cupboard melamine 7 24 

internal stairwell ceiling tiles softboard 8 4 

internal stairwell lining wood veneer 9 2 

downstairs garage window glass 10 1 

downstairs garage beam raw wood 11 2 

downstairs garage  painted concrete 12 2 

downstairs garage shelf painted melamine 13 58 

site 23, visit 2 - after clean 1 

upstairs lounge window glass 1 0.003 

upstairs kitchen wall painted wallboard 2 2 

upstairs hall/lounge doorframe varnished wood 3 0.5 

upstairs lounge pelmet painted wallboard 4 0.2 

upstairs kitchen servery melamine 5 0.07 

upstairs kitchen floor PVC tiles 6 0.5 

upstairs kitchen cupboard melamine 7 0.9 

internal stairwell ceiling tiles softboard 8 2 

internal stairwell lining wood veneer 9 0.9 

downstairs garage window glass 10 0.2 

downstairs garage beam raw wood 11 0.03 

downstairs garage wall painted concrete 12 0.09 

sewing room painted chipboard 13 0.9 
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location surface type wipe # 
methamphetamine 

 µg/100 cm
2 

site 23, visit 3 - after clean 2 

dining/lounge window glass 1 Not detected 

kitchen wall painted wallboard 2 2 

hall/lounge varnished wood 3 NQ* 

lounge pelmet painted wallboard 4 0.6 

kitchen servery melamine 5 0.04 

kitchen floor PVC tiles 6 NQ 

kitchen servery varnished wood 7 7 

internal stairwell melamine 8 NQ 

hallway phone alcove varnished wood 9 9 

site 24 

house kitchen cupboard door painted wood 1 7 

house kitchen fridge interior plastic 2 0.2 

house kitchen wall oiled wood 3 11 

house kitchen ceiling painted softboard 4 3 

house bedroom wall oiled wood 5 13 

house bedroom door painted wood 6 4 

house ensuite wall oiled wood 7 6 

house ensuite floor varnished particleboard 8 2 

shed shelf painted wood 9 41 

shed wall corrugated metal 10 NQ 

shed floor varnished chipboard 11 28 

site 24, after clean 

house ensuite floor varnished particleboard 12 5 

house ensuite wall oiled wood 13 13 

house bedroom door painted wood 14 4 

house bedroom wall oiled wood 15 18 

house kitchen fridge interior plastic 18 0.4 

house kitchen cupboard door painted wood 19 8 

house kitchen wall oiled wood 20 9 

house kitchen ceiling painted softboard 21 3 

site 25, visit 1 

kitchen cupboard melamine fibre board 1 9 

kitchen floor linoleum/vinyl 2 1 

kitchen/dining ceiling painted plasterboard 3 9 

lounge wall painted plasterboard 4 1 

lounge/hall door painted plasterboard 5 6 
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location surface type wipe # 
methamphetamine 

 µg/100 cm
2 

bedroom wardrobe floor varnished particleboard 6 0.7 

bedroom window alcove painted wood 7 0.5 

hallway door painted wood 8 0.8 

3rd bedroom wardrobe varnished particleboard 9 0.7 

door to garage painted wood 10 41 

garage wall painted wallboard 11 5 

joist, wallboard and plywood wood and board 12 23 

garage sink powder-coated metal 13 2 

site 25, visit 2 - after clean 

kitchen cupboard melamine 1 4 

kitchen ceiling painted softboard 2 4 

lounge cupboard door painted wood 3 2 

hall/garage door painted wood 4 49 

kitchen wall painted wallboard 5 1 

lounge floor varnished particleboard 6 0.02 

garage wall building paper 7 0.2 

garage joist raw wood 8 2 

garage support raw wood 9 0.4 

garage door painted metal 10 57 

hallway near bathroom varnished particleboard 11 0.7 

hallway ceiling painted 12 4 

site 26, visit 1 

laundry shelf painted fibre board 1 0.1 

kitchen wall painted wallboard 2 10 

bedroom floor varnished particleboard 3 0.1 

lounge floor varnished wood 4 0.2 

hall wallpaper wallpaper 5 1 

end bedroom wardrobe wallpaper 6 0.1 

bedroom ceiling painted softboard 7 1 

bathroom ceiling painted softboard 8 27 

kitchen ceiling painted softboard 9 10 

front bedroom varnished wood 10 1 

bathroom floor linoleum 11 0.06 

hall cupboard varnished wood 12 0.3 
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location surface type wipe # 
methamphetamine 

 µg/100 cm
2 

site 26, visit 2 - after clean 

laundry shelf painted particle board 1 0.01 

kitchen painted wallboard 2 4 

end bedroom sanded particle board 3 0.1 

lounge floor varnished wood 4 0.08 

hallway stripped wallboard 5 0.1 

end bedroom wardrobe wallboard 6 0.05 

bedroom ceiling plasterboard 7 3 

bathroom ceiling plasterboard 8 5 

kitchen ceiling plasterboard 9 6 

front bedroom floor varnished wood 10 0.09 

bathroom floor wood 11 0.2 

hall cupboard floor varnished wood 12 0.2 

wardrobe shelf stained wood 13 0.5 

Control house, visit 1 

kitchen ceiling painted plasterboard 1 0.003 

toilet ceiling painted plasterboard 2 0.003 

bathroom wall painted plasterboard 3 0.003 

laundry wall painted plasterboard 4 Not detected 

lounge ceiling painted plasterboard 5 Not detected 

downstairs hobby room painted ceiling tiles 6 0.01 

Control house, visit 2 

downstairs hobby room painted ceiling tiles 1 0.04 

downstairs hobby room painted ceiling tiles 2 Not detected 

underside of table in hobby room varnished chipboard 3 0.006 

internal stairwell wall painted wallboard 4 Not detected 

*NQ = not quantitated.  Methamphetamine-d9 was not detected in these samples. 
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11.19 Methamphetamine recovered from surface wipes - intra-site variability 

Table 11.7: Median, standard deviation and relative standard deviation of concentrations for methamphetamine recovered from surfaces from suspected former clandestine 
methamphetamine laboratories prior to decontamination. 

Site Median (µg/100 cm
2
)  Standard deviation (µg/100 cm

2
) Relative standard deviation (%) 

1 4 4 82 

4 1.1 5 180 

5 39 91 122 

7 0.9 18 213 

8 2 0.7 45 

10 195 1579 221 

11 1.0 5 134 

12 0.8 1.1 84 

13 88 2414 169 

16 16 11 72 

17 0.3 0.7 107 

18 0.3 1.0 138 

19 2 wipes only 0.09 10 

20 3 81 145 

21 2 wipes only 0.01 90 

22 0.004 0.01 146 

23 2 17 148 

24 6 14 122 

25 2 15 159 

26 0.7 8 193 

Average   129 

Standard deviation   55 

Relative standard deviation   42 

control 0.003 0.01 162 

ESR manufacture 0.03 0.2 172 



 

 

 

2
4

7
 

11.20 Surface wipe data: paired wipe samples 

Table 11.8: Paired surface wipe samples 

Site Surface Before 
remediation 
(µg/100cm²) 

Remediation 
activity 

After 
remediation 
(µg/100cm²) 

Reduction Remediation 
activity 

After 2
nd

 
remediation 
(µg/100cm²) 

Reduction Remediation 
activity 

After 3
rd

 
remediation 
(µg/100cm²) 

Reduction 

1 Window 1.7 Wash 0.006 100 %   

Window 1.4 Wash 0.01 99 % 

Varnished wood 
Floor 

 Wash 1.7  Wash 1.5 12 % 

Varnished wood 
Floor 

 Wash 3.3  Wash 4.7 none 

Painted wallboard  Wash 0.1  Wash 0.4 none 

Varnished wood 
floor 

 Wash 0.8  Wash 2.8 none 

10 Laminate ceiling 193 Wash 137 29 % Wash   Polyurethane 4.2 97 % 

Laminate wall 341 Wash   Wash   Polyurethane 0.2 100 % 

Polyvinyl chloride 
floor 

40 Wash 3.9 90 %  

Laminate 
cupboard 

 Wash   Wash 150  Polyurethane 84 44 % 

12 Painted wallboard  Painted 1.2  Wash 1.6 None  

13 Painted wallboard  Wash 145  Stripped 1.1 99 %  

Varnished 
particleboard 

floor 

 Carpet 
removed 

  Wash 6.1  Sanded 0.2 96 % 

17 Varnished wood 
floor 

0.3 Sprayed with 
‘denaturing’ 
compound 

0.08 73 %  

Wallpaper 1.3 1.0 23 % 

20 Window 3.2 Wash 0.04 99 %  

Laminate shelf 88 Wash 30 65 % 

Polyvinyl chloride 
floor 

1.4 Wash 0.8 45 % 

Laminate shelf 186 Wash 6.3 97 % 

Glazed ceramic 2.0 Wash 0.4 83 % 
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Site Surface Before 
remediation 
(µg/100cm²) 

Remediation 
activity 

After 
remediation 
(µg/100cm²) 

Reduction Remediation 
activity 

After 2
nd

 
remediation 
(µg/100cm²) 

Reduction Remediation 
activity 

After 3
rd

 
remediation 
(µg/100cm²) 

Reduction 

23 Window   8.9  Wash 0.003 100 % Wash 0.000 100 % 

Painted wallboard 6.1 Wash 2.1 66 % Wash 2.1 2 % 

Varnished wood 
doorframe 

1.7 Wash 0.5 68 %  

Painted wallboard 1.4 Wash 0.2 88 % Wash 0.6 none 

Kitchen bench 
laminate 

1.3 Wash 0.07 95 % Wash 0.04 45 % 

Polyvinyl chloride 
floor 

15 Wash 0.5 97 %  

Kitchen wall 
laminate 

24 Wash 0.9 96 % 

Softboard ceiling 
tiles 

4.4 Wash 2.3 48 % 

Stairwell laminate 
ceiling 

2.4 Wash 0.9 63 % 

Paint-sprayed 
window glass 

Tenants 
washed and 

waterblasted 
garage 

1.0 Wash 0.2 83 % 

Raw wood joist 1.6 Wash 0.03 98 % 

Painted concrete 1.9 Wash 0.09 95 % 

24 Painted wood 
cupboard 

6.5 

Sprayed with 
‘denaturing’ 
compound 

7.7 none  

Plastic shelf inside 
refrigerator 

0.2 0.4 None 

Varnished wood 
wall 

11 8.7 24 % 

Painted board 
ceiling 

2.8 3.0 None 

Varnished wood 
wall 

13 19 None 

Painted board 
door 

3.7 4.0 None 

Varnished wood 
wall 

6.1 13 None 

Varnished 
particleboard 

floor 

1.7 5.2 None 
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Site Surface Before 
remediation 
(µg/100cm²) 

Remediation 
activity 

After 
remediation 
(µg/100cm²) 

Reduction Remediation 
activity 

After 2
nd

 
remediation 
(µg/100cm²) 

Reduction Remediation 
activity 

After 3
rd

 
remediation 
(µg/100cm²) 

Reduction 

25 Melamine 
cupboard 

8.9 Wash 3.9 56 %  

Painted board 
ceiling 

9.2 Wash 3.6 61 % 

Painted wood 
door 

41 Wash 49 None 

Raw wood strut 23 Remove 
plywood and 

wallboard, 
wash 

0.4 98 % 

26 Painted chipboard 
shelf 

0.1 Wash 0.01 89 %  

Painted wood 
wall 

9.7 Wash 4.0 59 % 

Varnished 
chipboard floor 

0.1 Sanded 0.1 21 % 

Varnished wood 
floor 

0.2 Wash 0.08 46 % 

Wallpaper 1.2 Stripped 0.1 88 % 

Wallpaper 0.2 Stripped 0.05 64 % 

Painted board 
ceiling 

1.2 Sanded 3.3 None 

Painted board 
ceiling 

27 Sanded 4.7 82 % 

Painted board 
ceiling 

9.8 Wash 5.5 44 % 

Varnished wood 
floor 

1.4 Wash 0.09 93 % 

Linoleum floor 0.06 Stripped off 0.2 none 

Varnished wood 
floor 

0.3 Wash 0.2 27 % 
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11.21 Surface wipe data: orientation and surface type vs concentration for all sites 

  

Figure 11.4: Relationship between surface orientation and surface type with methamphetamine concentration 
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11.22 Surface wipe data: orientation vs concentration within sites 

 

Figure 11.5: Intra-site relationship between surface orientation and methamphetamine concentration 
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11.23 Surface wipe data: surface type vs concentration within sites 

 

Figure 11.6: Intra-site relationship between surface type and methamphetamine concentration 
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11.24 Pseudoephedrine recovered from surface wipes – intra-site variability 

Table 11.9: Median, standard deviation and relative standard deviation of concentrations for pseudoephedrine recovered from surfaces from suspected former clandestine 
methamphetamine laboratories prior to decontamination. 

Site Surface concentration (µg/100 cm
2
) 

standard deviation 
Median surface concentration 

(µg/100 cm
2
) 

Surface concentration relative 
standard deviation (%) 

1 0.2 0.1 115 

4 0.1 0.02 128 

5 136 4 240 

7 5 0.7 191 

8 0.02 0.04 45 

10 44 1 161 

11 0.05 0.01 146 

12 0.01 0.01 79 

13 14 2 159 

16 0.3 0.06 174 

17 0.1 0.02 166 

18 0.7 0.2 150 

19 0 0.004 0 

20 24 0.8 162 

21 0.001 0.002 47 

22 0.0004 0.001 35 

23 29 0.8 211 

24 26 0.1 280 

25 1.1 0.1 217 

26 0.02 0.01 99 

control 0.003 0.001 151 

ESR manufacture 0.5 0.09 145 

Average   140 

Standard deviation   73 

Relative standard deviation   52 
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11.25 Methamphetamine and pseudoephedrine in surface wipes 

Table 11.10: Methamphetamine surface wipe concentration, pseudoephedrine surface concentration, and pseudoephedrine as percentage of total methamphetamine and 
pseudoephedrine in surface wipe. 

Site Visit Surface Wipe Methamphetamine 
µg/100 cm

2
 

Pseudoephedrine 
µg/100 cm

2
 

% Pseudoephedrine 

1 1 1 5.53 0.47 8 

2 1.71 0.05 3 

3 1.44 0.03 2 

4 9.17 0.17 2 

2 1 1.40 0.02 1 

2 1.09 0.01 1 

3 1.73 0.05 3 

4 0.01 0.00 Below LOQ 

5 3.33 0.37 10 

6 0.14 0.00 3 

7 0.86 0.03 4 

8 0.01 0.00 Below LOQ 

9 0.82 0.06 6 

10 0.62 0.02 2 

11 0.02 0.04 Below LOQ 

3 1 1.52 0.06 4 

2 4.69 0.16 3 

4 2.83 0.02 1 

3 0.44 0.16 26 

4 1 3 2.23 0.01 0 

2 (kitchen bench) 0.19 0.31 62 

4 0.03 0.00 Below LOQ 

Paint layer 13.60 0.20 1 

Adjacent to paint 2.11 0.03 2 

softboard 2.16 0.19 8 

1a 0.02 0.01 Below LOQ 

1b 0.01 0.00 Below LOQ 
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Site Visit Surface Wipe Methamphetamine 
µg/100 cm

2
 

Pseudoephedrine 
µg/100 cm

2
 

% Pseudoephedrine 

5 1 newspaper 193.72 6.10 3 

5 276.56 11.59 4 

6 103.39 4.36 4 

9 54.38 2.44 4 

4 8.90 0.41 4 

8 0.57 0.03 4 

7 115.47 8.25 7 

10 0.90 0.10 10 

3 3.44 0.96 22 

1 (shed wall) 38.55 142.33 79 

2 (shed bench) 23.46 446.64 95 

7 1 1 (lounge window) 0.93 0.69 43 

2 (kitchen window) 0.93 0.93 50 

3 45.62 12.68 22 

4 (master bed window) 0.33 0.58 64 

5 0.72 0.05 7 

6 2.73 0.60 18 

8 1 1 1.82 0.06 3 

2 2.81 0.05 2 

3 0.79 0.02 2 

4 0.86 0.02 2 

5 1.83 0.05 3 

6 1.82 0.03 2 

10 1 5 653.11 0.00 0 

1 192.91 0.50 0 

3 341.44 1.08 0 

2 197.42 1.90 1 

6 49.67 0.51 1 

Curtain 5166.24 99.83 2 

7 2.17 0.06 3 

Curtain minus latex 14.63 0.91 6 

curtain 502.47 65.30 12 
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Site Visit Surface Wipe Methamphetamine 
µg/100 cm

2
 

Pseudoephedrine 
µg/100 cm

2
 

% Pseudoephedrine 

4 (kitchen PVC floor) 39.85 102.22 72 

2 1 137.24 0.08 0 

2 43.42 0.25 1 

3 1.58 0.02 2 

4 3.84 0.63 14 

5 0.55 0.09 14 

6 14.67 0.27 2 

3 1 0.04 0.00 Below LOQ 

2 0.19 0.02 8 

3 150.18 0.45 0 

4 6.77 0.06 1 

5 1.71 0.29 15 

6 1.91 0.11 5 

4 1 0.23 0.01 3 

2 84.22 0.28 0 

3 4.24 0.01 0 

11 1 1 1.02 0.01 1 

2 7.35 0.06 1 

3 2.70 0.02 1 

4 14.40 0.14 1 

5 0.23 0.00 0 

6 0.69 0.00 1 

7 0.91 0.00 0 

12 1 1 0.50 0.00 1 

2 0.27 0.00 1 

3 0.46 0.00 1 

4 3.17 0.01 0 

5 0.39 0.00 1 

6 1.19 0.01 1 

7 1.89 0.02 1 

8 2.19 0.01 0 

2 1 0.05 0.00 Below LOQ 
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Site Visit Surface Wipe Methamphetamine 
µg/100 cm

2
 

Pseudoephedrine 
µg/100 cm

2
 

% Pseudoephedrine 

2 1.55 0.00 0 

4 4.05 0.01 0 

3 0.01 0.00 Below LOQ 

5 4.34 0.02 0 

13 1 7 4424.49 0.31 0 

3 6093.11 38.34 1 

1 87.64 1.63 2 

4 666.47 19.31 3 

2 45.73 1.50 3 

Ceiling insulation 88.47 3.57 4 

6 17.15 0.79 4 

5 26.43 2.66 9 

2 1 4.16 0.18 4 

2 144.62 0.69 0 

3 1 10.01 0.43 4 

2 1.06 0.02 2 

3 6.09 0.10 2 

4 1.60 0.24 13 

5 214.60 0.16 0 

6 545.44 146.48 21 

4 1 0.24 0.01 4 

2 0.06 0.01 marginal 

16 1 1 10.10 0.01 0 

2 29.08 0.10 0 

3 22.14 0.06 0 

4 0.10 0.01 8 

5 15.54 0.79 5 

17 1 1 0.28 0.04 11 

2 1.71 0.29 14 

3 1.26 0.02 2 

4 0.02 0.01 Below LOQ 

5 0.21 0.01 4 
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Site Visit Surface Wipe Methamphetamine 
µg/100 cm

2
 

Pseudoephedrine 
µg/100 cm

2
 

% Pseudoephedrine 

2 6 0.15 0.01 5 

5 1.09 0.03 3 

4 0.02 0.00 Below LOQ 

3 0.08 0.01 marginal 

2 0.05 0.00 Below LOQ 

1 0.97 0.01 1 

18 1 2 0.13 0.00 2 

3 0.19 0.03 14 

4 (workbench) 2.25 1.49 40 

5 (west wall) 0.38 0.35 48 

19 1 1 0.92 0.00 0 

2 1.05 0.00 0 

20 1 1 3.18 0.70 18 

2 87.72 16.46 16 

3 (kitchen floor tiles) 1.42 0.75 35 

4 185.69 56.74 23 

5 2.01 0.50 20 

2 5 0.04 0.01 Below LOQ 

6 (shelf above oven) 30.31 16.07 35 

1 (kitchen floor tiles) 0.79 1.23 61 

4 (kitchen floor tiles, 
after additional clean) 

0.10 0.06 35 

3 6.26 1.55 20 

2 0.35 0.04 9 

3 1 0.11 0.02 14 

2 7.79 1.45 16 

3 0.48 0.08 14 

4 0.63 0.09 13 

5 13.79 1.73 11 

6 3.78 0.61 14 

21 1 1 0.00 0.00 Below LOQ 

2 0.02 0.00 Below LOQ 
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Site Visit Surface Wipe Methamphetamine 
µg/100 cm

2
 

Pseudoephedrine 
µg/100 cm

2
 

% Pseudoephedrine 

22 1 1 0.01 0.00 Below LOQ 

2 0.00 0.00 Below LOQ 

3 0.00 0.00 Below LOQ 

4 0.00 0.00 Below LOQ 

5 0.03 0.00 Below LOQ 

6 0.01 0.00 Below LOQ 

23 1 6 15.02 0.06 0 

1 8.92 0.26 3 

7 24.38 0.75 3 

4 1.44 0.07 4 

5 1.28 0.08 6 

2 6.12 0.59 9 

Ceiling insulation 2.21 0.33 13 

3 1.68 0.28 14 

9 (stairwell veneer) 2.43 1.44 37 

8 (stairwell softboard) 4.42 3.29 43 

Garage pipe lagging 39.20 57.21 59 

13 (garage shelf) 57.67 104.69 64 

11 (garage wood beam) 1.63 6.92 81 

12 (painted concrete) 1.87 16.14 90 

10 (garage window) 1.04 15.62 94 

2 1 (lounge window) 0.00 0.08 marginal 

2 2.10 0.10 5 

3 0.53 0.10 16 

4 0.17 0.02 9 

5 0.07 0.00 marginal 

6 (kitchen PVC floor) 0.46 0.23 33 

7 0.92 0.11 10 

8 (stairwell softboard) 2.32 2.29 50 

9 (stairwell veneer) 0.90 0.56 38 

10 (garage window) 0.17 0.36 68 

11 (garage wood beam) 0.03 0.11 77 
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Site Visit Surface Wipe Methamphetamine 
µg/100 cm

2
 

Pseudoephedrine 
µg/100 cm

2
 

% Pseudoephedrine 

12 (painted concrete) 0.09 0.11 54 

13 0.86 0.02 3 

3 1 0.00 0.03 Below LOQ 

2 2.06 0.04 2 

4 0.62 0.02 4 

5 0.04 0.01 Below LOQ 

7 6.53 0.20 3 

9 8.64 0.25 3 

24 1 6 3.65 0.02 0 

House ceiling insulation 1.17 1.23 51 

15 18.49 0.04 0 

18 0.36 0.01 2 

13 13.32 0.04 0 

14 4.01 0.01 0 

7 6.06 0.05 1 

19 7.68 0.08 1 

1 6.51 0.07 1 

5 12.91 0.15 1 

3 11.47 0.16 1 

12 5.20 0.10 2 

2 0.17 0.00 3 

20 8.68 0.23 3 

8 1.72 0.10 5 

4 2.81 0.32 10 

11 28.24 10.96 28 

21 (house painted 
ceiling) 

3.04 2.60 46 

Shed hidden 
compartment insulation 

52.04 84.31 62 

9 (shed painted shelf) 40.90 88.76 68 

25 1 Building paper 49.84 0.83 2 

5 5.61 0.11 2 
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Site Visit Surface Wipe Methamphetamine 
µg/100 cm

2
 

Pseudoephedrine 
µg/100 cm

2
 

% Pseudoephedrine 

Ceiling insulation 1.68 0.04 2 

3 9.22 0.35 4 

2 1.37 0.05 4 

9 0.66 0.06 8 

12 22.55 1.98 8 

wallpaper 2.62 0.30 10 

10 40.66 4.60 10 

1 8.88 0.10 1 

4 0.96 0.04 4 

6 0.66 0.03 4 

7 0.50 0.01 1 

8 0.75 0.02 2 

11 4.52 0.16 3 

13 1.59 0.12 7 

2 1 3.94 0.03 1 

2 3.55 0.03 1 

3 1.50 0.03 2 

4 48.52 2.87 6 

5 1.46 0.03 2 

6 0.02 0.01 Below LOQ 

7 0.24 0.01 2 

8 1.50 0.00 0 

9 0.39 0.01 2 

10 56.71 1.60 3 

11 0.67 0.02 2 

12 4.16 0.01 0 

26 1 10 1.37 0.00 0 

2 9.71 0.01 0 

8 26.58 0.03 0 

9 9.78 0.01 0 

5 1.20 0.01 1 

4 0.18 0.00 2 
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Site Visit Surface Wipe Methamphetamine 
µg/100 cm

2
 

Pseudoephedrine 
µg/100 cm

2
 

% Pseudoephedrine 

6 0.15 0.00 1 

7 1.21 0.02 2 

12 0.29 0.01 4 

3 0.12 0.01 7 

Insulation 0.71 0.06 7 

11 0.06 0.01 marginal 

1 0.12 0.04 23 

2 1 0.01 0.02 Below LOQ 

2 3.95 0.04 1 

9 5.52 0.04 1 

10 0.09 0.01 marginal 

4 0.08 0.01 marginal 

5 0.14 0.05 25 

12 0.22 0.01 3 

6 0.05 0.01 Below LOQ 

7 3.30 0.01 0 

3 0.10 0.01 5 

13 0.51 0.00 1 

8 4.66 0.05 1 

11 0.19 0.01 4 
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11.26 Surface wipe data: other compounds (in elution order on HP-5ms column) 

Table 11.11: All compounds detected from surface wipes, identification unverified except for methamphetamine manufacture-related compounds 

Compound (in elution order) Possible origin CAS 

Benzaldehyde perfumes, common  house VOC, methamphetamine by-product or pyrolysis product 100-52-7 

1-propenyl-benzene and 2-propenyl-benzene resin additive, methamphetamine pyrolysis product, methamphetamine manufacture 300-57-2/637-50-3 

Acetic acid, trifluoro-, phenylmethyl ester Unknown origin 351-70-2 

2-ethyl-1-hexanol Bis(2-ethylhexyl) phthalate precursor, plasticiser contaminant 104-76-7 

Benzyl chloride industrial VOC, methamphetamine synthesis 100-44-7 

2-phenyl-2-propanol volatile polymer cross-linking agent 617-94-7 

1,2-dimethyl-3-phenyl-aziridine (cis) methamphetamine manufacture 68277-68-9 

Amphetamine methamphetamine smoking, manufacture 300-62-9 

1-pentamethyldisilyloxy[alkane] 147, 72, 132 methylated siloxyl derivative, unknown origin  

1-acetyl-pyrrolidine pyrolysis, cigarette smoking, roasting 4030-18-6 

Ethyl benzoate perfume, volatile fruit flavour 93-89-0 

2,2,4-trimethyl-1,3-pentanediol fuel additive, printing, cosmetics, insect repellent, synergist 144-19-4 

Benzyl alcohol benzyl chloride hydrolysis, methamphetamine decomposition, essential oils 100-51-6 

N,N-Dimethylbenzylamine methamphetamine by-product, drink hazes, polymer foam catalyst, epoxy resins 103-83-3 

1-phenyl-1,2-propanedione furniture coating, photosensitizer, breakdown product of 1-phenyl-2-propanone 579-07-7 

1-(2-butoxyethoxy)-ethanol house VOC, food volatile 54446-78-5 

methamphetamine methamphetamine smoking, methamphetamine manufacture 537-46-2 

1,2-dimethyl-3-phenyl-aziridine (trans) methamphetamine manufacture 936-43-6 

2-tert-Butylphenol antioxidant, oil additive, demulsifier 88-18-6 

m/p-tert-butyl-phenol antioxidant, oil additive, demulsifier 585-34-2 / 98-54-4 

Tridecane C13 fuel, rubber 629-50-5 

2-phenoxy-ethanol antibacterial/fungal in cosmetics, detergents 122-99-6 

Caprolactam nylon precursor, residue in nylon-6 105-60-2 

N,N-dimethylamphetamine* does not derivatise methamphetamine by-product or analytical artifact 4075-96-1 

unknown alkane   
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Compound (in elution order) Possible origin CAS 

2-, 3-, or 4- methoxymethamphetamine methamphetamine manufacture 22331-70-0 

N-cyclohexylacetamide MDMA impurity, food volatile  1124-53-4 

N,N-dibutylformamide fabric treatment, indoor VOC 761-65-9 

?N-ethyl-N-methylamphetamine 86, 58, 91 methamphetamine manufacture 119290-77-6 

unknown alkane   

?methcathinone 58, 56, 77, 105 methamphetamine manufacture 5650-44-2 

Nicotine tobacco smoking 16760-37-5 

unknown 57, 56, 91, 77, 105   

Dodecane, 2,6,10-trimethyl- food volatile,  plant volatile 3891-98-3 

3,4-dimethyl-5-phenyloxazolidine methamphetamine manufacture 1668-82-2 

2,3,4-trimethyl-5-phenyloxazolidine methamphetamine smoking, manufacture 105972-00-7  

Pseudoephedrine methamphetamine manufacture 90-82-4 

Tetradecane C14 internal instrument standard 629-59-4 

?Pseudoephedrine methamphetamine manufacture  

unknown 110, 59, 67, 95, 135, 150   

unknown 159, 160, 119   

1,1'-(1,4-phenylene)bis-ethanone in hair dyes, laundry aid, resins 1009-61-6 

Lauryl chloride surfactant, antistatic, cosmetics 112-52-7 

Lauryl alcohol surfactant, lubricant, pharmaceuticals, food additive, cosmetics 112-53-8 

Heptadecane, 2,6,10,14-tetramethyl- essential oil, food volatile 18344-37-1 

3-(3,4-dihydro-2H-pyrrol-5-yl)-Pyridine tobacco smoking 532-12-7 

2,6-di-tert-butyl-4-hydroxy-4-methyl-2,5-cyclohexandiene-1-one butylated hydroxytoluene breakdown 10396-80-2 

2,5-Cyclohexadiene-1,4-dione, 2,6-bis(1,1-dimethylethyl)- plasticiser 719-22-2 

Dimethyl phthalate plasticiser 131-11-3 

Pentadecane C15 fuel, petroleum 629-62-9 

3-(1-methyl-1H-pyrrol-2-yl)-Pyridine tobacco smoking 487-19-4 

N,N-dimethyl-1-dodecanamine 
antioxidant, corrosion inhibitor, disinfectants, dyes, wetting and antistatic, 
pharmaceuticals, antifreeze 

112-18-5 

1-[4-(1-hydroxy-1-methylethyl)phenyl]-ethanone decay volatile 54549-72-3 

O-Methyl dibutylcarbamothioate from methanol +  dibutyldithiocarbamate in nitrile gloves 1207727-78-3 
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Compound (in elution order) Possible origin CAS 

2,4-bis(1,1-dimethylethyl)-phenol lab plasticiser, antioxidant 96-76-4 

Butylated hydroxytoluene stabiliser, antioxidant 128-37-0 

 1-[4-(1-hydroxy-1-methylethyl)phenyl]-ethanone plasticiser 54549-72-3 

unknown 148, 176   

Bibenzyl waste, cooking pyrolysis product 103-29-7 

MDMA - 3,4-methylenedioxy-N-methylamphetamine methamphetamine smoking, manufacture 42542-10-9 

N-formylmethamphetamine methamphetamine smoking, manufacture 42932-20-7 

Diethyltoluamide (DEET) insect repellent 134-62-3 

Hexadecane C16 fuel 544-76-3 

Diethyl phthalate plasticiser, in perfumes 84-66-2 

N-acetylmethamphetamine methamphetamine smoking, manufacture 27765-80-6 

unknown 126, 155, 112, 83, 55, 127, 68   

Isopropyl laurate cosmetic and medical topical preparations, laundry detergent, plant oil 10233-13-3 

(1-pentylhexyl)-benzene linear alkyl benzene, cleaning 4537-14-8 

(1-butylheptyl)-benzene linear alkyl benzene, cleaning 4537-15-9 

Megastigmatrienone tobacco smoking 38818-55-2 

Benzophenone sunscreen, packaging printing ink 119-61-9 

(1-propyloctyl)-benzene linear alkyl benzene, cleaning 4536-86-1 

84, 204, 133, 203 nicotine derivative? tobacco smoking?  

(1-ethylnonyl)-benzene linear alkyl benzene, cleaning 4536-87-2 

2,4-bis(1,1-dimethylpropyl)-phenol plasticiser 120-95-6 

unknown 128, 184, 84, 57, 156   

Heptadecane C17 fuel 629-78-7 

2,6-bis(1,1-dimethylethyl)-4-(methoxymethyl)-phenol plastic antioxidant 87-97-8 

N,N-dimethyl-1-tetradecanamine cleaning solutions, surfactant 112-75-4 

Nonylphenol 135, 107, 136, 121, 220 detergent, cleaning  

Tetradecanoic acid, methyl ester oil, cooking 124-10-7 

(1-methyldecyl)-benzene linear alkyl benzene, cleaning 4536-88-3 

Nonylphenol detergent, cleaning  
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Compound (in elution order) Possible origin CAS 

Cotinine tobacco smoking 486-56-6 

4-Nonylphenol detergent, cleaning 104-40-5 

3,4-dimethyl-5-phenyl-2-oxazolidinone (?trans) pseudoephedrine + CO2 32461-37-3 

Nonylphenol detergent, cleaning  

3-phenoxy-benzaldehyde permethrin hydrolysis product 39515-51-0 

(1-pentylheptyl)-benzene linear alkyl benzene, cleaning 2719-62-2 

Nonylphenol detergent, cleaning  

2-(1-phenylethyl)-phenol plastic antioxidant 4237-44-9 

(1-propylnonyl)-benzene linear alkyl benzene, cleaning 2719-64-4 

unknown 176, 148   

N-formyl-pseudo/ephedrine methamphetamine synthesis 67844-53-5 

Nonylphenol detergent, cleaning  

N-acetylpseudoephedrine methamphetamine manufacture 16413-75-5 

Nonylphenol detergent, cleaning  

2,3-dimethyl-undecane vehicle fuel 17312-77-5 

(1-ethyldecyl)-benzene linear alkyl benzene, cleaning 2400-00-2 

2,3-dimethyl-undecane vehicle fuel 17312-77-5 

Octadecane C18 vehicle fuel 593-45-3 

Tetradecanoic acid, 12-methyl-, methyl ester oil, cooking 5129-66-8 

unknown 132, 118, 72, 223, 91   

N-(β-phenylisopropyl)benzaldimine methamphetamine manufacture 2980-02-1 

Dehydrovomifoliol tobacco volatile 7070-24-8 

4-methyl-5-phenyl-2-oxazolidinone methamphetamine manufacture 54418-69-8 

N-butyl-benzenesulfonamide plasticiser 3622-84-2 

2-(2-(chlorophenyl)vinyl)pyridine  6772-77-6 

unknown 176, 148   

(1-methylundecyl)-benzene detergent, cleaning 2719-61-1 

4-(1-phenylethyl)-phenol tobacco volatile, plastic antioxidant 1988-89-2 

Pentadecanoic acid, methyl ester oil, cooking 7132-64-1 
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Compound (in elution order) Possible origin CAS 

(1-hexylheptyl)-benzene detergent, cleaning 2400-01-3 

(1-pentyloctyl)-benzene detergent, cleaning 4534-49-0 

unknown 147, 120, 70, 175   

(1-butylnonyl)-benzene detergent, cleaning 4534-50-3 

Palmityldimethylamine  plant oil, used in cleaning products, fuel additive 112-69-6 

Pheniramine methamphetamine manufacture 86-21-5 

(1-propyldecyl)-benzene detergent, cleaning 4534-51-4 

4-(1-methyl-1-phenylethyl)-phenol resins, rubber, plastics 599-64-4 

siloxane: 221, 295, 73, 147, 369 cosmetics, lubricants  

Nonadecane C19 vehicle fuel  

11-hexadecenoic acid, methyl ester oil, cooking 55000-42-5 

(1-methyldodecyl)-benzene detergent, cleaning 4534-53-6 

Hexadecanoic acid, methyl ester perfumes, cooking oils 112-39-0 

7,9-Di-tert-butyl-1-oxaspiro(4,5)deca-6,9-diene-2,8-dione derived from plastic antioxidant 82304-66-3 

unknown 176, 148   

Dibutyl phthalate  84-74-2 

siloxane: 221, 295, 73, 147, 369 cosmetics, lubricants  

3,4-dimethyl-2,5-diphenyloxazolidine pseudoephedrine + benzaldehyde  

Eicosane C20 vehicle fuel  

1-oxo-1-phenyl-2-(-phenylisopropylimino)propane 1-phenyl-2-propanone reduction 79301-73-8 

Benzoguanimine similar applications as melamine 91-76-9 

Chlorpheniramine methamphetamine manufacture 25523-97-1 

Heneicosane C21 vehicle fuel 629-94-7 

9,12-Octadecadienoic acid (Z,Z), me plant/animal oil 56554-62-2 

11-Octadecenoic acid, methyl ester plant/animal oil 52380-33-3 

303, 374   

9-octadecenoic acid, methyl ester (E) plant/animal oil 2462-84-2 

Benzylmethylmyristylamine   83690-72-6 

Octadecanoic acid, methyl ester plant/animal oil 112-61-8 
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Compound (in elution order) Possible origin CAS 

unknown fatty acid, phenyl methyl ester  118, 117, 161 

Carbinoxamine antihistamine 5560-77-0 

2-benzyl-2,3,4-trimethyl-5-phenyloxazolidine pseudoephedrine + 1-phenyl-2-propanone 1093364-94-3  

N-(1-methylethyl)-N'-phenyl-1,4-benzenediamine rubber antioxidant 101-72-4 

siloxane: 221, 295, 147, 369, 73 cosmetics, lubricants  

unknown 324, 309   

p,p'-dichlorodiphenyldichloroethylene (DDE) dichlorodiphenyltrichloroethane (DDT) breakdown 72-55-9 

4,4'-(1-methylethylidene)bisphenol resins, plastics 80-05-7 

3?-chloro-5H-dibenzo[b,f]azepine ?from an antihistamine 39607-90-4 

2-benzyl-2,3,4-trimethyl-5-phenyloxazolidine pseudoephedrine + 1-phenyl-2-propanone 1093364-94-3  

unknown 258, 259, 244 sim to 2,6-diphenyl-3,4-dimethylpyridine   

unknown 258, 259, 244 sim to 2,6-diphenyl-3,4-dimethylpyridine   

2,4-dimethyl-3-phenyl-6-(phenylmethyl)pyridine Leuckart impurity amphetamine 68870-69-9 

Docosane C22 fuel, petroleum 629-97-0 

unknown long chain alkane   

unknown 272, 273, 258 similar to 2,4-dimethyl-3-phenyl-6-
(phenylmethyl)pyridine 

  

Tricosane C23 fuel, petroleum 638-67-5 

Eicosanoic acid, methyl ester oil, cooking 1120-28-1 

Benzylmethylmyristylamine   83690-72-6 

N,N-di-(beta-phenylisopropyl)formamide amphetamine synthesis impurity 71685-26-2 

2,4-dimethyl-3-phenyl-6-(phenylmethyl)pyridine  68870-69-9 

unknown siloxane: 355, 221, 147, 73, 281 cosmetics, lubricants  

9-octadecenamide (Z) animal fats, lubricant, plant oil 301-02-0 

1-Phenanthrenecarboxylic acid, 1,2,3,4,4a,9,10,10a-octahydro-
1,4a-dimethyl-7-(1-methylethyl)-, methyl ester, [1R-
(1.alpha.,4a.beta.,10a.alpha.)]- 

plant resin acid 1235-74-1 

Tetracosane C24 fuel, petroleum 646-31-1 

Hexanedioic acid, bis(2-ethylhexyl) ester PVC plasticiser, lubricating oil 103-23-1 

Piperonyl butoxide pesticide 51-03-6 
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Compound (in elution order) Possible origin CAS 

2,4-bis(1-phenylethyl)-phenol plasticiser 2769-94-0 

2,4-bis(1-phenylethyl)-phenol plasticiser 2769-94-0 

Pentacosane C25 fuel, petroleum 629-99-2 

1-(6-((2-(2-butoxyethoxy)ethoxy)methyl)benzo[d][1,3]dioxol-5-
yl)propan-1-one 

piperonyl butoxide breakdown  

2,4-bis(1-phenylethyl)-phenol plasticiser 2769-94-0 

Benzene, (1-octyldodecyl)- detergent, cleaning 2398-65-4 

Benzene, (1-hexyltetradecyl)- detergent, cleaning 2398-64-3 

Linear Alkyl Benzene 91, 161, 287, 358 detergent, cleaning  

Benzene, (1-butylhexadecyl)- detergent, cleaning 2400-04-6 

1,2-Benzenedicarboxylic acid, mono(2-ethylhexyl) ester in blanks, plasticiser, from DEHP 27554-26-3 

Benzene,(1-propylheptadecy)- detergent, cleaning 2400-03-5 

unknown fatty acid, phenyl methyl ester plant/animal oil  

Hexacosane C26 fuel, petroleum 630-01-3 

Benzene, (1-ethyloctadecyl)- detergent, cleaning 2400-02-4 

7-oxodehydroabietic acid, methyl ester  110936-78-2 

Benzene, (1-methylnonadecy)- detergent, cleaning 2398-66-5 

Dotriacontane fuel, petroleum 544-85-4 

Heptacosane C27 fuel, petroleum 593-49-7 

unknown siloxane 355, 221, 147, 73, 281 cosmetics, lubricants  

Permethrin pesticide 52645-53-1 

13-Docosenamide, (Z) antifoaming agent, lubricant 112-84-5 

Octacosane C28 fuel, petroleum 630-02-4 

Squalene cooking oil, creams, perfumes 111-02-4 
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11.27 Relative peak areas of methamphetamine-related compounds 

Table 11.12: Peak area of compounds normalised to methamphetamine peak area 

name 
site 4 paint 

layer 

site 5 
visit 1 
wipe 7 

site 5 
wipe 2 

site 5 
newspaper 

site 10 
curtain 

site 10 
visit 2 
wipe 1 

site 13 
ceiling 
batts 

site 16 
visit 1 
wipe 2 

site 18 
visit 1 
wipe 4 

site 20 
visit 1 
wipe 4 

site 23 
visit 1 

wipe 13 

site 24 
wipe 5 

site 24 
wipe 10 

site 24 
batts 

benzaldehyde   4.1261  0.0178     0.0274 4.6796    

1-propenyl-benzene 
or 2-propenyl-
benzene 

  0.4354  0.0030     0.0080     

benzyl chloride             0.7821  

2-phenyl-2-
propanol 

        0.0730 0.0052     

1,2-dimethyl-3-
phenyl-aziridine 
(cis) 

  3.6634  0.0047     0.0033 0.5587  4.5990  

amphetamine   0.0800  0.0613 0.0491    0.0051     

1-phenyl-1,2-
propanedione 

  0.5311            

methamphetamine 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 

1,2-dimethyl-3-
phenyl-aziridine 
(trans) 

  1.0715  0.0003        1.8354  

N,N-dimethyl 
amphetamine 

 0.0087   0.0183   0.0034  0.0112     

2-, 3-, or 4- 
methoxy 
methamphetamine 

  6.2349            

?n-ethyl-n-methyl 
amphetamine  

         0.0031     
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name 
site 4 paint 

layer 

site 5 
visit 1 
wipe 7 

site 5 
wipe 2 

site 5 
newspaper 

site 10 
curtain 

site 10 
visit 2 
wipe 1 

site 13 
ceiling 
batts 

site 16 
visit 1 
wipe 2 

site 18 
visit 1 
wipe 4 

site 20 
visit 1 
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?methcathinone   0.2722        0.3335  0.5969  

3,4-dimethyl-5-
phenyloxazolidine 

 0.0153 8.5739  0.0353  0.1987  0.0103 0.0045 3.4944  23.0562 3.3110 

3,4-dimethyl-5-
phenyloxazolidine 

         0.0598     

2,3,4-trimethyl-5-
phenyloxazolidine 

    0.0113     0.0211 29.0666  116.6623 0.9995 

pseudoephedrine   147.2381       0.2449 0.4126  4.9492  

3,4-methylenedioxy 
-N-methyl 
amphetamine 

  0.8930            

N-formyl 
methamphetamine 

0.5358  0.1217 0.2483 0.0085     0.0057   2.5723 0.0284 

N-acetyl 
methamphetamine 

    0.0013 0.0313  0.0115  0.0090  0.1000 0.3493 0.0794 

3,4-dimethyl-5-
phenyl-2-
oxazolidinone 
(?trans) 

  0.2802          2.0184  

N-formyl-
pseudo/ephedrine 

  0.1869       0.2074   21.8867 0.4895 

N-acetyl 
pseudoephedrine 

  0.3693       0.0077 0.7184  6.6517 0.1188 

N-(β-
phenylisopropyl) 
benzaldimine 

  0.1850  0.0015          

pheniramine   0.5504            

3,4-dimethyl-2,5-
diphenyloxazolidine 

  0.5698          1.4408  
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1-oxo-1-phenyl-2- 
(-phenyl 
isopropylimino) 
propane 

  0.1778            

chlorpheniramine   76.7187 0.1865 0.0100     0.0539   7.0172 0.0926 

carbinoxamine          0.0012     

2-benzyl-2,3,4-
trimethyl-5-
phenyloxazolidine 

  0.4200            

3?-chloro-5H-
dibenzo[b,f]azepine 

  0.9820            

2-benzyl-2,3,4-
trimethyl-5-
phenyloxazolidine 

  0.3950            

2,4-dimethyl-3-
phenyl-6-
(phenylmethyl) 
pyridine 

         0.0093     

N,N-di-(β-
phenylisopropyl) 
formamide 

  0.1076            

2,4-dimethyl-3-
phenyl-6-
(phenylmethyl) 
pyridine 

         0.0016     
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11.28 Compound similar to chloro-dibenzazepine 

 

 

Figure 11.7: Unknown compound from site 5 wipe 2 (above) and closest NIST match to a chlorodibenzazepine (below). 
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Figure 11.8: Mass spectrum for a similar compound (above) originating from GC-MS analysis of loratadine (below). 
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11.29 SPME air sampling – all compounds 

Table 11.13: Compounds identified from air sampled by SPME (PDMS) 

Compound (in elution order) Possible origin CAS 

unknown 45, 43, 41, 59, 72   

2-butoxyethanol cleaning compounds, e.g. Simple Green 111-76-2 

1-butoxy-2-propanol insect sprays, cleaning compounds, air 
freshener 

5131-66-8 

unknown 57, 72, 43, 41   

3-methyl-pentanoic acid plant volatile 105-43-1 

unknown 41, 84, 43, 44, 56, 42, 45, 57   

unknown 105, 120   

limonene plant volatile, perfume, cleaning 
compounds 

138-86-3 

2,6-dimethyl-7-octen-2-ol insect repellents, cosmetics, perfumes, air 
freshener 

18479-58-8 

undecane plant volatiles, insect volatile, cosmetics, 
food volatiles 

1120-21-4 

linalool skin creams, insect repellent, plant 
volatiles, perfumes 

78-70-6 

1-phenyl-2-propanone methamphetamine byproduct, precursor, 
food flavours, plant volatiles 

103-79-7 

unknown siloxane 281, 297   

Benzoic acid food and soft drink preservative, naturally 
in fresh fruit 

65-85-0 

unknown 267, 268, 73, 339   

Caprylic acid milk, coconut oil, perfumes, surface 
sanitiser 

124-07-2 

Methamphetamine methamphetamine smoking, manufacture 537-46-2 

Dodecane fuels, insect sprays 112-40-3 

Benzothiazole or 1,2-benzisothiazole corrosion inhibitor, biocide carriers 95-16-9 / 272-16-2 

Nonanoic acid plasticisers, pesticides, marker pens, plant 
volatile 

112-05-0 

Caprolactam-like 72, 55, 113, 84,  nylon precursor, residue in nylon-6 105-60-2 

bornyl/isobornyl acetate odour neutraliser, plant volatile 76-49-3 

Tridecane fuel, rubber 629-50-5 

unknown 69, 57, 83, 111, 125, 97   

N,N-dibutyl-formamide fabric treatment, indoor VOC 761-65-9 

unknown 73, 69, 57, 85, 111, 147   

unknown 341, 325   

1-methylnaphthalene or 2-
methylnaphthalene 

plastic packaging, petroleum products 91-57-6 

unknown alkane 71, 57, 69, 85, 55, 83, 84   

Decanoic acid coconuts, milk, flavours, perfumes, 
lubricants, plastics, pharmaceuticals 

334-48-5 

unknown alkane 57, 71, 84, 169, 253   
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Compound (in elution order) Possible origin CAS 

Tetradecane insect spray, fuel 629-59-4 

unknown alkane 57, 82, 69, 140, 253   

unknown dimethylnaphthalenes x2   

unknown 83, 82, 69, 55, 151, 221   

unknown 168, 167, 153, 169, 152   

2,6-bis(1,1-dimethylethyl)-2,5-
cyclohexadiene-1,4-dione 

food volatile 719-22-2 

Pentadecane fuel, petroleum 629-62-9 

unknown 58   

2,4-bis(1,1-dimethylethyl)-phenol lab plasticiser, antioxidant 96-76-4 

unknown 189, 204, 190   

unknown alkane 71, 69, 57, 55, 85   

N-formylmethamphetamine methamphetamine artifact, smoking, 
manufacture 

42932-20-7 

unknown alkane   

N,N-diethyl-m-toluamide (DEET) insect repellent 134-62-3 

Hexadecane fuel 544-76-3 

Propanoic acid, 2-methyl-, 1-(1,1-
dimethylethyl)-2-methyl-1,3-propanediyl 
ester 

plant volatile 74381-40-1 

2,6-bis(1,1-dimethylethyl)-4-(1-
oxopropyl)phenol 

plastic antioxidant 87-97-8 

Heptadecane fuel 629-78-7 

Tetradecanoic acid oil, cooking 124-10-7 

Isopropyl myristate cosmetics, cleaning solutions, insect sprays 110-27-0 

SPME artifact 100   

Octadecanoic acid cosmetics, cocoa butter, lubricants, release 
agents,  

57-11-4 

unknown bisphenol   

docosane fuel, petroleum 629-97-0 

tricosane fuel, petroleum 638-67-5 

SPME artifact 100   

Tetracosane fuel, petroleum 646-31-1 

unknown alkane   

di-N-octyl phthalate plasticiser 117-84-0 

unknown alkanes x4   

unknown siloxane   
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