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Abstract
Driving under the influence of psychoactive substances such as ~9 -tetrahydrocannabinol
(THC), .methamphetamine (MA) and 3,4-methylenedioxymethamphetamine (MDMA) is
increasingly becoming a concern in first world countries. Several studies have suggested that
these substances affect behaviour and skills that are important for safe driving. In addition,
evidence suggests links between the use of these type of drugs and motor vehicle accidents. In
2007, as part of a pilot research project in the Australian Capital Territory (ACT), 100 drivers
were randomly surveyed and tested for alcohol and illicit drugs. None produced a reading
over 0.05g1dl for alcohol. However, seven per cent of the participants tested positive for illicit
substances.

This study expanded on the previous pilot study by including additional on-road drivers
(n=400) and two new demographic groups: 500 new driver licensees and 200 nightclub
attendees. The three targeted groups were surveyed for drug use, drug driving behaviours and
risk perceptions. The additional on-road drivers and nightclub attendees were also
presumptively screened for THC, MA and MDMA. The addition of extra targeted groups
provided useful data for comparison purposes.

Survey responses indicated that whilst drink driving continues to be a problem amongst the
three targeted groups, drug driving is also a concern within the ACT. Questionnaire responses
and results from the screening of oral fluid samples also revealed that driving after consuming
psychoactive substances is occurring amongst male and females across age groups. However,
factors such as age and gender did not have significant links to driving undet the influence of
drugs. Given that the majority of participants perceived that having an accident or getting
caught by the police when drug driving were major risks, the introduction of the new random
drug testing law in the ACT could change individuals' behaviour and reduce drug driving in
the Territory.
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Chapter 1 - Introduction

Chapter 1 Introduction
1.1 Background of the study
Driving under the influence of illicit drugs is a social and legal concern in most Western
countries, due to its association with injuries and deaths from traffic accidents (SimonsMorton et aI. 2009). In Australia, drug driving is also directly associated with young adults
and the dance/party environment (Degenhardt et aI. 2006). In an attempt to identify the causes
of driving under the influence of drugs, several studies have been undertaken in Australia;
firstly to establish which drugs are most commonly used; secondly to determine the role of
these drugs in impairing driving skills and finally to recognise the risk perceptions and risk
factors associated with targeted groups from the general population.
Research has demonstrated that psychoactive substances such as marijuana (~9_
tetrahydrocannabinol

(THe»,

speed

(methamphetamines

(MA))

and ecstasy

(3,4-

methylenedioxymethamphetamine (MDMA)) are commonly used amongst young people in
Australia, especially those who attend dance/party venues (Degenhardt et aI. 2006). Findings
from the National Drug Strategy Household Survey suggest that more than 6 million
Australians aged 14 years or older have used these types of illicit drugs at least once in their
lives (Australian Institute of Health and Welfare 2008). These drugs are thought to impair the
ability to drive a motor-vehicle safely, because of their adverse effect on co-ordination and
reaction times. In addition, they are suspected to provide a false sense of confidence in
drivers, thereby increasing people's desire to take risks. This is potentially hazardous when
performing complex tasks such as driving.

Indeed, Kelly and colleagues (2004), from the National Centre for Drug and Alcohol
Research Centre at the University of New South Wales, examined 214 articles in the literature
and concluded that drugs are commonly detected amongst individuals involved in motor
vehicle accidents. In addition, Kelly also reported that cannabis was the most common drug
detected in accident-involved drivers, followed by amphetamine type substances and opioids.
Many illicit substances are suspected of impairing driving ability. However, according to the
Australian Institute of Health and Welfare, cannabis, speed and ecstasy are among the most
commonly used within Australia (Australian Institute of Health and Welfare 2007). Despite
this, relatively few studies explore the interplay of drug driving, drug use problems and risk
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factors. Significantly more work is required if we are to develop effective counter
interventions, preventive measures and educational programs.

The introduction of a legal aIcohollimit in blood and random breath testing (RBT) programs
across Australia in the 1970s has led to a significant decrease in the number of accidents and
people killed as a result of motor vehicle accidents (MVAs) (Bush, 2010; Gibb, 2003; Homel,
1990). A similar program to the RBT was developed initially in Victoria for drugs - the
random drug test (RDT). This new program was created to increase drivers' awareness about
the dangers of driving under the influence of drugs and in that way to change their behaviour.
In addition, the program gave police the power to randomly stop drivers and apprehend those
that committed drug driving offences (ACT Government 20 lOb). A year after the relevant
legislation was passed in 2003; initial research showed that 2% of the drivers tested had
detectable levels of illicit drugs in their system. The Victorian Police successfully screened
drivers for drugs such as THC and MA using oral fluid screening devices. In 2006 they also
introduced MDMA testing.

Based on the Victorian experience, other regions in Australia adopted similar programs. The
governments of New South Wales (NSW) and South Australia (SA) approved RDT
legislation in 2006 and the Queensland (QLD) and Western Australia (WA) governments
followed in 2007. Interestingly, the ACT Government was reluctant to follow the Victorian
initiative to randomly drug test motorists and rejected a proposal submitted by the Opposition,
claiming that "the ACT did not have the same drug issues as other places in Australia"
(Violante 2009); despite the fact that previous studies have indicated that drug driving and its
consequences represent a problem in the ACT (Cashmere 2007; Mallick et al. 2007; Rudd
2005). On the 30th of June 2010, the Legislative Assembly finally passed a roadside drug
testing law, giving the power to ACT Policing to test Canberra motorists for drugs, including
THC, MA and MDMA (ABC News 2010). At the time of writing this law has not yet been
put into effect.

To develop a better understanding of drug driving, this study proposes to map drug driving
behaviours and risk perceptions in the ACT. It intends to expand on a previous pilot research
study undertaken by the University of Canberra, which surveyed and screened 100 motorists
to determine the extent of illicit drug use in the ACT. This extension will be achieved by
studying two new demographic groups: new driver licensees and nightclub attendees, who
4

may be potential drug drivers. This study will also target additional motorists to have a better
representation of the general ACT population. The reason we have indentified these two new
groups is that they are considered "high risk". New driver licensees are considered at risk of
MVAs and the nightclub attendees are considered at risk of consuming illicit drugs and being
potential drug drivers. This study will increase understanding of drug driving, and assist in
developing effective preventive measures and education programs for targeting high risk
groups, thus hopefully reducing accidents, injuries and costs resulting from drug driving. This
is important, as if effective counter interventions, preventive measures and educational
programs are needed, a better understanding and significant more work on the interactions
between drug driving, drug use and risk perceptions between the three target groups are
required. Finally, this project will provide data to policy makers and the ACT Policing to help
in the implementation of RDT, once the legislation is enacted. (See Appendix E for
systematic model to study drug driving, drug use problems and risk factors).

1.2 Aim and Scope
The aim of this study is to determine risk perceptions, drug use and driving behaviours of
three selected targeted population groups, two of which are classified as "high risk" for drug
consumption and driving in the Australian Capital Territory.

1.3 Specific objectives
•

To survey nightclub leavers in the ACT about their drug use, risk perceptions and driviIJ.g
behaviours

•

To survey ACT motorists about their drug use, risk perceptions and driving behaviours

•

To survey newly licensed drivers of the general population in the ACT about their drug
use, risk perceptions and driving behaviours

•

To screen the saliva of 200 potential drivers leaving entertainment venues in the ACT for
the presence of cannabis and amphetamine type substances

•

To screen the saliva of 400 ACT motorists for the presence of cannabis and amphetamine
type substances

•

To generate data that could be used for preventive measures and educational programs.

•

To provide data to government bodies and the Australian Federal Police to inform policy
makers.

5

1.4 Overview of the study
This chapter has given a brief background to the aims and rationale of this study. Chapter 2
expands on this foundation through a detailed description of each of the three illicit
substances involved in this study (marijuana, methamphetamines and ecstasy) and review of
the relationships between dance party! nightclub attendance, illicit drug use and motor vehicle
accidents (MVAs). Following on, it outlines the current drug driving laws in the ACT and the
possible impact of the introduction of a random drug test. Finally, this Chapter discusses pros
and cons regarding the use of oral fluid sample as a forensic matrix for drug detection.
Chapter 3 introduces the two principal research techniques used in this thesis - the risk
perception survey and presumptive drug screening techniques. The latter is expanded in
Chapter 4, where the Enzyme Linked Imrnunosorbent Assay (ELISA) technique is discussed
in detail, and the presumptive results of 600 saliva samples taken from nightclub attendees
and ACT motorists are presented. Chapters 5 to 7 expand on the risk perception survey
technique introduced in Chapter 4 and discuss the results for each of three targeted groups in
tum. Chapter 5 focuses on potential drivers leaving entertainment venues in the ACT. Chapter
6 discusses the results of ACT motorists in general, and, compares these results to the pilot
study previously introduced. Finally Chapter 7 describes results obtained from an online
survey and newly licensed drivers from the ACT. Chapter 8 integrates the findings from the
targeted groups with the saliva testing results in order to discuss the key findings and
limitations of this study. Finally, conclusions are drawn in Chapter 9.

6
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Chapter 2 Background
2.1 Outline
In order to understand how illicit substances affect our body, this Chapter firstly discusses
drug properties of. the three most commonly used illicit substances in Australia, 1:19tetrahydrocannabinol (THC) (found in marijuana), methamphetamine (MA) (found in speed
and related drugs) and 3,4-methylendioxymethamphetamine (MDMA) (found in ecstasy).
Secondly, to understand the impact of these drugs on the likelihood of motor vehicle
accidents (MVAs), this Chapter will review previous studies that have examined the role of
these substances in driving impainnent and MVAs. Thirdly this Chapter will discuss the
current ACT legislative position regarding drug driving. Finally, the last section of this
Chapter will discuss the use of oral fluids as a forensic matrix, adopted by the new drug
driving law, for the detection of drugs of abuse.

2.2 Drug properties
a) Overview
As soon as a drug enters the body to exert its biological activity, the body begins to process
the drug. This process can be characterised by four stages: absorption, distribution,
metabolism and finally excretion. After oral administration, many factors may interfere with
the absorption of a drug into the circulatory system. The human body will try to destroy any
foreign material administered by enhancing chemical alterations in the foreign material when
the foreign material comes in contact with gastric juices and biochemical reactions as a result
of the first pass metabolism in the liver. However, many drugs are naturally able to resist
these initial alterations. After reaching the blood supply, a drug slowly gets distributed to the
various tissues and organs to exert its pharmacological effects. Drugs that reach their targets
with very little alterations have high bioavailability. This is important, as some common illicit
drugs are used intravenously to allow direct absorption into the system and to avoid any
chemical alterations that may contribute to the loss of any of the pharmacological properties.
Drugs administered in this way will usually affect driving ability for longer than if the same
amount was ingested through the nose or mouth.

Metabolism is the process by which a drug undergoes chemical changes catalysed by
enzymes in the body. The products of these reactions are called metabolites, which can lead to
9

toxicity if not removed. At the first stage of metabolism, common biochemical reactions in
the body try to change the chemical structure of a drug by adding a functional group. This can
lead to a loss of the drug properties. Oxidation, reduction and hydrolysis are common
reactions involved in this type of metabolism. The second stage plays an important role in
conjugating metabolites, which can be harmful if not removed from the body, by adding a
polar molecule to a functional group of the metabolite or the drug. This enhances water
solubility and hence drug excretion via the kidneys.

This section starts by reviewing physicochemical and pharmacological properties of THC,
MA and MDMA. It examines their pharmacokinetics to understand the pathway of these
drugs and the changes they go through from their administration to their elimination from the
human body. This section then briefly looks at their mechanism of actions to determine the
way these drugs work in the body. Finally it will discuss the effect of these drugs on
someone's ability to drive a motor vehicle safely.

2.2.1 A9 Tetrahydrocannabinol (THe)

a) Overview
Figure 2.1: Structural formula of THe

The manJuana plant (Cannabis sativa) has been
cultivated for centuries for the production of hemp fibre
and for its presumed medicinal and psychoactive
properties (Brunton, Lazo & Parker 2005). Though
cannabis contains
(Fauci et al. 2005),

several
6,9

cannabinoid derivatives

tetrahydrocannabinol (THC)

(figure 2.1) is its primary active ingredient. The
compound is also responsible for most of the plant's
pharmacological effects in the central nervous system
(Foye, Lemke & Williams 1995). Marijuana is available in many different forms, including
cannabis resin and hash oil; though the most common commercialised form is generally dry
leaves and/or flowering tops of the plant (0. Phan 2006). Marijuana can be administered via
oral ingestion; however, smoking is more common. A conventional marijuana cigarette may
contain 0.3-1 g of plant material and consequently hold between 2.5 and 15 mg of THe, but
they can be stronger (Ronen et al. 2007). lllicit drug consumers are generally unaware of the
10

amount of active ingredient present in the product they use. This is a major problem as it
makes it very difficult to keep control of dosage of drug administered and response.

Given that the relationship between THC concentration and driver impairment is not clear;
cannabis users could unknowingly be driving a motor vehicle with levels of THC in their
system that may impair their ability to drive safely. An experimental study, to detect
performance impairment of 20 recreational cannabis users as a result of different
concentrations of THC in serum and oral fluid, observed that after doses up to 24 mg of THC,
the level of impairment for an 80 kg person was equivalent to that for alcohol at a
concentration of 0.05 g/dl (Ramaekers et al. 2006). As it is well known, individuals driving
over the legal limit for alcohol (0.05) are more likely to be involved in MVAs than those free
of alcohol (Johns 2004). It is worth noting that the pharmacological effects of cannabis also
vary according to the route of administration, experience of the user, vulnerability to
psychoactive effects and the environment where it is being used (Brunton, Lazo & Parker
2005). Impairment would therefore increase if the user is a novice and vulnerable to
psychoactive effects.

b) Physicochemical properties and pharmacological uses
Marijuana is an annual plant native to Central and Western Asia, and now grown worldwide
(Nocerino, Amato & Izzo 2000). Its main active ingredient (figure 2.1) has a molecular
weight of 314.45g/mor l . It is immiscible in water but soluble in organic solvents, due to its
lipophilicity. Historically, marijuana has been used as a remedy to treat symptoms associated
with respiratory problems and pain relief (Iversen & Chapman 2002). It is also thought that
marijuana helps alleviate symptoms related to anorexia (Abel 1975) and antiemetic effects,
induced by cancer and/or HN treatments (Brunton, Lazo & Parker 2005; Nocerino, Amato &
Izzo 2000; Soderpalm, Schuster & de Wit 2001). Today cannabis is one of most abused drugs
in the world, and in Australia it is one of the most common illicit substances detected in
drivers involved in MVAs (Australian Institute of Health and Welfare 2007; Rudd 2005).

c) Pharmacokinetics
When cannabis is consumed orally, its absorption is affected by gastric juices. This process
starts the degradation of cannabis' main active ingredient into other metabolites that may lack
psychoactive properties. When cannabis reaches the liver, it is submitted to an extensive first
11

pass metabolism resulting in a very low bioavailability (4-14%) (Myrtha Naf 2004). Therefore,
oral administration leads to a less efficient and more 'erratic uptake' of the active ingredient
(Myrtha Naf 2004; Nocerino, Amato & Izzo 2000). On the other hand, when cannabis is
smoked, its main active ingredient is rapidly delivered to the lungs; this however, depends on
the inhalation technique and smoking experience of the user (Brunton, Lazo & Parker 2005).
Thus, values of bioavailability when smoked are subject to variations. This makes it very
difficult to control how impaired an individual could be aft~r smoking and still drive safely.

THC gets distributed rapidly after its administration, penetrating highly vascularised tissue
due to its lipophilic characteristics. After its absorption in the blood stream (when smoked), it
binds almost completely (99%) to proteins, achieving maximum plasma concentration within
minutes. THC reaches its maximum psychotropic effect within the first hour and starts to
decay after 3-4 hours (Ramaekers et al. 2006). This indicates that individuals driving a motor
vehicle within 4 hours of consumption may still be under impairing levels of THC, which
affects safe driving.

As with many drugs, THC is mainly bio-transformed in the liver via cytochrome P450
enzyme. This enzyme is responsible for catalysing the formation of secondary metabolites via
hydroxylation reactions. Following the initial hydroxylation, many of the hydroxyl functional
groups undergo further oxidation, resulting in the formation of carboxylic substituents.
Oxidation of the active metabolite by the cytochrome P450 leads to the formation of inactive
compounds such as THC-COOH. This is the main glucoronidated metabolite found in urine
after phase two metabolism (Myrtha Naf 2004). The presence of this metabolite in urine does
not indicate whether a person is under the influence of cannabis (Cirimele et al. 2006). It
simply shows that the suspect has used cannabis in past days or weeks. Glucoronidation
reactions in phase two metabolism can also lead to the formation of long chain of fatty acids,
which can explain why secondary metabolites such as THC-COOH can be found in body
tissues or in urine long after consumption.

Elimination of THC is slow because of its variable half-life. Reported half-life is between one
and four days. However, total elimination may last up to five weeks. THe is excreted 15-30%
in urine and 30-65% in faeces. This is a reason why urinalysis for THC could appear positive
even four weeks after cannabis consumption, making this method of detection unsuitable for
determining inability to drive safely (Smith & Seymour 1996).
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d) SARs and mechanism of action (phannacodynamics)
The CB I and CB2 receptors are responsible for the psychoactive effects of THC (Nadipuram
et a1. 2003). Both CB I and CB2 are G-protein coupled receptors. These types of receptors are
very large proteins embedded in the cell membrane with areas exposed inside and outside the
cell. They activate a signalling protein called G-protein. The G-Protein initiates a signalling
cascade using enzymes to inhibit adenylate cyclase and N-type Calcium channels (Nocerino,
Amato & Izzo 2000). Studies have suggested that THC is a partial agonist of the CB 1 and
CB2 receptors (Jlirbe, Andrzejewski & DiPatrizio 2002; Trezza, Cuomo & Vanderschuren
2008). The structure activity relationship of THC at the CB 1 receptor is given by
phannacophores such as the phenol group, the alkyl side chain and the dihydrobenzopyran
type structure, which are important for its activity (Bourne et a1. 2007; Myrtha Naf 2004;
Nadipuram et a1. 2003). This gives THC the ability to bind to the CBI receptor and activate it
to control the release of neurotransmitters to the postsynaptic neuron and hence to inhibit the
release of the secondary messenger.

CB 1 receptors are located at nerve tenninals in the brain, spinal cord and in some peripheral
tissues, whereas CB2 receptors are primarily located in immune tissues (larbe, Andrzejewski
& DiPatrizio 2002; Trezza, Cuomo & Vanderschuren 2008). The activation of CBI receptors

in the peripheral nervous system inhibits neurotransmitter release, leading to vasodilatation.
This is particularly marked in the conjunctival vessels and intestinal motility inhibition. In
addition, the activation of CB 1 receptors in the brain produces a feeling of relaxation and
well-being (Nocerino, Amato & Izzo 2000). It also produces analgesia and depression of
motor activity, which clearly disfavour safe driving.

When cannabis is taken in combination with drugs such as alcohol, the depression in the
central nervous system is higher, increasing rates of intoxication and impairment. Studies
have suggested that certain doses of alcohol and marijuana may produce comparable levels of
impairment (Medina et a1. 2006). Hence driving under the influence of cannabis should be
considered as high risk as driving under the influence of alcohol.

2.2.2 Amphetamine type substances (ATS)
After cannabis, amphetamine type substances (ATS) are some of the most common illicit
drugs used in Australia (Australian Institute of Health and Welfare 2008). Although some
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studies may question the frequency of use of this type of drugs compared to cannabis,
evidence suggests an increment in the use of ATS, as 'recreational drugs' amongst young
people, particularly those involved in the dance party and nightclub scene (Degenhardt et a1.
2006;

Holt

2005).

ATS

such

as

methamphetamine

(MA)

and

3,4-

methylendioxYmethamphetamine (MDMA) are two of the most popular amphetamine
derivatives found in the market today, due to their stimulant and hallucinogenic effect
(Concheiro et a1. 2005). Given that there are many dosage forms of MA and MDMA
available, there are also various modes of self administration, which include oral
administration or smoking, inhalation and intravenous injection (Semple, Patterson & Grant
2004).

2.2.2.1 Methamphetamine (MA)
a) Overview
Figure 2.2: Structural formula of MA

Methamphetamine (MA) (figure 2.2) is available in
many fOnDS, including MA powder or 'speed', MA base
or paste, MA tablets and finally MA crystal or ice
(Stafford, Sindicich & Bums 2008). The purity of the
drug differs greatly between forms. It is possible to find
tablets of MA sold as ecstasy, where manufacturers mix
the MA powder with drugs such as ketamine to simulate
the effect of ecstasy. Ephedrine, as a precursor for the
production of MA, is used as an adulterant with caffeine
(Degenhardt & Topp 2003; Puthaviriyakom et aI. 2002; Tanaka, Ohmori & Inoue 1992).
Therefore, it becomes difficult to control the use of these substances and the effect they may
have on someone's ability to perform tasks such as driving.

MA is often consumed orally. However, other routes of administration such as inhalation or
intranasal ingestion, smoking and/or intravenous injections are also common (Cruickshank &
Dyer 2009; Meng et a1. 1999).
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b) Physicochemical properties and pharmacological uses
MA originated in Southeast Asia (Puthaviriyakorn et al. 2002) but is now manufactured and
distributed worldwide (Gustavsen, M¢rland & Bramness 2006; Krasnova & Cadet 2009). It
possesses a molecular weight of 149g/mor l • MA was introduced in the 1930s as a
bronchodilator; however, it became widely abused (Meng et al. 1999). MA exists as two
enantiomers (leva and dextra). Although l-MA is practically inactive compare to the d-MA
form, it still preserves some of the bronchodilator characteristics typical of the d-MA. This is
a reason why l-MA can be found in-common cough/cold medications such as Vick's Vapour
Drops (Fowler et al. 2007). Despite this, d-MA continues to be misused due to its euphoric
effects and its ability to decrease fatigue (Fauci et al. 2005). This is a reason why it is one of
the drugs most commonly found in the nightclub scene. In the USA for example, MA is the
most manufactured drug in illegal laboratories and, despite drug seizures and closures of
clandestine laboratories, many hospitals in the USA continue to admit patients for treatment
of MA abuse (Fauci et al. 2005). In Australia the situation is similar, partly due to our
proximity to Thailand, which, as well as having the highest level of MA abuse in the world, is
the biggest supplier of MA and MDMA precursors to local manufacturers (Australian Crime
Commission 2010; Qi, Evans & McCluskey 2006).

c) Pharmacokinetics
Smoking and intranasal ingestion of MA is the preferred mechanism of drug administration
amongst regular users (Meng et al. 1999). Given the lipophilic property of MA and its facility
to penetrate the blood brain barrier, MA can produce a rapid effect when MA is either smoked
or 'snorted' (ingested through the nasal passage). In addition, the avoidance of first past
metabolism in the liver gives MA a very high bioavailability of approximately 67 to 90%
when smoked and 79% when inhaled (Cruickshank & Dyer 2009). Oral ingestion of MA is
common amongst nightclub attendees because of its quick and easy self administration, rapid
euphoric effect and no risk of transmitting contagious diseases (Meng et al. 1999).
Intravenous injection is also relatively common, despite its association with HIV infection
(Semple, Patterson & Grant 2004).

MA is largely metabolised in the liver. MA firstly undergoes N-demethylation catalysed by
cytochrome P450 to produce its principal metabolite - amphetamine. Secondly, further
metabolism can occur by aromatic hydroxylation, to produce 4-hydroxymethamphetamine.
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Finally there is further hydroxylation to produce norephedrine. Various metabolites are
produced in this process. In addition they could be further metabolised to assist in urine
excretion. When MA is used chronically, it appears to be unaffected by both phases of
metabolism (Cruickshank & Dyer 2009). Approximately 70% of a MA dose is eliminated via
renal pathways in the form of its metabolites and MA itself (Faye, Lemke & Williams 1995;
Waller, Renwick & Hillier 2001).

d) SARs and mechanism of action (pharmacodynamics)
MA is synthesised by methylation of the terminal amine of amphetamine (Herr & Caravati
1991). Given the structural similarities with cathecolamine and its ability to fit in the
adrenergic binding site, MA is thought to be an indirect agonist of the dopamine and
noradrenaline receptors (Cruickshank & Dyer 2009). MA is involved in the release of
noradrenaline and dopamine from the cytosol into synapses and in the prevention of the
reuptake of these neurotransmitters (Cruickshank & Dyer 2009). Dopamine affects behaviour,
cognitive and emotional states due to its effect on dopaminergic circuits such as the
mesolimbic and mesocortical pathways in limbic areas (Cruickshank & Dyer 2009).
Noradrenaline, on the other hand, causes high blood pressure and insomnia (Brunton, Lazo &
Parker 2005) due to the increase in contractions in smooth muscles and blood vessels as a
result of its interaction with alpha and beta adrenoceptors.

The mixed effect of an increase in the release of dopamine and noradrenaline results in a
person who is euphoric and hyperactive, due to the increase in energy, but incapable of
thinking logically due to the effect of dopamine in the cognitive state. The combination of
impaired judgment and false self-confidence produced by the drug means that it becomes very
dangerous for a person to drive a motor vehicle under the influence of MA. Another issue
could be the lack of ability to control changes of behaviour. In addition when MA is mixed
with alcohol the depression of the CNS is higher. Hence their combined effect may lead to
significant psychological problems such as driving a motor vehicle at high speed, which does
not favour safe driving (Simons et al. 2005).

2.2.2.2 (3, 4)-Methylendioxymethamphetamine (MDMA)
a) Overview
Figure 2.3: Structural formula ofMDMA
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3,4-Methylendioxymethamphetamine (MDMA) (figure
2.3), commonly known as 'ecstasy', has been related to
young people and the dance rave/party scene (Hansen,

)
o

Maycock & Lower 2001). Although the popularity of
rave parties has declined, the consumption of ecstasy
has expanded to other settings such as nightclubs, discos
and outdoor music festivals. (Morton 2005). MDMA is
commonly taken orally in the forms of tablets or
capsules. However, as mentioned in section 2.2.2.1

subsection (a), 'speed' tablets and other MDMA analogues are also marketed as ecstasy.
Therefore, users are usually unaware of the type and amount of drug present in the tablet they
are consuming (Libiseller et al. 2005).

b) Physicochemical properties and pharmacological uses
MDMA is a drug that can be derived from essential oil of plants such as saffron, dill and
parsley, amongst others (Lyles & Cadet 2003). It was synthesized and patented by Merck
Laboratories in 1914, as a weight loss treatment (Libiseller et al. 2005; Morton 2005).
MDMA remained unknown until the 1960s, when its psychotherapeutic properties were
advertised (Libiseller et al. 2005). Today MDMA has no legal pharmacological uses in or
outside Australia. However, it has been misused since the 1980s due to its mild euphoria
effects, wellbeing and its ability to enhance social relationships (Connolly & Q'Callaghan
1999; Libiseller et al. 2005).

c) Pharmacokinetics
MDMA is usually administered orally. It starts to take effect on the body approximately 30 to
60 minutes after ingestion. As the drug gets distributed its effect reaches its maximum point,
lasting approximately 4 to 6 hours or more (Connolly & Q'Callaghan 1999; Libiseller et al.
2005). As MDMA is structurally related to MA, it is also susceptible to liver metabolism. It
firstly undergoes N-dealkylation catalysed by cytochrome P450, resulting in the fonnation of
its major metabolite - 3,4-Methylendioxyamphetamine (MDA). This undergoes further
metabolism to guarantee its elimination. Metabolites are excreted after appropriate phase two
metabolism, which involves glucorinide and sulphate conjugation (Cole, J & Sumnall 2003).
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d) SARs and mechanism of action (phannacodynamics)
MDMA is a derivative of phenylisopropanolamine and chemically and pharmacologically
related to MA and mescaline (Lyles & Cadet 2003; Moore, K et al. 1996). Like MA, MDMA
is considered as an indirect agonist. Although MDMA has some effect on dopamine and
noradrenalin receptors, it also possesses high affinity to serotonin receptors. In addition,
MDMA enhances the release and prevents the reuptake of the serotonin neurotransmitter and,
to a lesser extent, dopamine and noradrenalin (Morton 2005). This affects cognition and
mood. By increasing levels of dopamine and noradrenalin in the synapses, MDMA produces
similar effects to those produced by MA, The increased levels of serotonin produce the
stimulant and wellbeing effect, as well as the altered sense of time and feeling of euphoria,
which is related to the agitation and psychedelic effect, produced by MDMA, (Brunton, Lazo
& Parker 2005). These effects do not favour safe driving.

2.3 Drug use and driving: could drugs cause motor vehicle accidents
(MVAs)?
This section begins by briefly reviewing past legislation regarding driving under the influence
of drugs in the ACT, to look at the context in which strategies and options were developed to
tackle drug driving. This section also addresses epidemiology and experimental studies that
have aimed to test the impact of illicit drugs, such as THC and ATS, on an individual's ability
to drive a motor vehicle safely. Finally this section will examine current ACT legislation and
discuss issues related to the use of saliva as a forensic matrix.

2.3.1 Nature of the problem of drug driving in the ACT
Since the introduction of the Road Transport (Alcohol and Drugs) Act in 1977, driving under
the influence of an intoxicating liquor or drug, to such an extent as to be incapable of having
proper control of the vehicle, has been considered an offence according to the ACT legislation
(ACT Government 2009). In addition, the police have had the power to ask individuals to
provide a blood sample if they suspect them of driving under the influence of drugs or if
individuals have been involved in a motor vehicle accident. However, according to the ACT
Government Analytical Laboratory (ACTGAL), the number of samples tested for drugs other
than alcohol is extremely small compared to samples tested for alcohol.
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One limitation of this law is that the police did not have the power to perlonn random drug
testing in the ACT (ACT Government 2008, 2009). Another limitation was that unlike
alcohol, where convictions are based on alcohol concentration levels in blood; the 1977 Act
did not provide any infonnation about the level of drug an individual may have in the blood
and still drive safely. Currently no legislation in Australia specifies an amount of a drug an
individual can consume and still drive safely. Therefore, there have been no convictions due
to drug concentration level. In addition, the police must be able to provide solid proof that
someone is driving under the influence of drugs so as to be incapable of having proper control
of the vehicle; without such proof the police would be acting illegally and against the human
rights of the detainees.

Over the years, plenty of infonnation has been published with regards to driving impainnent
as a result of drug use. In addition, new technology and new methodologies for drug detection
have been developed. Many Australian and international jurisdictions have changed their
legislation to tackle drug driving in a more efficient manner. However, the ACT has done
very little since the introduction of the first legislation in 1977 (ACT Government 201Ob).

It is worth noting that whilst other Australian jurisdictions were making changes to their laws,

in 2005 the Legislative Assembly rejected legislation that allowed the ACT Policing to have
the power to random drug test drivers on roads (Butler 2007). In addition, Chief Minister Jon
Stanhope stated that "Canberra did not have the same drug issues as other jurisdictions"
(Violante 2009). Another article published by the local newspaper, The Canberra Times, titled
"Booze to ecstasy", revealed comments by regular ecstasy users, where interviewees preferred
to take drugs rather than buying "premium price drinks"; in addition, they also believed that
the use of ecstasy in the ACT had increased as the demographic age of users broadened
(Parkes 2008).

2.3.2 Review of studies on drugs and driving
Epidemiology studies and experimental studies are· the two most important approaches to
determine the effect of drugs on driving perfonnance. Epidemiology studies help us to
establish drug trends and their incidence on driving over a specific period of time. They also
help us to detennine linkages between drug use and motor vehicle accidents by perlonning
roadside surveys and addressing accident risk studies (Raes, Pil & Verstraete 2009).
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Experimental studies are laboratory based studies, where individuals are given different doses
of a particular drug including a placebo to test dose-response reflected on their ability to
perform tasks related to driving (Raes, Pil & Verstraete 2009; Ramaekers, JG et at. 2004).

2.3.2.1 Review of epidemiology studies
Following the extensive evidence that links alcohol with the likelihood of motor vehicle
accidents, researchers have turned their attention to a relatively new topic - drugs. There are
many illicit substances that are known to produce some kind of impairment in the ability to
drive an automobile safely. However, it is still unknown whether drugs such as cannabis and
ATS are linked to motor vehicle accidents (Drummer, 0 et al. 2004).

Furr-Holden and colleagues (2006), from the Public Services Research Institute in the United
States, examined drug and alcohol-impaired driving amongst 240 electronic music dance
event attendees. They surveyed participants entering or leaving the venues about their alcohol
and drug use, as well as their driving history. In addition, participants were tested for alcohol
on site via a breathalyser and were ask to donate an oral fluid sample for drug analysis.
Approximately 12% of the drivers who completed the exit interview appeared positive for
drugs and alcohol, and 4% for cannabis alone. It should be noted that about two out of three
drivers (62%) who appeared positive for drugs or alcohol planned to drive after the event.
This does not determine if the drivers who were positive for drugs other than alcohol were fit
to drive. It should also be noted, however, that heavy alcohol users appeared less likely to
drive away from the venue. They also were more concerned about the risks associated with
drink driving though less aware about the risks associated with driving under the influence of
drugs (Furr-Holden et aI. 2006). This is not really surprising, as in the United States (as in
Australia) media campaigns and educational programs have focused on reducing drink
driving rates and have not given the necessary attention to the risks associated with driving
under the influence of drugs.

In another study conducted by del Rio and Alvarez (2001), from the University of Valladolid
in Spain, about 8000 Spanish drivers seeking renewal of their licences were targeted to
evaluate the incidence of issues associated with illicit drug use and fitness to drive safely.
Twenty five Medical Driving Test Centres were selected as part of a multi-centre based study.
Each medical centre evaluated 400 drivers' psycho-physical abilities, which included
eyesight, hearing, motor skills, mental disorders, problems associated with alcohol, illicit
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drugs and medicinal products use, and psychological tests. Following the psychophysical and
medical reports, drivers were grouped as those with drug related issues and those without
drug issues. After all the medical and physical examinations, 0.3% of the total sample was
diagnosed with drug related issues such as abuse, dependence and induced disorder. In
addition, half of these diagnosed participants were also associated with having alcohol
consumption issues and more likely to be involved in MVAs than those without drug issues.
However, about 71 % of those participants with drug related issues were considered
sufficiently fit to drive (del Rio & Alvarez 2001). It should be noted that diagnosing an
individual with drug related issues is not an easy task, as all the responses gathered from a
given surveyor face-to-face interview depend on the honesty of the participants. Participants
in this case may be reluctant to tell the truth about their drug issues, in case of negative
consequences. Although this study suggests that there is a relationship between MVAs and
individuals with drug related issues, it does not adequately indicate that the accidents
experienced by some of the participants were due to drug impairment.

Albery and colleagues (2000), from the University of London, examined illicit drugs and
driving behaviour and accident involvement amongst 71 out-of-treatment drug users, who
reported driving in the previous 12 months prior to their survey. About 82% of the sample
reported driving immediately after consuming cannabis. Of these, about 26% reported having
a MVA following recent consumption (Albery et al. 2000). Even with these claims, neither of
the above studies really implicates the effect of drugs as the main cause of MVAs.

Many epidemiological studies have aimed to determine the prevalence of drug driving and
drug driving behaviours amongst targeted groups (Neale 2004). However, few studies have
looked at attitudes and risk management of actual regular drug users in relation to their
driving abilities whilst influenced by drugs. McIntosh and colleagues (2006) from the
University of Glasgow, United Kingdom, interviewed 26 regular drug users about their
motivations and risk management strategies used to avoid the risks associated with drug
driving. Because these individuals were consuming illicit drugs on a daily basis. they were
under the influence every time they drove a motor vehicle. Most of the participants were not
concerned about driving under the influence of drugs. However, the majority of them reported
that they would try to avoid driving when feeling really affected by drugs and unable to have
proper control of a vehicle. When interviewees were asked about their risk management
strategies they firstly reported regulating drug consumption. However, most of the time
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consumers were unaware of the purity of the drug they were consuming. Sometimes they felt
that they had had enough to make them feel "normal" but other times they felt affected.
Secondly, they reported delaying driving after taking drugs. Despite this intention, it was
more common for them to report driving immediately after drug consumption than delaying
driving. Thirdly, the minority of participants reported stopping when feeling unfit to drive
(though as they were also intoxicated they may not have been able to judge whether they were
unfit to drive). Lastly, participants reported avoiding driving on certain drugs because they
affected their driving behaviours. They perceived ecstasy as very dangerous for driving, as
one is not in control of all one's faculties. Driving under the influence of speed was also
thought to be really dangerous, as if one has fast and loud music on, the "faster the music goes
the faster one seems to go" (McIntosh, O'Brien & McKeganey 2008). Participants were also
asked about possible deterrents to drug driving. They considered getting caught by the police
was the most effective measure of law enforcement to reduce drug driving compared to
posters or media campaigns, which they believe would not achieve any reduction in the
prevalence of drug driving. This paper reveals valuable information that may be used from
policy makers in their efforts to reduce drug driving in the ACT.

a) Does THe have a link to MVAs?
Many epidemiology studies have been undertaken throughout the world to determine linkages
between the likelihood of marijuana consumption, as a factor to increase MVAs.
Epidemiology studies have concluded that driving under the influence of marijuana is a risk
that increases the chances of collision when driving a motor vehicle (Albery et al. 2000; Mann
et al. 2007).

Ward and colleagues (2008) surveyed about 4000 emergency department and trauma patients
in a Rhode Island hospital in the United States, to detennine the relationship between
marijuana use and MVAs. About 20% of the participants reported marijuana use. Ward also
demonstrated a correlation between marijuana use and higher levels of alcohol use, as well as
the passenger of driver not wearing a seatbelt. This study directly determined the association
between marijuana use and the risk of having a MVA by enhancing risk factors such as binge
drinking and the lack of seatbelt use, neither of which favours safe driving (Ward, Baird &
Mello 2008). In another study, Ahlm and colleagues (2008) tested about 200 fatally and nonfatally injured drivers for alcohol and drugs. THC was detected in three of the 56 fatally
injured drivers tested. In addition, THe was also detected in six of the 144 non-fatally injured
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drivers (Ahlm, Bjomstig & Ostrom 2008). Despite the presence of THe in fatally and nonfatally injured drivers, these studies do not adequately suggest that THC was the cause of the
accident, as they do not tell us if the driver was unable to have proper control of the vehicle
due to the THC effects. However, these studies do show the linkages between MVAs and
marijuana users.

Mann and colleagues (2007), from the University of Toronto in Canada, examined the
relationship between motor vehicle accidents and cannabis use. Mann perfonned a logistic
regression analysis of the self-reported questionnaire given to about 2500 participants. Mann
concluded that participants reporting driving after marijuana consumption were more likely to
report being involved in a MVA (Mann et al. 2007). This gives a good insight, as accident
prevention efforts should be addressed to targeted groups such as recent marijuana users.

Many studies suggest that driving a motor vehicle whilst under the influence of marijuana
increases the chances of MVAs. Fergusson and colleagues (2008) concluded that driving
under the influence of marijuana was now becoming a greater risk than driving under the
influence of alcohol (Fergusson, Horwood & Boden 2008). This study does not necessarily
indicate that marijuana is responsible for MVAs, as alcohol and" sometimes other drugs are
also found in fatally and non-fatally injured drivers. In addition, the presence of detectable
levels of THC in drivers involved in collisions does not detennine if THC alone was the cause
of the accident, as usually there are other factors involved, such as mobile phones, seat belts,
weather and road conditions.

,~..sbridge

and colleagues (2005) found that the number of participants driving under the

influence of marijuana (15%) was higher than those driving under the influence of alcohol
(12%), despite higher proportions of alcohol consumption compared to marijuana. In addition,
Asbridge also found that driving under the influence of marijuana, gender and driving
experience are predictors of MVAs, as particularly young male drivers with little driving
experience and who were recreational users of marijuana were more likely to be involved in a
MVA (Asbridge, Poulin & Donato 2005).

Drummer (2003) evaluated the incidence of alcohol and drugs in fatally injured drivers in
three states in Australia. Approximately 3000 fatal MVAs were investigated. About 30% of
the drivers had 0.05g of alcohol per lOOml of blood or over, with around 10% of the cases
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positive for both alcohol and other drugs. Drugs other than alcohol were present in about 27%
of the cases. Of these, marijuana was present in about 14% of the cases. Confinnation
analyses indicated that about two thirds of those positive for marijuana had THC in their
system, whereas slightly over one third of those with positive results had marijuana's
secondary metabolite (THC-COOH) in their system (Drummer et al. 2003). A number of
individuals appeared with detectable levels of THC-COOH, which is THe's main inactive
metabolite. The presence of this substance cannot be considered as an indication that the
driver was under the influence of THC when the MVA occurred. The presence of this
metabolite only indicates that the driver has used marijuana in the past and is no longer under
the influence of the main active ingredient (THC). It should be noted that this study does not
tell us if the accidents were caused because the driver was impaired due to marijuana
consumption. Therefore, Drummer and colleagues (2004) continued evaluating the
relationship between the effect of alcohol and drugs with the likelihood of fatally injured
drivers being culpable of the MVA. Drummcr also reported that positive results for THC were
significantly associated with the driver being responsible for the accident. In addition, an even
stronger association was seen between drivers positive for THC and alcohol than those
positive for alcohol only. Whilst 58 participants were found positive with THC alone, 51 of
them were found responsible for the accident. It is worth noting that in 43% of the cases
positive for THC, alcohol was also found, suggesting that THC indeed enhances the effect of
alcohol, resulting in an increase of crash risk (Drummer, 0 et al. 2004). This study was able
to identify individuals that were responsible for the MVA and those that were not, though this
study does not clarify whether those not responsible, but positive for cannabis, were too
impaired to avoid the accident.

Notwithstanding the evidence presented above, some studies indicate that there are not
significant differences between levels of culpability between drivers with levels of THC in
their system and drivers free of drugs (Longo et al. 2000). Longo and colleagues (2000)
examined the relationship between culpability and marijuana use. Longo found that THC
found alone is associated with lower levels of culpability compared to THC and alcohol
together, which are associated with higher levels of culpability (Longo et al. 2000).

Ramaekers (2004) reviewed several studies in which marijuana was detected in a large
proportion of individuals involved in MVAs. Ramaekers concluded that individuals involved
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in MVAs with higher doses of THC in the blood are about three to seven times more likely to
be responsible for the accident compared to drug free individuals (Ramaekers et al. 2004).

The situation in the ACT is not that different. Rudd (2005) tested 505 blood samples collected
from seriously injured drivers within the ACT. Rudd found that the incidence of marijuana
amongst injured patients in the ACT was lower than other studies undertaken in Australia.
However, when comparing the incidence of alcohol and marijuana in the blood of the
participants, marijuana was higher, with 10% of the cases compared to 9% of the cases
positive for alcohol (Rudd 2005). It should be noted that Rudd's study, similarly to other
studies, does not tell us if the cause of the accidents were due to the presence of marijuana
alone or in combination with alcohol. However, it does successfully address the issue that the
presence of marijuana in ACT drivers is a problem that needs to be addressed to improve road
safety. Cashmere (2007) continued Rudd's study on basis that in order to improve road safety,
ACT drivers needed to be screened for illicit substances. Cashmere performed a pilot study of
roadside drug testing within the ACT, in which he tested 100 randomly selected drivers for
illicit substances. Two drivers appeared with detectable levels of THC after confirmatory
analyses by GCIMS. Neither of them was under the influence of alcohol or involved in
MVAs.

b) Do ATS have a link to MVAs?
Walsh and colleagues (2005) tested blood and urine samples from approximately 170 victims
of MVAs. Toxicology analyses revealed that about 6% of the drivers involved in MVAs had
detectable levels of either methamphetamine (MA) or amphetamine (Walsh et al. 2005).
These results clearly demonstrate linkages between drug use and MVAs. However they do not
indicate that ATS were the cause of the MVA. Despite this, this study provides a good
justification for the implementation of routine drug analysis. In another study, Holmgren
(2005), from the National Board of Forensic Medicine in Sweden, tested approximately 850
blood samples from fatally injured drivers for illicit drugs. The results indicated that about
10% of the cases were positive for illicit drugs, ATS being the most common accounting for
60% of the positive cases (Holmgren, Holmgren & Ahlner 2005).

Davey (2009) collected oral fluid samples from about 2600 Queensland motorists and
screened them for illicit substances. About 4% of the total sample appeared with detectable
levels of at least one illicit drug. Of this, about 50 cases were positive for ecstasy with 20
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cases positive for amphetamines. In addition, when Davey compared drug and drink driving
rates in Queensland, he found a higher detection rate (about 4%) of motorists driving with
detectable levels of iIlicit substances in their system than those driving under the influence of
alcohol (about 1%) (Davey, Freeman & Lavelle 2009). This raises concern, as this study
clearly showed the underestimation of the prevalence of driving under the influence of
stimulant drugs, such as ATS in Queensland.

Other Australian jurisdictions also have conducted several epidemiology studies, to determine
the prevalence of illicit substances iI). drivers or potential drivers. A face-to-face survey was
conducted in a popular nightclub in Melbourne, Australia, to determine the prevalence of
nightclub attendees driving influenced by ATS. About 270 nightclub attendees were surveyed
about the use of illicit substances and the mode of transport to return home. Approximately
40% of the participants reported driving under the influence of ecstasy at least once in their
lives and almost 30% had driven influenced by speed. On the night of the survey, about 10%
of the interviewees reported that they were influenced by ATS and they were either planning
to drive on their own, or car pool with someone else who was probably under the influence of
ATS (Degenhardt et.al. 2006). It should be noted that Degenhardt deliberately targeted a high
risk population for illicit drug use. However, this study clearly shows linkages between drug
use and risky driving behaviours.

Drummer and colleagues (2003) evaluated the incidence of illicit substances in drivers killed
in MVAs in three different jurisdictions in Australia. Approximately 3000 blood samples
were taken, from the autopsies of fatally injured drivers, and tested for the presence of alcohol
and illicit drugs. Toxicology results indicated that about 4% of the blood samples appeared
with detectable levels of stimulant drugs, which included methamphetamines and ecstasy.
This study also revealed that the majority of fatally injured drivers with detectable levels of
ATS were long distance drivers, such as truckers (Drummer et al. 2003). Although these
findings raised a concern about those individuals operating heavy and larger vehicles, which
potentially could cause more serious accidents, this study does not revealed whether those
individuals fatally injured were involved in an accident as a result of being under the
influence of ATS. Drummer and colleagues (2004) evaluated the likelihood of fatally injured
drivers in Australia being culpable of the accident they were involved. Drivers positive for
stimulant drugs, such as ATS, and particularly truck drivers were significantly more likely to
be culpable than drivers free of drugs (Drummer,

a et al. 2004).
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Rudd (2005) tested about 500 blood samples of drivers involved in MVAs in the ACT, to
determine the incidence and involvement of psychoactive drugs amongst this particular
demographic group. About 2% of the overal1 sample appeared with detectable levels of ATS.
It should be noted that although this study does not determine if the accidents were due to the

effects of ATS on individuals' driving skills, according to the 2007 National Drug Strategy
Household Survey, ATS such as ecstasy are becoming very common in Australia. Figures
from the survey indicate that ecstasy use (3.5%) occupies second place after marijuana (9.1 %)
amongst Australians age 14 years or older (Australian Institute of Health and Welfare 2008).

A more recent study was performed by the University of Canberra. One hundred randomly
selected drivers in the ACT were surveyed for drug driving behaviours and tested for illicit
substances. Confirmation analysis via GCIMS revealed 5 cases positive for ATS, which was
higher than the 2 cases positives for marijuana (Cashmere 2007). Despite this study targeting
a small non-representative sample size, this study provided information that may be a useful
for policy makers looking at random drug testing in the ACT.

2.3.2.2 Review of experimental studies - THe, ATS and driving abilities
As explained in section 2.2.2, experimental studies are usually laboratory based studies,
where individuals are given different doses of a particular drug, including a placebo as a
control, to test dose-response reflected on their ability to perform tasks related to driving
(Raes, Pil & Verstraete 2009; Ramaekers, JO et al. 2004). Experimental studies can use
interactive driving simulators and real environment settings to test the required skills to
perform complex tasks such as driving (Cashmere 2007; Ramaekers et al. 2004). Most
experimental studies lack the complexity and all the hazards associated with driving a motor
vehicle in a real situation. Even so, experimental studies help us to understand how
individuals may perform in real life if under the influence of drugs.

To determine the effect of alcohol and/or marijuana on individuals' driving performance,
twelve recreational alcohol and marijuana users voluntarily took part in this study (Ronen, et
al., 2010). A car was fitted with a fixed-based driving simulator to create the same
environment as a normal car. In addition, upon consuming doses of alcohol to achieve a 0.05
gldl and a placebo of marijuana containing no THC or consuming a marijuana cigarette
containing 13 mg of THe or drinking alcohol and smoking a marijuana cigarette containing
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13 mg of THC, individuals were asked to do a 10 minute drive at approximately 88 km/hr
under different scenarios. Scenarios included long roads, straight lines, sharp curves and
unexpected events such as oncoming vehicles. Three individuals were involved in a MVA
under the influence of marijuana alone, whereas only two participants were involved in a
MVA under the influence of alcohol. When alcohol and marijuana were consumed together,
the effects of both substances in combination had a greater effect on individuals' driving
performance, as five out of twelve individuals were involved in a MV A. Furthermore, none of
the individuals who were given a placebo were involved in a MVA (Ronen et al. 2010).
Simulator studies suggest that marijuana does affect behaviour and driving performance. In
addition, this study also suggests motor skills could be affected more if marijuana were taken
in combination with alcohol.

Leone and colleagues (2009) compared the effect of alcohol and marijuana on driving
performance between newly licensed drivers and more experienced drivers in Melbourne,
Australia using a driving simulator system. Participants were given two active marijuana
cigarettes containing 19 mg of THe, or one active cigarette and one placebo, or two placebos
as controls and asked to drive on different scenarios set up on the simulator system.
Individuals were tested at specific times about their speed and steering abilities during the
simulation, keeping a constant speed, reaction time and lateral position. Results from this
study indicate that the higher the amount of marijuana consumed, the greater the impairment
achieved, which indicates that there is an association between the amount of marijuana
consumed and driving ability (Lenne et al. 2009).

Papafotiou and colleagues (2005) also from Australia found similar results in a study where
40 individuals voluntarily consumed marijuana cigarettes containing different concentrations
of THe classified as either low (:::0.8 g) or high (:::1.7 g), or a placebo. Each individual
performed a number of tests, which included

hand~eye

coordination, walk and tum, one leg

stand, basic steering and speed control test via a driving simulator. Results of this study
indicated that the higher the amount of marijuana consumed by participants the lower their
driving abilities were, as participants showed less confidence whilst driving in the driving
simulator, resulting in a more conservative driving performance (Papafotiou, Carter & Stough
2005).
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With regards to ATS fewer experimental studies have been undertaken to detennine whether
ATS decrease essential driving skills such as hand-eye coordination, tracking perception,
attention abilities and reaction time. A very recent study conducted by Bosker and colleagues
(2010) in the Netherlands included sixteen volunteers who were administered a placebo, 25
mg, 50 mg and 100 mg of MDMA. The tests included in study examined psychomotor and
subjective measures. With regards to psychomotor tasks, MDMA did not have any effect on
performance. However, it is worth noting that recreational drug users usually consume ATS at
dance party scenes and hence stay awake for long hours. This study also revealed that lack of
sleep and rest amongst participants who took MDMA the night before significantly affected
psychomotor function (Bosker et al. 2010). This will have a negative impact upon driving
skills after a night out.

Also in the Netherlands, Dumont and colleagues (2008) assessed the effects of 100 mg of
MDMA on memory, psychomotor, visual coordination and attention functions on sixteen
healthy volunteers. Alcohol was also used for comparison. Results of this study revealed that
MDMA alone impaired some skills that are important for safe driving. In addition, this study
also revealed that a single 100 mg dose of MDMA was similar to the effect produced by two
to three alcoholic drinks (Dumont et al. 2008).

Although experimental studies do not directly involve marijuana and ATS as causes of MYAs
in real life environments, these studies show the overall negative effects of these substances
upon motor skills and driving behaviours that may result in accidents.

2.3.3 Current ACT legislation
On the 30th of June 2010 the Legislative Assembly passed a roadside drug testing law, in
which they gave the power to ACT Policing to randomly drug test ACT drivers for marijuana,
methamphetamine and ecstasy. This was despite a lot of concern raised by the Human Rights
Commissioner and the Police Chief with regards to human rights and proper laboratory
testing respectively. However, according to Chief Minister Jon Stanhope, it may take time for
ACT Policing to start random drug testing ACT drivers (ABC News 2010), as the Road
Transport (Alcohol and Drugs) (Random Drug Testing) Act 2010 is still to begin. The default
start date of this Act is 13th of January 2011 (ACT Government 2010c).

29

Under this new Act, ACT Policing will have the power to stop drivers at random and test
them for marijuana and ATS. Individuals that appear with detectable levels of marijuana
and/or ATS in a given oral fluid sample may be taken into custody. Individuals taken into
custody must provide another oral fluid sample for confirmation analysis, which will be
carried out by a qualified analyst using validated instrumentation. Under this legislation, the
ACT Policing may ask detainees to provide a third oral fluid sample if the second sample
provided has to be disregarded for any reason (ACT Government 20lOc).

The new section 20 of Road Transport (Alcohol and Drugs) (Random Drug Testing) Act 2010
makes it an offence if individuals drive a motor vehicle with detectable levels of marijuana
and/or ATS in their system (ACT Government 201Oc). It should be noted that with this new
amendment, ACT Policing do not have to prove if individuals are driving under the influence
of drugs to such as extent as to be incapable of having proper control of the motor vehicle
(ACT Government 2009); simply obtaining a positive results from the screening would be
enough to charge drug drivers.

There is still a lot of debate about the new random drug testing law. In an article published by
The Canberra Times (2010), Attorney General Simon Corbell accused the Liberals and the
Greens of being impatient and rushing through a roadside drug testing law that still has a lot
of gaps (Towell 2010). Given that the new legislation does not specify the time it takes for a
result to come out, Mr Corbell said that "it is not clear in the legislation that the driver must
remain at the random drug testing site until the results are ready" (Thomson 2010).

Another argument is that in this new legislation the police may ask detainees to provide
another oral fluid sample for confirmation analysis if the previous sample provided had to be
disregarded (ACT Government 201Oc). However, according to the Australian Labor Party, "it
is an

offen~e

against individuals' rights to enforce this condition" (Thomson 2010).

2.3.4 Issues regarding the use of saliva as a forensic matrix in tests of drugs
of abuse
Because the ACT Government in the new Road Transport (Alcohol and Drugs) (Random
Drug Testing) Act 2010 is mandating the use of oral fluid collection for testing for the
presence of illegal drugs in drivers, it is worth examining the strengths and weaknesses of the
use of saliva as a forensic matrix in analyses of illicit drugs.
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A mixture of the fluids from major and minor salivary glands and gingival crevices compose
what is normally referred to as saliva andlor oral fluid. However, the distinction between
saliva and oral fluid is not often made. The tenn saliva refers to a watery fluid, free of other
materials, excreted into the mouth from a specific salivary gland, whereas oral fluid is a
mixture of all the fluids from the glands and crevices that may contain other materials (e.g.
food residues) (Crouch 2005). Saliva or oral fluid is easily and rapidly collected using noninvasive methods, making it a useful forensic specimen for drug screening. (Navarro et aI.
2001). However, the possible effect of saliva collection techniques in the detection levels of a
particular drug have been neglected (Crouch 2005)".

Saliva collection techniques can be divided into natural and mechanical techniques. Natural
methods do not involve any foreign substances or material to enhance saliva production (e.g.
tongue or lip movements) whereas mechanical methods need external stimulus to enhance
saliva production (e.g. chewing gum, lemon drops). After stimulation, saliva samples can be
collected by expectoration or by using absorbent materials such as oral cotton swabs (Crouch
2005). Various issues are associated with the mechanical stimulation of saliva production
(Crouch 2005). Stimulation with lemon drops, because of the presence of citric acid, lowers
the pH in saliva. A change in saliva's pH may lead to a change in the amount of drug that gets
transferred to saliva (Crouch 2005). For example if saliva's pH decreases, a greater proportion
of basic drugs such as ATS will be ionised and hence the concentration of ATS in saliva
would appear to increase (Homing et al. 1977). Many factors may contribute to the amount of
saliva secreted per individual. Natural saliva stimulation may not work when a person is
affected by alcohol, illicit substances andlor medications that affect the central andlor
peripheral nervous system. The production of saliva decreases up to a point where the person
is unable to provide any saliva by natural methods. In addition, age, level of anxiety and
hydration status are also important factors that may reduce the nonnal flow of saliva secretion
(Aps & Martens 2005).

Once enough saliva is collected, all samples need to undergo pre-treatment or sample
preparation before being analysed by GCIMS. Sample preparation includes removing all
material that may interfere with the chromatographic process (e.g. eliminating material that
may affect chromatographic resolution, injection andlor interfere with determination of the
drugs under study) (McDowall 1989).Two extraction techniques can be used as a pre31

treatment of saliva samples for the determination of drugs of abuse - liquid-liquid extraction
and solid phase extraction, described below.

2.3.4.1 Liquid-liquid extraction (LLE)
LLE involves the extraction of a drug and/or metabolites, contained in an aqueous phase, by
using organic solvents. To extract the drug from the aqueous phase, the drug must possess
greater solubility in the organic phase than the aqueous phase. Choosing the most appropriate
solvent is critical, as this will play an important role in the amount of drug that gets recovered
from the aqueous phase (McDowall, Pearce & Murkitt 1986). For instance, THC possesses
very low solubility in water. However, it is highly lipid soluble (Nocerino, Amato & Izzo
2000); this allows extraction of THC with an organic solvent (e.g. Cyclohexane) from the
aqueous phase. One disadvantage of LLE is that it cannot be used to extract every kind of
molecule. For example, highly polar molecules will remain in the aqueous phase and it will be
very difficult for the organic phase to extract them under normal circumstances. To extract
highly polar drugs from the aqueous phase with organic solvent, a proper mixing procedure
must be implemented to avoid emulsion formation. This is critical and possibly the biggest
disadvantage of this method, as emulsion formation causes drug loss, hence the recovery will
be less (McDowall, Pearce & Murkitt 1986).

2.3.4.2 Solid phase extraction (SPE)
SPE is another technique that can be used to extract compounds from a forensic matrix.
Instead of using an organic solvent to extract the desired compound from the aqueous phase,
an adsorbent material is used (e.g. cartridge or column). After conditioning of the adsorbent
material, the forensic specimen is added to the cartridge, the drug in study remains attached to
the adsorbent material and then an appropriate solvent is used to elute the drug from the
adsorbent material (McDowall, Pearce & Murkitt 1986). This methodology offers many
advantages such as cleaner extracts, higher selectivity and the avoidance of emulsion
formation, amongst others (Apollonio 2007; McDowall, Pearce & Murkitt 1986). Several
configurations of SPE and several analytical methods are available for the extraction and
isolation of ATS. Apollonio (2007) uses a mixed mode SPE configuration, consisting of
cartridges with both cation-exchange and reverse-phase functionalities. This permits the
attachment of ATS to adsorbent material in the cartridge. The next critical step is to find an
appropriate elution solvent to extract the ATS from the cartridge. Apollonio (2007) analysed
several reagent mixtures to find out which one provided the best response upon derivatisation
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and analysis by GCIMS. It was found that a mixture of 2% (v/v) ammonium hydroxide in
methanol was the most appropriate solvent mixture. This result provided a good insight into
the use of an appropriate reagent mixture for the extraction of ATS by SPE.

It is worth noting that both LLE and SPE are techniques that facilitate the extraction and
purification of drugs from forensic specimens. Finding an adequate extraction method is also
critical, as this may help in reducing the chances of cross-reactivity with other metabolites
that may interfere in the detection of the drug in study and hence produce a false positive
reading.

2.4 Summary
THC is a central nervous system depressant that affects behaviour and driving performance
due to its effect on cognitive and psychomotor functions (Ronen et al. 2010). In addition, the
higher the amount of THC consumed the higher the impairment produced (Lenne et al. 2009;
Ronen et al. 2010). ATS such as speed and ecstasy are also psychomotor stimulants. The
effects of these drugs have been shown to cause an increase in one's desire to take risks,
resulting in potentially dangerous behaviour (Degenhardt et al. 2006). Users cannot control
the effect of these drugs on their cognitive and psychomotor functions due to the uneven
levels of active ingredients, added adulterants with their own effects and different
administration methods.

Linkages between THC/ATS to MVAs have been extensively evaluated through
epidemiology and experimental studies. Although these studies have indicated that THC and
ATS do impair individuals' ability to drive safely, they have failed to directly compromise
these substances as the main cause of MVAs.

In the ACT, drug driving is of increasing concern. Therefore, new measurements of law
enforcement have been introduced. ACT Policing have now the power to screen oral fluid
samples for illicit drugs from randomly selected drivers in the ACT. This may be the most
efficient way to deter drug driving and keep safer roads in the territory. Similar to the random
breath test, risk factors such as having an accident or the chances of getting caught by the
police may have a significant impact in increasing public awareness and therefore individuals
may rethink driving under the influence of drugs.
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Chapter 3 Methods
3.1 Introduction
Based on Cashmere's 2007 pilot roadside drug test study this current study followed by
studying additional on-road drivers, potential drivers of targeted drug use groups and new
holders of driver licences in the Australian Capital Territory (ACT). The purpose of this study
was to determine risk perceptions, drug use and driving behaviours to aid in designing
effective preventive measures and educational programs. To achieve this purpose, this study
was undertaken in two parts: (1) laboratory work for the presumptive screening of the 600
oral fluid samples obtained from 200 nightclub attendees and 400 drivers on the ACT roads
and (2) a survey of 200 nightclub attendees and 400 drivers on the ACT roads in addition to
500 newly licensed drivers.

Research participants for the saliva sampling plus survey were recruited through two separate
processes. To target the 200 nightclub attendees, we set up a research site near the principal
nightclub area in the ACT to conduct a semi-structured survey to explore drug use and driving
behaviour of the nightclub attendees (see Chapter 5). In addition, we also collected a sample
of their saliva, which was screened for illicit substances (see Chapter 4). To target 400 onroad drivers, we set up a saliva collection site approximately 50 metres away from the ACT
Policing random breath testing (RBT) site. The ACT Policing screened each driver for alcohol
levels. Those drivers that were under the legal limit for alcohol were directed to our collection
site. One of our research assistants invited each driver to participate in our study by donating
a saliva sample (see Chapter 4) and completing a self-reporting questionnaire about their drug
use and driving behaviour (see Chapter 6).

Analysis of the saliva samples was carried out usmg BioQuant Direct Enzyme Linked
Immunosorbent

Assay

(ELISA)

kits

for

methamphetamine

(MA)

and

/19_

tetrahydrocannabinol (THC). The 600 oral fluid samples were presumptively screened for the
presence of commonly used psychoactive drugs, including THC and amphetamine type
substances (ATS). This Chapter intends to provide information regarding ELISA test
methodology. However, sampling technique and detailed methodology shall be described in
greater detail in Chapter 4.
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For the second part of this study, a semi-structured questionnaire was developed to examine
drug use and driving behaviour of targeted groups. The structure of the questionnaire was
developed based on Duff & Rowland's (2006) semi-structured survey from the Centre for
Youth Drug Studies, Australian Drug Foundation, Melbourne, Australia. The questionnaire
included questions addressing demographic, driving history, drug use, driving behaviours and
risk perceptions (see Appendices A, B and C). Chapters 5 to 7 expand on this infonnation and
describe the survey used in details for the three targeted groups.

After the approval of this survey by the University of Canberra's Ethic Committee for Human
Research, the survey was distributed to targeted groups in three ways. First, it was given to
200 nightclub attendees. Venue attendees were invited to be part of our study. Those who
agreed to participate were surveyed about their drug use history and driving behaviours using
the entertainment venue attendee questionnaire (see Appendix A). Second, it was distributed
to 400 drivers on roads. ACT Policing advised drivers whether or not they were free to
continue on their way. Those who were free to continue, due to a blood alcohol concentration
(BAC) level lower than the legal limit (0.05 gldl) were invited to participate in our road safety
research project. Those who agreed to participate were surveyed about their drug use history
and driving behaviours using the on-road driver questionnaire (see Appendix B). Third, an
online version was also set up on the University of Canberra's website. This last version
particularly intended to target 500 newly licensed drivers, to explore their drug use and drug
driving behaviours. Newly licensed drivers were those seeking a learner-licence permit, those
upgrading to provisional-licence permit and those converting/transferring their licence from
overseas or other places in Australia to the ACT. Hard copies of the online survey (See
Appendix C) were also provided to the Road Ready Centre - Watson, located in Block D,
Canberra Technology Park, to enhance participation of younger and newer drivers, as they are
considered high risk drivers for accidents. The sampling technique and methodology of the
three targeted surveyed groups shall be described in greater detail in Chapters 5, 6 and 7
respectively.

This Chapter explains the instrumental techniques and procedures implemented for the
presumptive analysis of oral fluids. This Chapter will also provide general infonnation
regarding confinnatory analyses.
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3.2 Immunoassays
Immunoassays are bio-analytical methods commonly used both in clinical and research
laboratories. Immunoassays are specific, sensitive and quick. This makes them very important
in the determination and documentation of recent consumption of drugs (Butler Jr & Vincent
1975), especially those that are related with motor vehicle accidents.

Immunoassay methods for drug analysis are based on the response generated by the reaction
between drug specific antibody and an antigen (Findlay et al. 2000). They also involve the
incubation of drug-specific antibody and drug-carrier conjugated with known concentrations
of the drug in study (Butler Jr & Vincent 1975) to produce a response. Unknown amounts of
drug present in a given forensic sample can be determined by interpolation from a calibration
curve. However, the following aspects must be considered: the carrier fluid to be tested
should not degrade the drug of interest, and the carrier fluid should not contain other
constituents with high cross-reactivity with the drug antibody (Butler Jr & Vincent 1975;
Findlay et al. 2000). If that were the case, a more specific technique must be used to separate
parent drug from its metabolites to find true concentrations of the drug in study.

ELISA is one type of immunoassay suitable for the detection of drugs of abuse. ELISA is a
sensitive analytical method that also involves the reaction between an antigen and an antibody
in vitro, for the detection and quantification of antigens or antibodies (Kerrigan & Phillips
2001).

3.2.1 ELISA - Principle
ELISA kits normally consist of three main components: antibody, enzyme and substrate.
ELISA tests are performed in micro-well plates. Each micro-well is pre-coated with
polyclonal specific antibody (e.g. anti-methamphetamine, anti-cannabinoids), which gets
immobilised in each micro-well (Direct ELISA, see section 3.2.2.1). After the addition of an
unknown specimen (analyte) (e.g. oral fluid, blood, urine) that may contain the drug of
interest to the micro well, a labelled enzyme conjugate that contains the drug of interest bound
to the enzyme horseradish peroxidase is also added. The unlabeled antigen (analyte) and the
enzyme labelled antigen (enzyme conjugate) compete for purified polyc1onal antibody
binding sites in the micro well. The wells are then washed thoroughly, hence eliminating all
unbound analyte and labelled enzyme. A chromogenic substrate, which produces colour when
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bound to the enzyme horseradish peroxidise, such as tetramethylbenzidine (TMB substrate) is
added. However, the presence of free drug decreases this activity, as there will be very little
bound enzyme conjugate present and hence less substrate colour formation. The colour
formation is stopped using a diluted acid solution and then the wells are read at !.max = 450
nm. The intensity of the colour developed is inversely proportional to the concentration of
drug in the sample (Apollonio et al. 2007; Kerrigan & Phillips 2001). Figure 3.1 shows a
general schematic procedure for the screening of unknown specimens using ELISA.
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Figure 3.1: Schematic procedure for the screening of unknown specimens using ELISA - adapted from
Neogen 2004.
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3.2.2 Type of ELISA
There are many types of ELISA tests in the market. Each has advantages and disadvantages.

In addition, the general procedure described above may be altered. This section will provide
infonnation regarding the principle of each type of ELISA method and advantages and
disadvantages of direct, indirect, sandwich and competitive ELISA. We used Direct ELISA
kits for the screening of 600 oral fluid samples (see Chapter 4 for more details).

3.2.2.1 Direct ELISA
The Direct ELISA test is a method used specifically for the detection of antigens. This test
follows a procedure where a known primary antibody specifically labeled is placed and
adsorbed inside each micro-well pre-coating each well before analysis. After washing out the
excess of antibody, the sample (forensic specimen) or control is also added to the well. An
enzyme linked antibody capable of reacting with the antigen is also added. If any antigen is
present in the well, the enzyme linked antibody will bind to it. Finally, a chromogenic
solution substrate is added. Development of colour indicates less analyte present in the sample
(Prescott, Harley & Klein 2005) (see figure 3.1).

This assay is attractive for the presumptive screening of drugs of abuse, as it is a quick
method since only one specific antibody is used. This specificity allows identification of the
presence of individual compounds in a given specimen and eliminates cross reactivity of the
secondary antibody. This is important as it reduces the probability of mistakenly identifying a
secondary metabolite instead of the parent drug. It is worth noting, however, that the labelling
of each primary antibody is also time-consuming and expensive when the kits are being
developed.

3.2.2.2 Indirect ELISA
The indirect ELISA test is very similar to the direct ELISA procedure. However, instead of
using a known antibody, antigen is added and adsorbed in the micro-well. After rinsing all
excess antigen, the sample containing the antibodies is added. Enzyme linked antibodies
capable of reacting with other antibodies is also added followed by the addition of the
chromogenic substrate for the development of colour. Development of colour indicates the
presence of antibody being identified (Prescott, Harley & Klein 2005).
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3.2.2.3 Sandwich ELISA
In this case each well is coated with capture monoclonal antibody. After removing all excess

of capture monoclonal antibody from the well, a sample suspected of carrying the antigen is
added to the well. A second monoclonal antibody which is linked to an enzyme and capable
of reacting with the antigen is added. This enzyme linked antibody immobilises the antigen.
Therefore the antigen is placed in between the monoclonal antibody attached to the microwell plate and the second monoclonal antibody attached to the antigen. A chromogenic
substrate for the development of colour is added. Development of colour indicates the
presence of antigen being identified (Kummitha et al. 2009).

3.2.2.4 Competitive ELISA
Another use of ELISA is through competitive interactions between an antigen and an
antibody. In this case, an unlabeled antibody is incubated in the presence of its antigen. This
complex mixture is then added to the micro-well, where it gets attached or adsorbed. After
rinsing the well to remove the excess of the complex mixture, a secondary antibody specific
to the primary antibody is added. This secondary antibody is linked to an enzyme. A
chromogenic substrate is added to produce colour when in contact with the enzyme. It is
worth noting that development of colour indicates less presence of antigen in the sample
(Harrington, Edwards & Wischik 1990).

3.3 Confirmatory Method
Various instrumental methods may be used as a confirmatory technique after the screening of
forensic samples. However, gas chromatography coupled with mass spectrometry (GC/MS) is
probably the most common specialised technique used in confinnatory analyses in areas such
as medicine, environment and law enforcement (Karasek & Clement 1988).

In this study, we were unable to confirm presumptive results obtained from the screening of

oral fluid samples mainly because the GC/MS available for this purpose, located at the
University of Canberra's Forensic Laboratory, did not meet all the requirements needed for
the analysis of THC and ATS. Unfortunately this problem could not be resolved in time to
incorporate results into this thesis. However, information regarding GC/MS technique,
including standard operational procedures that may be use in confirmation analysis of THC
and ATS in oral fluids is provided in Appendix F.
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Chapter 4 - Presumptive Screening of Oral Fluid
Samples for A9- Tetrahydrocannabinol and
Amphetamine Type Substances Using BioQuant
Direct Enzyme Linked Immunosorbent Assays
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Chapter 4 Enzyme Linked Immunosorbent Assay (ELISA)
This Chapter introduces the impact of recreational drug use on the development of analytical
techniques for the identification and quantification of drugs of abuse. Then the methods
employed for the presumptive analysis of THC and ATS in oral fluids are described. This
includes the optimisation of the calibration model for the ELISA kits, as well as standard
curve preparation and ELISA procedures. The findings from the presumptive analysis of 600
oral fluid samples from the three targeted groups (new licensee, nightclub attendees and ACT
motorists) are presented. The discussion canvasses some issues and limitations of the ELISA
technique as well as recommendations for future analyses.

4.1 Introduction
Although the use and misuse of legal and illegal substances are well recognised as leading
health and social problem in Australia (Australian Institute of Health and Welfare 2008),
interest in understanding the impact that these drugs have on individuals' ability to drive
safely is relatively new. The consumption of substances such as cannabis and amphetamines,
which are primarily used in the nightclub setting, has been stable. In addition, these drugs are
also commonly found in motor vehicle accidents (Degenhardt et al. 2006; Drummer, 0 et al.
2004; Rudd 2005). Recreational drug use has led to a rapid growth in developing and
implementing clinical and forensic toxicology analysis for drug detection. (Laloup et al.
2005). This allows for quantifying the presence of these drugs in drivers, thereby enabling
legislative action.

Immunoassays play an important role in the screening and semi-quantification of chemical
substances in toxicological and forensic analyses. Immunoassays are analytical methods
based on the response produced by the reaction between an antibody and an antigen. The
concentration of unlabeled antigen can be determined by interpolation from a standard curve
(Findlay et al. 2000). Although immunoassays are less precise than chromatographic methods,
they have several advantages for the presumptive screening of drugs. Compared to
chromatographic systems, they are low cost, specimens do not usually need any pre-treatment
prior to analysis and they can be used to analyse small and macromolecules (Findlay et al.
2000).
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The enzyme linked immunosorbent assay (ELISA) was used for the presumptive analysis of
,1.9 -tetrahydrocannabinol

(THC) and amphetamine type substances (ATS) in this study.

ELISA was particularly suitable as it can be used for analysing oral fluids at concentrations of
6ng/ml or below (Apollonio et al. 2007). Further, due to the high cross reactivity between
methamphetamine (MA) and MDMA (see Appendix D), ELISA allowed the analysis of both
drugs in one assay (Apollonio et al. 2007; Findlay et al. 2000).

4.2 Materials and Methods
This section shows materials and methods employed for the presumptive analysis of THC and
ATS in oral fluids from 200 nightclub attendees and 400 on-road drivers. Information
concerning samples, reagents and equipments as well as the optimisation of the calibration
model for the ELISA kits for presumptive analyses is included. This information will provide
useful data regarding the prevalence of drugs present in oral fluid samples of targeted groups.

4.2.1 Samples, reagents and equipment
To determine the prevalence of illicit substances in targeted groups, specimens were collected
from two sources, as described in Chapter 3:
(1) 200 Nightclub attendees leaving entertainment venues in the principal nightclub area in

the ACT,
(2) 400 Drivers on ACT roads.

Oral fluid collector kits, purchased from Banksia Scientific, Brisbane, Australia, were used
for sample collection. Oral fluid collection involved placing an oral swab in the participant's
mouth for 3 minutes then removing it and squeezing the swab on a saliva collection tube to
collect the oral fluid. Participants who were unable to provide any oral fluids, due to dry
mouth, were asked to spit in the saliva collection tube. Samples were then sealed and placed
in a cooler and taken to the laboratory for analysis.

For the analysis, positive and negative controls for MA (50 ng/ml) and THC (10 ng/ml) were
supplied along with conjugate, substrate, stop reagent and the Bio-Quant Direct ELISA assays
for MAlMDMA (BQ090D) and THC (BQ205-096) (Bio-Quant Inc, USA). Phosphate
buffered saline (PBS) was prepared by dissolving PBS tablets (AMRESCO, Biotechnology
Grade, Ohio, USA) in deionised water (pH 7.4). Wells were washed using deionised water in
an automatic plate washer Instrument (Nunc-Immuno Wash 12, Thermo Fisher Scientific,
46

USA). The Benchmark Plus plate reader (Bio-Rad microplate spectrophotometer, USA) was
used to determine the absorbance at Amax =450 nrn.
Microsoft® Office Excel 2003 and GraphPad Prism version 5.00 for Windows (GraphPad
Software, San Diego California, USA) were used to analyse raw data and to create standard
curves. In addition, Chi-square test, to determine whether two cross-classified variables are
independent of each other, was used via SPSS 17.0 for Windows.

4.2.2 Presumptive tests
After sample collection and purchase of consumables, presumptive screening tests were
perlormed on a total of 600 oral fluid samples obtained from individuals leaving
entertainment venues and drivers on the ACT roads. This was done to determine the
prevalence of illicit substances such as THC and ATS in oral fluid samples of targeted groups.
Specimens were transferred from saliva collector kits to 1.5 ml Eppendorl tubes and
centrifuged at 3000 rpm for 5min prior to analysis. Samples were screened the same day for
THC and ATS. Upon finishing the analyses Eppendorl tubes containing the specimens were
stored at minus 80

cc for future

confirmatory analyses. ELISA kits used were specific for

THC only and MA only; however, the high cross reactivity between MA and MDMA due to
the reported high affinity of the specific reagents for these two metabolites enables the
screening for both in one assay (BioQuant Diagnostic Kits 2008).

4.2.3 ELISA kits optimisation
A calibration curve model was determined prior to the presumptive analysis of the 600 oral
fluid samples collected from targeted groups (see figures 4.1 and 4.2). THC and MA positive
controls were used to create dilution series that ranged from approximately 1-lOng/ml for
THC and I-50 ng/ml for MA. THC and MA negative controls provided with each kit, PBS
(pH 7.4) and one oral fluid sample free of THC and MA collected from a single source were
used as negatives controls (refer to section 4.2.4 for standard curve preparation). Another oral
fluid sample collected from a different source was used as unknown specimen (US) and
analysed following the ELISA procedure provided by the manufacturer (refer to section 4.2.5
for ELISA procedure). 10 fll of undiluted US were placed into individual micro-titration wells
followed by 10, 20 and 50 fll of US (1 :5) diluted with PBS (pH 7.4). The same process was
repeated with spiked US (2 ng/ml) to see if a dilution factor of 1:5 was necessary for the
analysis of THC and MA in oral fluids. This process was repeated four times.
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4.2.4 Standard curve preparation
Drug free saliva collected from a single source and PBS (pH 7.4) were used as negative
controls. THC (10 ng/ml) and MA (50 ng/mt) positive control, provided with each ELISA
kits, were diluted in PBS (pH 7.4), giving final concentrations of 10, 4.8, 2.3 and 1.1 ng/ml
for THC assay and 50, 24, 11.52, 5.529, 2.654 and 1.274 ng/ml for MA assay. Given that BioQuant Direct ELISA kits are sensitive up to 1 ng/ml, according to their sensitivity assay, 1.1
ng/ml (lowest point in our standard curve before zero for THC) and 1.274 ng/ml (lowest point
in our standard curve before zero for MA) were chosen as cut-offs. If the average sample
absorbance was equal or less than the average absorbance of the cut-off positive reference
standard, the sample was deemed positive for the drug. Standard curves were prepared in
duplicates in every assay. The standard curve for THC and MA, shown in figure 4.1 and 4.2
are a representation of the standard curves produced in each ELISA plate. Standard curves
were prepared as duplicates in each plate.

4.2.5 ELISA procedure
Analyses were performed following the assay procedure provided by the manufacturer
(BioQuant, Inc, USA). Positive standard concentrations, negative controls and oral fluids
were analysed as duplicates. All samples and reagents were brought to room temperature and
gently mixed before adding them to the appropriate wells of the 96 well plates.

After the addition of 10
assigned well, 100

~l

~l

of standard, control and oral fluid samples in duplicate to each

of the enzyme conjugate (drug-horseradish peroxidase) was added. All

sides of the plate were tapped to ensure proper mixing. Plates were then placed in the dark for
60 minutes at room temperature (;::: 23°C) for incubation. After the incubation period, plates

were washed with approximately 350

~l

of deionised water using the plate washer

autoclavable instrument. This process was repeated 6 times, to ensure the removal of all
unbound drug and drug conjugate. The residual moisture was removed by inverting wells and
vigorously slapping them on absorbent paper. TMB substrate (100

~l)

was added to each well

and incubated in the dark for 30 minutes at room temperature. Finally 100

~l

of stop solution

(IN HCI) was added to stop the reaction between the substrate and drug-horseradish

peroxidise. This changed the blue colour, formed by the addition of TMB substrate, to yellow
and hence allowed the absorbance of each well to be determined at ""max = 450 nm.
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4.3 Results
4.3.1 Cannabinoids
A total of 600 saliva samples were presumptively tested for the presence of THC, using BioQuant Direct ELISA kits. Figure 4.1 shows the standard curve for THC. The THC standard
curve exhibited a linear distribution (R2 > 0.99). Therefore, linear regression was used to
interpolate unknown values. Table 4.1 shows presumptive concentrations of samples found
positive for THC and ATS.
Figure 4.1: Standard curve Cor tetrahydrocannabinol (THe)

Standard curve for tetrahydrocannabinol using
BioQuant Direct ELISA for THC (pBS, pH 7.4)
~

1.5 -

Y =0.0406x + 0.4999

~

2

=
1.0
=
a.

R

~

til
~

~
~

0.5

111""

Aa

-

-*

-

-

C

=0.9911

0.0

a

2

4

6

8

10

12

Concentration (ngIml)

4.3.2 Amphetamine types substances
When graphed, the standard curve for methamphetamine exhibited a non-linear distribution
(fig 4.2), which is somewhat characteristic for immunoassays (Findlay et aI. 2000). Based on
those results, GraphPad Software, was used to determine curve best fit (R 2 = 0.9868) using
non-linear regression analyses. Although this computer software gives .os the opportunity to
interpolate unknown values from standard curve (table 4.2), as mentioned above, the Direct
ELISA kits for methamphetamine only provide preliminary results.
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Figure 4.2: Standard curve for methamphetamine (MA)

Standard Curve for methamphetamine using BioQuant
Direct ELISA for MA (pBS, pH 7.4)
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4.3.4 Presumptive positives
Presumptive assays of the 600 oral fluid samples collected resulted in 50 participants (8.3%)
with detectable levels of either THC and/or ATS. Of the overall sample (n=600), 37
individuals tested positive for THC and 14 participants for ATS. Only one participant tested
positive for both THC and ATS. Figure 4.3 shows the proportions of presumptive results for
individual drugs.
Figure 4.3: Overall presumptive positive results

Overall presumptive positive results (n=600)
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Of the 200 nightclub attendees tested, 23 individuals (about 11 %) presumptively appeared
with detectable levels of either THC and/or ATS. In contrast, of the 400 drivers tested, 27
participants (about 7%) were found positive for either THC and/or ATS. Figure 4.4 shows
proportions of targeted groups with positive results for THC or ATS.
Figure 4.4: Presumptive proportions of individuals positive for THe and ATS per targeted group

Individuals positive for THe and ATS per targeted
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Table 4.1 summarises demographic information (age and gender) from the 50 individuals that
appeared with detectable levels of THC and ATS. Sample numbers preceded by the letter "T'
represent those participants leaving entertainment venues and those sample numbers preceded
by the letter "R" represent those who were driving their cars. Of the 50 participants that
appeared positive for THC and ATS, 33 were males and 17 were females. Their age ranged
from 17 to 47 years with a median of 21 years. The purpose of this experiment was to find the
prevalence of individuals driving their cars or potential drivers leaving entertainment venues
with detectable levels of THC and ATS in oral fluids. Therefore, concentrations for MA and
THC shown herein represent preliminary analytical test result. A more specific instrumental
analytical method such as gas chromatography coupled with mass spectrometry (GCIMS)
must be used for confirmation purposes.
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Table 4.1: Gender and age groups positives for THC and ATS (T= nightclub attendees, R=drivers)
Results
Sample ill

T7
TI9
T21
T35
T39
T40
T41
T43
T51
T52
T63
T64
T69
T91
TIll
TI13
. TI29
TI53
T159
T171
TI72
TI74
TI89
R20
R93
R95
R106
RI07
RI08
RllO
RIB
R119
R121
R124
R182
R214
R221
R226
R229
R236
R237
R244
R247
R322
R342
R344
R348
R373
R384
R407

Gender

F
M
M
M
M
M
M
M
M
M

M
M
M
M

M
F
M
F
M
F
F
M
M

M
F
F
M
M

F
F
M
F
M
F
M

M
M
F
F
M
M
F
F

M
M
M
F

M
F
M

Age
20
19
19
18
19
19
20
28
25
21
20
18
31
20
17
23
26
21
19
18
18
22
21
23
45
26
25
36
24
19
35
20
34
20
23
22
26
34
20
44
22
32
22
25
19
19
21
20
23
19

THC (nglml)

MA/MDMA (ng/ml)
50+

5.20
50+
2.68
5.37
4.37
3.16
6.64
3.58
2.84

50+
50+
50+
50+
7.80
50+
50+

3.62
1.72
1.84
1.94
2.12
4.23
3.08
4.01
2.67
2.37
2.91
1.70
2.90
4.25
1.56
1.81
1.26
2.03
2.91
11.61
2.79
2.94
2.81
4.17
2.95
3.20
3.14
1.47
50+
15.85
2.22
1.10
1.56
1.10
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4.3.5 Alcohol findings
ACT Policing RET screened approximately 1000 drivers for alcohol levels. Ten individuals
(1 %) produced a reading above the legallimit of 0.05 g1dl. Although only 40% of the drivers
screened for alcohol agreed to participate in our study, about 3% of these presumptively
tested positive for illicit substances. Figure 4.5 shows a comparison between cases positives
for alcohol and drugs considering 1000 drivers as the sample size.
Figure 4.5: Comparison - samples positive for alcohol or drugs

Comparison of cases positive for alcohol and illicit
drugs from drivers on the ACT roads
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With regards to nightclub attendees, no data were recorded regarding those participants that
were over the legal limit for alcohol (0.05 g1dl), as this was outside the scope of the study.

4.4 Discussion
This discussion will begin by outlining some of the limitation encountered on this study,
including BioQuant Direct ELISA kits for MA and THC and cross-reactivity between main
active compounds and secondary metabolites. Secondly, it will canvass the advantages and
disadvantages of the use of oral fluid as a forensic matrix. It will continue by outlining
differences between plasma drug concentration levels and oral fluids and their relationship
with level of impairment. Finally it will discuss the likely prevalence of illicit drug use and
driving in the ACT and make recommendations for future work.
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4.4.1 Limitations
BioQuant Direct ELISA kits show several advantages for the presumptive screening of illicit
drugs in saliva. However, there were some limitations imposed. BioQuant Direct ELISA kits
for MA had a reported high cross reactivity with MDMA (See Appendix D, cross-reactivity
135), which enabled the screening of both drugs in a single assay (instead of separately).
However, based on the presumptive results obtained (see table 4.1), a clear disadvantage was
that it was not possible to know if any of the individuals who gave a positive result for ATS
were positives for MA, MDMA or both drugs. It should be noted that ELISA assays only
provided presumptive results and it was not possible to accurately quantify concentrations of
THC and MA or MDMA present in the oral fluid samples. However, research has suggested
that it is currently not possible to determine the level of impairment an individual may have,
given an oral fluid concentration and hence, a positive result should be considered as a
predictor of the presence of the active ingredient in blood (Aps & Martens 2005; Navarro et
al. 2001; Verstraete 2005). In addition, the relationship between oral fluid concentration level
and impairment is yet to be fully determined.

4.4.2 Oral fluid as a forensic matrix
Oral fluid as a forensic matrix provides several advantages as compared to blood and urine
(Drummer 2006) Being inexpensive, easy to handle, and not requiring specialised training or
invasive procedures for rapid collection, oral fluids are a practical choice for toxicological
analyses for the detection of illicit substances in drivers (Aps & Martens 2005; Drummer
2006; Navarro et al. 2001). Despite all. these attributes, factors such as pKa, size of the
molecule, the degree of protein binding and lipid solubility of the drug affect the disposition
of illicit substances or drugs in general into oral fluids (Crouch 2005). In addition, these
factors may interfere with an accurate quantification of the amount of drug present in oral
fluids.

The route of administration is another factor that influences the concentration of drugs in oral
fluids. When drugs are taken orally or through inhalation, their active ingredient may be
detected in high concentrations in oral fluid due to "contamination" or residues of the drug in
the mouth (Aps & Martens 2005; Crouch 2005; Huestis & Cone 2004). Therefore, drug
concentration found in oral fluids may not correlate with drug concentration found in plasma
(Aps & Martens 2005; Crouch 2005). Thus, it could be possible that low concentration of
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drugs found in oral fluid may represent the presence of an even lower concentration of drugs
in plasma that would not cause any impairment. Navarro and colleagues (2001) measured
concentrations of MDMA and its metabolites in saliva compared to plasma. It was found that
concentrations in saliva ranged from 1728.9 - 6510.6 nglml and peak at 1.5 hours after drug
consumption whereas plasma concentrations ranged from 134.9 - 223 nglml with peak at 1.5
hours after consumption. In another study where randomly selected drivers were tested for
illicit substances, it was found that median concentration levels of MA in saliva were 1136
nglml compared to 92 nglrol in blood. In addition, levels of THC in saliva appeared higher

once more (81 nglml) than levels of THC in blood (6 nglml) (Drummer 2006). This indicates
that there are ambiguities as to what concentration level of THC or ATS a driver should have
in saliva and still drive safely.

4.4.3 Prevalence of drug driving in the ACT
A total of 600 oral fluid samples were screened using Direct ELISA kits for THC and MA.
More cases were positive for THC (6.2%) than ATS (2.1 %). These results are different from
those reported by the pilot study performed by the University of Canberra in 2007, where
there were more cases positive for ATS (about 5%) than THC (about 2%) (Cashmere 2007).
However, the pilot study only targeted on-road drivers (n=100), whereas our study, included
on-road drivers on a bigger sample size (n=400), and potential drivers leaving entertainment
venues (n=200). An analysis of drivers alone found more cases positive for THC (about 6%)
than ATS (0.5%). This also indicated that differences between individuals positive for THC
and ATS were statistically significant with 95% of confidence level.

These findings posses similarities to figures reported by the National Household Survey, that
reported that 38.5% of individuals 20 to 29 years of age were more likely to use marijuana,
compared to 13.6% for methamphetamine alone and 23.3% for MDMA alone (Australian
Institute of Health and Welfare 2008). In addition, there is a gap in knowledge, given that
only 40% of the people screened for alcohol levels agreed to participate in our study. With the
participation of the other 60% there may have been a higher percentage of individuals with
detectable levels of THC and/or ATS.

ACT Policing screened on-road drivers for alcohol levels. Comparing the proportions of those

found over the legal limit for alcohol and those with detectable levels of illicit substances
gives a good insight about the prevalence of illicit drug use and driving in the ACT. Based on
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the number of motorists screened for alcohol by the ACT Policing (n=1000), about 3% of
drivers appeared with detectable levels of THC and/or ATS and about 1% were over the legal
limit for alcohol. These results appeared to be similar to the figures reported by the University
of Canberra's pilot study, that reported more cases positive for illicit substances (::::: 4% ) than
alcohol (0%), despite the smaller sample size (n=173 screened by the ACT Policing)
(Cashmere 2007). This is in accord with the National Drug and Alcohol Research Centre,
which in its 2010 report, supports the assumption that the prevalence of drug driving has been
underestimated in the ACT, as it indicates that it is more likely to find people driving under
the influence of drugs than alcohol (Cassar & Bums 2010).

4.4.4 Recommendations for future directions
As mentioned before, the BioQuant Direct ELISA assays for THC and MA provide
presumptive results in the screening of these drugs. Therefore, a more specialised chemical
method must be used to obtain a confirmed analytical result. Gas chromatography coupled
with mass spectrometry (GCIMS) is the preferred instrumental method used for confirmation
(BioQuant Diagnostic Kits 2008) of presumptive positive results. GCIMS is a sensitive and
cost effective instrumental method widely used in the analysis of drugs (Hao, Zhao & Yang
2007). For information regarding confirmatory tests by GCIMS refer to Appendix F.
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Chapter 5 - Drug Driving Behaviour, Drug Use and
Risk Perceptions of Potential Drivers Leaving
Entertainment Venues in the Australian Capital
Territory
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Chapter 5 Drug driving behaviour, drug use and risk perceptions
of potential drivers leaving entertainment venues in the ACT
This Chapter introduces the three illicit substances used in the study and the relationship
between them and the dance party scene. In addition, research on drug driving behaviours in
several states of Australia, including the Australian Capital Territory (ACT) will be provided
to add context to current research. Results of research undertaken in the Australian Capital
Territory on drug driving behaviour drug use and risk perceptions of potential drivers will be
presented. This study intends to inform and increase public awareness and understanding
about the risk and prevalence of driving under the influence of drugs. It does not intend to be
judgmental or punitive towards any person, in the ACT, who may use drugs for recreation or
due to an addiction. This Chapter continues by addressing the sampling technique and
detailed methodology utilised to gather the data. It will also provide and analyse the results.
Limitations of the research methodology will also be identified.

5.1 Introduction
Cannabis sativa is commonly known as marijuana. Despite its illegality in Australia, over 5.5

million Australians are thought to have used it at least once in their lives (Australian Institute
of Health and Welfare 2008). Marijuana contains several types of cannabinoid derivatives.
/19 -tetrahydrocannabinol (THC) is the primary active substance in cannabis and responsible

for its biological effect on the central nervous system (Faye, WO, Lemke l TL & WIlliams,
DA 1995). Several studies also indicate that amphetamine type substances such as 'speed' and
'ecstasy' are increasingly becoming a concern in Australia (ACT Government 2010b). Since
1995, 3,4-methylenedioxymetharnphetamine (MDMA) simply known as 'ecstasy', has gained
popularity amongst nightclub attendees, bar and rave attendees and dance party goers
(Degenhardt et al. 2006). Drug driving is not only related to dance nightclub settings, as the
use of illicit substances at other venues, such as open air music festivals can be quite common
(Akrarn & Forsyth 2000; Atha & Blanchard 1997). This problem is also applicable to
Canberra.

Notwithstanding the peaceful and quiet image of the ACT compared to other states and
territories in Australia, most clubs in the inner city of The ACT operate just like in any other
major capital city. The majority of entertainment venues are restricted to some 7 to 8 hours of
activity (e.g. between 8pm and 4arn). As some drugs can last up to 10 hours
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(Akram & Forsyth 2000), an individual who takes drugs when first arriving at a venue, may
still be under the influence of a drug when leaving the entertainment venue and drive
elsewhere (Degenhardt et aI. 2006).

5.1.1 Drug use and driving amongst nightclub attendees in Australia
Studies have demonstrated that the psychoactive substances

~9-tetrahydrocannabinol

and

methylamphetamines influence skills and behaviours towards safely operating an automobile
(Jones et al. 2006; Movig et al. 2004). Furthermore, this type of illicit drugs, including some
prescription drugs like benzodiazepines, has been the most prevalent drugs found in fatally
injured drivers (Drummer et al. 2003). A study of 273 nightclub attendees in Melbourne,
Victoria, where the majority where young males, reported that 22% of participants had used
or were intending to use cannabis, with 18% reporting to have used or planning to use ecstasy
on that night. Seven percent of these respondents stated that they were planning to drive under
the influence of cannabis with a 6% planning to be driven by another person also under the
influence (Degenhardt et al. 2006).

Other researchers have shown that of rave partygoers in Perth, Western Australia, thirty
percent of those who were given a lift by a fellow attendee reported that the driver had used
some type of illicit drugs but was fine to drive. On the other hand, a small minority (12%)
informed that the driver was indeed affected by drugs consumed on the night of the party
(Lenton & Davidson 1999). A recent study, in urban and regional Queensland motorists,
reported that 4.4% of the sample (n=101) use cannabis on a weekly basis before driving,
whilst one percent reported using amphetamines (Davey, Freeman & Lavelle 2009). It is
worth noting that drug consumption explored herein, is recreational, as individuals take the
risk to drive influence by illicit drugs or be driven by some also influenced by drugs. It should
also be noted that this recreational behaviour differs from other individuals who may drive
influenced by drugs to stay awake for work and income generation purposes.

These results are very similar throughout Australia, where cannabis followed by amphetamine
type substances (ATS) are usually the most common illegal drugs found amongst drivers
involved in traffic accidents (Drummer et al. 2003). In 2004, Olaf H. Drummer from the
Victorian Institute of Forensic Medicine reported that illicit drugs consumption account for
more deaths on Australian roads than alcohol (Drummer, OH et al. 2004; Duff & Rowland
2006). However, since 2004, according to the Australian Institute of Health and Welfare, the
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use of cannabis has experienced a slightly decrease and ecstasy has been increasing in use
since 1995 (Australian Institute of Health and Welfare 2008).

Canberra, ACT, is no exception, despite Chief Minister Jon Stanhope's statement that "ACT
did not have the same drug problems as other jurisdictions"(Violante 2009). This was
demonstrated by Rudd's (2003) study, which tested 505 blood samples from drivers admitted
to hospital following a motor vehicle accident in the ACT. Psychoactive substances such as
cannabis, methylamphetamine and benzodiazepines, were more prevalent (12% of cases) than
alcohol itself (9%) (Rudd 2005). These results give an interesting insight into the
underestimation of the prevalence of drug driving in the ACT by local policy makers. In a
recent pilot study conducted in the ACT, 100 random drivers were given a self-reporting
questionnaire to complete; two samples of their saliva were also col1ected and tested for illicit
drugs. Seven percent of the voluntary participants tested positive for one or more of the
targeted drugs (cannabis, methamphetamine and ecstasy) (Cashmere 2007). This confirms
that driving under the influence of illicit drugs is an ongoing issue in the ACT and requires
further study.

5.2 Material and Methods
A questionnaire (see appendix A) was developed, based on Duff & Rowland's (2006) semistructured survey from the Centre for Youth Drug Studies, Australian Drug Foundation,
Melbourne, Australia. This questionnaire is one of the several methods employed in this study
to explore the drug use and driving behaviour of entertainment venue attendees.

A covering letter asked for the participants' consent to be part of our research project,
emphasising that the survey was completely voluntary and that all responses were to remain
confidential and anonymous. The questionnaire was designed to be filled out in 5 minutes to
encourage compliance. Similar semi-structured surveys were used to target on-road drivers
(see Chapter 6) and newly licensed drivers (see Chapter 7).

The survey comprised five sections:
1) a set of demographic questions,

2) nine questions regarding the participant's driving history,
3) four questions about the impact the roadside saliva drug testing initiative would have
on the respondent's clubbing behaviour,
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4) a set of questions about personal opinions towards hazards associated with driving
under the influence of drugs as well as their degree of concern and risks perceptions,
and
5) five questions concerning drug and alcohol use and driving conduct.

Given the nature of our study and the fact that our research site was set up in a public area,
with many people showing discomfort whilst having police officers around and at the same
time having to honestly fill out a survey about their drug use and driving behaviours, we
decided not to ask if they were planning to drive back home after the party. It was felt this
level of disclosure may inhibit people from fully or accurately filling out their surveys, or
refusing to take part altogether.

A research site was set up adjacent to several entertainment venues in the ACT inner city.
This allowed us to approach not only people coming out of nightclubs, pubs or rave parties,
but also people changing from one nightclub to another. We thought it was reasonable to
deliberately target high-risk groups to prove that drug driving may occur in the ACT.
Although we did not need a public place approval to conduct research in public area,
permission was confirmed with ACT Urban Services. ACT Police Communications were
notified every time we were at the data collecting point to ensure the safety of the research
team. Four research assistants, who were clearly identified with nametags and uniform,
helped with data collection, done between IIpm and 2am, on a weekly to fortnightly basis, in

7

the principal nightclub area of the ACT. Participants, males and females, were approached at

,

random and asked if they wanted to take part in our research. Those who agreed filled in our

),

semi-structured questionnaire and donated a sample of their saliva. Saliva samples were

, o'

placed in a cooler for later analysis (see Chapter 4). Completed surveys were placed in a

.eir

locked box to guarantee confidentiality. As an incentive, participants were given a chocolate

.ud)

bar for finishing the survey. Those who refused to participate were given a leaflet containing
information about our study and directions to our online survey (see Chapter 7).

Completed questionnaires were collated and analysed using SPSS software package version
17.0. Descriptive statistics (tables of frequencies) was used to check values introduced into
SPSS spread sheets. In addition, cross-tabulation analyses were used, providing tests and
measures of association between variables. In this type of test, a normal approach is to
suggest two hypotheses. The null hypothesis (Ro), which is a default general argument,
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6.1.1 Drug driving in Australia
Studies carried out in Australia tend to indicate that drug driving is an important issue that
requires attention. In the ACT Rudd (2005), after testing 505 blood samples from fatally
injured drivers, found a higher proportion of the drivers were positive for illicit drugs (12%)
than alcohol (9%). In a more recent study in Tasmania in 2009, for the purpose of a research
on factors associated with driving under the influence of alcohol and/or drugs, the University
of Tasmania administered a semi-structure questionnaire to 573 recent drivers. The survey
included questions related to alcohol and drug driving behaviours. Fifty three percent of the
participants reported driving under the influence of cannabis and/or ecstasy, whilst 39%
reported driving over the legal limit for alcohol (BAC 0.05 g/dl) (Matthews et al. 2009). In
another study, targeting heavy transport drivers and patterns of stimulant drug use in Western
Australia, 28% of the participants (n=375) reported stimulant use such as amphetamine and/or
prescription appetite suppressants to overcome tiredness and enable timely arrival of loads
(Mabbott & Hartley 1999). In Queensland, 2657 oral fluid samples were collected from
motorists in regional and urban areas. Of the overall sample, 3,8% of the participants
appeared positive for drugs of abuse such as cannabis, MA and/or MDMA (Davey, Freeman
& Lavelle 2009).

6.2 Methods
This research is based on a questionnaire (see appendix B) adapted from Duff & Rowland's
(2006) semi-structured survey for the Centre for Youth Drug Studies, Australian Drug
Foundation, Melbourne, Australia. It should be noted that some questions were adapted to
better target respondents of this study, minimise time spent with each driver and hence
achieve higher participation rates.

The survey comprised five sections:

1) a set of demographic questions,
2) a collective of three items about the participant's driving history,
3) personal opinions towards hazards associated with driving under the influence of
drugs as well as their degree of concern and risks perceptions,
4) questions regarding an initiative to introduce RDT in the ACT and
5) frequency of drugs and alcohol use and driving.
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The questionnaire was used to survey drivers on the ACT roads about their drug driving
behaviours, drug use and risk perceptions. Given that as researchers we did not have any
power to stop drivers on roads to perfonn our survey, we asked for assistance from the
Department of Traffic Operations from the ACT Policing. After obtaining approval from
Superintendent Mark Colbran to go ahead with our survey, Sergeant Ron Melis, from ACT
Policing Traffic Operations, was our contact to finalise our agreement. This agreement
consisted in our research team working alongside ACT Policing's usual practice of RBT in
the community. ACT Policing decided where and when they were to set up their RBT station.
This agreement enabled researchers to approach drivers following RBT testing by the police.
After obtaining drivers' consent to volunteer in our study, drivers were sent to a set up
research site located approximately fifty meters away from the ACT Policing RBT station to
assure participants that our research was separate from the police and that the responses were
to remain anonymous. Locations were chosen strategically by the ACT Policing to guarantee
our safety. Data was collected from 20th September 2009 to 30th November 2009.

The ACT Policing screened drivers for alcohol levels usmg a breathalyser. Those who
reported a blood alcohol concentration reading below 0.05 gldl were directed to our research
site by a police officer. We briefly introduced our project and asked for drivers' consent to be
part of our study. Those who agreed to participate were directed to an area where they could
park their cars. Participants were given a semi-structured questionnaire (see Appendix B) to
complete inside their cars. A sample of their saliva was then collected by expectoration in an
oral fluid sample collection tube. Saliva samples were placed in a cooler for later analysis.
See section 4.3 for information and findings on presumptive screening of oral fluid samples
for illicit drugs. Samples collected and surveys were assigned a code, which allowed linkages
between the two. Surveys were placed in a locked box after collection to guarantee
confidentiality. Volunteers were rewarded with a chocolate bar in return for their
participation. Participants who did not agree to partake in our study were given a leaflet with
general information about our study and a URL allowing them to be part of our online survey.
Chapter 7 provides information and findings on drug driving behaviours, drug use and risk
perceptions of online respondents.

Data from questionnaires were collated and analysed using SPSS version 17.0 software
package. Descriptive statistics (tables of frequencies) was used to check values introduced
into SPSS spread sheets. In addition, cross-tabulation analyses were used, providing tests and
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measures of association between variables. In this type of test, a normal approach is to
suggest two hypotheses. The null hypothesis (Ho), which is a default general argument,
generally the opposite of what we think is the truth (e.g. gender is not associated with driving
under the influence of drugs) and our alternative hypothesis (HI), which is our own statement
and we believe is the truth (e.g. gender is indeed associated with driving under the influence
of drugs). The next step is to use test of independence (e.g. Chi-square) to find out if the null
hypothesis can be refuted. This gives us the opportunity to draw conclusions based on
statistical analysis regarding a particular topic.

6.3 Results
6.3.1 Demographic characteristics
ACT Policing screened a total of 1003 participants for alcohol. Of these, 10 obtained a
reading above the legal limit (BAC 0.05 g/dl) (see Chapter 5 - alcohol findings). Of the
remaining drivers, 400 agreed to be part of our study, 252 males and 148 females. The mean
age was 33.27 (SD 14.184; range 17-82 years). Table 6.1 shows the percentage of drivers by
gender.
Table 6.1: Proportion of survey respondents
Drivers on ACT roads
Female

37%

Male

63%

Age mean

33.27

StDev

14.184

Range

17-82

Drivers were asked about their marital status and the majority reported to be single (52.75%)
A further 40.75% reported to be married or in a de facto relationship and 6.5 % divorced or
separated. All participants also reported about their current work status (see table 6.2). Almost
all (about 94%) reported to be either working or studying. Around 3% were retired and 3%
were unemployed at the time of the survey.
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Table 6.2: Employment situation of drivers on ACT roads
Drivers on ACT roads (percentage)
Employed

72

Studying

21.75
3%

Unemployed
Retired

3.25%

Questions about living arrangements and mode of transport were left out for on-road drivers,
as the focus was on detennining their risk perceptions and drug use I driving behaviours. In
addition, this was done to avoid keeping drivers too long, which could have reduced their
involvement in our study.

6.3.2 Driving history
Of the total sample (n=400), 88% reported driving on a daily basis, whilst 9.5% reported
driving three to five times a week. Of these, 6.3% reported driving illegally (without a
licence) in the past 12 months. Slightly over half of the sample (51.5%) reported having
experienced a traffic accident in the past. Six individuals (1.5%) reported having experienced
a traffic accident whilst being over the legal limit for alcohol (BAC 0.05g1dl) whereas only
one participant (0.3%) of the total sample (n=400) reported having experienced an accident
whilst being under the influence of drugs. Table 6.3 shows proportions of male and female
participants and their driving history. It should be noted that there were no significant
differences across gender.
Table 6.3: Significant differences between male and females in terms of driving history (n=400)
Male

Female

(Pearson Chi-Square Test)

(Percentage)

(Percentage)

(P value)

54.3

33.8

0.406

7

2.5

0.406

0.8

0.406

Frequency of driving
Daily
3-5 times a week
Weekly
Fortnightly

0.3

0

0.406

Monthly

0.5

0

0.406

Driven without a licence in the past 12 months

4.3

2

0.593

Involved in a traffic accident

32.5

19

0.964

I

0.5

0.851

0.3

0

0.443

Involved in a traffic accident influenced by alcohol
Involved in a traffic accident influenced by drugs

* P value < 0.05 indicating very significant differences between male and females in terms of their driving behaviour.
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6.3.3 Roadside saliva drug testing initiative
The majority of participants (about 84%) supported an initiative to introduce random drug
testing in the ACT. However, 10.8% were not sure whether they supported the initiative or
not, whilst 5.5% did not support a program of this type at all. In addition, a total of about 46%
reported that they would not change their driving behaviours even if random drug testing were
put in place. However, over half (about 55%) would take some precautions to avoid being
caught by the police or having an accident. Participants were also asked if they would use an
alternative way of transport to avoid driving following RDT. The majority (48%) reported
they would catch a taxi to avoid driving, 34.8% reported they would ask for a lift and 30.5%
would use public transport. Table 6.4 shows a summary of the answers provided by ACT
drivers to questions about the impact a RDT would have on their driving behaviours.
Table 6.4: Roadside drug testing initiative and its impact on drivers' behaviour
Percentage of participants reporting their support for RDT

83.8

Roadside drug test and its impact on people's behaviour:
It would not change my behaviour

45.5

I would not use drugs if planning to drive

41

I would wait several hours before driving

13.5

Mode of transport if avoided driving because of RDT
I would catch a taxi

48

I would ask for a lift

34.8

I would use public transport

30.5

I would walk

13.5

I would ride a bicycle

6

Unsure

10

6.3.4 Risk perceptions
The majority (range approximately from 66% to 80%) perceived driving a motor vehicle if
intoxicated with alcohol or drugs as very dangerous. However, some substances such as
cannabis were considered less dangerous (about 66%) than other drugs. Participants were also
asked what they saw as the main risk of driving under the influence of drugs. The main risk
reported was to have an accident (about 92%) putting their life and the life of others at risk.
Slightly less than a quarter of the sample (about 24%) thought that getting arrested by the
police was definitely a risk. A minority (6%) thought being bullied by their friends if they
refuse to drive whilst being under the influence of alcohol or illicit drugs was a risk. Table 6.5
shows a summary of drivers risk perceptions.
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Table 6.5: Risk perceptions: Drivers on ACT roads
(Percentage)
Partakers reporting as very dangerous driving influenced by:
Alcohol

70

Ecstasy (MDMA)

79.8

Methamphetamine (Speed)

78.3

Cannabis

66.3

Cocaine

77

Main risks associated with drug driving:
Getting caught by the police

24.3

Having an accident

92.3

Friends will think less of me (Bulling)

6

6.3.5 Drug use amongst ACT drivers
About 87% reported alcohol use at least once. In addition, 42% reported illicit drug use. Table
6.6 shows proportions of ACT drivers who admitted alcohol and lor drugs use.
Table 6.6: Proportions of ACT drivers who admitted having used alcohol or drugs
ACT drivers (n=400)
(Percentage)
Alcohol

87.2

Ecstasy (MDMA)

10

Methamphetamine (Speed)

7.2

Cannabis

15.7

Cocaine

9

Table 6.7 shows a summary of the responses ACT drivers reported in terms of recent alcohol
or drug use.
Table 6.7: Proportion of ACT drivers' most recent alcohol and/or drug consumption
Within last

Within last

Within last

Within last

Within last

year

month

week

24 hours

4 hours

Alcohol

10

14

21.5

22

19.8

Ecstasy (MDMA)

5.5

2.3

1.5

0.3

0.5

Methamphetamine (Speed)

4.3

1.3

0.8

0.3

0.8

Cannabis

8

3.3

1.3

2.5

0.8

Cocaine

4.5

2

1.5

0.8

0.3
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6.3.6 Prevalence of drug driving reported by ACT drivers
Of the total sample (n=400), 27.2% reported driving under the influence of alcohol. In
addition, 14.1 % reported driving under the influence of illicit substances. Table 6.8 shows
proportions of ACT drivers who admitted driving under the influence of alcohol and/or illicit
substances at least once in their lives.
Table 6.8: Proportions of ACT drivers who admitted driving under the influence of alcohol or drugs
ACT drivers (n=400)
(Percentage)
Alcohol

27.2

Ecstasy (MDMA)

3.7

Methamphetamine (Speed)

2.2

Cannabis

5.2

Cocaine

3

Table 6.9 shows a summary of the responses ACT drivers reported in terms of drink or drug
driving.
Table 6.9: Proportion of ACT drivers reporting recent drink or drug driving
Rarely

Monthly

Weekly

2-3 times

Most days

Per week
Alcohol

22.8

1.8

1.8

0.8

0.3

Ecstasy (MDMA)

2.8

0.8

0

0.3

0

Methamphetamine (Speed)

1.5

0.3

0.3

0

0.3

Cannabis

2.8

0.8

0.8

0

Cocaine

2.5

0

0.3

0

0.3

6.3.7 Analysis of gender and age of ACT drivers who admitted drug driving
Age and gender of ACT drivers who admitted driving a motor vehicle under the influence of
an impairing substance at least once in their lives were analysed herein. We focused in those
drugs of abuse related to the party scene such as THC, MA and MDMA including alcohol for
companson.
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6.3.7.1 Gender
As presented in table 6.10, a higher proportion of men admitted driving under the influence of
alcohol (p value 0.289). In addition, the proportion of male drivers who admitted drug
driving, either under the influence of cannabis and/or ATS, was also higher than female
drivers. However, the difference is not statistically significant in either case.
Table 6.10: Analysis of gender: Respondents who have driven under the influence of alcohol or drugs
Male

Female

(Pearson Chi-Square Test)

(n=400)

(Percentage)

(Percentage)

(P value)

Alcohol

54

33.2

0.289

Methamphetamine (speed)

5.5

1.5

0.349

Ecstasy (MDMA)

7.7

2.2

0.166

Cannabis

12

3.3

0.174

ACT drivers

P value> 0.05 indicates no association between male and females in terms of drug driving

6.3.7.2 Age
Table 6.11 compares the age of participants and how often they drive under the influence of
impairing substances. Age of participants has been grouped into ten-year periods. Drivers
amongst the age group 20-29 were more likely to report driving under the influence of alcohol
or drugs, followed by the age group below 20 years of age, who reported more drug driving.
This provides a good insight to the police, because it gives an idea of who is more likely to be
driving under the influence or impairing substances.
Table 6.11: Analysis of age: respondents (%) who have driven under the influence of alcohol or drugs
Age groups

ACT drivers
(n=400)

<20

20-29

30-39

40+

Alcohol (%)

2.7

12.25

4.25

7.75

Methamphetamine (speed) (%)

0.75

1.5

0

0

Ecstasy (MDMA) (%)

1.5

2

0.25

0

Cannabis (%)

1.25

3.5

0

0.5
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6.4 Discussion
Forty percent of the total sample screened for alcohol by the ACT police agreed to be part of
this study. Although participation rates between male and female drivers were not statistically
significant (p value 0.406), the majority of the participants were males, single and employed.
More than half of the people who reported driving daily were male (54.3%). As explained
above, male participants reported to have experienced traffic accidents more than females. In
addition, a higher proportion of male drivers had been involved in a traffic accident whilst
being under the influence of alcohol or drugs. When performing a chi-square test of
independence to determine whether gender is an indicator of motor vehicle accidents, the
differences between male and female drivers were not statistically significant, which gives a
very good insight for the ACT police, as in this survey, gender is not associated with traffic
accidents. However, even though results were not statistically significant, ACT Policing may
still want to target male drivers.

Given that over half the respondents (about 55%) claimed that drug-driving testing would
change their behaviour, these results indicate that random drug testing in the ACT may reduce
drug driving. However, only a small majority properly guessed that it is very dangerous to
drive a motor vehicle under the influence of alcohol and or illicit substances. In addition,
given the lack of information amongst the general driving population about the effect of
recreational drugs such as cannabis and amphetamine type substances on someone's ability to
drive safely, 10.3% of the participants reported cannabis as not very dangerous. This indicates
that 41 out of 400 drivers might drive even if intoxicated with cannabis, as it is considered
"safer" compared to other drugs. Interestingly, the 2007 National Drug Strategy Household
. Survey reported that in 2007 more than 5.5 million Australians have used cannabis at least
once in their lifetime (Australian Institute of Health and Welfare 2008). These figures indicate
that risks associated with driving under the influence of cannabis need to be addressed to
increase awareness that if you "smoke and drive, you are as good as drunk" (National
Cannabis Prevention and Information Centre 2008).

Gender based analyses for individuals 17 years or older who commented about their drug
driving behaviour are shown in table 6.10. Although the percentage of male participants that
reported alcohol and drug driving was higher than females, the differences between male and
female are not statistically significant. Therefore gender should not be used as a predictor for
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drug driving. In addition, table 6.11, age based analyses were carried out for the same number
of participants to find out if age could be a predictor for drug driving. Similarly, the age group
20-29 reported higher proportion of drink and drug driving compared to other groups, but the
difference was again not statistically significant. This supports the results of Cashmere
(2007).

6.4.1 Limitations
Data collection required partnering with ACT Policing. However, ACT Policing had limited
availability due to their daily workload activities. This became the main limitation of this part
of the study. When the police were not available, we could not go out to the field and survey
drivers. It is also possible that the presence of the ACT Policing affected the veracity of
drivers' responses. Although we explained to each driver that our study was completely
separated from the Police and it was totally anonymous, the presence of the ACT Policing in
the field could have made an impact on their responses regarding their drug use and driving
behaviours.
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Chapter 7 - Drug Driving Behaviour, Drug Use and
Risk Perceptions of Newly Licensed Drivers in the
Australian Capital Territory
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Chapter 7 Drug driving behaviour, drug use and risk perceptions
of newly licensed drivers in the ACT
This Chapter begins with background infonnation on the prevalence of drug driving within
the general population in the Australian Capital Territory (ACT), especially amongst new
drivers. It then compares drug and drink driving in other countries with the Australian
situation, with special attention on the ACT, where tougher measurements have been taken to
reduce drink driving though very little has been done to tackle drug driving. Finally, this
Chap,ter presents the methods, results and limitations of the surveys of newly licensed drivers
and online respondents from the general ACT population.

7.1 Introduction
Many studies have been undertaken in Australia to determine risk perceptions of groups such
as drivers and nightclub attendees in relation to their drug use and driving behaviours. There
is, however, some ambiguity regarding drug driving amongst the general population in
different jurisdictions in Australia. In the ACT for example, little is known about the
prevalence of drug driving amongst the general population, in particular those who are new
drivers in the ACT.

A report released by the Australian Drug Foundation in 2007, based on an online survey titled
"Drugs and Driving in Australia" revealed drug driving was largely underestimated compared
to drink driving, as the proportion of people who reported driving under the influence of
cannabis within 3 hours of smoking was similar to those who reported driving under the
influence of alcohol (ACT Government 201Ob).

In Australia, law enforcement polices and government campaigns to reduce the rates of drink
driving have contributed to decreasing motor vehicle accidents as a result of drink driving.
For example in the ACT, despite a low level of law enforcement when the random breath
testing (RBT) was introduced between 1980 and 1982, there was a major reduction of patients
admitted to emergency departments as a results of a motor vehicle accident (Homel 1990).
The same happened in New South Wales (NSW) where a high level of law enforcement and
publicity provided a deterrent effect on driver's behaviour, resulting in an immediate and
permanent reduction in alcohol related accidents (Australian Government 2005; HomeI1990).
However, in the ACT, as in other Australian states, despite all efforts to keep roads safer,
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drink driving continues to be a problem. This is why the Chief Minister and Minister of
Transport introduced a new bill to Parliament in June 2010, which enabled tougher law
enforcement penalties. It included: learners and provisional drivers, as well as registered or
not registered driving instructors now require zero level of alcohol in blood whilst driving or
instructing. In addition, full licensed drivers with levels of 0.1 g of alcohol per 100mI of blood
face immediate suspension of their driving licence (ACT Government 201 Oa).

In an international study, the prevalence of alcohol and cannabis consumption by 10th grade
adolescents from the United States, Canada and the Netherlands was compared with
differences on laws and policies of the three countries. Rates of monthly drinking and effects
of drunkenness appeared higher amongst Canadians (age/mean 15.8 years) and Dutch
participants (age/mean 16 years) than those from the United States (age/mean 16.1 years).
The authors suggested that this was due to law enforcement policies in the United Sates being
stricter than in the other two countries. Although stricter laws and policies may have an
impact on the consumption of alcohol by adolescents in the United States, the situation for
illicit drug use was different. Rates of cannabis consumption appeared to be similar in the
three countries. This suggests that law enforcement policies for cannabis appeared to be less
strict than for alcohol (Simons-Morton et a1. 2009). This is also the case in the ACT. Whilst
stronger measurements are taken to reduce the prevalence of drink driving, very little
attention was given to another problem that has raised a lot of concern amongst the general
population - drugs and driving. Until very recently, ACT Legislative Assembly passed
legislation giving the police the power to randomly drug test drivers. Under this legislation,
ACT drivers face random tests for drugs such as

/).9

tetrahydrocannabinol (THC),

methamphetamines (MA) and ecstasy (MDMA). For more information and discussion
regarding random drug testing Act 20 I 0, see Chapter 2.

7.2 Material and Methods
This research is based on a questionnaire (see appendix C) adapted from Duff & Rowland's
(2006) semi-structured survey for the Centre for Youth Drug Studies, Australian Drug
Foundation, Melbourne, Australia. The questionnaire aimed to measure drug use, drug driving
behaviours and risk perceptions of newly licensed drivers in the ACT.

The survey comprised five sections:
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1) a set of demographic questions,
2) a collective of nine items regarding the participant's driving history,
3) questions about the impact a random drug testing (RDT) initiative would have on their
clubbing behaviour,
4) personal opinions towards risks associated with driving under the influence of drugs as
well as their degree of concern and risks perceptions, and
5) five questions concerning drugs and alcohol use and driving conduct.

Once the questionnaire was developed and approved by the University of Canberra's Ethic
Committee, the next step was to set up an online version on the University of Canberra's
website. The questionnaire also had a covering letter, which explained that the survey was
completely anonymous and voluntary and by submitting the online survey they were
indicating their agreement to partake in our research project.

To respond to the online survey, participants were required to hold a valid ACT driver's
licence or a learners' permit. Hard copies of the online survey were also given to the Road
Ready Centre in Watson to enhance participation and directly target groups undergoing the
learners' course and P-off course] (see section 7.4.1 - limitations).

Completed questionnaires were collated and analysed usmg SPSS version 17.0 software
package. Descriptive statistics (tables of frequencies) was used to check values introduced
into SPSS spread sheets. In addition, cross-tabulation analyses were used, providing tests and
measures of association between variables. In this type of test, a normal approach is to
suggest two hypotheses. The null hypothesis (Ho), which is a default general argument,
generally the opposite of what we think is the truth (e.g. gender is not associated with driving
under the influence of drugs) and our alternative hypothesis (HI), which is our own statement
and we believe is the truth (e.g. gender is indeed associated with driving under the influence
of drugs). The next step is to use test of independence (e.g. Chi-square) to find out if the null
hypothesis can be refuted. This gives us the opportunity to draw conclusions based on
statistical analysis regarding a particular topic.

1 P-off course: An optional course available to individuals who have held a provisional licence at least for 6
months.
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7.3 Results
7.3.1 Demographic characteristics
Of a total of 500 participants, 244 respondents (48.8%) voluntarily accessed the University of
Canberra's website and completed the survey. In addition, slightly over half (about 51%)
completed a hard copy of the online questionnaire as part of their leamer's course and/or P-off
course run by the Road Ready Centre, Watson, ACT. Of the overall sample (n=500), 265
were female. The mean age of the sample was 23.24 years (SD 8.141; range 15-77).
Participants came from all areas in the ACT. However, according to the postcodes reported
(n=456) the highest number of participants came from the north side area (e.g. Ainslie,
Dickson, Downer, Lyneham, etc). Percentage of online respondents compared to learners and
P-off course attendees are presented in table 7.1.
Table 7.1: Comparison participation of Internet and new licensee respondents
Internet respondents

New licensee respondents

(Percentage)

(Percentage)

Female

49.6

56.3

Male

50.4

43.8

Age mean

26.61

20.03

StDev

9.798

4.126

Range

17-77

15-32

Participants were also asked a question regarding their marital status, with 381 individuals
(76.2%) reporting that they were single. In addition, 23% (n=115) reported to be married or in
a de facto relationship with four participants (0.8%) reporting to be divorced or separated. All
participants reported on their current employment status (see table 7.2), with the majority
(58%; n=290) having some kind of paid job. Slightly over one third of the sample (34.8%;
n=174) reported to be studying and a significant minority reported to be either unemployed
(6.6%; n=33) or retired (0.6%; n=3).
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Table 7.2: Comparison employment situation of Internet and new licensee respondents
Internet responses

New licensee responses

(Number)

(Number)

Employed

163

127

Studying

66

108

Unemployed

12

21

Retired

3

Slightly under half of the overall sample (about 47%; n=237) was still living with their
parents. The proportion of participants living with their partners (23%; n=115) was very
similar to those sharing accommodation with other people (22.4%; n=112). Finally, 36
respondents (7.2%) reported to be living on their own. Table 7.3 also shows a comparison
between living arrangements of Internet and not Internet respondents.
Table 7.3: Comparison living arrangements oflnternet and new licensee respondents
Internet responses

New licensee responses

(Number)

(Number)

With parents

91

146

With partner

77

38

Shared accommodation

54

58

Alone

22

14

Almost half of the overall sample (48.2%; n=24 1) said that driving is their nonnal means of
transportation, although this was lower in new licensee respondents. In addition, participants
that are driven by someone else (25.4%; n=127) and those that use public transport (22.8%;
n=114) as a nonnal way of transportation were not uncommon.
Table 7.4: Comparison mode of transport of Internet and new licensee respondents
Internet responses

New licensee responses

Mode of transport

(Number)

(Number)

Car (me driving)

154

87

Car (someone else driving)

39

88

Motorcycle

7

4

Public transport

27

87

Taxi

9

3

Walk

16

25

Bicycle

24

25
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7.3.2 Driving history
Of the overall sample (n=500), the proportion of respondents who said that they have driven a
motor vehicle at least once was almost universal (85%). All participants but 8.7% were
holders of a valid driver's licence at the time of the survey. The sample size herein will
exclude those who reported never driven a motor vehicle (15%; n=75).

Only 3.5% reported having illegally driven a motor vehicle without a valid driver's licence in
the past twelve months. Of the people that commented (n=423) slightly over one third of the
sample (35.9%) reported to have driven under the influence of alcohol at least once in their
lives; 14.7% were females and 21.3% were males (p value=O.OOI). In addition, slightly under
one fourth (about 22%) reported to have driven influenced by other drugs; 9% were female
and 12.8% were male (p value=O.020). This shows that male drivers are more likely to drive
under the influence of alcohol or drugs than women. Approximately one third (33.5%) of the
people that commented (n=421) reported to have been involved in a traffic accident, only
2.6% had been in a traffic accident whilst under the influence of alcohol and 2.1 % under the
influence of drugs other than alcohol. Table 7.5 shows a relationship between gender and
driving history of individuals who undertook the online survey and those who did not.
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Table 7.5: Significant differences between male and female in terms of driving history
Male

Female

(Pearson Chi-Square Test)

(Percentage)

(Percentage)

(P value)

0.8

0.4

0.581

Driven influenced by alcohol (n=237)

27.8

20.3

"'0.043

Driven influenced by drugs (n=237)

16.5

11.4

0.124

Involved in a traffic accident (n=235)

21.7

22.6

0.58

2.5

0

"'0.015

2.1

0.4

0.107

Male

Female

(Pearson Chi-Square Test)

(Percentage)

(Percentage)

(P value)

3.7

2.7

0.296

Driven influenced by alcohol (n=186)

12.9

7.5

"'0.008

Driven influenced by drugs (n=186)

8.1

5.9

0.132

Involved in a traffic accident (n=186)

7.5

12.4

0.392

2.7

0

·0.011

1.6

0

*0.049

Internet responses
Driven without a licence in the past 12 months
(n=238)

Involved in a traffic accident influenced by
alcohol (n=236)
Involved in a traffic accident influenced by
drugs (n=236)

New licensee responses
Driven without a licence in the past 12 months
(n=187)

Involved in a traffic accident influenced by
alcohol (n=186)
Involved in a traffic accident influenced by
drugs (n=186)

'" P value < 0.05 indicates significant differences between male and females in terms of their driving history

7.3.3 Roadside saliva drug testing initiative
Seventy five percent of the overall sample (n=500) reported their support for the introduction
of a random drug testing (RDT) similar to that to detect alcohol in the breath of drivers. A
small minority (about 15%) were unsure whether they supported an initiative to introduce
RDT in the ACT and 10.4% did not support the initiative at all. The majority of the

respondents (range approximately 54% to 70%) precisely thought that drugs of abused such
as THC, MA and MDMA. including cocaine and alcohol could be detected in the saliva of
consumers. Over half (about 57%) reported that they would not change their behaviour if
RDT was introduced. It should be noted; however, that 43.5% of those who commented

would take precautions in order to avoid being caught by the police or to have an accident. In
addition, when they were asked if they would use a different means of transportation to avoid
driving if RDT were put in place, the majority of those who commented reported taxi (16%)
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followed by public transport (14.4%) or getting a lift with someone else (14%). It is possible
that these participants could have reported getting a lift even if the designated driver was also
under the influence of alcohol or drugs. However, this level of specificity could not be
detennined as this question was not included in the survey. Table 7.6 shows a summary of the
answers provided by the participants with regards to the impact a RDT would have on their
driving behaviours when visiting nightclubs.
Table 7.6: Roadside drug testing initiative and its impact on people's behaviour
Percentage of participants reporting their support for RDT

75

Percentage of participants reporting that RDT could detect:
Alcohol
Ecstasy (MDMA)

70
64.4

Methamphetamine (Speed)

62

Cannabis

66

Cocaine

59.2

Roadside drug test and its impact on people's behaviour:
It would not change my behaviour

56.5

I would not use drugs if clubbing and planning to drive

16.9

1 would not drive at all if clubbing

18.8

I would wait several hours before driving

7.8

Mode of transport if avoided driving because of RDT
I would catch a taxi

16

I would ask for a lift

14

1 would use public transport

14.4

I would walk

5.6

I would ride a bicycle

3.2

Unsure

5.2
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7.3.4 Risk perceptions
The majority of the respondents (n=500) (range 56% to 74%) perceived driving a motor
vehicle if intoxicated with alcohol or any drug of abuse as very dangerous. In addition, a
higher range of respondents (approximately 85% to 88%) reported that drugs of abuse
including alcohol would cause a very strong effect in their ability to drive safely. However,
despite knowing that driving influenced by drugs is very dangerous, over a third of
participants considered certain drugs (e.g. cannabis) safer than others or not dangerous at all
(41 %). Accidents were the biggest risk of driving under the influence of drugs for about 99%
of respondents, followed by getting arrested (about 12%), then being bullied by their friends if
they refuse to drive whilst being under the influence of alcohol or illicit drugs (5.4%). In
addition 91.8% reported some level of concern about drugs and driving with 11.6% reporting
that drug driving happens sometimes amongst their friends. Table 7.7 shows a comparison
between Internet and new licensee respondents with regards to their risk perceptions about
drugs and driving. Note that most responses are very similar.
Table 7.7: Risk perceptions: comparison between Internet and new licensee respondents
Internet responses

New licensees

(n=244) (Percentage)

(n=256)
(Percentage)

Partakers reporting as very dangerous driving influenced by:
Alcohol

72.4

66.4

Ecstasy (MDMA)

68

75.4

Methamphetamine (Speed)

68

71.5

Cannabis

55.3

56.6

Cocaine

65.6

72.3

Alcohol

86.5

89.1

Ecstasy (MDMA)

86.5

87.5

Methamphetamine (Speed)

86.5

87.1

Cannabis

84.8

85.5

Cocaine

86.9

87.1

Getting caught by the police

11.5

12.9

Having an accident

97.5

99.6

Friends will think less of me

4.1

6.6

89.4

94.1

Partakers having a strong effect if driving influenced by:

Main risks associated with drug driving:

Partakers showing concern about drugs and driving
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7.3.5 Drug use amongst Internet and new licensee respondents
Percentages of Internet and new licensee respondents who admitted having used alcohol or
other drugs are presented in table 7.8.
Table 7.8: Proportions of Internet and new licensee respondents who admitted having used alcohol or
drugs
Internet responses

New licensee responses

n=240 (Percentage)

n=253 (Percentage)

Alcohol

89.2

83

Ecstasy (MDMA)

29.2

11.8

Methamphetamine (Speed)

16.7

6.7

Cannabis

31.3

20.6

Cocaine

14.6

7.9

7.3.6 Prevalence of drug driving reported by Internet and new licensee
respondents
Just under half (about 42%) of the online respondents said that they had driven over the legal
limit for alcohol at least once in their lives (O.05g of alcohol per 100mI of blood) or at least
believed so. Percentages of those who admitted having driven under the influence of alcohol
or drugs at least once in their lives is presented in table 7.9.
Table 7.9: Proportions of Internet and new licensee respondents who admitted drink and drug driving
Internet responses

New licensee responses

n=239 (Percentage)

n=247 (Percentage)

Alcohol

42.3

15.8

Ecstasy (MDMA)

14.6

6.1

Methamphetamine (Speed)

9.6

4

Cannabis

17.6

9.7

Cocaine

6.3

3.2

Of the overall sample that commented (n=486), 1.2% reported driving under the influence of
alcohol on a weekly basis, with 1.4% reporting driving under the influence of cannabis most
days of the week. In addition, 0.8% also reported driving influenced by methamphetamines or
ecstasy (0.4%) on a weekly basis.
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7.3.7 Analysis of gender and age of drug drivers
Age and gender of Internet and new licensee respondents who admitted having driven a motor
vehicle under the influence of an impairing substance at least once in their lives were
analysed. We focused in those drugs of abuse related to the party scene such as THe, MA and
MDMA including alcohol for comparison.

7.3.7.1 Gender
As presented in table 7.10, a statistically significant larger proportion of male Internet
respondents (about 25%) admitted to driving under the influence of alcohol than female
(17.6%) (p value=O.035). These findings are similar to those presented by the Australian Drug
Foundation, where 18.6% of male participants also reported driving influenced by alcohol
compared to 10.8% of females (p value=O.OOl) (Mallick et al. 2007). According to these
results, it is possible to say that men are more likely to drive influenced by alcohol than
women. However, the story was slightly different amongst new licensee respondents.
Although the proportion of men who admitted driving under the influence of drugs was
slightly higher than female, there were no significant differences between them. Therefore,
both men and women are also likely to be driving influenced by drugs.
Table 7.10: Analysis of gender: respondents who have driven under the influence of alcohol or drugs
Male

Female

(Pearson Chi-Square Test)

(n=239)

(Percentage)

(Percentage)

(P value)

Alcohol

24.7

17.6

*0.035

Methamphetamine (speed)

5.9

3.8

0.218

Ecstasy (MDMA)

7.9

6.7

0.663

Cannabis

9.2

8.4

0.833

Male

Female

(Pearson Chi-Square Test)

(n=247)

(Percentage).

(Percentage)

(P value)

Alcohol

9.3

6.5

0.138

2

2

0.738

Ecstasy (MDMA)

2.8

3.2

0.562

Cannabis

5.7

4

0.362

Internet responses

New licensee responses

Methamphetamine (speed)

* P value < 0.05 indicates significant differences between male and females in terms of drug driving
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7.3.7.2 Age
Table 7.11 shows percentages of Internet and new licensee respondents, who admitted driving
under the influence of alcohol or drugs, based on their age. Their age has been separated into
4 groups. Internet and new licensee respondents amongst the age group 20-29 were more
likely to report having driven a motor vehicle under the influence of alcohol than other
groups. This appears very similar with the results reported by the Australian Foundation,
where the majority of individuals (21.4%) under the age group 20-29 also reported having
driven over the alcohol limit (BAC 0.05g/dl) in the previous year of the survey (Mallick et aI.
2007). In addition, after alcohol, cannabis was the most prevalent illicit drug found under the
age group 20-29 for both respondent groups.
Table 7.11: Analysis of age: respondents who have driven under the influence of alcohol or drugs
Age groups

Internet responses

(n=239)

<20

20-29

30-39

40+

Alcohol (%)

7.9

28

3.3

2.9

Methamphetamine (speed) (%)

1.7

7.5

0.42

o

Ecstasy (MDMA) (%)

3.3

10.9

0.42

o

Cannabis (%)

3.3

13

1.25

o

40+

Age groups

New licensee responses

(n=247)

<20

20-29

30-39

Alcohol (%)

6.9

8.9

0

2

2

0

2.8

3.2

0

4

5.7

0

Methamphetamine (speed) (%)
Ecstasy (MDMA) (%)
Cannabis (%)
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7.4 Discussion
In this Chapter, we described responses submitted by Internet and new licensee respondents

about the highly sensitive topic of drug use and driving behaviours. Five hundred individuals
participated. It was of interest to provide an estimate of drug driving in the ACT based on the
responses given by new drivers in the territory including Internet respondents from the
general population. Although the survey was designed to be filled out online, there was more
participation from new licensee respondents (see section 7.4.1 - Limitations). Results
suggested that males are indeed more likely to drive under the influence of alcohol. In
comparison, these results are similar to those published by the Australian Drug Foundation,
where a larger proportion of men (18.6%) reported driving under the influence of alcohol than
female (10.8%) (p value < 0.001) (Mallick et al. 2007). This difference did not hold for drug
driving, though the numbers of males drug-driving was numerically higher.

Seventy five percent of the total sample showed their support for the introduction of a RDT
similar to that for alcohol. However, despite the support to this initiative, about 57% reported
that they would not change their driving behaviour even if RDT is put in place. It should be
noted however, that only a small proportion reported drug driving (about 22%). This gives a
good insight regarding the attitude of people from the general population including those that
already are or will become road users in the ACT towards drug use and driving. Considering
the experience with drink driving in Australia, it is important to develop educational programs
to provide information about the risks associated with driving under the influence of drugs.
More than half of the sample (n=500) of respondents perceived as very dangerous to drive
under the influence of an impairing substance (e.g. alcohol, cannabis, speed). It should also be
noted that having an accident as a result of driving under the influence of an impairing drug
was the main risk reported by more than 95% of both Internet and new licensee respondents.
This could give a good opportunity to government bodies in terms of approach for educational
purposes to develop campaigns to deter drug driving in the Territory. However, more
information based on accuracy, reliability and validity of the responses provided by
participants is needed. With the introduction of RDT in the ACT, new information and
education campaign about the risks associated with drugs and driving are necessary.

The age of participants was also evaluated in terms of drug driving. As explained above, age
group 20 to 29 were more likely to be driving under the influence of alcohol or illicit
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substances. In comparison, the first two age groups «20 and 20-29) were more likely to
report driving under the influence of illicit drugs than other groups. This may provide an
opportunity to ACT Policing to target individuals under those age groups that are more likely
to be driving under the influence of drugs on ACT roads.

7.4.1 Limitations
A self reported questionnaire was designed to be completed via the Internet specifically by
individuals who were fairly new at driving in the ACT or those that were applying for a
learners permit for the first time. Later it was decided to add to the criteria whoever held an
ACT drivers licence as part of the general ACT population. This was done to increase
participation and to gather as many responses as possible. Our final goal was to survey 500
individuals from the general population especially including those who were new at driving in
the ACT. However, only 244 respondents (48.8%) voluntary accessed the University of
Canberra's website and submitted the survey. It was difficult to gather the data required,
despite delivering leaflets to festivals, pharmacies and shops around Canberra. Given that we
had failed to gather information coming from genuine newly licensed drivers, it was decided
to provide hard copies of the survey to one of the branches of Canberra Connect (Road Ready
Centre) to target those individuals applying for a learners pennit and those who were holders
of a provisional licence. This gave us a smaller sample size (n

=256), but was restricted to

only newly licensed drivers.

It should be noted that the validity of self-reported information about drug use and driving has

been questioned (Harrison 1997). Although before mid 1980s, surveys reporting the use of
illicit drugs amongst a particular group were thought to be a fairly good approximation to
reality, more recent technologies (e.g. immunoassays) using hair or urine as forensic matrices
have suggested the contrary (Harrison & Hughes 1997). However, this survey was done
because it still provides a good opportunity to raise awareness about risks associated with
drugs and driving behaviours and to obtain information about participants' drug driving
behaviours.
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Chapter 8 General discussion: mapping drug driving, drug use
and risk perceptions of entertainment venues attendees, on-road
drivers and newly licensed drivers in the ACT.
The principles of this study were to investigate risk perceptions and behaviours associated
with driving under the influence of drugs as well as to provide an estimate of the incidence of
current drug driving on ACT roads. Three groups were targeted to be part of our study: (1)
nightclub attendees, (2) on-road drivers and (3) newly licensed drivers, which included
participants from the general ACT population. As described in previous Chapters, to fulfil the
principles of this study, a self-reported questionnaire was provided to each group of
participants. Paper and online questionnaires comprised several questions addressing
demographics of the sample, driving history and a number of items referring to their attitude
towards drug use and driving.

This study also included the collection of oral fluid samples from nightclub attendees and onroad drivers. The majority of the samples (about 67%) were collected from on-road drivers,
with one-third (about 33%) acquired from nightclub attendees. Oral fluid samples were tested
for drugs of abuse related to the party scene (e.g. speed and cannabis) at the University of
Canberra's PC2 biological science laboratory.

This discussion will begin by outlining key findings and limitations of this study. Then it will
follow by discussing drug trends and finally it will discuss the implications and the impact the
new Road and Transport (Alcohol and Drugs) (Random Drug Testing) Act 2010 may have on
changing people's driving behaviours in the ACT.

8.1 Key findings and limitations
Given that one of the principles of this study was to provide an estimate of current drug
driving on ACT roads, participants were asked whether they had driven a motor vehicle under
the influence of drugs or, in the case of alcohol, over the legal limit of 0.05g/dl at least once in
the past 12 months prior the survey. As shown in figure 8.1, this study established that
nightclub attendees were more likely to report driving under the influence of alcohol and
marijuana, closely followed by online respondents. However, the opposite situation occurred
when participants were asked if they had driven under the influence of ATS. A higher
proportion of online participants reported driving under the influence of ATS than nightclub
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attendees, despite nightclub attendees being the demographic group most related to drug
consumption (Degenhardt et al. 2006).

It is important to mention that a limitation in this study was the honesty of participants at the
time of answering questions regarding their drug use and driving behaviours. It is possible
that nightclub attendees at the time of filling in the semi-structured questionnaire felt uneasy
about the presence of the ACT Policing in the area, which may have impacted in the answers
given in our survey, whereas online respondents may have not felt such a pressure.
Figure 8.1 Proportion of drink and drug driving reported in the ACT
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When comparing the results obtained from nightclub attendees and on-road drivers'
responses, as expected, nightclub attendees reported higher proportions of drink and drug
driving compared to on-road drivers. However, drink and drug driving may be underrepresented in the figures provided by on-road drivers, as only 40% of the total number of
participants who were screened for alcohol by ACT Policing agreed to participate in our
study. This is very important to highlight, as although these answers are also subject to the
honesty of on-road drivers, the remaining 60% of individuals, who did not agree to participate
in our study, could have increased the proportion of individuals reporting drink and drug
driving in the ACT. It is possible that several participants had consumed i11icit drugs on the
night of the survey and did not feel comfortable sharing this information with us, when ACT
Policing was in the area.
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In comparison, as discussed in Chapter 4, results obtained from the presumptive saliva tests
established that cannabis was found more often than ATS in the saliva of on-road drivers
(n=400), with 6.25% of the cases for THC and 0.5% of the cases for ATS. However, this
study tested oral fluid samples that had been stored in a minus 80°C freezer and given that all
the drugs tested as part of this study are prone to degradation even under proper storage
conditions, it is likely that the results shown herein are under-represented.

Given that there are not many studies evaluating the stability of drugs such as ATS and
marijuana for different temperatures and periods of time, it is not possible to assume the
accuracy of the results obtained in this study. For example, a group of scientists from Ghent
University in Belgium evaluated the stability of designer drugs such as ATS in various
forensic matrices and temperatures. They found that ATS are relatively stable at different
temperatures for 5 weeks and if stored at minus 20°C, these drugs can remain stable for up to
21 weeks (Clauwaert, Van Bocxlaer & De Leenheer 2001). Another study was conducted in
the United States, where scientists evaluated the stability of THC in oral fluids. It was found
that when THC is kept in the dark and at room temperature, the degradation of THC was up to
20% for two weeks (Moore, C et al. 2006). In addition, both THC and its main secondary
metabolite (THC-COOH) were relatively stable when stored at temperatures below 4°C for 6
months (Johnson et at. 1984; Moore, C et at. 2006). None of these examples refer to the exact
conditions used in this study. However, as mentioned above, the degradation of drugs can
occur even under optimal storage conditions.

On-road drivers in the self-reported survey also reported higher proportions of driving under
the influence of cannabis compared to ATS. In contrast, two studies conducted by the
University of Canberra showed the opposite. Rudd (2005) found that 2% Of the blood samples
tested from individuals involved in traffic accidents (n=504) appeared positive for ATS
compared to 0.8% for THe. In addition, a pilot study on drugs and driving also reported that
ATS (5%) were found more often than THe (2%) in the saliva of participants (Cashmere
2007). It is possible that these differences are due to the demographic characteristics of the
study samples. Rudd (2005) only targeted individuals involved in traffic accidents. The
proportion of individuals with detectable levels of alcohol (9%) was less than those who
appeared positive for drugs (12%). Cashmere (2007), on the other hand, comprised a small
sample size of that is not representative of the general population in the ACT. Despite these
differences, as shown in figure 8.2, the proportion of drivers and potential drivers in the ACT
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with detectable levels of illicit substances appeared to be higher than the 2% (n=13176)
reported by the Victorian Police over the period 2004-2005 of the introduction of RDT
(Victoria Police 2006). Furthermore, it also appears that the presence of drugs of abuse in the
saliva or blood of ACT drivers is greater than the presence of alcohol.
Figure 8.2 Comparison between proportions of individuals driving under the influence of drugs from
three studies in the ACT
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Why is it that this new generation may be choosing illicit drugs over alcohol for recreational
purposes? Perhaps factors such as difference in costs between alcohol and illicit drugs could
be one of the main reasons why younger generations are deciding to take drugs over alcohol.
In an article published by The Canberra Times, a group of regular ecstasy users reported that
they preferred to used drugs because they did not have the money to pay full price for
alcoholic beverages the whole night in a club (Parkes 2008). In addition, the longer effects of
some illicit drugs like speed or ecstasy when compared to alcohol (Akram & Forsyth 2000;
Degenhardt et al. 2006), could be another factor explaining why individuals prefer these. In
addition, whilst there is fear amongst individuals to be caught drink driving, there is a lack of
drug testing in the Territory. It is possible that this is another reason why they prefer drugs to
alcohol.

Although it was an offence under the Road Transport (Alcohol and Drugs) Act 1977 to be
driving under the effects of drugs (ACT Government 2008), the 1977 Act did not specify
what concentration of drug will make an individual incapable of having proper control of a
vehicle. The new Road Transport (Random Drug Testing) Amendment Act 20 I0 focuses in
targeting individuals with detectable levels of illicit substances in their system. Perhaps the
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discussion here should not be about whether an individual has used drugs or not but to
determine what level of drugs individuals should have in their system and still drive safely.
However, in order to achieve that, illicit drugs should become licit drugs to validate a
particular level of drug that may be used as a cut off similar to that for alcohol (0.05g/dl).
Therefore, perhaps the discussion here should also reinforce the idea that THC and ATS are
classified as controlled and prohibited substances under the ACT Drug of Dependence Act
(1989) and therefore, individuals should not be driving after using these substances, as the
risks of involving themselves or others in accidents will be increased.

A major question that has raised concern amongst the general ACT population is what should
be the limit to legally drive after consuming THC and/or ATS? Public opinion emphasises
that it cannot be zero, arguing that under the drink driving law, individuals are legally allowed
to drive a motor vehicle if under the legal limit established in the legislation, which is 0.05g/dl
for a full licence holder (Reynolds 2010). However, when we talk about recreational drugs
and their illegality, policy makers are not ready to set a standardised amount of THe and/or
ATS individuals are allowed to have in their system and still drive safely. These are major
concerns for policy makers in the ACT. Chief Minister Jon Stanhope stated that they want to
"get it right", as they still need to work out whether to test individuals with specific levels of
drugs or simply test individuals regardless the amount of drug detected (Reynolds 2010). If
the government allows a drug detection limit similar to that for alcohol; it would be like
telling the whole ACT population that it is acceptable to consume illegal drugs, which is a
problematic policy position.

Drug detection limits are usually subject to changes according to the purpose of the test
(Drummer 2006). For example, in some sports, athletes face a zero tolerance for drugs that
may increase their ability to perfonn. ACT Policing, based on the new drug driving
legislation, is adopting a zero tolerance level, and individuals with detectable level of illicit
drugs in their system will be charged (ACT Government 201Oc). This may lead to major
issues on the role of testing as a deterrent for drug driving, if false positives are detected in the
saliva of motorists. This is a reason why ACT Policing must be aware that as well as having
properly validated screening devices they must introduce a validated procedure for collection
and analysis of oral fluid samples.
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In a review article by Drummer (2006) from the Victorian Institute of Forensic Medicine in
Victoria, Australia, different parameters for drug collection, detection and confirmation limits
in oral fluids were provided by three different organisations. The Substance Abuse and
Mental Health Services Administration (SAMHSA), the European Union Roadside
Assessment Testing Study (ROSITA) and the Australian Draft Standard. Whilst SAMHSA
and ROSITA suggested drug detection limits of 2 and 1.9 nglml for THC, Standards Australia
proposed 10 nglml as a cut off level. In addition Standards Australia proposed 25 nglrnl for
ATS, though SAMHSA and ROSITA suggested 50 to 90 nglml (Drummer 2006). This
demonstrates there is still considerable controversy over acceptable detection limits.

As shown in Chapter 4, 37 samples appeared positive for THC.and 14 samples tested positive
for ATS. According to the detection limits proposed by Standard Australia only one out of the
37 samples is indeed positive for THC and the rest will be false positives. However, if we
look at the cut-off proposed by SAMHSA and ROSITA, most of these samples would be
positive. Ramaekers et al (2004) found that maximal performance impairment (70-80%) could
be achieved at THC concentration levels of 14 nglml to 60 nglml in plasma. In addition, a
THC concentration of 4 nglml in plasma could produce a performance impairment of
approximately 25%. Given the difference in ratios between oral fluid and plasma
concentrations, low oral fluid concentration may represent low plasma concentration and
hence the level of impairment may be nonexistent (Aps & Martens 2005; Navarro et al.
2001). Based on those results, this may suggest that samples with an oral fluid THC
concentration of less than }0 nglm} may be of an individual who has not recently consumed
marijuana and hence is fit to drive safely.

In addition, the general public has questioned the possibility to produce a positive result for
cannabis when being around people using the drug. Niedbala and colleagues (2005) found
that passive smokers can test positive for THC for up to 30 minutes after commencement of
cannabis exposure. Four passive individuals sat in an unventilated van next to four active
cannabis smokers. Each active subject smoked a single marijuana cigarette containing 83.2mg
of THe. Passive smokers were found to contain peak levels of THC of 1.2 nglrnl in oral fluid.
Concentrations found were high in the first 30 minutes of exposure but quickly decayed to
negative values within 30-45 minutes (Niedbala et al. 2005). In addition, after ruling out any
potential contamination during sample collection (collection of oral fluid samples outside the
van); all participants were negative at screening and confirmation. When oral fluid samples
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were collected inside the van, sample collectors were environmentally exposed and were
found with detectable levels of THC (3-14 ng/m!) (Niedbala et al. 2005). If this is the case, it
may be possible for ACT Policing to adopt the same procedures as in the RBT. If they stop an
individual who provides a reading of 0.05 g/dl for alcohol it is possible to ask the driver to
park their car and wait for 10 or 15 minutes and have another reading to see if the level of
alcohol has decreased. A similar process could be followed with positive drug readings or
alternatively ask the driver to step outside the car to collect the sample to rule out any possible
contamination of the collectors. However, according to Attorney General and Minister for
Police and Emergency Services Mr Simon Corbell, it is an offence against human rights to
force the driver to wait for several minutes (Thomson 2010). Given that the new random drug
testing legislation is due to commence on the first of December 2010, ACT Policing could
organise a twelve month trial to determine strengths and weakness of the new legislation and
allow policy makers to make changes to the new legislation and guarantee that individuals'
rights are not violated.

With regards to ATS, nine out of fourteen individuals with a MAlMDMA concentration
higher than 50 ng/ml would be also considered positive according to the cut-off proposed by
Standards Australia, SAMHSA and ROSITA, suggesting that the driver was not capable of
driving safely. However, it has also been suggested that intoxication has been associated with
low doses of MDMA as well as overdose. This may indicate that, although the concentrations
found in oral fluid of five participants were below the cut off proposed by Standard Australia,
individuals could still not be capable of driving safely. Despite the Australian Standard cut off
is for laboratory and scientific purposes of drug identification in a sample and does not
automatically infer impairment.

Previous research has already established that marijuana and ATS affect driving performance.
For example stimulant drugs such as speed and ecstasy induce users into a false sense of
confidence, altering perception and cognition, which threaten safe driving (Degenhardt et al.
2006). In addition, experimental studies have suggested that the higher the amount of
marijuana intake the higher the impairment (Lenne et al. 2009). This impairment is seen in the
driving performance of cannabis users, as important abilities for road safety, such as reaction
time, are decreased (Papafotiou, Carter & Stough 2005). Policy makers need find a way to
bring this information across the general population in the Territory, as results from the
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surveys clearly demonstrate that individuals are admitting to drug driving without attributing
great risk of accidents if driving under the influence.

As discussed in Chapter 4, Section 4.4.1, the presumptive ELISA kits used for this study had
a few limitations. In particular, it was not possible to distinguish between MDMA and MA in
test results. A similar issue happened with THC direct ELISA kits, as they also had cross
reactivity with THC-COOH, which is an inactive form of cannabinoids. Therefore, direct
ELISA kits used for the presumptive analysis of THC could have detected THC-COOH. It
should be noted that confirmation analyses via HPLC or GCIMS are fundamental to rule out
possible false positives.

Given that many drug users usually consider driving under the influence of illicit substances
as not very dangerous, it was also of interest to determine a comparison about the risk
perceptions of all targeted groups. As presented in figure 8.3, although driving influenced by
alcohol is still considered as very dangerous by all groups, cannabis was thought to be less
dangerous than the others. Perhaps this reflects the familiarity of cannabis amongst the
general Australian population. The 2007 Drug Strategy Household Survey reported that
33.5% of people 14 years or older had used cannabis at least once in their lifetime and 3.5%
had used it in the week prior the survey. Substances considered the most dangerous varied
amongst targeted groups.
Figure 8.3 Proportion of individuals reporting as very dangerous to drive under the influence of drugs
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Participants were also asked about factors they perceived as risks when driving under the
influence of drugs. As shown in figure 8.4 nightclub attendees were the most concerned
targeted group in regards to getting caught by the police if driving under the influence of
illicit drugs. This is not surprising, as research has suggested that one of the main fears of
regular drug users is to get caught by the police (McIntosh, O'Brien & McKeganey 2008). In
addition, more nightclub attendees considered it a risk that friends could think less of them if
they did not have the courage to drive influence by drugs. It should be noted that the context
in which nightclub attendees were asked to fill in the questionnaire probably played a very
important role in the way they answered the questions. For example, despite the presence of
the ACT Policing near the area, nightclub attendees could have felt that they had nothing to
fear when they gave us consent to be part of our research study. This was firstly because most
of them were already holders of a valid licence and were not driving at the time, secondly
because most of them were in a good mood associated with the venues they were visiting,
which made it easier for them to approach our research site and participate without hesitatiqn,
and finally because of their false sense of self-confidence due to the effects of alcohol or
drugs, which alters their behaviour. In addition, it is possible that some of the nightclub
attendees gave erroneous answers just to impress their friends, which leads us to one of the
limitations of this study, the honesty of participants. For these reasons, although nightclub
attendees also reported that having an accident was a major concern, they were the least
concerned when compared to other targeted groups.

If we compare nightclub attendees' responses with on-road drivers' responses, it is possible to

argue that the context in which on-road drivers were being approached was different from
nightclub attendees. On-road drivers did have something to fear compared to nightclub
attendees. For example, given that they were already driving their cars, there is a major risk
associated with having an accident than any other risk factor listed in our survey. As well, as
ACT Policing had stopped them at a RBT site the chances of getting arrested by the police
increased. Here the presence of the police played a very important role in changing drivers'
behaviour. Although drivers were given a 'free to go' sign, drivers were also asked by the
police to talk to researchers about our drug driving survey. Although our study was
completely anonymous and separate from the police, it is possible that the majority of the
drivers were concerned about providing accurate information when ACT Policing was 50
metres away. In addition, this probably brought uneasiness to the participants and could have
influenced their answers to the survey. For on road drivers the influence of friends seemed not
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to have a very strong effect in changing their behaviour. In addition, it should be noted that
only 40% of the total sample screened for alcohol agreed to participate in our study. The other
60% possibly could have increased the proportion of individuals with detectable levels of
illicit substances.

Online respondents and newly licensed drivers provided very similar responses in the survey.
However, given the age range of newly licensed drivers and the fact that they were enrolled in
a course to either obtain their drivers licence for the first time or to be allowed to drive
without placing a 'P' plate on their cars, these participants were possibly more likely to
provide more honest answers than other groups. For example, online respondents and newly
licensed drivers were not driving at the time of the survey. In addition, there were no police
near them, when filling in the survey, which released any concerns in providing personal
information about drug use and risk perceptions. As newly licensed drivers were also
attending a driving course, where they learnt about the risks associated with driving a motor
vehicle in a public place, this could be a reason why almost all the participants thought that
having an accident was the main risk associated with drug driving. Given that drug use and
driving is a relatively new topic in the ACT, the majority of the participants still are not fully
aware of all the risks associated with driving under the influence of illicit substances. For this
reason it is possible that survey respondents considered driving under the influence of
marijuana as not very dangerous compared to other substances.
Figure 8.4 Proportion of main risks associated with driving influenced by drugs reported by targeted
groups
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Although the majority of the participants showed their support for the introduction of RDT, a
significant proportion of individuals also reported that RDT would have no impact in
changing their driving behaviours. It is worth noting that only a small proportion said they
drove under the influence of drugs and only few of those who were tested for drugs were
actually positive for THC and ATS. Therefore, this information may be valuable to policy
makers to come up with a strategy to change the behaviour of people that are more likely to
drug drive. In the United Kingdom, regular drug users were asked about what could be done,
as a deterrent to stop drug driving. Participants thought that RDT would be a good measure
because they feared being arrested by the police. However, participants also said that that was
a risk they were prepared to take (Mcintosh, O'Brien & McKeganey 2008). In Australia we
may encounter a very similar situation to the UK. Whilst most Australians will agree that it is
very risky behaviour to drive either under the influence of alcohol or impairing drugs, many
of them are not ready to accept new laws. New law enforcement measures are being
introduced to stop drink and drug driving, as a way to increase public awareness, and to show
that when driving under the influence of impairing substances individuals not only put their
own life under risk but the lives of others. In addition, regular drug users, being an already
marginalised demographic group and not directly included in this study, possibly will adopt a
similar position to regular users in the UK. If it comes to getting caught by the police, it is
possible that they will be ready to take that risk.
Figure 8.5 Proportion of targeted groups reporting their support for a RDT initiative and if ROT would
change their driving behaviour
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International and national drug trends are constantly changing. The Australian Crime
Commission (ACC) in its latest llIicit Drug Data Report (2008-2009) reveals that marijuana
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continues to be the most marketed illicit drug in the world in terms of cultivation, harvesting
and consumption (Australian Crime Commission 2010). In comparison, domestic trends
indicate that given the local production of marijuana, the detection of this drug at local
borders has substantially decreased from about 53 kg in 2007-2008 to about 9 kg in 20082009 (Australian Crime Commission 2010). Since 1999 arrests due to marijuana consumption
have shown fluctuations but have been relatively stable. The number of arrests began to
increase from 2001 with almost 56,000 cases. Then, arrests started to decline at the beginning
of 2004. Recently the Australian Drug Commission reported that there were about 56,000
arrests in the period 2008-2009, similar to 2001, which represents an increase of six percent
from the previous year period (Australian Crime Commission 2010). It may be possible that
with the new random drug testing law, the number of arrests in places like the ACT will
IOcrease.

When we look at arrests by StatefI'erritory, the Australian Drug Commission showed that
despite Queensland being the state with the largest number of arrests in Australia, it
experienced a decrease of about 3% in arrests in 2008-2009. In the ACT, despite ACT
Policing and the Federal Police being unable to perform random drug testing under the Road
and Transport (Alcohol and Drugs) Act 1977, the police managed to perform 319 arrests,
related to marijuana offences, in the period of 2007-08. The number of arrests decreased
about 5% in the period 2008 09 with 302 arrests (Australian Crime Commission 2010).
4

In regards to amphetamine type substances (ATS), despite the constant changing in law
enforcement throughout the world and all the restrictions imposed by government agencies to
control the selling of precursors of ATS, drugs such as methamphetamine and MDMA
continue to be a major problem worldwide (Australian Crime Commission 2010). National
trends indicate that ATS continue to be detected by custom agents, indicating that ATS are
becoming more available in Australia, despite the regulation of parent drugs such as
ephedrine and pseudoephedrine (Australian Crime Commission 2010). This may increase
consumption and hence driving under the influence of these substances. Although the number
of individuals arrested for ATS consumption has also increased during the past years
(Australian Crime Commission 2010), it is possible that with the introduction of random drug
testing in places like the ACT the number of individuals arrested may become higher.
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Thus far this section has outlined key findings and limitations encountered throughout this
study. This section also described the rising number of arrests due to illicit drug consumption,
reflecting the increase in availability of ATS and marijuana. In addition, this section also
implies that the figures presented by the Australian Crime Commission in regard to drug
detection and arrests may under-represented, as with the introduction of random drug testing
in places like the ACT the number of individuals driving with detectable levels of illicit
substances in their system may increase.

Drug use and driving are not only a significant problem for drug users but also a great
concern for the safety of the road-using communities. Whilst drink driving is decreasing in
Australia, drug driving is increasing (Drummer, 0 et al. 2004). This is partly due to the
increasing availability of ATS such as "ice" (ABC TV 2006; Australian Crime Commission
2010). A drug in combination with alcohol, or multiple drugs is more likely to present a
greater risk for MVAs. There appears to be an overlap between drug driving and drink
driving; this is evidence by the prevalence of accidents involved drivers positive for both
drugs and alcohol (Rudd 2005). Research in drug driving is often overshadowed by drink
driving, despite the increasing number of individuals caught with detectable levels of illicit
substance in other Australian jurisdictions. In New South Wales, where police are permitted
to perform roadside drug testing, the number of individuals caught drug-driving in 2008
(n=387) increased by 24% in 2009 (n=480) (Reynolds 2010).

The introduction of roadside random drug testing in all jurisdictions in Australia may have a
significant impact on the reduction of fatally and non-fatally injured drivers as a result of
MVAs. This statement is supported by previous experience with the introduction of seatbelts
and random breath testing for alcohol. The late Dr John Henry Winter Birrell, a former
general practitioner and police surgeon, became famous for his campaign to introduce seatbelt
wearing and random breath testing in Victoria (Bush 2010; Gibb 2003). Within the first year
of the introduction of the seatbelt law, the proportion of fatally injured drivers in Victoria
reduced by about 16 percent (Bush 2010). According to the Federal Office of Road Safety
(FORS), since the introduction of random breath testing in Australia, the proportion of fatal
road crashes decreased dramatically. Furthermore, a new Road Transport (Drink Driving)
Legislation Amendment Bill (2010) has been introduced in the Territory to reduce the number
of drink drivers (ACT Government 20IOa). With this experience, the development of the new
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random drug-testing program may be a good opportunity for education and apprehension
drugged drivers to keep roads safe.
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Chapter 9 - Conclusion
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Chapter 9 Conclusions
This study mapped drug driving in the ACT through surveying some 1100 people across three
different demographic groups. This is a significant expansion on previous studies, with the
aim of building knowledge to successfully regulate and prevent drug driving. Responses to
the questionnaires provided by males and females of three targeted groups (on-road drivers,
new driver licensees including online respondents and nightclub attendees) revealed that drug
use is a concern within the ACT and that driving after consuming marijuana or amphetamine
type substances (ATS) is occurring.

However, responses given by males and females from different age groups were not
consistent enough to indicate a strong relationship with drug driving. Male nightclub
attendees were more likely than female attendees to report driving under the influence of
illicit drugs. They were also more likely to be involved in motor vehicle accidents whilst
under the influence of drugs. In addition, although the proportion of male drivers, new
licensee and online survey respondents reporting drug driving was also higher than their
female counterparts, there were no significant differences between them in terms of drug use
and the likelihood of having an accident. According to the results obtained from the saliva
tests, the proportion of male nightclub attendees who had detectable levels of marijuana or
ATS was significantly higher than their female counterparts. However, for on-road drivers,
although the proportion of male drivers was still higher than female drivers, the differences
between males and females were not significant. This indicates that gender should not be used
as a predictor for drug driving amongst people from the general ACT population. It is worth
noting; however, that gender could probably be used as a predictor for drug driving amongst
nightclub attendees. This needs to be further investigated.

Results of the questionnaires also suggested that individuals from all the targeted groups in
the age group 20 to 29 were more likely to report driving under the influence of illicit drugs,
followed by individuals under 20 years of age. These results appeared to be similar to those
reported by the Australian Institute of Health and Welfare (2007) with regards to drug use and
driving. Results from the saliva tests also suggested that marijuana was significantly more
likely to be detected in oral fluid samples of on-road drivers than ATS. Interestingly, for
nightclub attendees, there were no differences between the proportion of individuals positive
for marijuana and those positive for ATS. It should be noted that polydrug use was only seen
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in one nightclub attendee who appeared with detectable levels of marijuana and ATS. This is
important because when taking a combination of drugs, the effects on the user are
significantly increased and become a major risk for the user and for the people around
him/her.

This study indicated that both drink and drug driving are problems in the ACT. Given some of
the most common reasons why people drug drive revealed in this study like the public
transport issues, lack of educational programs about risks associated with driving under the
influence of marijuana or ATS and affordability of drugs compared to alcohol, there is much
to do to provide better options of public transportation available to young people in the ACT
to reduce the temptation of drug and alcohol users to drink or drug drive and come up with
better campaigns to educate individuals in these topics. Furthermore, whilst this study was
underway, the Legislative Assembly in the ACT approved a random drug testing law. This
new law is about to be enacted in the ACT and its social consequences remain to be seen. It
should be noted that on average three out of four participants in the study showed their
acceptance and support of the initiative of the introduction of random drug testing in the ACT.
This could have a great significance on risk perceptions and in reducing drug use and driving
amongst young people in the ACT.

Further research is needed to determine whether the zero tolerance approach intended to be
used by ACT Policing is the best practice considering that the devices used may provide false
positives. According to declarations provided by Sergeant Ron Melis of ACT Policing SRS
Traffic Operations, zero tolerance in terms of drug driving refers to the policy of applying
penalties and/or open a case to prosecution to anyone that appears with detectable levels of
THC, MA and/or MDMA. In addition, more experimental research in real situations is needed
to determine what concentrations of cannabis and ATS may be used as cut-offs in case the
zero tolerance approach gets ruled out. For these reasons, and given that technology is
changing, a suitable fast, accurate and validated device is needed to avoid false positive
results that may cause damaging consequences to wrongly charged individuals. Finally, given
that this study only obtained presumptive results from the Enzyme Linked Immunosorbent
Assay, chromatography methods such as the ones described in Chapter 3 should be used for
confirmation analysis via Gas Chromatography-Mass Spectrometry.
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Appendix A
Questionnaire to Survey Drug Driving Behaviours in potential drivers leaving entertainment venues in
the ACT
All responses will remain confidential and anonymous
Section 1: "Demographics"
I. Gender:

o

Male

o

Female

2. Age: .................

Yes

No

9. Have you ever been in an accident whilst
driving under the influence of drugs?

Yes

No

Section 3: "Roadside saliva drug testing"

3. Marital status:
o Single
o Married/de facto
o Divorced/separated
4. Current occupation: .............................
o Student
o Unemployed
5. Where were you born? ........................
6. Living arrangements:
o With parents
o With partner
o Share accommodation
o Alone
7. How did you get to today's event?
o Car (with me driving)
o Car (with another person driving)
o Motorcycle
o Public transport
o Taxi
o Walking
o Bicycle
8. Residential postcode: ..........................
Section 2: "Driving history"
1. Have you ever driven a motor vehicle? (if NO
to section 3)
2. Have you ever had a driver's licence?

8. Have you ever been in an accident whilst
driving under the influence of alcohol?

I. Which of these drugs do you think can be detected by a
saliva drug test?
1.1 Alcohol

Yes

No

1.2 Heroin

Yes

No

1.3 Ecstasy

Yes

No

Not
sure

1.4 Speed

Yes

No

1.5 Cannabis

Yes

No

1.6 Cocaine

Yes

No

Yes

No

Not
sure
Not
sure
Not
sure
Not
sure

2. Do you support this type of roadside
drug testing?

Not
sure
Not
sure

3. How would roadside drug testing change your behaviour?
I'd wait several hours before driving
0
I'd not drive if I were clubbing
I'd not use drugs if planning to drive
0
It would not change my behaviour
0
0

~o

Yes
Yes

No
No

3. Do you currently hold a valid driver's
licence?

Yes

No

4. Have you driven without a licence in the past
12 months?
5. Have you ever had an accident whilst driving?

Yes

No

Yes

No

6. Have you ever driven a motor vehicle under
the influence of alcohol?
7. Have you ever driven a motor vehicle under
the influence of dru~s?

Yes

No

Yes

No

4. If you avoided driving because of roadside drug testing,
how would you choose to travel?
o Public transport OTaxi
DAsk for a lift
DBicycle
DWalk
DUnsure
Section
4:
"Risk
DerceDtions"
I
I
1. Use the scale to rate how dangerous you think it is for
someone to drive under the influence of alcohol or illicit druQ:s
I-Unsure 2-Not dangerous 3-Not very dangerous
4-Quite dangerous 5-Very dangerous
I 2 3 4 5
Alcohol. ..................................0 0 0 0 0
Cannabis....................................... O 0 0 0 0
MDMA (ecstasy)....................... 0 0 0 0 0
Heroin.................................... 0 0 0 0 0
Amphetamine (Speed) ............... 0 0 0 0 0
Cocaine ................................... 0 0 0 0 0

139

Section 4: "Risk DerceDtions"
2. What do you think are the main risks associated with
driving under the influence of alcohol
(please tick the boxes that apply)
DGetting caught by police
DHaving an accident
DFriends will think less of me
DNo risk
:
.
CJOther:
3. What do you think are the main risks associated with
driving under the influence of illicit drugs?
(please tick the boxes that apply)
DGetting caught by police
DHaving an accident
DFriends will think less of me
DNo risk
CJOther:
.
4. Use the scale to rate how concerned you are about people
driving under the influence of alcohol or illicit drugs?
1- Unsure 2-Not concerned 3-Slightly concerned
4-Quite concerned 5-Very concerned
I 2 3 4 5
o Alcohol.
0 0 0 0 0
o Illicit drugs
0 0 0 0 0
5. Use the scale to rate how common is driving under the
influence of alcohol or illicit drugs amongst your friends
I-Unsure 2-lt never happens 3-Happens rarely
4- Happens sometimes 5-Very common
I 2 3 4 5
o Alcohol..
0 0 0 0 0
o Illicit drugs
0 0 0 0 0
6. Use the scale to rate those substances you think have the
greatest effect on your ability to drive safely
I-Unsure 2-No effect 3-Some effect but ok
4-strong effect 5- Very strong effect
I 2 345
Alcohol..
0 0 0 0 0
Heroin
0 0 0 0 0
Cannabis
O 0 0 0 0
Amphetamines (speed)
O 0 0 0 0
MDMA (ecstasy)
0 0 0 0 0
Cocaine
0 0 0 0 0

Section 5: "Drue/alcohol use and drivine"
1. Use the scale to rate which of the following best describes
how often you consume alcohol and/or illicit drugs.
I-Never 2-Very rarely 3-Monthly 4-weekly
5- 2 to 3 times a week 6-Most days
I 2 3 4 5 6
DAlcohol..
0 0 0 0 0 0
DHeroin
0 0 0 0 0 0
DCannabis
0 0 0 0 0 0
DAmphetamines (speed)
0 0 0 0 0 0
DMDMA (ecstasy)
O 0 0 0 0 0
DCocaine
O 0 0 0 0 0
2. Use the scale to rate which of the following best describes
how often you drive under the influence of alcohol and/or
illicit drugs.
I-Never 2-Very rarely 3-Monthly 4-weekly
5- 2 to 3 times a week 6-Most days
I 2 3 4 5 6
DAlcohol.
0 0 0 0 0 0
DHeroin
0 0 0 0 0 0
DCannabis
0 0 0 0 0 0
DAmphetamines (speed)
0 0 0 0 0 0
DMDMA (ecstasy)
0 0 0 0 0 0
DCocaine
0 0 0 0 0 0
3. Have you knowingly been a passenger in a car with a driver
who was under the influence of drugs?
DYes
DNo
If YES which drug(s):

4. Where do you usually drink alcohol?
DEar/pub DClub
DParty
Dear
DRave
DFriends home
CJOwn home
DNever

5. Where do you usually use ilIicit drugs?
DEar/pub
DClub
DParty
DCar
DRave
DFriends home
CJOwn home
DNever
THANK YOU FOR YOUR TIME!!
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AppendixB
Questionnaire to Survey Drug Driving Behaviours in drivers on ACT roads
All responses will remain confidential and anonymous
2. What do you think are the main risks associated with
Section 1: "Demographics"
driving under the influence of illicit drugs?
[J Female
1. Gender: [J Male
[J Getting caught by police
2. Age:
..
[J Having an accident
[J Friends will think less of me
3. Marital status:
o
No risk
[J Single

[J Married/de facto
[J Divorced/separated
4. Current occupation:
[J Student
[J lJnemployed

..

t--------=--:--::--:~-:-:--_:_:--::__----__;

Section 2: "Driving historv"

1. On average, how often do you drive?
[J Daily
[J Once every 2 weeks
o 3-5 times a week [J Once a month
[J Once a week
2. Have you ever driven without a licence in the past 12
months?
[J 'res
0 No
3. Have you ever been involved in a:
[J Car accident
[J Car accident under the influence of alcohol
[J Car accident under the influence of drugs
[J None of the above

Section 4: "Roadside sativa drug testing"
I. Do you support this type of roadside drug testing initiative?
[J'res
~o
[JlJnsure
2. How would roadside drug testing change your driving
behaviour?
[J I'd wait several hours before driving
[J I'd not use drugs if planning to drive
[J It would not change my behaviour
3. If you avoided driving because of roadside drug testing,
how would you choose to travel?
0 Public transport DTaxi
DAsk for a lift
DBicycie
[JWalk
[JUnsure

Section 5: "Drug/alcohol use and driving"
1. Rate which of the fol1owing best describes how recent you
have consumed alcohol and/or illicit drugs.
I-Never 2-Within last year 3-Within last month 4-Within
last week 5- Within last 24hr 6-Within 4hr
I 23 4 5 6
DAlcohol
O 00000
I - - - - - - - : :S:-"e-cti"":'·o-n---:'3-:':":""Ri=-:'"s"":'k""':P=-e-r-c-ep-t"":'io-n-s---------i
'
DHeroin
0 0 0 0 0 0
ClCannabis
0 0 0 0 0 0
DAmphetamines (speed)
O0 0 0 0 0
I. Use the scale to rate how dangerous you think it is for
DMDMA
(ecstasy)
O0 0 0 0 0
someone to drive under the influence of alcohol or illicit drugs
O::ocaine
0
0 0 0 0 0
I-Unsure 2-Not dangerous 3-Not very dangerous
2. Rate which of the following best describes how often you
4-Quite dangerous 5-Very dangerous
I 2 34 5
drive under the influence of alcohol and/or i11icit drugs.
Alcohol..
O0 0 0 0
I-Never 2-Very rarely 3-Monlhly 4-weekly
Heroin
O 0000
5- 2 to 3 times a week 6-Most days
I 2 3 4 5 6
Cannabis
O0 0 0 0
Amphetamine (Speed)
O 0000
DAlcohol..
0 0 0 0 0 0
MDMA (ecstasy)
O0 0 0 0
DHeroin
0 0 0 0 0 0
Cocaine
O 0000
DCannabis
0 0 0 0 0 0
DAmphetamines (speed)
0 0 0 0 0 0
DMDMA (ecstasy)
0 0 0 0 0 0
DCocaine
0 0 0 0 0 0
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Appendix C
Questionnaire to Survey Drug Driving Behaviours in newly licensed drivers in the ACT
All responses will re11Ulin confidential and anonymous
Section 1: "Demographics"
1. Gender:

o

Male

o

Female

2. Age: .................

Yes

No

9. Have you ever been in an accident whilst
driving under the influence of drugs?

Yes

No

Section 3: "Roadside saliva drug testing"

3. Marital status:
o Single
o Married/de facto
o Divorced/separated
4. Current occupation: .............................
o Student
o Unemployed
5. Where were you born? ........................
6. Living arrangements:
o With parents
o With partner
o Share accommodation
o Alone
7. What is your normal mode of transport?
o Car (with me driving)
o Car (with another person driving)
o Motorcycle
o Public transport
o Taxi
o Walking
o Bicycle
8. Residential postcode: ..........................
Section 2: "Driving history"
I. Have you ever driven a motor vehicle? (if NO
go to section 3)
2. Have you ever had a driver's licence?

8. Have you ever been in an accident whilst
driving under the influence of alcohol?

I. Which of these drugs do you think can be detected by a
saliva drug test?
1.1 Alcohol

Yes

No

1.2 Heroin

Yes

No

1.3 Ecstasy

Yes

No

Not
sure

1.4 Speed

Yes

No

1.5 Cannabis

Yes

No

1.6 Cocaine

Yes

No

Yes

No

Not
sure
Not
sure
Not
sure
Not
sure

2. Do you support this type of roadside
drug testing?

Not
sure
Not
sure

3. How would roadside drug testing change your behaviour?
I'd wait several hours before driving
I'd not drive if! were clubbing
I'd not use drugs if planning to drive
It would not change my behaviour

0
0
0
0

Yes
Yes

No
No

3. Do you currently hold a valid driver's
licence?

Yes

No

4. Have you driven without a licence in the past
12 months?
5. Have you ever had an accident whilst
driving?
6. Have you ever driven a motor vehicle under
the influence of alcohol?
7. Have you ever driven a motor vehicle under
the influence of drugs?

Yes

No

Yes

No

Yes

No

Yes

No

4. If you avoided driving because of roadside drug testing,
how would you choose to travel?
o Public transport DTaxi
DAsk for a lift DBicyc1e
DUnsure
DWalk
Section 4: "Risk perceptions"
I. Use the scale to rate how dangerous you think it is for
someone to drive under the influence of alcohol or illicit drul!S
I-Unsure 2-Not dangerous 3-Not very dangerous
4-Quite dangerous 5-Very dangerous
I 2 3 4 5
Alcohol. ..................................0 0 0 0 0
Heroin .......................................... O 0 0 0 0
Cannabis ................................. O 0 0 0 0
Amphetamine (Speed) ..................0 0 0 0 0
MDMA (Ecstasy) ......................0 0 0 0 0
Cocaine....................................0 0 0 0 0

I

I
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Section 4: "Risk oercentions"
2. What do you think are the main risks associated with
driving under the influence of alcohol
(please tick the boxes that apply)
DGetting caught by police
DHaving an accident
DFriends will think less of me
DNo risk
DOther:
..
3. What do you think are the main risks associated with
driving under the influence of illicit drugs?
(please tick the boxes that apply)
DGelting caught by police
DHaving an accident
DFriends will think less of me
DNo risk
DOther:
..
4. Use the scale to rate how concerned you are about people
driving under the influence of alcohol or illicit drugs?
1- Unsure 2-Not concerned 3-Slightly concerned
4-Quite concerned 5-Very concerned
I 2 3 4 5
D Alcohol..
0 0 0 0 0
D Illicit drugs
0 0 0 0 0
5. Use the scale to rate how common is driving under the
influence of alcohol or illicit drugs amongst your friends
I-Unsure 2-It never happens 3-Happens rarely
4- Happens sometimes 5-Very common

o
o

Alcohol..
Illicit drugs

I 2 3 4 5
0 0 0 0 0
0 0 0 0 0

6. Use the scale to rate those substances you think have the
greatest effect on your ability to drive safely
I-Unsure 2-No effect 3-Some effect but ok
4-strong effect 5-Very strong effect
1 2 345
Alcohol.
0 0 0 0 0
Heroin
0 0 0 0 0
Cannabis
0 0 0 0 0
Amphetamines (speed)
O 0 0 0 0
MDMA (ecstasy)
O 0 0 0 0
Cocaine
0 0 0 0 0

Section 5:

"Dru~/alcohol

use and

driviD~"

I. Use the scale to rate which of the following best describes
how often you consume alcohol and/or illicit drugs.
I-Never 2-Very rarely 3-Monthly 4-weekly
5- 2 to 3 times a week 6-Most days
I 2 3 4 5 6
DAlcohol..
0 0 0 0 0 0
DHeroin
0 0 0 0 0 0
DCannabis
0 0 0 0 0 0
DAmphetamines (speed)
0 0 0 0 0 0
DMDMA (ecstasy)
0 0 0 0 0 0
DCocaine
0 0 0 0 0 0

2. Use the scale to rate which of the following best describes
how often you drive under the influence of alcohol and/or
illicit drugs.
I-Never 2-Very rarely 3-Monthly 4-weekly
5- 2 to 3 times a week 6-Most days
I 2 3 4 5 6
DAlcohol..
0 0 0 0 0 0
DHeroin
0 0 0 0 0 0
DCannabis
0 0 0 0 0 0
DAmphetamines (speed)
0 0 0 0 0 0
DMDMA (ecstasy)
0 0 0 0 0 0
DCocaine
0 0 0 0 0 0
3. Have you knowingly been a passenger in a car wiih a driver
who was under the influence of drugs?
DYes
DNo
If YES which drug(s):

4. Where do you usually drink alcohol?
DBar/pub
DClub
DParty
DCar
DRave
DFriends home
DOwn home
DNever

5. Where do you usually use illicit drugs?
DEar/pub
DClub
DParty
DCar
DRave
DFriends home
DOwn home
DNever
THANK YOU FOR YOUR TIME!!
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AppendixD
Specificity of the Cannabinoids and Methamphetamine ELISA for was determined by
generating inhibition curves for each of the compounds listed below. (Taken from (BioQuant
Diagnostic Kits 2008)
Compound

pprox. ng/ml equivalent to 10 ng THCAlml

11-nor-9-carboxy-~8- THC

11

tJ.9-THC
~8-THC

48
22

11-hYdroxY-119- THC
8-11-Dihydroxy /:,.9.THC
annabinol
Cannabidiol

>1000
>1000
>1000
>1000

Compound
d,l-methamphetamine
I-methamohetamine
d,l-MDMA
. d·amphetamine
I-amphetamine
p-hvdroxvamohetamine
d.l-MDA
d,I-MDEA
d.l· MBDB
d,I-HMA
fenfiuramine
d'ephedrine
I-ephedrine
d,l-ephedrine
beta - ohenethvlamine
ohentermine
d-ohenvlDTOoanolamine
d,!-phenylpropo!amine
d-pseudoeDhedrine
I-pseudoephedrine
tyrami

Cross·reactivities
110
21
45
<5

<5
<5
<5

Approx. ng/ equivalent to 50ng/ml d-methamphetamine

77

Cross-reactivities
65

625

8

37
2500
1500
>5000
>5000
500
1000
>5000
1000
4300
>5000
>5000
>5000
>5000
>5000
>5000
>5000
>5000
>5000

135

2
3.4
<1.0
<1.0
10
5
<1.0
5
1.2
<1.0
<1.0
<1.0
<1.0
<1.0
<1.0
<1.0
<1.0
<1.0
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AppendixE
Significance of this study
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AppendiXF
(Gas Chromatography - Mass Spectrometry)
Gas chromatography and mass spectrometry, referred hereafter as GCIMS, are two different
techniques that have been combined to create a single instrumental method for the analysis of
mixture of chemicals. Gas chromatography separates the components of complex samples and
mass spectrometry characterises each of the separated components individually, somewhat
like assigning a fingerprint for each component (Cole, M & Caddy 1995; Karasek & Clement
1988). In addition, by using GeIMS, it is possible to evaluate qualitatively and quantitatively
complex chemical mixtures.

Gas Chromatography
Gas chromatography (aC) is a technique used to separate complex mixtures into individual
components. Those individual components are separated based on their polarities and boiling
points (Willard et al. 1988).

Like in all chromatographic systems, separation occurs when the sample is placed into a
mobile phase. In the case of GC, the mobile phase is an inert gas (e.g. helium), whereas in
other types of chromatography the mobile phase could be liquid (e.g. High Performance
Liquid Chromatography, Thin Layer Chromatography). After volatilisation of the sample at
the injection port, the sample gets carried out through a stationary phase, which is a chemical
contained in a column capable of attracting the components from the sample. The sample
carried out by the mobile phase interacts with the stationary phase. Each component, based on
its polarity, interacts with the stationary phase in such a manner that those that interact
quickly will leave the column first and those that interact slowly will leave the column last
(Willard et al. 1988).

There are two types of columns: (1) packed columns which possess a liquid coated onto a
support material packed into the column. They were developed first, but since about 1980
their availability started to decline due to the appearance of (2) capillary columns, which
possess a liquid coated directly to the wall of the column. These columns dominated the

GCIMS field, especially for the analysis of trace amounts of organic compounds (Karasek &
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Clement 1988). The column, either packed or capillary, is placed in an oven with a
programmable temperature gradient, starting at relatively low temperatures (e.g. 50°C) then
gradually increasing to high temperatures (e.g. 300°C) allowing in this case the elution of
those compounds with different boiling points. As each individual component from the
sample leaves the column, they enter the detector (e.g. Fill, ECD or MS). The detector creates
an electronic response, which can be seen on a computer, every time it detects a compound.
The elapsed time from injection to elution is referred as retention time. Each component has
its own retention time. However, as some compounds have similar properties and hence
similar retention time; more information is needed before making assumptions regarding the
identity of a compound (Karasek & Clement 1988).

Mass Spectrometry

As each individual component from a complex mixture leaves the column, each of them
enters the ionisation chamber in the mass spectrometer. Here analytes must be ionised in
order for them to be separated by the combination of electric fields in the analyser (usually a
quadrupole in GCIMS instruments) on the basis of their mass to charge ratios (mlz), which is
measured against the signal intensity or abundance resulting in a graph referred to as mass
spectrum.

How are analytes ionised?

Ionisation in GelMS is most commonly achieved by electron ionisation (El) in which a
stream of energetic electrons (70 eV) remove an electron from the analyte. This creates a
mixture of positively charged radical molecular ion (M+) as well as negative ions and neutral
species. Given that this is a very energetic process, excess energy may be dissipated by
unimolecular cleavage of covalent bonds resulting in fragmentation (ASMS 2008).
Alternatively, analytes may be ionised by ion-molecule interactions (chemical ionisation, CI)
to create protonated molecular ions ([MHt) and adducts of the respective reagent ions (e.g.
CH4+, C2HS+ and NH4+).
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CI is a "gentle" or less energetic form of ionisation, compared to EI, and results in little or no
fragmentation. In the negative mode, the reagent ions can be used to abstract a proton
(negative ion

cr,

NCr) to create deprotonated or negatively charged molecular ions (M-HT)

or, alternatively the cloud of thermal electrons that are also present in the cr source can result
in resonant electron capture (REC e- of approximately 0.1 eV) to yield a negative molecular
ion ([Mn or electron capture dissociation (ECD, e- of 0-15 eV) to yield a radical fragment
and a negative ion fragment of the original analyte (ASMS 2008).

The fragmentation of individual components of certain substances can also be regulated by a
process referred to as derivatisation. The mass spectrum produced by each individual
component is basically the same all the time. Hence, given that the mass spectrum could be
also referred as the finger print of a given substance, analysts can definitely make
assumptions regarding the identity of a particular chemical (ASMS 2008; Karasek & Clement
1988).

Analysis

of 119 _Tetrahydrocannabinol

in

Oral

Fluids

using

Gas

Chromatography-Mass Spectrometry
This section will provide a standard operational procedure to analyse THC in oral fluid
samples. This method is based on the ACT Government Analytical Laboratory standard THC
extraction method for blood and plasma.
Figure A.I Deuterated THe (Appendix F)

This method uses deuterated THC (D3-THC) as
internal standard. Deuterium is an isotope of
hydrogen with mass of 2. The deuterium nucleus
contains one proton and one neutron; therefore,
o whilst its atomic number is 1, its atomic mass is 2
and there will be only 1 electron in orbit around the
nucleus. Figure A.l shows the deuterated moiety that has replaced hydrogen atoms at the end
of the chain. As all oral fluid samples require extraction and derivatisation before their
injection into the GCIMS, this method also uses pentafluorobenzoyl chloride GCIMS grade as
the derivatising agent based on the ACT Government Analytical Laboratory's method.
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Derivatisation is often used beforehand to control separation during chromatography and to
control fragmentation during mass spectrometry. There are four types of basic derivatisation
reactions used in GC to render polar groups (e.g. carboxylic acids, ketones, hydroxyls, amines
and amides) less polar.
1) Extractive alkylation (e.g. methylation of carboxylic acids and phenols),
2) acylation (e.g. acetylation of hydroxyls),
3) silylation (e.g. trimethylsilylation to replace acidic hydrogen) and
4) sterification (e.g. reaction with alcohols)

Derivatisation can also be used to enhance the electro-negativity of the analyte and to
selectively promote REC and/or ECD of the derivatised analyte (Karasek & Clement 1988;
Rompa, Kremer & Zygmunt 2003). In the case of THC, pentafluorobenzy1ation and REC
result in a single ion ([Mn at mlz 508 and mlz 511 for the THC analyte and its deuterated
analogue, the internal standard respectively.

a) Sample Preparation, Extraction and Derivatisation Method
•

Place 0.3 ml of oral fluid sample into a clean centrifuge tube

•

Add 20 III of2.5 Ilglml D3-THC to the test tube containing the sample

•

Add 3 ml of cyclohexane (saturated with triethanolamine) to the tube containing the
sample, controls and standards

•

Place mixture on a rock and roll mixer for 30 minutes

•

Centrifuge mixture for 5 minutes at 3000 rpm

•

Decant cyclohexane supernatant to another clean (labelled) centrifuge tube

•

Add 0.5 ml of 2M NaOH and 50 III of 5% Pentafluorobenzoyl chloride (C6FsCOCl)
reagent to each tube

•

Vortex for 30 seconds and centrifuge for 5 minutes at 3000 rpm

b) Making samples, controls and standards ready for injection
•

Transfer the clear cyclohexane layer to another clean (labelled) 4 ml tube

•

Evaporate carefully to dryness using pressurised nitrogen stream

•

Dissolve the resulting precipitate with 60 III of ethyl acetate

•

Vortex mixture for 30 seconds
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•

Transfer the extract to an appropriately labelled polypropylene auto-sampler vial for

GCIMS
•

Samples are now ready for GCIMS analysis.

Analysis of Amphetamine Type Substances in Oral Fluids using Gas
Chromatography- Mass Spectrometry
This section will provide a standard operational procedure to analyse amphetamine type
substances in oral fluid samples. This method is based on Apollonio's study about
Innovations in Systematic Toxicological Analysis: Amphetamine Type Substances and
Designer Analogues.
Figure A.2 Deuterated MA (Appendix F)

H

As shown in figure A.2, this method uses deuterated MA (D5CD3

'N.,/'

I

MA). However, it can be applicable for deuterated MDMA

D

(D5-MDMA). The derivatising agent used, in this method, was
heptafluorobutyric acid (HFBTA) anhydride GCIMS, due to
the longer retention times and better separation, specifically for
the resolution of methamphetamine (Apollonio 2007). The
mass spectrometer for the analysis of ATS is to be run in
electron ionisation. As explained above, electron ionisation is a
very energetic process, which produces positive and negative
ions by removal of an electron from the analyte. During this
process, the energy originated from the cloud of electrons is far

greater than that of bonds that hold the molecule in a single piece. Therefore, this excess
energy results in the breakage of covalent bonds and hence the fragmentation of the molecule
(ASMS 2008; Karasek & Clement 1988). It should be noted that the target ion for MA is mlz
254 and mlz 258 for deuterated internal standard (D5-MA). Additional qualifier ions for MA
are mlz 210 and mlz 118. With regards to MDMA, its target ion is mlz 254 and mlz 258 for
deuterated internal standard (D5-MDMA). Additional qualifier ions for MDMA are 210 and
mlz 162. The mass spectrometer is to record in selected ion monitoring mode (SIM mode).

Target ion at mlz 254 represents an ion characteristic of the target compound and this ion is
used for quantitation.
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Given that both MA and MDMA possess the same target ion, how can we distinguish MA
from MDMA? The answer for this question relies on qualifier ions and retention time in the
Gc. For example, in the case of MDMA, at 11.21 minutes a peak will appear in the GC
producing at the same time a spectrum showing the target ion at mlz 254 and qualifier ions in
the correct proportions relative to the target ion at mlz 210 and 162. Given that fragmentation
will always be the same and the ratios of the qualifier ions are also specific to the analyte, this
provides evidence of compound's fingerprint for identification.

a) Sample Preparation
•

Add 0.5ml of saliva to a clean (labelled) tube

•

Add 50j..l1 of 10j..lglml D5-MA to the test tube containing the sample

•

Add 2ml of phosphate buffer (pH 6) to the tube, to increase sample volume and
improve flow through a cartridge (SPE column). In addition, make sure the pH of the
buffer is 6, as it will slightly alter the pH of the sample effectively ionising basic drugs
such as MNMDMA to react with the surface of the cartridge.

b) Extraction method
•

Set up an Oasis MCX Vac RC SPE column (20 cc/60 mg, 60 !J.m pore size; waters
corporation, USA)

•

Condition column by adding 3 ml methanol, 3 ml deionised water and I ml of 100mM
phosphate buffer pH 6.0

•

Allow the sample to elute through the column

•

Add 3ml of deionised water, Iml O.IM aqueous acetic acid and 3ml methanol to wash
out any water or alcohol-soluble contaminants deposited in the column from passing
the sample through

•

After elution, dry column at minus 5 psi for 10 min

•

Place a dry tube underneath column

•

Add 100 !J.I 1% (v/v) hydrochloric acid in methanol to the dry tube (note: do not elute
this mixture through the column, put it straight in the dry tube)

•

Elute two 1 ml fractions (total 2 ml) of 2% (v/v) ammonium hydroxide in methanol
through the column to unlock the basic drugs (MNMDMA) from the column surface.
This will allow MNMDMA to be soluble in methanol and thus eluted.

154

•

Vortex (make sure the sample elute through the column

IS

well mixed with the

hydrochloric acid contained in the tube.
•

Dry sample under pressured nitrogen stream on moderate heat

c) Derivatisation method
•

Once sample is dry, continue with the derivatisation

•

Add 25 I-ll HFBTN75 I-li ethyl acetate

•

Cap sample and vortex

•

Place sample in an oven at 70°C for 30 min, as HFBTA works better at elevated
temperatures

•

Allow sample to cool

•

Evaporate sample to dryness under air on moderate heat

d) Making sample ready for injection
•

Reconstitute sample with SOul of anhydrous ethyl acetate

•

Vortex sample

•

Transfer sample into a GC/MS vial. and cap and sample is ready for injection.
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