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ABSTRACT

Background: Impurities in commonly used illicit drugs raise concerns for unwitting consumers when pharma-
cologically active adulterants, especially new psychoactive substances (NPS), are used. This study examines
impurities detected in illicit drugs seized in one Australian jurisdiction.

Methods: Queensland Health Forensic and Scientific Services provided analytical data. Data described the
chemical composition of 9346 samples of 11 illicit drugs seized by police during 2015-2016. Impurities present
in primary drugs were summarized and tabulated. A systematic search for published evidence reporting similar
analyses was conducted.

Results: Methamphetamine was the primary drug in 6608 samples, followed by MDMA (1232 samples) and
cocaine (516 samples). Purity of primary drugs ranged from ~30% for cocaine, 2-CB and GHB to > 90% for
THC, methamphetamine, heroin and MDMA. Methamphetamine and MDMA contained the largest variety of
impurities: 22 and 18 variants, respectively. Drug adulteration patterns were broadly similar to those found
elsewhere, including NPS, but in some primary drugs impurities were found which had not been reported
elsewhere. Psychostimulants were adulterated with each other. Levamisole was a common impurity in cocaine.
Psychedelics were adulterated with methamphetamine and NPS. Opioids were quite pure, but some samples
contained methamphetamine and synthetic opioids.

Conclusions: Impurities detected were mostly pharmacologically active adulterants probably added to enhance
desired effects or for active bulking. Given the designer nature of these drug cocktails, the effects of the
adulterated drugs on users from possible complex multi-drug interactions is unpredictable. Awareness-raising
among users, research into complex multi-drug effects and ongoing monitoring is required.

1. Introduction

Firstly, consumers will generally not be aware they are taking a cocktail
of drugs rather than just the primary recreational drug alone. Secondly,

There is evidence that illicit drugs, synthesized in clandestine la-
boratories and compounded in tabletting presses, contain a wide range
of contaminating substances including other drugs (Cole et al., 2011;
Giné et al., 2014; Qi et al., 2007). We refer to these adulterants, ad-
ditives or other ingredients as ‘impurities’ in this study. Whether in-
tentionally added or not, the effects on humans of mind-altering sub-
stances contaminated with impurities will be unpredictable and may be
potentially fatal (Cole et al., 2011; Knuth et al., 2018; Kudlacek et al.,
2017). The unpredictability arises as complex pharmacological inter-
actions are possible between illicit drugs, the impurities they contain,
and their molecular targets, as the few available studies suggest
(Barbera et al., 2013; Jones et al., 2012; Oesterheld et al., 2004).

Impurities in commonly used illicit drugs raise several concerns.
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the strength of the cocktail is likely to be inconsistent. Finally, the
consumer will have little understanding of the possible outcomes re-
sulting from taking a primary drug contaminated with active im-
purities. Thus, beyond simply enhancing the desired effects, there may
be serious clinical consequences for consumers when pharmacologically
active constituents, especially new or novel psychoactive substances
(NPS), are mixed with the more commonly used recreational drugs
(Brunt et al., 2017; Giné et al., 2014).

Little is known about adverse health outcomes in users of illicit
drugs contaminated with impurities, their compound modes of action
or possible pharmacological interactions (Brunt et al., 2009; Giné et al.,
2014). Better understandings of clinical outcomes, especially any severe
consequences, is required to assist with prompt diagnosis and decisions
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on management and treatment options for drug users and to help raise
awareness of these risks for potential new users and for the general
public.

For this study, data were available describing the chemical com-
position of 9346 samples of 11 illicit drugs seized by police in the
Australian State of Queensland in twelve months (2015-2016). Types of
impurities found in each primary drug tested are first summarized and
compared to the impurities found in similar analyses of drugs seized by
enforcement agencies or provided by drug testing programs elsewhere
in the world and reported primarily in peer-reviewed published lit-
erature. The possible pharmacological interactions and net physiolo-
gical effects on humans are discussed and gaps in our current knowl-
edge highlighted.

2. Methods
2.1. Data

Queensland Police Service (QPS) is required to provide analytical
data as evidence in every illicit drug prosecution in Queensland. The
Queensland Forensic and Scientific Services (QFSS) laboratory is a
NATA (National Analytical Testing Authority) accredited laboratory.
QFSS provided the analytical data used in this study. No person or
prosecution matter was identifiable. Analytical protocols used for the
various primary drugs are based on those developed by the United
States Drug Enforcement Administration Scientific Working Group for
the Analysis of Seized Drugs (SWGDRUG) (U.S. Department of Justice
Drug Enforcement Administration, 2016). All laboratories providing
analyses for police purposes across Australia adhere to these guidelines.
Specific methods used are based on Gas Chromatography Mass Spec-
trometry (GC—MS), reported in detail elsewhere (Cheng et al., 2006; Qi
et al., 2006). It is important to stress that these analytical methods are
designed to quantitate only for the primary drug(s) to meet police
prosecution requirements. In this study, impurities detected in the
primary drugs were detected in the chromatograms in searching of
SWGDRUG, in-house developed libraries and commercial libraries. We
report results only in a qualitative manner, i.e., presence or absence.
Seized drugs were imported from overseas, synthesized locally or
compounded in tabletting presses.

The source of THC (delta-9-tetrahydrocannabinol) analyzed is
mainly hashish block or oil, dried chopped leaves or residues from
smoking implements. Fresh cannabis plant materials are determined
botanically in Queensland; hence, they are not included in our data.
Cannabinol is a natural cannabis component which reduces THC’s ne-
gative effects (Grotenhermen, 2003; Swift et al., 2013) and was de-
tected in most THC samples but was not classified as impurities given
this well-known co-occurrence.

2.2. Types of primary drugs and impurities found

Table 1 reports information for 9264 samples with 52 impurities
found in nine of the 11 primary drugs. For the purposes of Table 1, each
impurity was counted as one ‘case’, and as individual samples had up to
four impurities, there were 9321 cases. Information for PMA (para-
methoxyamphetamine) and LSD (lysergic acid diethylamide) was not
included in Table 1. Although both were detected as primary drugs,
only one of the two PMA samples contained an impurity, viz. ethylone,
and no impurities were detected in the 80 LSD samples.

Table 1 groups the remaining nine primary drugs in columns. The
52 impurities listed in the rows were grouped according to the main
known physiological effect or function of each (Baumeister et al., 2015;
Hill and Thomas, 2011; Liechti, 2015; Nichols, 2004, 1986; Rolland
et al., 2014; Schifano et al., 2016; Vollenweider, 2001) as ‘psychosti-
mulants’, ‘psychedelics’, ‘opioids’ and ‘CNS (central nervous system)
depressants and antipsychotics’ and ‘pharmacologically active bulking
agents’. The ‘psychedelics’ were further divided into four sub-groups of
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impurities, and these were labelled: ‘classic hallucinogens’ (e.g., DMT),
‘dissociative anesthetics’ (e.g., Ketamine), ‘empathogens’ (e.g., MDMA)
and ‘cannabinoids’ (e.g., THC) according to the impurity’s primary
molecular target (i.e., serotonin receptor, NMDA receptor, serotonin
transporter and cannabinoid receptor, respectively) (Baumeister et al.,
2014; Liechti, 2015).

Samples with ‘no impurity’ found are listed in the first row of
Table 1. Pharmacologically active bulking agents in Table 1 were
grouped as: ‘local anesthetics’, ‘antihelminthics’, ‘analgesics’ and ‘N-
isopropylbenzylamine’. Common inert bulking agents (e.g., sugar in
cocaine) (Shannon, 1988) were not found in this study because analy-
tical protocols precluded their detection. Abbreviations used for the
pharmacologically active drugs are provided as footnotes in Table 1.

2.3. Literature search

Table 1 also contains citations to relevant literature. Peer-reviewed
published journal articles reporting impurity profiling of seized drugs
or impurity profiling of drug testing in similar forensic laboratories
worldwide were retrieved in a search using PubMed, ProQuest, Scopus
and EBSCO databases. Initial searches used the terms ‘police’, ‘seized
drugs’, and ‘impurity profiling’, with separate searches conducted for
each primary drug. Descriptions of impurities detected in the seized
drugs in reported studies were compared with the impurities found in
the Queensland samples with relevant citations incorporated into
Table 1.

Potential toxicity of impurities was examined using information
available in the general pharmacology and toxicology literature.
Authors YP, AC and ML discussed and synthesized this information.

3. Results
3.1. Overview

Amongst the primary drugs, methamphetamine was the most fre-
quently detected drug (6608 samples), followed by MDMA (3,4-me-
thylenedioxymethamphetamine, ‘ecstasy’) (1232 samples), cocaine
(516 samples), and THC (368 samples). In Australia, cannabis (10.4%)
was the most commonly used illicit drug followed by cocaine (2.5%),
ecstasy (2.2%) and meth/amphetamines (1.4%) in 2016 (Australian
Institute of Health and Welfare, 2017). Not surprisingly, these use
patterns are generally reflected in the drugs seized by police in this
Queensland sample.

Samples were generally found to be quite pure: 100% of LSD sam-
ples, 98% of THC, 97% of methamphetamine, 96% of heroin and 91%
of MDMA had no reported impurities. Although the methamphetamine
and MDMA samples were typically of high purity, they nonetheless
contained the largest variety of impurities: 22 in methamphetamine and
18 in MDMA. Methamphetamine and MDMA were also most frequently
found as impurities in other primary drugs. Cocaine, 2C-B (2,5-di-
methoxy-4-bromophenethylamine) and GHB (gamma-hydroxybutyric
acid, ‘liquid ecstasy’ or ‘fantasy’) were less pure compared with the
other drugs.

In the following, taking each broad group listed in Table 1 in turn,
we discuss impurities detected in the primary drug and summarise
alongside this what is known from the literature reporting impurities in
primary drugs seized and tested elsewhere.

3.2. Psychostimulants and their impurities

3.2.1. Methamphetamine

Almost all (97%) of methamphetamine samples were free of im-
purities (Table 1). The most frequently found impurity in metham-
phetamine was N-isopropylbenzylamine (37 cases). N-iso-
propylbenzylamine is known to be used to mimic or adulterate crystal
methamphetamine (‘ice’) because of its ready availability and similar
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physical properties (U.S. Department of Justice Drug Enforcement
Administration, 2008; Weston, 2010). Our methamphetamine samples
were also adulterated with common recreational drugs including
MDMA, cocaine and heroin as found elsewhere (Amini et al., 2015;
Baldwin et al., 2018; Dayrit and Dumlao, 2004; Giné et al., 2014; Qi
et al., 2007, 2006; Shekari et al., 2016; Zhang et al., 2008). Several
different NPS were found including: 25C-NBOMe (4-chloro-2,5-di-
methoxy-N-(2-methoxybenzyl)phenethylamine) and a-PHP (alpha-
pyrrolidinohexiophenone). N,N-dimethylamphetamine (DMA) appears
to be a bulking agent or a by-product of methamphetamine synthesis.
One methamphetamine sample contained praziquantel, an anti-
helminthic drug for parasitic worm infection. Five of the Queensland
samples contained quetiapine, an antipsychotic drug. This is a novel
finding, as quetiapine has not been reported as an impurity in me-
thamphetamine elsewhere.

3.2.2. Amphetamine

The majority of impurities detected in amphetamine were me-
thamphetamine and DMA (Table 1), which were also found in seized
amphetamine in Eastern Europe as by-products of amphetamine
synthesis (Vlatka et al., 2008). The presence of a characteristic mixture
of methamphetamine, amphetamine and DMA in several samples sug-
gested ephedra was used as a starting material (Andrews, 1995; Qi
et al., 2006). Furthermore, given the relative intensities of metham-
phetamine and DMA relative to amphetamine in the GC-MS traces it
would appear that the manufacturers originally aimed to produce me-
thamphetamine but obtained a larger proportion of amphetamine with
smaller proportions of DMA and methamphetamine instead (Qi et al.,
2006). Amphetamine samples were not adulterated with any NPS. This
contrasts with the situation in Europe where 4-FA (4-fluor-
oamphetamine) is a commonly found NPS adulterant in amphetamine
(Brunt et al., 2017; Giné et al., 2014; Lonkhuyzen et al., 2015)

3.2.3. Cocaine

Cocaine was one of the least pure substances amongst the 11 pri-
mary drugs. Approximately two-thirds (68%) of cocaine samples were
adulterated with a range of other substances (Table 1). The most
abundant impurity in cocaine samples (ahead of local anesthetics and
phenacetine) was levamisole, an antihelminthic drug. These bulking
agents have been found as impurities in cocaine in several reports
(Bernardo et al., 2003; Broséus et al., 2015; Brunt et al., 2009; Evrard
et al., 2010; Giné et al., 2014; Lapachinske et al., 2015; Vinkovic et al.,
2018; Schneider and Meys, 2011). THC, MDMA and heroin were also
found in our cocaine samples; these are not commonly found as adul-
terants in cocaine elsewhere. Cocaine samples were not adulterated
with any NPS.

3.3. Psychedelics and their impurities

3.3.1. MDMA

Although 19 different substances were detected as impurities in
MDMA, 91% of the samples tested showed no impurities (Table 1).
Psychostimulants (e.g., methamphetamine), psychedelics (e.g., MDA)
and several NPS (e.g., ethylone) were major impurities found in our
MDMA samples, and were also found in studies elsewhere, while the
common impurities such as ketamine or PMA were not detected (Brunt
et al., 2012, 2017; Camilleri and Caldicott, 2005; Cheng et al., 2006;
Giné et al., 2014; Neeltje et al., 2009; Palhol et al., 2002; Tanner-Smith,
2006; Togni et al., 2015). Two samples of sildenafil (a drug prescribed
for erectile dysfunction in Australia) were found in MDMA samples;
sildenafil has not been reported as an impurity elsewhere.

3.3.2. 2C-B

2C-B is a hallucinogenic NPS. It shows stimulant effects at lower
doses, but as dose increases it can bring agitation, hyperthermia, hy-
pertension, seizure and psychosis (Dean et al., 2013; Lonkhuyzen et al.,
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2015; Schifano et al., 2016). Only 31% of 2C-B samples were free of
impurities (Table 1); the rest were mostly adulterated with 5-MeO-
DALT (5-methoxy-N,N-diallyltryptamine), which is a designer trypta-
mine derivative (Corkery et al., 2012). 2C-B has been reported in the
literature as an impurity in seized MDMA or LSD (Giné et al., 2014;
Togni et al., 2015).

3.3.3. THC

Most of the THC samples (98%) contained no impurity (Table 1).
Impurities found in Queensland THC samples included cocaine, me-
thamphetamine, MDMA, three types of synthetic cannabinoids (NPS)
and desvenlafaxine, an antidepressant drug. There are no previous re-
ports of seized THC samples adulterated with these organic impurities
(Cole et al., 2011; Swift et al., 2013).

3.4. Impurities in opioids and CNS depressants

3.4.1. Opioids

Morphine and heroin samples were generally of high purity; 88%
and 96% were pure, respectively (Table 1). The reduced purity of some
morphine samples is likely due to alkaloid impurities from the synthesis
process, including codeine, monoacetylmorphine or noscapine (Chan
et al., 2012; Farhoudian et al., 2014).

Heroin and morphine samples were found adulterated with psy-
chostimulants, CNS depressants and synthetic opioids such as oxyco-
done, fentanyl or dextromethorphan (Table 1). Similar impurity profiles
have been reported in Europe, North America and/or Asia, (Baldwin
et al., 2018; Chan et al., 2012; Pichini et al., 2018; Schneider and Meys,
2011). A previous Australian study found fentanyl-laced heroin (Rodda
et al., 2017), while this study found a fentanyl-laced morphine.

3.4.2. CNS depressants

Less than 30% of GHB samples were pure (Table 1). GBL (gamma-
butyrolactone) or 1,4-butanediol were the main impurities. These
substances are easily accessible industrial solvents (Schifano et al.,
2015). Since GBL is an immediate precursor of GHB (and they are able
to interconvert), GBL in our samples could be either a synthesis or
degradation product of clandestinely synthesized GHB rather than in-
tentionally added (Busardo et al., 2017).

4. Discussion

Impurities found in the samples of seized drugs in Queensland are
mostly pharmacologically active substances which seem to have been
strategically added to the primary drug to enhance or mimic its desired
effects and/or to bulk up the primary drug with a cheaper active
component to reduce the cost to the supplier and thereby maximize
profits (Cole et al., 2011; Kudlacek et al., 2017). Some of the more
unusual impurities may derive from cross-contamination of packaging
or tabletting presses (Power et al., 2017; Qi et al., 2006; Shekari et al.,
2016). Few by-products of synthesis were reported.

NPS as impurities in common illicit drugs were observed, including:
synthetic cathinones ‘bath salts’ (methylone, ethylone, a-PHP), psy-
chedelic phenethylamine (2C-B ‘Nexus’, 25I-NBOMe ‘N-bomb’), a ke-
tamine derivative (methoxetamine ‘special M), a tryptamine derivative
(5-MeO-DALT) and synthetic cannabinoids. Although the frequency of
NPS occurrence is currently much lower than that of other impurities,
we suspect that it will rise as the use of NPS in designer cocktails be-
comes more prevalent in the Australian drug market, as has been al-
ready observed in Europe (Brunt et al., 2017; Giné et al., 2014). See-
mingly relentless innovation to develop NPS by minor changes of
chemical structure brings significant challenges for legislators, en-
forcement, clinicians and forensic laboratories (Rosenauer et al., 2013;
Wright and Harris, 2016).

The wide variety of impurities detected overall, including NPS and
other drugs of high potency, has substantial public health implications.
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Drugs with added impurities will have inconsistent relative con-
centrations of each constituent due to the typically poorly-controlled,
clandestine drug synthesis processes (Parrott, 2004; Rose et al., 2013).
Consumers of common illicit drugs are now often unintentionally taking
cocktails of drugs (Cole et al., 2011; Parrott, 2004; Tanner-Smith, 2006)
with unknown physiological effects. These unknown effects will be
further amplified when the drug cocktail is taken alongside other drugs
such as marijuana and alcohol (Calle et al., 2018; Parrott, 2004). Ad-
verse reactions along with unexpected and distressing drug experiences
may include overdoses, serious behavioral disturbances and disrupted
cognitive capacities (Baldwin et al., 2018; Barbera et al., 2013; Cole
et al., 2011; Diestelmann et al., 2018; Kudlacek et al., 2017; Tanner-
Smith, 2006; Wright and Harris, 2016; Zawilska and Wojcieszak, 2017).

4.1. Potential toxic effects of impurities found in Queensland drug seizures

It is well-known that intentional poly-drug use increases risks for
overdose, impaired driving and violence (Caldicott et al., 2003;
Diestelmann et al., 2018; Knoy et al., 2014; Wright and Harris, 2016).
However, there are few studies of the toxicological effects of unin-
tentionally administering illicit drugs that contain pharmacologically
active impurities (Brunt et al., 2009; Giné et al., 2014).

4.1.1. Combinations of popular illicit drugs

The combinations of common primary drugs and impurities, found
in the Queensland samples, have considerable potential to cause drug
interactions leading to adverse clinical outcomes (Cole et al., 2011;
Tanner-Smith, 2006).

For instance, the co-administration of cocaine and MDMA may
acutely increase plasma MDMA concentration since one of the main
metabolic pathways of MDMA involves hepatic CYP450 isoenzyme
CYP2D6, which is inhibited by cocaine (Shen et al., 2007). Thus, co-
caine may slow down MDMA elimination, resulting in plasma accu-
mulation leading to MDMA toxicity (Greene et al., 2008; Oesterheld
et al., 2004; Pilgrim et al., 2011; Shen et al., 2007). Additionally, co-
caine, as a serotonin re-uptake inhibitor, may enhance the serotonergic
effects already induced by MDMA, possibly causing serotonin toxicities
(Oesterheld et al., 2004). Other pharmaceutical or recreational drugs
with pro-serotonergic effects and/or CYP2D6 inhibitors may cause si-
milar drug interactions, with effects that are probably dose-dependent
(Gillman, 2005; Oesterheld et al., 2004; Shen et al., 2007; Silins et al.,
2007).

The risk of cardiac toxicity may be greatly increased by co-ingestion
of cocaine with methamphetamine (Paratz et al., 2016) since sym-
pathomimetic properties of cocaine and methamphetamine may induce
cardiovascular complications (Fleury et al., 2008; Paratz et al., 2016;
Rezkalla and Kloner, 2007).

The combination of psychostimulants and opioids, generally cocaine
and heroin, is popularly known as ‘speedball’ (Cunha-Oliveira et al.,
2010; Leri et al., 2003; Park et al., 2018; Trujillo et al., 2011). Such co-
use of cocaine with heroin or synthetic opioids has been linked with an
increase in cocaine-related fatal overdose in the US (Jones et al., 2017;
Pichini et al., 2018) and with an increased risk of neurotoxicity and
behavioral change in some animal studies (Cunha-Oliveira et al., 2010;
Trujillo et al., 2011). Furthermore, the symptoms of cocaine-induced
myocardial infarction (e.g., chest pain) may be masked by co-admin-
istration of heroin. This may confound a diagnosis of myocardial in-
farction and result in fatality (Attaran et al., 2005).

Fatal cases are reportedly more likely when multiple opioids are co-
ingested, for example when morphine or heroin are adulterated with
synthetic opioids (e.g., dextromethorphan or fentanyl) (Baldwin et al.,
2018; Barbera et al., 2013; Pichini et al., 2018). Respiratory depression
induced by heroin or morphine is reinforced by co-administration of the
synthetic opioids (Barbera et al., 2013; Behrman, 2008). Similar sy-
nergistic adverse effects may be created by diazepam-adulterated
heroin because both CNS depressants and opioids suppress the activity
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of the respiratory center in the brain (Horsfall and Sprague, 2017; Jones
et al., 2012).

The combination of methamphetamine and MDMA, often seen in
ecstasy tablets (Tanner-Smith, 2006), has been related to mood dis-
order, violent behavior, sleep problems, serotonin syndromes, and drug
overdoses (Brecht and von Mayrhauser, 2002; Pilgrim et al., 2011;
Tanner-Smith, 2006).

4.1.2. High potency drugs in drug cocktails

Drugs with high potency can cause serious adverse effects at low
dosages. For example, fentanyl is reportedly 50-100 times more potent
than morphine (Pichini et al., 2018). In Canada, fentanyl is added to
heroin, morphine, cocaine and methamphetamine (Baldwin et al.,
2018). Increased use of fentanyl-laced drugs has been associated with
increased incidence of fatal overdoses in North America, Australia and
Japan (Pichini et al., 2018).

The NPS found in the Queensland samples, such as 2C-B, 25I-
NBOMe, a-PHP ethylone, methylone, 5-MeO-DALT, methoxetamine or
synthetic cannabinoids are particularly problematic, as the potency of
these new NPS is generally high and poorly described. Fatalities and
severe toxicities possibly caused by NPS have been reported, including:
cardiac toxicity, serotonin toxicity, hyperthermia, seizures, psychosis,
agitation, aggression, excited delirium, and violent/bizarre behavior
(Bersani et al., 2014; Castaneto et al., 2014; Corazza et al., 2012; Hill
et al., 2013; Hoyte et al., 2012; Jovel et al., 2014; Khullar et al., 2014;
Liechti, 2015; Monte et al., 2014; Rose et al., 2013; Schifano et al.,
2016, 2015; Zawilska and Wojcieszak, 2017). Moreover, the presence of
plasma a-PVP (alpha-pyrrolidinovalerophenone, a precursor of a-PHP),
methylone or ethylone are related to cases of impaired driving, possibly
bringing further drug-related harm (Knoy et al., 2014; Wright and
Harris, 2016; Zawilska and Wojcieszak, 2017).

PMA, a NPS with high potency but slow onset of action, is often
marketed as MDMA and is allegedly responsible for overdoses in
Australia and elsewhere (Caldicott et al., 2003; Dams et al., 2003;
Johansen et al., 2003). When drug users unknowingly consume MDMA
contaminated (or substituted) with PMA, the onset of the effect is de-
layed by the PMA. Unaware of this, users tend to re-dose bringing in-
creased risk of overdose (Caldicott et al., 2003; Johansen et al., 2003;
Kudlacek et al., 2017; Sherlock et al., 1999). A similar explanation may
apply to methoxetamine-laced drugs (Corazza et al., 2012) or GHB with
impurities (Silvester, 2017).

4.1.3. Active bulking agents as impurities

Bulking agents found were all pharmacologically active with the
potential to cause serious harm and even death. For example, pul-
monary lymphocytic vasculitis-related fatality (Karch et al., 2016) is
reportedly associated with levamisole-adulterated cocaine which also
reportedly causes agranulocytosis and skin necrosis, described as “flesh
eating Cocaine” in the UK (Daly, 2015; Lusher, 2016) following case
reports (Massera et al., 2012; van der Veer et al., 2015v). Levamisole
and its metabolite, aminorex, at high doses may also be psychoactive
and extend the duration of euphoria and enhance hallucinogenic effects
(Kudlacek et al., 2017; Lee et al., 2012). Local anesthetics are reported
to enhance the toxic effects of cocaine synergistically, including hal-
lucination, seizure, respiratory depression or cardiovascular collapse
when taken in large doses (Derlet et al., 1991; Knuth et al., 2018;
Shannon, 1988). Analgesic phenacetin present in cocaine reinforces
hallucination and is linked with adverse cardiac effects (Brunt et al.,
2009).

4.1.4. Mixtures of drugs causing neurochemical imbalance

Unravelling the effects of adulterated drugs on physiological
change, especially in the brain, is a complex task, as co-dosing may
cause synergistic change (Barbera et al., 2013; Clemens et al., 2007,
2006, 2005, 2004; Cunha-Oliveira et al., 2010; Horsfall and Sprague,
2017; Jones et al., 2012; Trujillo et al., 2011) and/or imbalance of
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neurochemicals in multiple neurotransmitter systems (Haile et al.,
2012; Schifano et al., 2016). For example, methamphetamine, amphe-
tamine, MDMA, THC and heroin found in the Queensland samples, in
combination with alcohol and nicotine, have the ability to directly or
indirectly enhance the dopaminergic system in the mesocorticolimbic
pathway, despite differences in the initial molecular target (Koob and
Volkow, 2010; Korpi et al., 2015; Nestler, 2005). Furthermore, cocaine
acts on multiple neurotransmitter systems in addition to the dopami-
nergic system (Haile et al., 2012). With cocaine as the primary drug
inducing neurochemical changes in multiple neurotransmitter systems,
the presence of additional psychoactive impurities may significantly
reinforce system imbalance and neuroadaptation (Koob and Volkow,
2010; Schifano et al., 2016). This change is believed to be involved in
the pathophysiology of developing addiction, psychosis and impulsive
or violent behavior (Haile et al., 2012; Koob and Volkow, 2010; Korpi
et al., 2015; McKetin et al., 2014, 2006; Schifano et al., 2016; Seo et al.,
2008; Siever, 2008). In turn, this will likely reinforce drug associated
harm to others through domestic violence, dangerous driving, or vio-
lent crime (Diestelmann et al., 2018; Knoy et al., 2014; Topp et al.,
2002; Wright and Harris, 2016). How acutely drugs with impurities
induce these behavioral effects and how these behavioral effects change
with long-term use warrants future thorough research, as this is now
clearly a persistent public health problem.

4.2. The role of the drug testing programs in the identification of impure and
laced drugs

Pill-testing has been used in harm reduction programs in a number
of countries (Barratt et al., 2018) including: Netherlands (Spruit, 2001),
Austria (Kriener et al., 2001), Switzerland (Hungerbuehler et al., 2011),
Spain (Gine et al., 2016), Portugal (Martins et al., 2015), Wales
(WEDINOS, 2018), Colombia (Accién Técnica Social, 2016), Canada
(Sage, 2015) and the USA (Dundes, 2003). In these programs, drugs are
handed in by users at festivals or clubs, then the content of the drug is
analyzed on site and the results are given to the users along with harm
reduction advice (Groves, 2018). In Australia, a trial of pill-testing was
conducted at a music festival in April 2018 in which two samples
contained dangerous substances out of 85 samples tested (Makkai et al.,
2018). Later, in the Australian summer of 2018/2019, drug overdoses
at music festivals caused much policy debate about pill testing pro-
grams (McGowan, 2019). The contribution of these pill testing pro-
grams to public health has been significant. They provide great op-
portunities to raise awareness of the presence of impurities in primary
drugs and to regularly update information for the community about
new designer drugs entering the market (Giné et al., 2014). Running in
parallel, there are ongoing advances in laboratory testing to ensure that
up-to-date toxicological information, that includes these newer drugs, is
provided to clinicians (Brunt et al., 2017).

4.3. Limitations

The study lacked information on concentrations and quantities of
impurities found alongside the primary drugs. This is not surprising, as
there is no legislative requirement for this level of reporting, and as a
result very few previous studies have reported such information (Dayrit
and Dumlao, 2004). Data for one year provides a limited view of longer-
term patterns. Quantitative impurity profiling of multiple types of
seized drugs over several years would improve our understanding of
trends and consequences of adulteration in Queensland’s drug market,
particularly with any rise in the use of NPS.

5. Conclusions
A broad sweep of analyses from samples of illicit drugs seized in

Queensland during 2015-2016 revealed drug adulteration patterns
found for the common illicit drugs that were both similar and different
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to patterns found elsewhere. A wide range of adulterants were found,
and this included NPS. Given the designer nature of these drug cock-
tails, the physiological consequences may be unexpected by users, with
both possible and likely increased incidences of overdose and other
undesirable clinical outcomes. At the moment, there is very little em-
pirical data on the pharmacological interactions between drugs and the
impurities they may contain and the clinical outcomes and behavioral
changes that may result. Filling these major gaps in knowledge would
enhance our understanding of the unpredictable impulsive and/or bi-
zarre behaviors increasingly being dealt with by frontline health care
and law enforcement workers (McKetin et al., 2006). There is an urgent
need to increase public awareness of adulterants in commonly used
illicit drugs and the potential risks for users of these drug cocktails. In
particular there needs to be a focus on MDMA, methamphetamine and
opioids, where several varieties of NPS and other high potency ad-
ditives were found as impurities, and on cocaine, GHB, and 2C-B, where
nearly 70% of all seized samples were highly adulterated drug cocktails.
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