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There has been a resurgence in interest and use of the cannabis plant for medical purposes. However, an in-depth understanding
of plant contaminants and toxin effects on stability of plant compounds and human bioavailability is needed. This systematic
review aims to assess current understanding of the contaminants of cannabis and their effect on human health, leading to the
identification of knowledge gaps for future investigation. A systematic search of seven indexed biological and biomedical
databases and the Cochrane library was undertaken from inception up to December 2017. A qualitative synthesis of filtered results
was undertaken after independent assessment for eligibility by two reviewers. The common cannabis contaminants include
microbes, heavy metals and pesticides. Their direct human toxicity is poorly quantified but include infection, carcinogenicity,
reproductive and developmental impacts. Cannabis dosing formulations and administration routes affect the transformation and
bioavailability of contaminants. There may be important pharmacokinetic interactions between the alkaloid active ingredients of
cannabis (i.e. phytocannabinoids) and contaminants but these are not yet identified nor quantified. There is significant paucity in
the literature describing the prevalence and human impact of cannabis contaminants. Advances in the availability of cannabis
globally warrant further research in this area, particularly when being used for patients.
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Introduction

Cannabis, also known as marijuana, is defined by the United
Nations Single Convention on Narcotic Drugs 1961 as ‘the
flowering of fruiting tops of the Cannabis plant (of the genus
Cannabis)’ [1]. The therapeutic application of cannabis and
its constituent phytocannabinoids, particularly delta-9-tet-
rahydrocannabinol (THC), continues to garner signifi-
cant clinical and public attention. Yet, medicinal cannabis
remains a relatively new clinical pharmacology frontier, and
our understanding of its human toxicity profile is incom-
plete. The pharmaceutical approach to the development of
therapeutic cannabis requires that the full gamut of toxicity
resulting from contaminants be quantified and preparations
standardized to minimize adverse events [2]. The non-
medical community generally considers unadulterated
cannabis a relatively safe drug with a tolerable adverse effects
profile [3]. There are, however, significant uncertainties
surrounding the prevalence and effects of toxic abiotic and
biotic contaminants.

This review aims to aggregate and critically appraise the
literature pertaining to: the sources of cannabis contami-
nants and their distribution, their human toxicity, the effect
of different routes of administration on contaminant
bioavailability and the potential interactions with the phar-
macokinetic (PK) and pharmacodynamic (PD) profile. Sitting
at the nexus between pharmacology and toxicology, it inves-
tigates the contaminants of cannabis and considers how they
might affect the patient. This knowledge has important
implications for policy makers, regulators, clinicians and,
most importantly, patients.

Methodology

Search strategy

We intended to undertake a systematic review of the contam-
inants of cannabis and their effect on the human, with a
meta-analysis if appropriate. The thematic survey of the
selected literature returned insufficient results to permit a
quantitative analysis of grouped outcome measures, in part
due to the large spread of subtopics and contaminants
identified. A qualitative systematic review, in the form of a
narrative synthesis of the literature was thus undertaken
across the seven indexed databases relating to medicinal
and biological sciences via the Ovid Platform. These
included: Allied and Complementary Medicine, Biological
Abstract, BIOSIS Previews, Embase, International Pharmaceu-
tical Abstracts, Medline, and Ovid Medline. Further, a search
of the Cochrane Library did not isolate any pertinent system-
atic reviews or meta-analyses. Additional English language
and human focused clinical studies relevant to the review
research question were reviewed and included if identified
during the review of the selected manuscripts.

The Australian Therapeutic Goods Order 93 (TGO 93),
published by the Australian Therapeutic Goods Administra-
tion under subsection 10(4) of the Therapeutic Goods Act
1989, governs the quality standards of medicinal cannabis
administered in Australia. The cannabis plant material used
to manufacture the medicinal product must meet the

Cannabis contaminants
BICP

requirements of Schedule 1. This Schedule, founded on the
European Pharmacopoeia general monograph Herbal Drugs
(1433) and Herbal Drug Preparations (1434), identifies six en-
vironmental contaminants that need to be specifically
assayed in medicinal cannabis preparations [4]. These
include: aflatoxins, foreign matter, heavy metals (arsenic,
cadmium, lead, and mercury), ochratoxin A, pesticides and
total ash. Similar production directives and contaminant
analysis guidelines are found in the Dutch Cannabis Analyti-
cal Monograph [S] and American Herbal Pharmacopeia [6].

The search keyword terms were guided by the provisions
of the TGO 93 [4] and included: Cannabis.mp. or mari-
juana.mp. crosslinked with specified contaminants (afla-
toxins.mp., foreign matter.mp., heavy metals.mp., arsenic.
mp., cadmium.mp., lead.mp., mercury.mp., ochratoxin.mp.,
pesticides.mp., and total ash.mp.). The cumulative results
were then crosslinked with routes of administration (inhala-
tion.mp., ingestion.mp., oral intake.mp., vaporisation.mp.,
vaporization.mp., injection.mp., absorption.mp., smoking.
mp., dabbing.mp., eating.mp., dosing formulation.mp., and
administration route.mp.) or pharmacokinetics.mp. Please
refer to the Supporting Information Appendix S1 for the
search strategy. A title screening and subsequent abstract
screening were undertaken by two reviewers independently.
Inclusion criteria included: cannabis (sativa) described as
the pharmaceutical or drug of interest and premise or out-
come of interest concerned with one of (contaminants of
cannabis, differing routes of administration of cannabis,
issues regarding the legalization process of medicinal canna-
bis or the Pharmacokinetic or Pharmacodynamic profile of
cannabis). Exclusion criteria included: substance of interest
other than cannabis, outcome of interest; non-contaminant
mediated adverse effects of cannabis or therapeutic effects of
cannabis on specific population groups and non-English pub-
lications. Any disagreements were discussed and resolved
based on their relevance to the research question. External
to the aforementioned databases, 15 further references were
sourced from citation referencing of eligible studies. The
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) diagram (Figure 1) provides a numerical
breakdown of the search strategy.

Results

Sources of contaminants and their distribution
From the review of the literature the most commonly reported
contaminants of cannabis preparations were microbes, heavy
metals and pesticides. Similar types of contaminants have
been reported in complementary medicines including herbal,
Ayurvedic and Chinese traditional medicines [7].

Microbial contamination. The Cannabis sativa plant provides
host to a variety of organisms and its complex microbiome
continues to be deciphered [8]. Grey and academic literature
highlight the presence of pathogenic microbial
contaminants, particularly bacteria and fungi (mould),
within cannabis preparations. Most of the microbial
contamination occurs during the improper preparation and
storage of cannabis products. For example, harvesting whilst
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791 Citation(s)

Records identified through database Additional records identified through
searching 14/12/2017 to 21/12/2017 citation referencing 27/12/2017 to

12/02/2018 15 Citation(s)

406 records remained after duplicates removed and
English language and human limitations applied

Inclusion/exclusion
criteria applied

356 articles excluded after
Titles/Abstract screen

| 50 articles retrieved |

!

—

Inclusion/exclusion 4 articles I8;r‘;|ctljes t
A ; excluded due to
criteria applied excluded after o
inability to

full text screen
locate full text

38 articles included

Figure 1

PRISMA diagram of the literature search for information regarding contaminants of cannabis

wet, drying and storage under wet, humid conditions can
lead to fungal infections such as powdery mildew and
botrytis, and budworm or mite infestations. Historically,
there have been reports of bacterial contamination with
Salmonella [9] and Enterobacter, Streptococcus and
Klebsiella [10]. There are various case reports of fungal spore
contaminants, including mycotoxin-producing strains of
Aspergillus [11-13]. Much of the information regarding
microbial contamination emanates from isolated and
uncontrolled case reports and series, as well as growers’
personal communication. In the absence of quantification
and effects on health, as the medical cannabis industry
moves forward, thresholds for clean medicine, standards
and procedures, such as TGO 93, need to be developed and
standardized internationally.

McKernan et al. recently reported their analysis of micro-
bial toxins in dispensary sourced cannabis samples (n = 17)
from Amsterdam and Massachusetts [8]. In this observational
study, a comparison of fungal populations isolated from can-
nabis on commercial culture-based assays and a variety of
metagenomic techniques, including the use of DNA sam-
pling to achieve a culture independent analysis for microor-
ganisms, were described. Evidence of multiple strains of
fungi was found in six samples, including several toxigenic
species of Aspergillus and Penicillium as well as Cryptococcus
liquefaciens [8]. These results support the findings of clinical
case reports of fungal contaminants [11-13]. Although the
study did not clarify whether the contaminants were present
at a concentration that could cause harm to a patient, vapor-
ized fungal spores at even very low concentrations are likely
to cause fungal pneumonia [14, 15]. Importantly, the com-
mercial culture-based analyses were unable to identify many
of the toxigenic species that metagenomic techniques elic-
ited. The evident superiority of the metagenomics approach
for fungal species identification, indicates that it should be
adopted routinely to comprehensively test medicinal
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cannabis preparations. No breakdown addressing region-
specific microbial infestation loads was included in the study
and the results should be extrapolated with care for crops of
geographically distant provenance.

Aflatoxins, carcinogenic mycotoxins, are produced as a
metabolite by certain species of Aspergillus and have been de-
tected in cannabis preparations and smoke [16]. In a case con-
trol study, the comparison of two species of Aspergillus, flavus
and parasiticus, cultured either with an American cannabis or
a natural flora substrate, demonstrated that growth on the
cannabis substrate produced aflatoxins B; and G; [17]. Hence
it was concluded that cannabis, when hosting certain
Aspergilli species, may produce aflatoxins. Although the
experimental design and lack of methodological clarity
significantly impacted on the study’s validity, the finding of
aflatoxins associated with cannabis is important, especially
as it is suggested that they may survive pasteurization and
smoking processes [16]. Given the recent isolation of Asper-
gillus species from cannabis [8], contemporary investigation
of aflatoxins is warranted.

Heavy metals. There are three pathways through which
cannabis may be contaminated with heavy metal
substances. Firstly, cannabis is able to remove heavy metals
from substrate soils and deposit these in its tissues, by virtue
of its bioaccumulative capacity [18]. Secondly, cross-
contamination may occur during processing (e.g., during
drying). Thirdly, post-processing adulteration may occur,
whereby metals may be added to the preparation to increase
weight and thereby appreciate its street value [19].

Fertilizer uptake from soil is an important source of heavy
metal contamination in cannabis. For example, phosphate
fertilizers rich in cadmium are readily taken up by most
plants including cannabis [20]. Although there have not been
any major reports on heavy metal uptake by medicinal can-
nabis, there have been a number of studies on the uptake of
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heavy metals by industrial hemp (Cannabis sativa L.). This in-
dicates that the cannabis plant is very efficient in the uptake
of heavy metals from contaminated sites and can be consid-
ered as a potential candidate for phytoremediation of con-
taminated soils [21, 22].

There is a paucity of serial and systematic analysis of
heavy metal contaminants of cannabis preparations. There
are case reports of possible arsenic contamination related to
the disease cannabis arteritis, a form of thrombitis obliterans
[23, 24]. Another case series reported on 95 cases of lead poi-
soning due to lead adulteration of illegal preparations to in-
crease the weight and thus market value of cannabis [19].
These uncontrolled case reports and series form the bulk of
the academic literature pertaining to this topic. Future inves-
tigations into the prevalence and concentration of heavy
metals, particularly arsenic, in cannabis preparations is
warranted.

Pesticides. Pesticide use for the cultivation of cannabis crops
is well established [2, 16, 25]. Human consumption of
pesticides may confer substantial sequelae, including
malignancy, developmental issues, reproductive,
neurological and endocrine disorders. Russo recently
reported on the significant prevalence of pesticide
contamination in Washington State, where laboratory
analysis revealed that 84.6% (n = 26 samples) of legalized
cannabis products contained significant quantities of
pesticides including insecticides, fungicides, miticides and
herbicides. These comprised a wide array of different
substances and encompassed proven carcinogens (Carbaryl,
Diuron, Ethoprophos, Permethrin, and Propargite),
endocrine disruptors, as well as a variety of developmental,
reproductive and neurological toxins [2]. These findings
corroborate an earlier analysis by the Los Angeles City
Attorney’s office, who found excessive quantities of the
pesticide Bifenthrin in medicinal cannabis samples [26]. The
prevalence, constituents and concentration of pesticides
above maximum residue levels in cannabis preparations
remains incompletely described in the scientific literature.

Human toxicity of cannabis contaminants
Many deleterious effects of cannabis consumption have been
noted and posited, though not always consistently substanti-
ated. The potential human toxicity profile encompasses acute
morbidity; acute myocardial infarction, cerebellar infarction,
infections, or psychomotor changes, as well as longer-term
morbidity; pulmonary disease, immune dysfunction, testicu-
lar cancer, reproductive issues, teratogenicity, and psychiatric
disease [27-29]. Plausibly, some of these may aetiologically
derive from contaminants. There are difficulties in establish-
ing a direct causal relationship between cannabis and
sequelae, as users commonly smoke tobacco and consume
other drugs concurrently. It is further complicated by the
significant time-lag between consumption and diagnoses.
This is compounded by the lack of adequately powered and
well-designed epidemiological or experimental studies
assessing the human effect of contaminants [30]. A broad
analysis of the entire human toxicity of cannabis is beyond
the scope of this review and it will focus on those attributable
to identified contaminants.

Cannabis contaminants
BICP

Infection. The pathogenic microbial species isolated from
cannabis preparations can result in infections and present a
potential outbreak risk. Taylor et al. retrospectively reported
on an outbreak of Salmonella enteritis which was traced back
to cannabis harbouring Salmonella Muenchen (antigenic
formula 6,8:d:1,2) [9]. More hazardous are fungal spores
that can directly cause infection or may produce mycotoxin
secondary metabolites. There have been several case reports
of opportunistic infection with fungi, commonly Aspergilli,
in immunocompromised patients linked to findings of
cannabis contaminated by fungal spores [11-13].

Tashkin et al. highlighted the importance of eradicating
bacterial and fungal species from medicinal preparations of
cannabis due to the potential immunocompromised state of
patients receiving prescribed medicinal cannabis [31]. This
may be achieved at multiple points in the production pro-
cess; by ensuring clean growing media, handling and storing
preparations hygienically, and gamma-irradiation of the final
product [2, 16]. Gamma-irradiation has been tested success-
fully as a standard technique for sterilization of medicinal
cannabis preparations [32].

Carcinogenicity. The carcinogenic load of non-medicinal
cannabis, particularly when consumed via smoking, is
significant [27, 33]. Identified carcinogens include vinyl
chloride, nitrosamines, reactive oxygen species and
polycyclic aromatic hydrocarbons, notably benzo[a]pyrene
and benzathracene [27, 30], as well as arsenic and
aflatoxins. Many of these are pesticides with the lattermost
arising from species of Aspergilli. Surprisingly, given the
carcinogenic load of cannabis smoke and the effectiveness
of their delivery via smoking, the link between cancer of the
respiratory tract and cannabis smoking is equivocal [30].
Cannabis use has also been implicated as a possible
aetiological agent for the development of testicular cancer
[29]. The International Agency for Research on Cancer
classifies aflatoxins and arsenic, both of which have been
associated with cannabis, as Group 1 substances
(carcinogenic to humans) due to their causal association
with hepatocellular carcinoma [34] and bladder, kidney,
skin, liver, and prostate [35] cancers, respectively.

Pertinent to the potential carcinogenicity of cannabis is
uncertainty surrounding the presence and concentration of
pesticide residues. Food Standards Australia and New
Zealand sets maximum residue limits (MRL) of pesticides
and other chemicals for food consumed in Australia, as do
similar authorities globally. Medicinal cannabis was only
made federally legal in Australia in 2016 [36] and, accord-
ingly, prior to this no pesticides were declared for use on can-
nabis crops. A similar legislative abyss existed in the United
States [16, 25]. This created a three-fold problem. Firstly, reg-
ulators had not specified pesticides deemed safe, resulting in
a wide array of potentially noxious substances being utilized,
and secondly, no regulator routinely monitored the MRL of
cannabis products. Finally, laboratories may not have utilized
assay panels with the breadth required to isolate all potential
pesticide contaminants. All of these factors may contribute to
the lack of reliable data on the concentration and toxicity of
pesticides used on cannabis crops. This highlights the need
for uniform and robust methods to establish whether
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pesticides used on cannabis crops exceed equivalent MRLs
and whether carcinogenic substances are employed.

Reproductive issues and development. Endocrine disruptors
refer to a group of bioactive substances that interfere with
the function of the endocrine system via either interruption
of signalling or alteration of hormone synthesis and
secretion [37]. Various pesticides, particularly
organophosphate insecticides [37], and most heavy metals
[38] are recognized endocrine disruptors. These have the
ability to interfere with normal fertility function and
developmental processes. Additionally, mercury and lead,
when consumed in sufficient quantities, also affect
development. The presence of these contaminants in
cannabis preparations consumed by individuals within their
fertile window or children would be of particular concern.

Toxicity thresholds of contaminants. The body of currently
available evidence insufficiently investigates and quantifies
the levels of contaminants found in cannabis preparations
or cannabis users. This would be a valuable line of inquiry
and a comparison of calculated weekly intakes with safe
limits stipulated by the World Health Organization and
domestic authorities would help inform dose limits.
Importantly, the patient population who seek the
prescription of medicinal cannabis may have a decreased
physiological tolerance to deal with contaminants and their
toxicity [20]. Given the multiple impingements on the
immune system of prospective patients, the potential
toxicity of cannabis contaminants warrants a more
thorough investigation.

Minimizing potential deleterious effects. Use of purified single
cannabinoid extracts might hold the potential to
circumvent some of the human toxicity associated with
consumption of whole cannabis extracts. This is the
subject of polemic debate, as many believe that the
consumption of holistic extracts to be therapeutically
superior to cannabinoid isolates, stemming from pre-
clinical studies which posited superior symptomatic
outcomes with the consumption of whole cannabis
extracts as compared to purified cannabinoids (primarily
THC). This synergistic phenomenon has been termed the
‘entourage effect’ [39-41]. Our current search did not
identify any comparative analyses quantifying levels of
contaminants between whole and purified cannabis
preparations. Given that there are many different medicinal
cannabis formulations containing different amounts and
types of both active pharmaceutical ingredients and
potential contaminants, future research should seek to
provide evidence of whether there are optimal blends of
cannabis components.

Interestingly, there is evidence to suggest that the prepa-
ration and extraction processes may impact the level of con-
taminants in the final product. For example, it has been
found that boiling medicinal plants in water extracted
greater amounts of heavy metals than immersing in hot wa-
ter, thereby reducing heavy metal contamination of the end
product [42]. Information on which types of formulations
are more prone to containing contaminants, and methods
of preparation that minimize the potential of contaminants,
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should also be obtained. Further, when considering the writ-
ing and implementation of policies surrounding the safe
production of medicinal cannabis, the relative contaminant
concentrations between different formulations is important.
This is because, as suggested above, the level of contami-
nants varies along the production process and clear direc-
tives need to establish at what stage contaminant
sampling should be completed to ensure a safe product is
delivered to consumers.

Routes of administration

Cannabis is commonly consumed via inhalation or ingestion
and less frequently through ophthalmic, rectal, sublingual
and dermal preparations [43, 44]. Different routes of adminis-
tration and dosing formulations give rise to a varied bioavail-
ability of constituent compounds. Specifically, it is well
established that cannabinoids are absorbed differently and
have variable effects, dependent upon whether cannabis is
inhaled or ingested [44, 45]. It logically follows that the bio-
availability of contaminants may be contingent on the ad-
ministration route with the pyrolytic effect of heating
contaminants an important issue. Additionally, there are
questions surrounding the altered pharmacokinetics of can-
nabis and cannabinoids in the presence of contaminants.
The literature has not systematically addressed the effects of
administration routes on the bioavailability and pharmacoki-
netic properties of contaminants at this point.

Inhalation. Inhalation techniques of cannabis (smoking,
vaporizing and dabbing) deliver cannabinoids efficiently to
the respiratory capillary membrane and peak THC plasma
concentration is rapidly achieved in between 3 and 10
minutes [3]. These preparations avoid first pass metabolism
resulting in a high but wvariable systematic THC
bioavailability of 10-35% [44]. This also means that
contaminants are subject to little metabolism or
degradation before they reach the systemic circulation.
Heating of preparations also alters the activity and potency
of cannabinoids and contaminants. Given the wide variety
of contaminants it can be expected that their behaviour and
potency will be affected differently.

Smoking. Smoking is the most common recreational
consumption technique and involves the combustion of
cannabis and other compounds. The application of
sufficient heat to cannabis causes decarboxylation of delta-
9-tetrahydrocannabinoic acid (THCA) to its active form
THC [46] but, concomitantly, the process of pyrolysis
transforms some contaminants into more toxic forms [25].
Heavy metals such as cadmium and arsenic and some
pesticides are highly volatile and become carcinogenic
under pyrolytic conditions [47]. Direct studies of pyrolytic
products in cannabis smoke are lacking.

Sullivan et al. performed an in vitro experimental study to
quantify the concentration of pesticide residues from con-
taminated cannabis liberated by smoking [25]. Pesticide-
spiked cannabis samples (bifenthrin, diazinon, paclobutazol
and permethrin) were mechanically smoked via three sepa-
rate devices (glass pipe, water pipe, and water pipe with filter)
with pesticide residues of the smoke stream measured by gas
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chromatography. Comparatively, the water pipe with filter
had the lowest detected residue concentrations (<11% recov-
ery for all four pesticides) whereas the glass pipe exhibited the
highest (>60% recovery for all four pesticides). This was a
methodologically rigorous study and the generalization of
its results suggest that smoking of pesticide contaminated
cannabis, particularly without a filter, efficiently transfers
these contaminants to the end user.

Vaporization. Recently, the use of cannabis vaporization
apparatuses [48] has increased in conjunction with the
expansion of the ‘heat not burn’ products in the tobacco
market. This is established on the popular perception that
products consumed in this way expose the individual to a
lower level of contaminant particulate matter, particularly
carcinogens [49]. To date, there is no robust evidence that
support these anecdotal statements, as the requisite
randomized controlled trials or epidemiological studies are
lacking.

Dabbing. Dabbing is another inhalation technique that is
gaining popularity in medical and recreational cannabis users
[50]. It refers to the use of vaporization of concentrated
butane hash oil, containing high THC concentrations, with a
blowtorch. Loflin et al. found in their preliminary qualitative
study of cannabis dab users (n = 357) that there is a
perception amongst the cannabis using community that
dabbing is considered significantly more dangerous than
consumption of flower extracts [50]. This was most probably
due to anticipated withdrawal and tolerance differences
rather than the transmission of contaminants. There exist no
quantitative data to validate this perception or to ascertain
the contaminants of butane hash oil.

The relative safety of the inhalation techniques depends
partially on the burn temperatures of any present contami-
nants as well as the use of a particulate matter filter. Ulti-
mately, all inhalation preparations avoid first-pass
metabolism which may have important implications for de-
toxification of any constituent contaminants. Importantly,
while heat application can volatilize some contaminants, it
may also aid in the decontamination of microorganisms from
cannabis preparations. Further primary research is required
to characterize the behaviour of contaminants when inhaled
in order to inform patients about the relative hazards and risk
reduction of the different inhalation techniques.

Oral intake. Preparations taken orally (capsules, oral-
mucosal sprays and imbued food/liquid consumables) have
a much lower peak THC plasma concentration compared
to inhalation [51] and a longer lag to peak concentration
(tmax) of between 60 and 120 minutes [44]. They are
subject to both gastric hydrochloric acid degradation and
extensive first pass metabolism [52] resulting in a much
lower systematic bioavailability of THC compared with
inhaled preparations [44]. A large number of studies have
examined the gastrointestinal bioavailability of oral intake
heavy metals through food, drinking water and
complementary medicine. These have concluded, broadly,
that heavy metals cross from the gastrointestinal lumen
via both paracellular and transcellular routes into the
circulation where they may accumulate and affect the
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human organism [53, 54]. There is, however, very little
information in the scientific literature pertaining to the
concentration and behaviour of contaminants in oral
preparations of cannabis.

Pharmacologic effects of contaminants

A myriad of phytocannabinoids that interact with the human
cannabinoid receptors CB, and CB; have been isolated
in cannabis. Of these, the profile of THC is the most compre-
hensively documented and a brief outline of its properties is
provided for contextual sake. THC is lipophilic and absorbs
efficiently across body membranes. The majority is transported
bound to plasma proteins [51], with a small portion by the red
blood cells. It distributes rapidly to vascular organs and is
accumulated and stored in adipose tissue. Importantly, it is able
to cross the placenta and is conveyed in breast milk. THC
is metabolized predominantly by the phase 1 oxidative
metabolism in the liver through the cytochrome P450 system
(CYP), via the isoenzymes CYP2C9, CYP2C19 and CYP3A4
[44, 51], of which it is an inducer. The resultant metabolites
11-hydroxy-A9-tetrahydrocannabinol and 11-nor-9-carboxy-A
9-tetrahydrocannabinol are then conjugated before being pre-
dominantly excreted in faeces, with approximately one third
excreted in the urine [52].

Cytochrome P450 and contaminants. The CYP isoenzymes
may interact with contaminants and affect the metabolism
of THC and other cannabinoids. Lead has been shown in
animal studies to inhibit the activity of CYP [55, 56],
although the evidence of a similar effect in humans is
equivocal [57, 58]. Some pesticides are metabolized through
the CYP system and alter the expression of isoenzymes [59].
Rose et al. performed an in vitro experimental analysis of
pesticides (chlorpyrifos, carbaryl and permethrin) that were
added to a substrate of cytosolic and microsomal pooled
human liver fractions. They found that the CYP system was
responsible for the detoxification of chlorpyrifos, carbaryl
and an isomer of permethrin. It was also found that
permethrin and particularly chlorpyrifos induced multiple
CYP isoenzymes [59]. This suggests there may be an
interaction between the metabolic processes of pesticides
and cannabinoids which warrants further investigation.

Clinical effects of contaminants. In addition to the various
host factors that affect the PK and PD profile, contaminants,
as bioactive substances, may affect the absorption,
distribution, metabolism and excretion of
phytocannabinoids and thus potentially alter their clinical
effect. The interactions between phytocannabinoid and
contaminants are likely to modulate the bioavailability of
both the cannabinoid and contaminants. No formal research
investigating this was isolated from the literature. However,
McPartland et al. reported a small case series (n = 5) depicting
the PD effects of cholinergic adulteration of cannabis
preparations [60]. Their findings suggest that the addition of
cholinergic compounds (nicotinic agonists, muscarinic
antagonists and anti-acetylcholinesterase substances) is
associated with an enhancement of the cannabimimetic
effects of THC. This represents an uncontrolled, retrospective
case series that is insufficiently powered and causation
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cannot be determined. It casts no light on the PK and PD effects
of the aforementioned contaminants; rather, it serves to
highlight that co-administered substances can interact with
THC and other cannabinoids in a way that modulates both
their PK and clinical effect. Further investigation into the
pharmacological effects of contaminants is required.

Discussion

The re-emergence of cannabis for medicinal use represents an
unusual situation where, instead of investigating single drug
compounds isolated or synthesized in a controlled laboratory
setting, we must now consider the potential for a variety of
contaminants to be present in products as a result of the bo-
tanical source of the starting material. The lack of a compre-
hensive evidence base suggests that the study of cannabis
contaminants is an emerging field of clinical pharmacology.
It is likely that contaminants may not only affect human
health directly, they also have the potential to modulate bio-
availability and other pharmacological parameters, depen-
dent upon the method of preparation of the product and
route of administration. In Australia, the TGO93 standard is
regulating the production of medicinal cannabis; however,
recreational use outside of this (‘black market’) is not covered
and tested in this way.

Overall completeness, applicability and quality
of evidence

Understandably, a legacy of illegality may have historically
stymied rigorous scientific investigation in this arena; how-
ever, high-quality, pesticide-, microbe- and heavy metal-free
products are essential for patient care. This review confirms
there are significant knowledge gaps regarding the sources
and effects of contaminants, which manifest as a lack of
safety and human pharmacokinetic and pharmacoydynamic
data. Given the potential for harmful effects of these contam-
inants, this aspect of cannabis products will need to be ad-
dressed as therapeutic indications expand and medicinal
cannabis markets mature, particularly in jurisdictions outside
Australia where cannabis is not treated as a ‘therapeutic good’
but rather as a herbal supplement or nutraceutical.

To date, for medical use, too little quantitative data has been
published to address all pharmaceutical and clinical health
issues relating to cannabis contaminants. Further, as the legali-
zation of medicinal cannabis spreads, public acceptance of its
recreational use can be expected to increase. Indeed, it is already
the most popular recreational drug in Australia, with an
estimated 6.6 million or 35% of the population surveyed as
having used cannabis at some point during their life [61].
Beyond the delivery of a safe and uncontaminated product to
patients, the understanding of the prevalence and effects of
cannabis contaminants is a broader public health matter.

This review identifies that there is a dearth of well-designed
scientific studies investigating the contaminants of cannabis.
The lack of cross-sectional studies hampers accurate quantifica-
tion and identification of contaminants. Causality between
contaminants and human toxicity is speculative due to the
absence of sufficiently powerful longitudinal studies or phar-
macologic analyses. Finally, the health effects of different
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delivery routes on contaminant bioavailability pharmacoki-
netic and pharmacodynamic effects are poorly understood ow-
ing to the lack of primary research in this area. Therefore, we
propose the following areas that require further investigation:

1 Quantification of heavy metals, pesticide residues and
microbes (particularly aflatoxin-producing Aspergillus
species) in dispensary grade cannabis preparations.

2 Comparative contaminant profiles of purified single
cannabinoid extracts with herbal cannabis extracts and
powdered cannabis plants.

3 Volatility and pyrolysis of pesticides and heavy metals
between different inhalation methods of cannabis.

4 Effect of oral intake on contaminant bioavailability and
metabolism.

5 Cannabinoid-metal interactions in relation to bioavailabil-
ity of both the cannabinoid and metals.

6 Interaction of contaminants with hepatic CYP isoenzymes
and metabolism of THC.

Potential biases in the review process

This review aggregated and interpreted all available academic
literature. Unpublished data was not sought from individual
pharmaceutical companies. A key assumption inherent in
this approach is that all pertinent information has been
published and available through the databases identified in
the methodology section. The authors cannot be sure that
unpublished data pertinent to this review does not exist.
Further, the contaminants articulated in the search of the
literature were based on monographs. It is possible that there
are additional contaminants that consequently fall outside
the premise of this search. Due to the paucity of data, it
aggregates studies interrogating street-grade and dispensary-
grade cannabis products. These products have different
growing and processing procedures and conceivably could
be considered as different products.

The narrative review form of a systematic review is a rela-
tively novel and incompletely developed methodology.
When compared to the more developed quantitative system-
atic review, it introduces greater scope for interpreter bias.
Further, there are a number of uncertainties raised in this
review. They predominantly arise from the emergent nature
of this field of pharmacology and the previous illegal para-
digm of cannabis. Ultimately, this review identifies that sig-
nificant further research in this field needs to be undertaken
to ameliorate the uncertainties regarding the prevalence and
effects of medicinal cannabis contaminants.

Conclusion and future directions

Cannabis has significant therapeutic potential for many
distressing symptoms and diseases. This qualitative narrative
synthesis aggregates and interprets the available clinical evi-
dence of cannabis contaminants and their potential human
effects. Its central narrative is that the current academic liter-
ature does not deliver a clear understanding of the sources,
distribution and pharmacologic effects of cannabis contami-
nants. Further research is required to bridge the remaining
knowledge gaps in these areas.
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Many countries are looking towards increasing the size
and scope of their medicinal cannabis operations with the
aim of consistently producing high-quality, pure cannabis
products for clinical applications. Until recently, most stake-
holders have participated in small-scale production processes
focused on domestic clinical supply. This is forecast to change
significantly over the coming years, with various countries
expanding towards export trade in medicinal cannabis. Inter-
national consensus is needed to establish quality control and
product standardization. The development of the requisite
analytical standards for quality testing of global medicinal
cannabis preparations requires a more comprehensive
evidence base of the contaminants of cannabis.

Nomenclature of targets and ligands

Key protein targets and ligands in this article are
hyperlinked to corresponding entries in http://www.
guidetopharmacology.org, the common portal for data from
the TUPHAR/BPS Guide to PHARMACOLOGY [62] and are
permanently archived in the Concise Guide to PHARMA-
COLOGY 2017/18 [63].
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