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Abstract

A review of the literature surrounding the use, analysis and detection of pesticide material for
cannabis cultivation is presented. The use of pesticides in crop cultivation is not new, and cannabis
crops are no exception. Studies have found that the use of these are common and that high levels
of the pesticides are transferred into the cannabis smoke.

The most common pesticides classes associated with cannabis are insecticides, acaricides and
fungicides. Over 350 different pesticide products may be used on cannabis materials and of these,
16 pesticides and 3 plant growth regulators (PGR) are considered to be the main candidates. Many
of the pesticides found in cannabis samples destined for consumption are classed as moderately
hazardous by the World Health Organisation. Analytical methods for pesticide detection on
cannabis are being developed with a view to implement quality control to cannabis where it is
legal before being sold. However, no standardised protocol exists. The pesticide levels found in
the cannabis samples tested were generally low (less than pg-g™?), these results do not however
provide information on chronic low-dose adverse effects of pesticides in relation to cannabis
consumption. Currently no research exists on the toxicity of pyrolysed pesticides in humans from
smoking cannabis. More studies are needed to further understand this potentially harmful health
threat.



1. Introduction

Cannabis is the most widely used drug globally. Between 2010 and 2016, 145 countries reported
growing cannabis on a regular basis. Smoking herbal cannabis is the most common method of
administering this drug. Cannabis is currently a class B controlled substance in the UK [1]. The
UK government was reluctant to legalise this drug for medical use until recently. Expert doctors
have been given permission to issue prescriptions for cannabis-based medicines since 1%
November 2018 [2]. Ironically, the UK produced 45% of the total legal cannabis destined for
medical use in 2016 [3]. In the US, cannabis is federally prohibited for any use under the
Controlled Substances Act (CSA) 1970. However, it is legal for medicinal and/or recreational
purposes in 50% of the states. This causes much confusion among patients and healthcare
providers [4]. This plant has acquired substantial attention in recent years as an increasing number
of countries are legalising the drug for medicinal as well as recreational use [5].

Cannabis, similarly to other plants, is prone to diseases, pests, fungi, and bacterial infections. Due
to its increasing popularity, especially in countries and states where it is now legal for both
medicinal and recreational purposes, growers are more inclined to use plant growth stimulators
and pesticides to increase and accelerate yield [6]. This issue is widely overlooked since cannabis
is still illegal in most parts of the world. There is both a lack of monitoring for the use of pesticides
on legal cannabis plantations as well as a lack of knowledge on how pesticides that have undergone
pyrolysis in cannabis affect the smoker. Few studies bridge this gap between detected residue
levels and internal doses of pesticides resulting from usage of cannabis products [7]. There are
currently no accredited or verified methods to test cannabis for pesticides and very little data is

published on this topic [8].

This review aims to assess current data with respect to pesticides used on cannabis materials.
Analytical procedures that can detect these chemicals within a cannabis sample are documented
and evaluated. Finally, toxicological implications of smoking pesticide - laced cannabis are

discussed.



2. Pesticides
Pesticides are classed into seven major groups: insecticides, herbicides, fungicides, rodenticides,

acaricides, molluscicides and nematocides. This classification is based on the field of use,
however, they can also be classified by chemical class. There are organophosphorus compounds
(OP), carbamates, chlorinated hydrocarbons, pyrethroids and heterocyclic compounds. Figure 1

shows examples of the variable structures of selected pesticides based on their classification.

1
a “NH b C
HyC Hy P o g
A,
X <O
o8 Sl oo e
e R T F I
Hc/]\/t‘o [Ne gt e )
3 H—_-CHs
o

Cl Cl |
H3C)\\CH3\ Oy
CH; | CHs
oWs
cl o

NN N/N

CHs
Figure 1 Pesticides from different chemical classes, showing pesticide variability. a: Diazinon (OP),

b:  Carbaryl (carbamate), c: Bifenthrin  (pyrethroid), d: DDT (chlorinated
hydrocarbon/organochlorine), e: Fenpyroximate (heterocyclic compound)



Most of these can be used on a variety of different targets. Commercial formulations may even
mix compounds from these different classes into one product [9]. Numerous pesticides are
notorious for their negative health impact on humans and the environment, resulting in their
restricted use or a total ban. Pesticides acute toxic effects following a high dose oral exposure are
well documented. Although pesticides may not pose an immediate threat to consumers in small
quantities, chronic low-dose adverse effects could be substantial, yet knowledge on this subject is
limited [10]. Since cannabis is mainly smoked, the guidelines and reported toxic levels of
pesticides risk being inexact, as these levels are associated with agricultural products that are
destined to be orally ingested [11]. It has been reported by the Cannabis Safety Institute “that
pesticide residue on retail cannabis products is often found at levels exceeding the allowable levels
on any agricultural product” [12]. Moreover, it is reported that the metabolites of many pesticides
are more toxic than their parent compounds [9]. A study by Dryburgh et al., highlighted pesticide
metabolites will more than likely be present when cannabis is smoked [13]. Most pesticides target
the central nervous system and thus could affect more than just the intended pest posing a health
threat to humans and other animals [14]. Pesticides may present a danger to users with epilepsy
and other neurological conditions by binding to certain receptors in the brain. This could pose a

significant threat to medicinal cannabis users who already have negative health complications [15].

2.1 Pesticides Associated with Cannabis

The most common pests associated with indoor cannabis flowers and leaves are aphids, spider
mites and thrips [16]. Fungal diseases are also problematic in greenhouses and when using indoor
lighting systems. Consequently, the most common pesticides associated with cannabis are
insecticides, acaricides and fungicides [17]. Cannabis is an illegal drug in most countries, therefore
there are no guidelines for pesticide use on cannabis cultivation. In the countries where it is legal,
whether that be for medicinal or recreational use, the originality of the situation makes it so that
no guidelines currently exist [18]. Moreover, many legislations do not prioritise this issue in
routine analysis of cannabis samples. A study found that 44% of 1722 growers in Australia,
Denmark and the UK admit to using chemical fertilisers, supplements or insecticides [19]. This is
a large number, taking into account that some growers may not have taken part in the survey due
to fear of being discovered. A recent study examining legalised cannabis products in Washington
State found that 84.6% of the samples contained significant quantities of pesticide residues,

although no concentrations were mentioned [20]. Medical cannabis products tested in California
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had pesticides in 49.3% of the samples [21]. In the US, it is illegal to use a pesticide on a crop that
it is not specifically designed for [22]. The Environmental Protection Agency (EPA) claims: “We
have yet to receive any applications for pesticide use on marijuana and therefore, have not
evaluated the safety of any pesticide on marijuana” [23]. Furthermore, setting tolerance limits is
complex and time-consuming. In the absence of federal regulations, states have individually

formulated guidelines [24].

Washington State Department of Agriculture (WSDA) has recently released a list of 271 pesticide
products approved for use on cannabis [17]. The state of Colorado has compiled a list of 357
pesticide products, many of which contain the same active ingredients, that are legal to use on
cannabis plantations [24]. Historically, some of these pesticides have been approved for use on

landscape plants, not plants destined for consumption [25].

It is believed that indoor plants are at higher risk of pesticide contamination as opposed to plants
grown outdoors [26]. Most cannabis plants are now grown indoors to ensure year round production
and consistent THC levels. Moreover, pesticide concentrations in full-grown plants are higher than
those found in younger plants due to receiving more pesticide sprayings and pesticides

accumulating in the plant [27].

Table 1 displays data on pesticides found in cannabis samples from different countries. In one
study, the levels of tebuconazole and bifenthrin were found to be within the LDso (median lethal
dose) range [28]. Bifenthrin is a pyrethroid insecticide and classed as moderately hazardous by the
World Health Organisation (WHO). It is said to have relatively low toxicity to humans, however,
when inhaled it can cause localised reactions in the respiratory tract such as shortness of breath,
chest pain, coughing and oedemas. Some may experience an asthma-like attack that could prove
fatal [9]. Tebuconazole is a triazole fungicide and classed as moderately hazardous by the WHO.
Oral exposure has low toxicity, although when inhaled it can cause nose, lung and throat irritation.
The Enviromental Protection Agency (EPA) have classed it as a possible human carcinogen after
observing liver tumors in mice when exposed orally to high doses of this pesticide [29]. Another
study conducted in Belgium detected 19 pesticides including Dicrotophos, Chlorfenvinphos and

Dichlorvos. Additionally, Dicrotophos and Dichlorvos are not approved for use in the EU [27].

As seen in Table 1, the levels of pesticides found in the different studies vary largely. Many factors

could influence the results such as pesticide dosage and application frequency. The herbal material



analysed in these studies reported herein were seized by the police. It is unknown how the growers
treated the plants [27]. Moreover, some studies do not actually give the quantity of pesticides
found, only that they were detected. The pesticides found were mainly low and on the lower end
of the World Health Organisation’s (WHO) toxicity classification. However, it must be stressed
that these levels were found on unsmoked cannabis and the WHO toxicity levels are associated
with oral toxicity in rats. These results should encourage future monitoring of pesticide residues

in legal cannabis productions to evaluate safety for consumers.

2.2 Pyrolysis of Pesticides in Cannabis

When smoking cannabis with a cotton filter, users may be exposed to up to 30.1% of the pesticide
residues from the original plant, whereas without a filter this could be as high as 69.5% [30].
Cannabis is typically smoked without a filter, therefore exposing the user to higher levels of
dangerous compounds and their degradation products. Cannabis smoke contains many of the same
carcinogens as tobacco smoke and reportedly four times as much tar as tobacco [31]. When
inhaling smoke, it directly reaches the blood stream through the lung gas exchange, making
bioavailability much higher than if the product was to be ingested for example [32]. Additionally,
cannabis smokers inhale two-thirds more per “puff” and retain the inhalation for longer than if
they were to smoke a cigarette [33]. When smoked with a water pipe filter, the levels of pesticides
found in the cannabis smoke (0.08-10.9% recovery) were similar to the levels found in tobacco
smoke (2-16% recovery) [30]. However, this study only addressed how much of the pesticide
residues might reach the lungs, not the adverse effects that these levels could have on the user.
This study also only used spiked material. A mixture of varying concentrations of pesticides were
added to the leaf material. This method was optimised for the study of pesticides in smoke,
although, it may not be not representative of what might be found in real samples, as growers’

application methods and quantities are unknown [27].

Pesticide residues in cannabis will undergo pyrolysis and will be inhaled when smoking. Although
it is yet unknown how harmful these chemicals are to humans when pyrolysed and inhaled, the
fact that up to 69.5 % of residues are present in cannabis smoke should be of concern [34].
Moreover, a study looking at cannabis smoke alone found that it contained 20 times more ammonia
than tobacco smoke and 3 to 5 times more hydrogen cyanide, nitric oxide and aromatic amines
than in tobacco [35]. The levels of toxicity while smoking cannabis containing pesticide residues
could be compared to those of tobacco containing pesticide residues [28]. It has been shown that
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pyrothroid insecticides on tobacco transfer into cigarette smoke. However, most of the residues
were found within the cigarette’s cotton filter [36]. Furthermore, there could be different
pharmacokinetic interactions between the cannabinoids and the contaminants. For example, it has
been shown that THC may have protective properties against the other harmful components found

in cannabis smoke [31].

Pyrolysis may transform some pesticides into more toxic forms that are then inhaled [13]. For
example, the fungicide myclobutanil, has been found in cannabis samples in a number of studies
and is known to decompose into hydrogen cyanide when heated [6, 8, 12, 20, 27, 37]. Hydrogen
cyanide causes neurological, respiratory, cardiovascular and thyroid problems and can also be
lethal [38]. The World Health Organisation have classified it as moderately hazardous.
Myclobutanil has been banned for use on cannabis in Oregon, but is allowed in Nevada at limited
quantities [24]. Currently, there is a paucity of data concerning how other pesticides react when
heated and what acute and chronic effects these would have on the user. More studies on cannabis
smoke need to be conducted to better understand these effects. Currently, there are no reported
cases in the literature of intoxication from pesticides or its metabolites due to smoking cannabis.
However, there are several case reports of patients experiencing aspergillosis associated with

smoking cannabis [39].

3. Sampling and Analysis

3.1 Cannabis analytical methods

The main rationale for testing cannabis analytically is to confirm its identity as well as test its
potency. When analysing cannabis, total THC content is of most interest because this gives a
potency indication [40]. Prior to instrumental analysis, herbal cannabis is preferably dried,
pulverised and sieved to ensure homogeneity. Gas Chromatography (GC) and Liquid
Chromatography (LC) coupled with Mass Spectrometry (MS) are the most common methods for
analysing cannabis and a broad range of cannabinoids. Best sensitivity is generally obtained
through GC-MS or GC-FID (flame ionisation detector), using low polarity stationary phases, as
the main functional units of cannabinoids are phenolic. These are the recommended methods by

the United Nations for the analysis of cannabis and cannabis products [40]. Although, samples



may need to be derivatised as the carboxylic acids degrade when placed into the injection port of
the GC instrument. Silylation is commonly used as it imparts more volatility to the cannabinoids
[5]. As cannabis is mainly tested for THC and other cannabinoids, potential harmful compounds

are generally overlooked.

3.2 Pesticide Analytical Methods

Over 700 pesticides are used routinely in the food industry and these foodstuffs are monitored for
pesticide residues. GC-MS with electron impact (EI) or LC-MS/MS with electrospray ionisation
(ESI) are the most common techniques applied to multi-residue analysis of pesticides [41]. Multi-
residue methods facilitate efficient monitoring as they allow the detection of up to a few hundred
compounds per extraction and per analytical run [42]. The chemical nature of the pesticides to be
detected dictates whether a LC or a GC approach should be used. A study that tested 500 different
pesticides found that LC-MS/MS with ESI provided better sensitivity for all classes of pesticides
except for the organochlorine pesticides, which were best analysed by GC-MS [41]. LC-MS/MS
is generally preferred over GC-MS as the tandem MS reduces matrix interferences. LC can also
overcome issues associated with thermal instability. Another study used LC-MS for thermally
labile and polar pesticides and GC-MS for volatile pesticides such as organophosphates and
organochlorines [43]. The European Committee for Standardisation has developed a method for
determining the levels of pesticide residues in foods of plant origin. It has been validated for the
extraction of 80 pesticides belonging to various chemical classes [44]. This method uses GC-MS
and LC-MS/MS following acetonitrile extraction and dispersive solid phase extraction (dSPE)

QUEChERS (quick, effective, cheap, easy, rugged, safe) clean-up [45].

3.3 Pesticide Qualification and Quantification in Cannabis Samples

The American Herbal Pharmacopoeia (AHP) compiled a list of 16 pesticides and 3 plant growth
regulators (PGR) that are most likely to be used on cannabis [25]. However, this is not relevant to
every country as these may vary from region to region depending on product availability and on
different regulations on pesticides in each country. Pesticides will only be present in small
quantities in cannabis samples, in comparison to the larger THC levels that will be detected. This
Is because pesticide levels decline after application due to photo oxidation, volatilisation and
biological degradation. The quantities found are generally in pg-g™* or ng-g™* [46]. Cuypers et al.
(2013) claim that pesticides will accumulate in cannabis plants due to receiving multiple sprayings

over their lifetime [27]. Results from table 1 show pesticide levels in the range of 0.01 to 800
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mg-kg™. The range in levels seen may be due in part to poor recovery with the analytical methods
used. The percentage recoveries from some of the studies mentioned in table 1 ranged from less
than 50% to more than 120%, with the majority of recoveries falling between 70 and 120% [6, 8,
28]. Another main issue is that pesticides are numerous and belong to a broad spectrum of chemical
classes. Moreover, pesticides from completely different classes can be found in the same cannabis
sample. They may be acidic, basic or neutral, varying in polarity and solubility. Some are thermally

labile while others may easily bind onto surfaces [46].

Table 2 illustrates the analytical techniques used that successfully detected pesticides in cannabis.
Not all studies quantified the pesticides found. It is important to note that these studies used a
mixture of spiked material and seized plants. Therefore, some studies are looking at what truly is
in samples whereas others are testing their analytical methods. The limits of quantification (LOQ)
were only given for three of the studies that used LC-MS/MS. In a study conducted by Alder et al.
in 2006, 500 pesticide residues were analysed by GC-MS and LC-MS/MS. It was determined that
LC-MS/MS was a much more sensitive method due to the LOQs being much lower [41].

3.3.1 Sample Preparation

Cannabis is a highly complex matrix. Not only does it contain many cannabinoids but also many
secondary cannabinoids and terpenoids. If pesticides are to be detected and quantified in cannabis
samples accurately, a representative sample must be collected, homogenised, extracted with
suitable solvents and interferences removed. The lower the target analyte concentration the more

robust the clean-up needs to be [34].

Pesticides must be extracted from the sample matrix and isolated from any interfering materials
for successful and accurate analysis. Cannabinoids are found in the glandular trichomes on the
leaves and flowers which are highly resinous. Many pesticides are hydrophobic, therefore they
adhere to these structures, making them hard to isolate from the matrix [46]. Moreover,
cannabinoids and terpenes are hydrophobic and they are readily extractable by organic solvents,
such as acetonitrile. This is why the European standard method (EN15662) uses citrate buffered
QUEChERS as it does not co-extract the cannabinoids when trying to isolate the pesticides [8].
The EN15662 method is recommended for analysis of pesticides in foods of plant origin. It is not
specifically recommended for pesticide analysis in cannabis, however, it has been modified and

used for this purpose [8, 28]. This involves drying out the sample, coarsely grinding the herbal
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material for homogenization, an acetonitrile extraction and QUEChERS dispersive SPE clean-up.
The first step is the extraction which uses an organic solvent and salt solution (usually MgSOa).
The second step is dispersive SPE which further extracts and cleans the supernatant from the
previous step. The purpose of this is to remove sugars, lipids, organic acids, sterols, proteins,
pigments and excess water [47]. Lozano et al. [48] proposed using calcium chloride instead of
magnesium sulphate (employed in the EN 15662 method) for the clean-up step as it reduced matrix

effects and improved recovery, however this was only validated for tea samples.

The most universal extraction method is liquid-liquid extraction (LLE). However, this method is
unsuitable for many analyses as is consumes a large amount of solvent as well as being a laborious
method [49]. One study used headspace solid-phase micro extraction (SPME) of pesticides
residues from cannabis samples. This method provides a simpler and more rapid quality control
of plant material [49]. Unfortunately, this method is preferably coupled with GC-MS, which
cannot analyse all types of pesticides [50].

EDGE® is a new system for extracting pesticides from cannabis. It includes a dispersive SPE
clean-up phase in the same one sample cell. It offers the fastest automated pesticide extraction. It
has been tested and has efficiently extracted over 400 pesticides from cannabis in under 7 minutes.
Recoveries were between 80 and 115% for analysis with GC-MS and between 81 and 117% for
analysis with LC-MS [51].

3.3.2 GC-MS

GC-MS is perceived as the reference method for identification and confirmation of pesticides in
different materials. Libraries containing reference spectra for many pesticides as well as their
metabolites and decomposition products are designed for use with GC-MS [9]. Sample preparation
for GC-MS is usually SPME or QUEChERS. These samples can be directly injected in splitless
mode and ionized using electron impact ionization (El). GC-MS is a selective and sensitive method
for volatile and hydrophobic pesticides such as organophosphates and organochlorines. However,
GC-MS can be a source of pesticide artifacts and decomposition products due to light sensitivity,
oxidation, hydrolysis and heat. Lack of volatility or thermal lability could be overcome with
derivatisation, however it is not known in advance what a cannabis sample will contain and
therefore is problematic to know which derivatising agent to use. Additionally, derivatising would
only add to sample preparation time as well as complicating sample matrices [52]. This is why
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many recent studies have used LC-MS/MS as it can reduce matrix interferences and overcome
issues with thermally labile and highly polar pesticides as well as pesticides with high molecular
weights [43].

3.3.3 LC-MS/MS

Historically, LC was used more rarely in the past because traditional detectors associated with this
technique, such as UV, diode array and fluorescence were less selective and less sensitive than the
detectors used with GC instruments [41]. However, in the last couple of decades, the development
of atmospheric pressure ionization (APCI) and electron spray ionization (ESI) coupled with MS
have largely increased the sensitivity of LC detection [41]. LC-MS/MS is preferred for ionic and
polar pesticides. This is a much more versatile and universal technique compared to GC-MS,
however, organochlorine pesticides are notoriously difficult to ionize with ESI [53]. Some
chlorinated pesticides have been ionized with atmospheric pressure chemical ionization (APCI)
and analysed with LC-MS to overcome the issues faced with ESI [52]. QUEChERS sample
preparation can also be used for LC-MS/MS. However, this can be made more straight forward
for analysis with LC-MS/MS by using LLE with acetonitrile as it requires fewer steps and is just
as effective [52].

3.3.4 Other Methods

Supercritical fluid chromatography (SFC) offers high resolution. This method was used in a study
that was able to rapidly and simultaneously detect pesticides over a wide range of polarities and
molecular weights, including highly hydrophilic ones [54]. SFC eliminates the need for two
different analytical instruments to analyse a single sample. The biggest drawback however, is that
run times are short which may result in the presence of isobaric interferences, therefore reducing
the method’s resolution [52]. LC-UV has been successfully used for the quantification of paraquat
in cannabis. This is an easy method to perform, however it is not suitable for multiresidue analysis.
A study using capillary electrophoresis-UV detected three herbicides in cannabis [55]. This is a
simple and fast separation method for highly polar pesticides that provides good resolution and
recovery. Unfortunately, the LOQs (paraquat: 5 pg-g, glyphosate: 10 pug-g*, AMPA: 10 ug-g*)
are deemed to be too high for the regulatory action limits [55]. For example, current LOQs for
various pesticides in the state of Oregon lie between 0.00025 and 0.005 pg-g. Regulatory action

limits lie between 0.1 and 2 pg-g™*. Similar values can be found for different states [56].
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3.4 Towards Developing Standardised Testing

Due to the disparity of the legal status of cannabis worldwide, it is difficult to establish botanical
and chemical quality standards for such materials [8]. Cannabis standards of common strains
would be needed for efficient testing as the different properties from the different strains could
alter results from pesticide analysis due to ion enhancement or ion suppression [57]. It cannot be
ignored that standardised testing should be considered as becoming mandatory in countries where
the drug is already legal. If implemented, this testing will also assist other countries that are

planning on or in the process of legalising cannabis.

Due to the wide variety of physical properties of the pesticide components and the complexity of
cannabis’ matrix, developing a standardised method is proving complicated and involves
numerous stages, particularly for sample preparation. Using both GC-MS and LC-MS provides
complimentary analysis to cover the different polarity and thermal needs of the different
pesticides. Integration of these two systems into a MS database would be extremely useful for
laboratory testing as to cover a wide scope of pesticides [52]. However, these two analytical
systems are expensive and analysis can be extensive due to instrument parameter modifications.
Moreover, regulatory requirements for pesticide testing vary between countries and vary from state
to state in the US, which in turn influences the sample preparation, instrumentation and techniques
performed [53].

4. Summary

It is apparent that pesticide use on cannabis crops is ubiquitous. Appropriate residue levels on legal
cannabis plantations need to be determined and quality controls implemented. Further research is
required to assess how these pesticides affect the human body when pyrolysed as there is a paucity
of data in this area. Knowing to what extent the consumer may inhale pesticide residues from
smoking cannabis is also essential. To date there is only one comprehensive study conducted by
Sullivan et al. [30] that aimed to bridge the gap between detected pesticide residue levels and
internal pesticide doses. Further toxicity studies are therefore required to fully assess the fate and

behaviour of pesticide materials on cannabis.
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Numerous pesticides of different classes have been detected in cannabis materials. When
quantification has been achieved, levels range from 0.01 to 800 ug g™* although concentrations are
generally found in the low ug g™* region. The majority of these detected pesticides are classed as
moderately hazardous. Analytical methods chiefly employed for this analysis are currently
QUEChERS extraction with GC-MS or LC-MS/MS.

Pesticides determination in cannabis samples are not targeted with routine instrumental analysis.

A few studies have successfully detected pesticide residues on cannabis. However, additional work
is needed further develop rigorous methods that satisfy requirements for all analytes of interest.
Development of these analytical techniques is challenging due to many factors such as cannabis
matrix complexity, contaminants at trace-levels, simultaneous detection of multiple chemically
variable contaminants and contrasting laws. In countries where medical and recreational cannabis
is legalised, work towards pursuing a standardised protocol for pesticide detection, using standard
cannabis reference materials should be considered.
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