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Abstract  

Illicit cannabis consumption presents significant health risks due to the absence of 

regulatory monitoring in its cultivation, especially with regards to pesticide contamination. 

In contrast, licensed cannabis produced under regulated frameworks is expected to comply 

with strict safety standards. This study investigated and compared pesticide residues in illicit 

cannabis samples seized by law enforcement officers with licensed recreational cannabis 

inflorescences sourced from Cannabis Associations licensed with the Authority for the 

Responsible use of Cannabis in Malta. The primary aim was to determine whether illicit 

cannabis is more likely to contain pesticide contamination. This study thus helped assess 

public health risks and highlighting the impact of regulatory control. 

 

Twenty-four cannabis inflorescence samples were analysed: twelve illicit samples and 

twelve licensed samples. The methodology employed a QuEChERS (Quick, Easy, Cheap, 

Effective, Rugged, and Safe) extraction protocol, followed by instrumental analysis using gas 

chromatography combined with mass spectrometry (GC-MS) and ultra-performance liquid 

chromatography coupled to tandem mass spectrometry (UPLC-MS/MS).  

 

The findings demonstrated that pesticide residues were detected exclusively in illicit 

cannabis samples, while no pesticide contamination was found in licensed recreational 

cannabis provided by Cannabis Associations. Two organophosphate pesticides, dichlorvos 

and chlorpyrifos, were identified across multiple illicit samples. Statistical analysis using 
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Fisher’s exact test confirmed a statistically significant difference in contamination between 

the two groups (two-sided analysis, p = 0.037). 

 

These results highlight the elevated risk associated with illicit cannabis use and emphasise 

the protective role of regulatory oversight in licensed production. Inhalation of 

organophosphate pesticide residues may contribute to acute and chronic toxicological 

effects, presenting a considerable public health concern for consumers of illicit cannabis. 

These findings support the implementation of strict monitoring frameworks in order to 

safeguard cannabis quality and strengthen the importance of consumer access to regulated 

products. 
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1.1 Overview 

One of the primary concerns regarding the use of illicit cannabis is the potential contamination 

with pesticides, which may pose serious health risks to consumers (Farrelly, Wardell et al. 

2023). The lack of standardised agricultural practices and quality control measures in illicit 

cannabis cultivation raises questions about the extent of pesticide use and contamination 

compared to legally regulated cannabis (Farrelly Wardell et al. 2023). 

 

This study had the aim to investigate and compare the presence of pesticides in illicit and 

licensed cannabis samples in Malta. By conducting a comparative analysis, this research 

sought to determine whether illicit cannabis poses a higher risk of pesticide contamination 

than licensed cannabis and how regulatory oversight impacts pesticide residues.  

 

This Chapter begins with a literature review, which describes the search strategy, inclusion and 

exclusion criteria and identifies gaps in existing knowledge. Following is an overview of 

cannabis, its use, and current market trends in Europe and Malta. It then examines the 

legalisation of recreational cannabis in a global and local context, before introducing 

pesticides, their relevance to cannabis cultivation, and the regulations surrounding their use. 

The chapter continues with an outline of analytical techniques for pesticide detection, 

providing the necessary background on sample preparation, separation, and instrumental 

methods. This is followed by a critically appraises the most relevant studies. Finally, the 

chapter presents the research question, aim, objectives, and hypothesis of this dissertation. 
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1.2 Literature Review 

This literature review provides a comprehensive overview of current research related to the 

analysis and screening of pesticides in cannabis, focusing particularly on both illicit and 

licensed recreational cannabis. As cannabis consumption has gained increased attention due 

to its legalisation in several countries, the need for rigorous testing methods to detect harmful 

contaminants, such as pesticides, has become more critical (Abodeely 2025). This review 

examines relevant studies, methods, and technologies used in the analysis of pesticide 

residues in cannabis products, comparing findings from various countries with differing 

regulations. By evaluating recent peer-reviewed articles, this section highlights key trends, 

methodologies, and gaps in the existing body of knowledge, ultimately contributing to a better 

understanding of pesticide contamination in cannabis in Malta and its potential health risks. 

 

1.2.1 The Search Strategy 

A comprehensive literature search was done between June to September 2024.  Databases 

used, which specialise in science literature, included PubMed, Google Scholar, Science Direct, 

Scopus and SpringerLink. Cannabis focused databases were also used such as the Cannabis 

Abstract database and the International Cannabinoids Research Society. For studies 

conducted on the Maltese islands, the University of Malta library OAR was used.  

 

When searching these databases, keywords like “pesticides”, “cannabis”, “hemp”, 

“marijuana”, “contaminants”, “residue”, “recreational”, “legal” and other related terms were 

used to narrow down the research to relevant articles. Additionally Boolean operators (AND, 
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OR, NOT) and Medical Subject Headings (MeSH) terms helped in refining search queries for 

more targeted results. 

 

Other terms searched on Google Scholar and other databases included Solid Phase Extraction 

(SPE), Quick Easy Cheap Effective Rugged and Safe (QuEChERS), Gas Chromatography (GC), 

Liquid Chromatography (LC) and Mass Spectrometry (MS). These were searched for further 

understanding of the procedures.  

 

1.2.2 Inclusion and Exclusion Criteria 

Articles included were preferably free and peer reviewed as they have a higher standard of 

quality, validity, and reliability as they undergo a rigorous evaluation process by experts in the 

field before being published.  

 

In light of the recent legislative shifts regarding the legalisation of recreational cannabis in 

certain jurisdictions, the sources used in this study were predominantly recent. The selected 

studies primarily address the screening and analysis of pesticides in both illicit and licensed 

recreational cannabis. Comparative articles examining licensed versus illicit cannabis were 

considered particularly valuable, as they provide understanding into international regulatory 

frameworks and findings, which can be directly applied and implemented to our study. In 

addition, research concerning medical cannabis was also considered valuable to the present 

investigation, due to the relevance of the methods used for extraction and analysing cannabis. 
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Studies examining cannabis products other than the flower, such as vape products, resin, 

tinctures, edibles, and concentrates, were excluded. Additionally, studies focusing on 

pesticides in environmental sources like soil and water were also excluded.  

 

Research looking at food products particularly dried leaves like teas were also included for 

reference to the method adopted for extraction and analysis, keeping in mind its limitations 

for comparison. Only articles published in English were included in this literature review. 

 

1.2.3 Gap in the Literature  

Existing research on cannabis in Malta predominantly focuses on medical cannabis, with 

studies examining its efficacy, safety, and regulatory frameworks. This study aimed to fill this 

gap by focusing on recreational cannabis and pesticides. This research will offer new and 

valuable data on the safety risks posed by pesticide residues in locally available recreational 

cannabis products. The findings thus are expected to contribute to a better understanding of 

the risks associated with recreational cannabis use, inform policy decisions related to cannabis 

safety, and potentially lead to the development of more comprehensive regulatory standards 

for the production and distribution of recreational cannabis. 

 

Figure 1.10 is a Prisma flow diagram illustrating the search process, specific keywords used 

and Boolean operators, and the screening and narrowing down to relevant articles for this 

study, ending up with the final list of studies used for this dissertation. 
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Figure 1.1 PRISMA Flow Diagram (Page Mckenzie et al. 2021)  
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1.3 Cannabis 

Cannabis sativa L., native to Central Asia, is a highly complex plant containing a vast array of 

chemicals and has been utilised for thousands of years as a source of textile fibre, food, and 

medicine (Brenneisen 2007). A total of 483 compounds has been identified in cannabis. 

Among these compounds, over 60 cannabinoids are unique to cannabis, while terpenes, 

constituting the largest class with approximately 140 compounds, are widely distributed in 

other plants. (Brenneisen 2007).  

 

The cannabis plant produces phytocannabinoids (phyto-CB), including the bioactive 

compounds Δ9-tetrahydrocannabinol (THC) and Cannabidiol (CBD) as shown in Figure 1.2 

below (Stella 2024). THC is commonly recognised as the primary “psychoactive” compound in 

cannabis, while CBD is considered the main “non-psychoactive” compound (Stella 2024). 

 

 
Figure 1.2 Structures of THC and CBD (Stella 2024) 
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Although THC and CBD are both derived from the same precursor in the Cannabis plant and 

share a similar chemical backbone, their structural differences significantly alter their 

biological activity (Stella 2024). The primary difference lies in the presence of a closed cyclic 

ring in THC versus an open ring structure with a hydroxyl group in CBD (Stella 2024). This 

seemingly small variation prevents CBD from fitting into the cannabinoid receptor 1 (CB1R) 

binding site in the same way as THC. As a result, THC acts as a partial agonist at CB1R and 

produces psychotropic effects, while CBD acts as a negative allosteric modulator at the same 

receptor, altering receptor activity without directly activating it (Stella 2024). These structural 

differences are fundamental in determining their distinct pharmacodynamic profiles and 

therapeutic potentials (Stella 2024). 

 

In the last hundred years, cannabis has gained widespread recognition for its recreational use 

(Atapattu and Johnson 2019). It is the most extensively used illicit substance worldwide, with 

increasing legalisation efforts in various countries for medicinal and recreational purposes 

which is often consumed by smoking (herbal or resin), vaping or ingestion of its extracts 

(tincture, oils and other edibles) (Stempfer et al. 2021). 

 

1.3.1 Cannabis Use and Market Trends in Europe  

Cannabis continues to dominate the illicit drug landscape in the EU, remaining the most widely 

used controlled substance across all age groups (EMCDDA 2025). According to the European 

Drug Report 2025, approximately 8.4% of adults aged 15 to 64 years, representing around 24 

million individuals, reported using cannabis in the previous year. This prevalence is notably 
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higher among young adults aged 15 to 34, of whom 15.4% (15.5 million) reported past-year 

use and even higher among even younger cohorts aged 15 to 24, with reported usage to be 

18.6% (8.8 million). The following bar graph (see Figure 1.3) compares this behaviour showing 

that the younger the population, the higher the percentage of individuals using Cannabis 

products. 

 

Daily or near-daily cannabis use is defined by the European Drug reports as consumption on 

20 or more days within a month. Around 1.5% of adults, or roughly 4.3 million people in 

Europe, reported using cannabis daily or near-daily. These percentages are illustrated in the 

pie chart Figure 1.4 below. It is also interesting to note that nearly 75% of these frequent users 

were men (EMCDDA 2025).  

 

 
Figure 1.3 Daily/Near-daily cannabis use in the EU (2025) (EMCDDA 2025) 
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The above figures align with earlier trends reported in the 2024 edition, which also 

emphasised high cannabis prevalence among youths. Specifically, the 2024 report estimated 

that 15% of individuals aged 15 to 34 had used cannabis in the past year, with 9.7% reporting 

use within the last month, and 2% or approximately 2 million adults using cannabis daily or 

almost daily (EMCDDA 2024).  

 

Herbal cannabis remains the dominant form of cannabis consumed across the continent, with 

95% of cannabis users reporting its use in the past year, as compared to 32% for cannabis 

resin. These percentages are illustrated in the next bar graph Figure 1.5. This preference has 

coincided with notable shifts in production and trafficking. (EMCDDA 2025). Given its 

overwhelming predominance in consumption, this study focused on herbal cannabis, since it 

represents the primary route of exposure to any potential pesticide residues among users. 

 

 
Figure 1.4 Preference for cannabis type in the EU (EMCDDA 2025) 
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These prevalence figures emphasise why this study is important. Cannabis is not only the most 

commonly used illicit drug in the EU but also particularly popular among young adults, who 

are the most vulnerable to potential health risks from contaminated products (EMCDDA 

2025). High and sustained levels of use mean that any pesticide residues present in cannabis 

could affect a very large section of the population, reinforcing the need to investigate the 

safety of both licensed and illicit supplies. 

 

1.3.2 Cannabis Use and Market Trends in Malta 

According to the National Report on the Drug Situation and Responses in Malta 2023, 

published in 2024, cannabis remains the most widely used illicit drug in Malta, despite 

significant changes in legislation aimed at reducing criminalisation and promoting harm 

reduction (Gellel et al. 2024). 

 

The introduction of Act No. LXVI of 2021, which legalised personal possession (up to 7 grams) 

and home cultivation (up to 4 plants) for individuals aged 18 and over, was a significant shift 

in Maltese drug policy (Gellel et al. 2024). Additionally, the establishment of Cannabis Harm 

Reduction Associations (CHRAs) was intended to provide a legal, non-commercial means for 

distribution. However, the impact of these reforms in 2023 was inconsistent. While they 

brought certain improvements, several challenges persisted (Gellel et al. 2024). 
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According to national treatment data, cannabis was the primary substance of concern in 14% 

of all drug treatment episodes in 2023, ranking behind heroin and cocaine (Muscat et al. 

2025). Among individuals entering treatment for cannabis-related issues, daily or near-daily 

use was reported by 65%. This shows a high prevalence of dependency patterns. The majority 

of these users were male, predominantly aged between 18 and 30 years (Muscat et al. 2025). 

 

Interestingly, the overall number of cannabis-related treatment cases remained stable 

compared to 2022, indicating that the decriminalisation policy has not significantly escalated 

problematic use. However, healthcare professionals have reported a rise in cannabis-related 

presentations with symptoms such as anxiety, panic attacks, palpitations, and acute psychotic 

episodes, especially among inexperienced or vulnerable users (Muscat et al. 2025). This trend 

is likely linked to rising cases involving synthetic cannabinoids, rather than being a direct 

consequence of recreational cannabis legislation. 

 

In terms of seizures, herbal cannabis also remains dominant, with some samples exceeding 

20% THC, raising concerns about high-potency products circulating outside the regulated 

system (Muscat et al. 2025). Malta’s progressive cannabis laws were implemented with the 

dual goal of reducing the burden on the justice system and minimising harms through 

education and regulation. However, the slow rollout of Cannabis Harm Reduction 

Associations, especially during the first years after ARUC was established, has led to a 

regulatory gap, where demand for legal access exceeds supply, potentially fuelling the parallel 

illegal market (Muscat et al. 2025). 
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According to this national report, public opinion remains divided, with harm reduction 

advocates welcoming the policy shift, while others, particularly within the health and 

education sectors, express concern about the normalisation of cannabis use, especially among 

adolescents (Gellel et al. 2024). Although access is legally restricted to adults, youth outreach 

programmes have reported growing casual use and a decline in the perceived risks of 

cannabis, prompting renewed investment in prevention campaigns during 2023 (Muscat et al. 

2025). 

 

Although Malta has adopted a liberal stance on personal cannabis use since 2021, cannabis 

trafficking remains a prosecutable offence, with law enforcement maintaining a strong 

presence against unauthorised supply chains (Muscat et al. 2025). As shown in Figure 1.6 

below, cannabis-related trafficking arraignments peaked in 2019 at 78 cases, representing one 

of the highest points of enforcement action during the six-year period from 2017 to 2022. 

While a decline was observed in 2020, 2021 and 2022, the number of arraignments in 2021 

was 54, surpassing figures for both heroin and cocaine in that year as shown also in years 

2017, 2018 and 2019 (Gellel et al. 2024). 
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Figure 1.5 Arraignments trafficking by drug type 2017 - 2022 in Malta (Gellel et al. 2024) 

 

Taken together, these statistics highlight why the present study is highly relevant in the 

Maltese context. Cannabis not only remains the most widely used illicit drug in the country 

but also accounts for a substantial share of treatment demand, particularly among young men 

and also court arraignments due to trafficking. The stability in treatment cases despite 

legislative reform suggests that cannabis will continue to have a strong and enduring presence 

in Malta (Gellel et al. 2024; Muscat et al. 2025). At the same time, the rise in acute health 

presentations emphasises the vulnerability of certain user groups. In this setting, ensuring that 

legally available cannabis is free from harmful pesticide contamination becomes critical. Given 

its widespread use and combined with patterns of heavy consumption, it can be concluded 

that even low-level contamination could translate into a meaningful public health risk (EUDA 

2025; Gagnon et al. 2023). 
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1.3.3 Legalisation of Recreational Cannabis in Malta 

On 14th December 2021, Malta legalised the cultivation and personal use of recreational 

cannabis (Government of Malta 2021), following cannabis legalisation for medical and 

research purposes introduced on the 27th of March 2018 (Government of Malta 2018). 

Legalisation of Cannabis for personal use in Malta - ACT No. LXVI of 2021 and its regulations 

aims to standardise and promote consistency, health, and safety within Malta’s recreational 

licensed cannabis industry (Government of Malta 2021). To ensure safe cannabis products to 

the Maltese population the Authority for the Responsible Use of Cannabis (ARUC) was set up 

to regulate and give licensing to Harm Reduction Associations which comply with all laws and 

guidelines deemed necessary (Government of Malta 2023).  

 

Following ARUC’s Directive on Technical Standards and Approved Operating Practices, which 

took effect with Version 1.2 in June 2023, associations must control pests and, where 

pesticides are used, they have to ensure that these pesticides are suitable for the intended 

use and safe for use within the food industry (ARUC 2023a). As part of the licence application, 

applicants must provide a declaration that chemical pesticides will not be used to produce 

Cannabis, and any nutrients, organic pesticides, and other natural methods they intend to use 

must be declared (ARUC 2023b). 

 

This study therefore serves to evaluate whether the regulatory framework and ARUC’s 

directives effectively prevent pesticide contamination in licensed Maltese cannabis, by 

comparing them against illicit samples where such controls are absent. 



16 
 

1.4 Pesticides  

According to the Food and Agriculture Organization of the United Nations, the international 

code of conduct on the distribution and use of pesticides, define pesticides as follows: "Any 

substance or mixture of substances intended for preventing, destroying or controlling any 

pest, including vectors of human and animal disease, unwanted species of plants or animals 

causing harm during, or otherwise interfering with, the production, processing, storage, 

transport, or marketing of food, agricultural commodities, wood and wood products or animal 

foodstuffs, or which may be administered to animals for the control of insects, arachnids or 

other pests in or on their bodies. The term includes substances intended for use as a plant 

growth regulator, defoliant, desiccant, or agent for thinning fruit or preventing the premature 

fall of fruit, and substances applied to crops either before or after harvest to protect the 

commodity from deterioration during storage and transport" (FAO and WHO 2014, p. 3). 

 

The term pesticide encompasses a wide range of compounds including insecticides, mineral 

oils, fungicides, herbicides, rodenticides, molluscicides, nematicides, plant growth regulators 

and various other compunds (Aktar et al. 2009). This categorisation is based on the field of 

usage. However, pesticides may also be categorised by chemical class which includes 

organochlorines, organophosphates, carbamates, chlorinated hydrocarbons, pyrethroids, and 

heterocyclic compounds (Tano 2011; Taylor and Birkett 2020). 

 

This is done by categorising pesticides according to the chemical nature of the active 

ingredient which could be far more useful especially in fields like research due to the 
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information given on the chemical or physical property of the pesticide. Table 1.3 shows 

pesticides classification according to their chemical properties. It provides general information 

and the general chemical structure on each class of pesticides.  

 

Table 1.1 Classification of pesticides based on chemical composition (Tano 2011). 
Pesticide General information  General Chemical 

Feature 

Organochlorines  Chlorinated hydrocarbon insecticides characterised by 
high environmental persistence and bioaccumulation. Act 
primarily by disrupting voltage-gated sodium channels in 
insect nerve membranes, leading to paralysis and death. 
Examples: DDT, lindane, endosulfan, aldrin, dieldrin, and 
chlordane. 

Clorinated 
hydrocarbon 
backbone (multiple 
C-Cl bonds). 

Organophosphates Organophosphates are phosphorus-containing ester 
compounds characterised by phosphate or 
phosphorothioate functional groups. They exert toxicity 
primarily through irreversible inhibition of 
acetylcholinesterase, resulting in accumulation of 
acetylcholine at synapses and neuromuscular junctions, 
causing continuous nerve stimulation, paralysis, and 
death. 
Examples: parathion, malathion, and diazinon. 

Phosphorus-
containing ester with 
P=O or P=S bonds 
and organic 
(alkoxy/aryloxy) 
substituents. 

Carbamates  Organic pesticide derived from carbamic acid. Act as 
reversible inhibitors of acetylcholinesterase, producing 
toxic effects similar to organophosphates but generally of 
shorter duration due to spontaneous enzyme reactivation.  
Examples: Carbaryl, carbofuran, aminocarb. 

Esters of carbamic 
acid (–O–C(O)–NH–). 

Pyrethroids and 
pyrethrins 

Pyrethrins are naturally occuring insecticides while 
pyrethroids are synthetic analogues, often containing a 
cyclopropane carboxylate moiety, developed to improve 
photostability. Examples include permethrin, 
cypermethrin, and deltamethrin. 

Ester-linked 
chrysanthemic acid–
based structures. 

 

Many pesticides are recognised for their harmful effects on human health and the 

environment, leading to restrictions or complete bans on their use (WHO 2022). Despite this, 

over 1000 different pesticides are still widely applied in food production, where their residues 

are closely monitored (WHO 2022). 
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Although the acute toxicity of pesticides at high oral doses is well documented, recent 

systematic reviews and meta-analyses indicate that even modest, chronic exposure can 

contribute to adverse health outcomes. These include neurobehavioural deficits, endocrine 

disruption, reproductive problems, and a higher risk of certain cancers, particularly in 

vulnerable groups (Mnif et al. 2011). Because many pesticides act on the CNS, they present 

higher risks for individuals with neurological conditions, such as epilepsy, by binding to specific 

brain receptors, which may pose an additional concern for recreational cannabis users with 

underlying health issues (Taylor and Birkett 2020). 

 

1.4.1 Pesticides in Cannabis 

There is an ongoing debate on the use of pesticides in cannabis cultivation due to the potential 

adverse effects on human health and the environment (Wylie et al. 2020). In order to gain a 

better understanding of the pesticides found on illicit versus licensed cannabis for recreational 

use, it is important to examine the literature available. Although studies on pesticides in 

recreational cannabis on the Maltese islands may be limited since the legalisation of 

recreational cannabis is relatively new to the country, one can look at studies conducted 

internationally where recreational cannabis is also legal. Recreational cannabis has been illegal 

in most countries around the globe, resulting in recent studies comparing and evaluating 

pesticide residues on various cannabis samples (Wylie et al. 2020). 

 

The most frequent pests seen on indoor cannabis flowers and leaves are aphids, spider mites, 

and thrips, while fungal infections can also cause problems, especially in greenhouses and 
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indoor lighting systems (Salamone and Russo 2016). Consequently, the pesticides mostly used 

in cannabis production are insecticides, acaricides, and fungicides since most cannabis plants 

are now cultivated inside to ensure year-round output and stable THC levels. Studies show 

that indoor plants are at a greater risk of pesticide contamination as opposed to plants grown 

outdoors (Salamone and Russo 2016). 

 

Since cannabis is mostly smoked, pesticide standards and stated hazardous levels may be 

inaccurate due to their association with agricultural goods intended for oral ingestion and not 

for smoking (Voelker and Holmes 2015). Furthermore, it has been reported that many 

pesticide metabolites are more harmful than their parent chemicals. According to Sullivan 

study, pesticide metabolites will often be present when cannabis is smoked (Sullivan et al. 

2013). 

 

The United Nations Office on Drugs and Crime (UNODC) (2009) claims that the main aim of 

testing for Cannabis analytically is to confirm its strain and potency, thus these analyses focus 

on THC and other cannabinoids. (UNODC 2009). Subsequent reviews note that contaminants 

such as pesticides were often overlooked when compared to potency testing (Taylor and 

Birkett 2020).  
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1.5 Pesticide Analysis in Cannabis Samples 

Since cannabis' legal status varies globally, it complicates the establishment of consistent 

quality standards for contaminants, including pesticides. Standardised testing protocols are 

essential in jurisdictions where cannabis is legal, and their adoption could also support 

countries moving towards legalisation (Tran et al. 2017). 

Developing such protocols remains difficult because of the wide physicochemical diversity of 

pesticides and the chemical complexity of the cannabis matrix (Taylor and Birkett 2020). Due 

to the complex cannabis matrix, multi-step sample preparation is usually required to minimise 

interferences. QuEChERS-based extractions, often combined with dispersive or solid-phase 

clean-up, are now widely applied for this purpose (Cochran et al. 2017). Following extraction, 

separation techniques, most commonly GC for volatile, thermally stable pesticides and LC for 

polar or thermally labile compounds, are employed (Cochran et al. 2017). These are typically 

coupled to MS, which provides accurate identification of each compound and precise 

measurement of its levels. 

 

The following subsections examine in more detail the sample preparation strategies, 

separation techniques, and detection methods currently applied in pesticide analysis of 

cannabis. 
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1.5.1 Sample Preparation 

Before analysis with either GC or LC methods, the sample must be homogenised and extracted 

with appropriate solvents and interferences removed. For low-level pesticide residues, an 

efficient clean-up step is essential (Subritzky et al. 2017). 

 

The EN15662 method is approved for analysing pesticides in plant-based foods. It is not 

particularly indicated for pesticide analysis in cannabis, although it has been adapted and used 

for that purpose (Schneider et al. 2013). 

 

The protocol involves sample drying, homogenisation, acetonitrile extraction, and dispersive 

solid-phase extraction (d-SPE) clean-up using QuEChERS (Lawal et al. 2018). Extraction 

typically employs acetonitrile and magnesium sulphate (MgSO₄) to promote phase separation 

and improve analyte recovery. The goal is to eliminate sugars, lipids, organic acids, sterols, 

proteins, pigments, and extra water (Lawal et al. 2018). Although calcium chloride (CaCl₂) has 

been explored as an alternative drying salt in tea matrices, it is not validated for cannabis, and 

MgSO₄ remains the standard due to its inertness and efficiency (Lozano et al. 2012a; 2012b) 

 

Cannabis presents unique challenges for sample preparation. Its resinous glandular trichomes 

retain hydrophobic pesticides, while cannabinoids and terpenes are themselves hydrophobic 

and readily co-extracted with organic solvents. In this present study, in order to address this, 

the present study followed an established Waters method from application note specifically 
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adapted for pesticide residue analysis in cannabis (James et al. 2019). This method employs 

QuEChERS extraction with partitioning salts and d-SPE using Graphite Carbon Black (GCB), 

providing cleaner extracts suitable for GC-MS and UPLC-MS/MS analysis. 

 

1.5.2 Separation Methods 

This section outlines the main analytical techniques used for pesticide residue detection in 

cannabis, focusing on GC, LC, UPLC, MS. It concludes with the justification for selecting GC-MS 

and UPLC-MS/MS for this present study. 

 

1.5.2.1 Gas Chromatography (GC) 

GC is mostly suited to the analysis of volatile and thermally stable pesticide residues. In this 

technique, analytes are vaporised and separated as they are transported by an inert carrier 

gas through a heated column, where interactions with the stationary phase determine their 

retention times (Thet and Woo 2023). Depending on the stationary phase, GC can be 

performed as gas-solid chromatography (GSC) or gas-liquid chromatography (GLC), though in 

pesticide analysis the latter is most commonly applied. Figure 1.7 provides a graphic overview 

of the instrument setup, with each labelled component. 
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Figure 1.6 A simplified diagram of a GC (Turner 2021). 

 

The sample is introduced into the GC using a syringe or transferred from an autosampler 

(marked as 2 in Figure 1.7), which may also extract chemical components from solid or liquid 

samples. The sample is injected through a septum at the GC inlet (3), allowing the sample 

mixture to be introduced without disrupting the mobile phase. Attached to the inlet is the 

analytical column (4), a long (10 – 150 m), narrow (0.1 – 0.53 mm internal diameter) fused 

silica or metal tube that is coated with the stationary phase on the inside walls. The analytical 

column is placed in a column oven, which is heated during the analysis to help elute the less 

volatile components. The column's outlet is connected to a detector (5), which detects the 

chemical components as they elute from the column and generates a signal. The signal 

generated by the detector is captured by acquisition software on a computer, producing a 

chromatogram (6) (Turner 2021). 
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1.5.2.2 Liquid Chromatography (LC) 

LC is a crucial separation technique used for separating, and also identifying, and quantifying 

compounds in a mixture. It is widely employed in pharmaceutical, environmental, and food 

safety studies due to its high sensitivity and selectivity. LC operates by passing a liquid mobile 

phase through a stationary phase, allowing different compounds to interact and elute at 

different times based on their chemical properties. This separation mechanism makes LC 

particularly useful for complex sample matrices, such as plant extracts, where multiple 

analytes coexist (Betancourt and Gottlieb 2023). 

 

Figure 1.8 illustrates the fundamental instrumentation of liquid–solid chromatography, with 

each component labelled by a letter and described in detail in the subsequent paragraph. 

 

Figure 1.7 A basic LC system (Betancourt and Gottlieb 2023) 

 

The process begins with the solvent inlet (marked as ‘a’ in figure 1.7), which introduces the 

mobile phase. This phase is pumped (b) through an inline solvent filter (c) before reaching the 
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injection valve (d), where it combines with the injected sample. The mixture then passes 

through another filter (e) before entering the column (f), where the sample components are 

separated. The detector (g) identifies the separated analytes, and the data is recorded by a 

computer or recorder (h). Finally, the sample moves through a backpressure filter (i) before 

being directed to waste (j) (Betancourt and Gottlieb 2023). 

 

1.5.2.3  Ultra-Performance Liquid Chromatography (UPLC)  

Several types of LC are commonly used in analytical chemistry, including High-Performance 

Liquid Chromatography (HPLC) and the more advanced Ultra-Performance Liquid 

Chromatography (UPLC). Both techniques offer high levels of accuracy and precision, making 

them reliable tools for analytical applications. Although HPLC and UPLC operate on the same 

fundamental principles and are both used for separating components in complex mixtures, 

they exhibit distinct characteristics that may differentiate their performance and applications 

(Van Tran et al. 2021). 

 

Since its development in 1967, HPLC has been the dominant technique in chromatography. 

However, the advent of UPLC in the mid-2000s marked a significant advancement in the field, 

contributing to its increasing popularity in recent years (Van Tran et al. 2021). 

 

One of the main distinctions lies in operating pressure. UPLC systems can function at up to 

15,000 psi, compared to around 6,000 psi for HPLC, which enables the use of sub-2 µm 
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stationary-phase particles. This design allows for faster analysis, sharper peak resolution, and 

higher separation efficiency. As a result, UPLC is particularly suited for challenging trace 

analyses across complex matrices, including biological fluids, dietary supplements, plant-

based products, and pesticide residues in (James et al. 2019). 

 

Cannabis contains numerous cannabinoids, terpenes, and other bioactive compounds that 

can interfere with accurate pesticide determination. UPLC addresses these challenges by 

offering ultra-sensitive detection (ng/L to µg/L levels), high selectivity to minimise matrix 

interferences, shorter run times for high-throughput analysis, and improved reproducibility 

across sample batches (Van Tran et al. 2021). 

 

UPLC-MS/MS is particularly effective when combined with aqueous or organic extraction 

protocols, especially following QuEChERS clean-up procedures with sorbents like GCB, which 

help minimise the co-extraction of cannabinoids while GC-MS can effectively separate volatile 

pesticides from interfering substances like terpenes, also particularly when paired with clean-

up sorbents such as GCB. Finally, the availability of the GC-MS and UPLC-MS/MS systems 

within the Chemistry Department of the University of Malta, provided a practical yet 

scientifically justified platform for the analyses. These instruments have been previously 

qualified and their methods applied to similar validated research contexts, ensuring the 

robustness and reproducibility of the analysis conducted in this study. 
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1.6 Critical Appraisal of Existing Literature 

Canadian research provides some of the most relevant comparators for Malta, both because 

of its large-scale cannabis market and the regulatory frameworks that mandate extensive 

pesticide testing. 

 

In 2023 Gagnon et al. screened 327 pesticides across licensed and illicit cannabis, showing a 

consistent absence of residues in the regulated cannabis supply chain and widespread 

contamination in illicit products. The extensiveness of their pesticide panel emphasises both 

the scale of the contamination problem and the heavy analytical workload needed for 

regulatory monitoring. The clear strength of this study is its broad-spectrum approach and its 

direct policy relevance. It demonstrates that strict regulatory measurements can effectively 

protect consumers from pesticide exposure. However, the study also reflects a Canadian-

specific regulatory environment with much greater laboratory capacity than exists in Malta. 

This limits its immediate transferability. Still, it highlights a regulatory model that Malta 

currently lacks and demonstrates the benefits of licensed supply chains in reducing risk of 

contamination (Gagnon et al. 2023). 

 

Craven et al. in 2021 developed and validated a high-throughput Liquid Chromatography 

couple with Tandem Mass Spectrometry (HPLC-MS/MS) method to screen 82 pesticides, 

applying it to both a certified and a non-certified facility. This design provided an important 

comparative element, illustrating how regulatory status directly influences contamination risk. 

This aligns closely with the present dissertation’s comparison between licensed and illicit 
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Maltese cannabis. Methodologically, the study is a valuable reference point because it 

demonstrated the feasibility of multi-residue detection in complex cannabis matrices. 

However, this study suffers from clear limitations. The dataset was restricted to two facilities, 

limiting generalisability, and sampling conditions varied between sites, raising the possibility 

of bias. Moreover, the study focused mainly on surface wipe out samples rather than 

consumer products, which restricts applicability to public health. These weaknesses do not 

undermine its methodological contribution but do illustrate the need for broader, product-

focused studies (Craven et al. 2021). 

 

Atapattu and Johnson (2020) offered another Canadian comprehensive review of 96 pesticide 

residue analysis in cannabis, confirming Quick, Easy, Cheap, Effective, Rugged and Safe 

(QuEChERS) for sample preparation and combined with tandem mass spectrometry (MS/MS), 

as the most reliable and widely used approach. This directly supports the methodology 

applied in the Maltese context. Their review also highlighted Canada’s strict regulatory 

requirements (screening 96 pesticides at very low detection limits). This underlines how Malta 

(and E.U.) currently has no comparable regulations. A clear weakness is that it only looks at 

North America and promotes complex methods that most routine labs cannot afford. 

Nevertheless, it strengthens the argument that established, internationally recognised 

methods are essential for credible cannabis testing. 

 

Taken together, Canadian studies provide strong evidence that regulation and the application 

of validated analytical methods can dramatically reduce consumer exposure to pesticide 
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residues. Their strengths lie in methodological innovation and direct comparisons between 

regulated and unregulated supply chains. However, they also reveal limitations in terms of 

representativeness and geographic transferability. For Malta, where no mandatory pesticide 

screening currently exists, these studies emphasise both the feasibility of multi-residue testing 

and the protective role of regulation, while highlighting the need for locally adapted 

surveillance systems. 

 

Most U.S. studies, such as the Oregon evaluation (Dalmia et al. 2021; Evoy and Kincl 2020; 

Wylie et al. 2020), used GC-MS/MS and LC-MS/MS with QuEChERS for sample preparation. 

These studies were rigorous in terms of detection sensitivity but were limited by state-specific 

pesticide panels according to their regulations (typically 50–100 compounds). This regulatory 

fragmentation makes results less transferable internationally especially since European 

jurisdiction lacks a harmonised pesticide list for cannabis.  

 

Evoy and Kincl (2020) analysed pesticide contamination in Oregon cannabis and identified 50 

different residues, including highly and extremely hazardous compounds such as carbofuran, 

aldicarb, dichlorvos and methyl-parathion. A key strength of the study was the comparison 

between recreational and medicinal products, with the latter showing mean residue levels 

three to twelve times higher, demonstrating that even within a regulated market pesticide 

misuse can persist (Evoy and Kincl 2020). 
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Wylie et al. in 2020 developed a high-resolution Gas Chromatography/Quadrupole Time-of-

Flight mass spectrometry (GC/Q-TOF) method capable of screening over 1,000 pesticides and 

environmental contaminants in cannabis. Their approach demonstrated the extensiveness of 

possible residues, including banned compounds such as DDT derivatives and dieldrin. It 

resulted in the contamination of 11 out of 21 illicit samples, in some cases exceeding Canadian 

maximum residue limits by several thousand-fold. While this extensiveness of screening 

emphasises the scale of risk from unregulated markets, the study has notable limitations. 

Many samples had been stored for extended periods, allowing degradation of labile 

pesticides. Quantification was limited, with several residues falling outside calibration ranges. 

Furthermore, the work functioned partly as a technology showcase for Agilent, raising issues 

of accessibility and routine applicability in regulatory laboratories (Wylie et al. 2020). 

 

Dalmia et al. 2021 presented study describing a method to test all 66 pesticides mandated by 

California. This study used a single LC–MS/MS system with dual ionisation. The method was 

efficient, avoided complex preparation steps, and reduced matrix interferences, suggesting 

practical advantages. However, this study is compromised by clear conflicts of interest, as it 

was produced by the instrument manufacturer. The method was relying on Atmospheric 

Pressure Chemical Ionisation (APCI) makes the method harder to reproduce in ordinary labs. 

Thus, while promising, it remains more of a technological showcase than an established 

alternative to existing methods (Dalmia et al. 2021). 
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Sullivan et al. (2013) provide crucial evidence that pesticide residues present on cannabis are 

not eliminated during combustion but can transfer in significant quantities into the 

mainstream smoke inhaled by consumers. Using spiked plant material and GC-MS, the study 

demonstrated recovery rates of up to 69% for pesticides such as diazinon, permethrin, and 

bifenthrin when smoked through a glass pipe, with lower but still notable recoveries when 

water pipes were used, especially without filters. These findings underline the substantial risk 

of inhalation exposure, especially given that cannabis smoking typically lacks the filtration 

steps present in tobacco consumption. Although the study is limited due to its use of artificially 

contaminated samples and a narrow pesticide scope, it remains highly relevant to the present 

research by showing that residues detected in illicit Maltese cannabis are likely to reach the 

end-user. This reinforces the argument that contamination in unregulated cannabis markets 

represents not only a regulatory gap but also a direct public health concern (Sullivan et al. 

2013). 

 

European investigations, such as the Belgian plantation study Cuypers et al. (2017), confirm 

widespread pesticide use in illicit cultivation. This study investigated pesticide use in 43 illicit 

indoor cannabis plantations in Belgium, detecting residues in 64% of plant samples and 65% 

of carbon filter cloths. A clear strength of the study lies in its forensic design. The sampling 

was conducted in real confiscated plantations, and both plant and environmental matrices 

were analysed using validated EN15662 QuEChERS with LC–MS/MS, demonstrating 

widespread and repeated pesticide use throughout cultivation cycles. The analysis also 

highlighted occupational risks, showing that residues persisted in the air via carbon filters, 

exposing police and dismantling staff to inhalation hazards (Cuypers et al. 2017). 
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However, the study has notable limitations. It provided only qualitative data without 

quantification, making it impossible to judge exposure levels or compare against toxicological 

thresholds. The sampling was opportunistic, depending on police raids, which limits 

representativeness and so the findings cannot be generalised to the wider cannabis market. 

Furthermore, the inclusion of labelled pesticide bottles at crime scenes without always 

matching them to detected residues risks over-interpreting their actual use (Cuypers et al. 

2017). 

 

Italian (Amendola et al. 2021) and Austrian (Stempfer et al. 2021) studies also used LC–MS/MS 

with QuEChERS, reflecting a methodological agreement, but again lacked standardisation in 

pesticide panels or reporting criteria. This inconsistency illustrates a broader European 

weakness showing that while methods are robust, regulatory frameworks remain irregular. 

 

Amendola et al. (2021) analysed 31 hemp inflorescence samples marketed as “light cannabis” 

in Italy, detecting pesticides in 87% of cases and metals such as lead, arsenic and cadmium at 

levels often exceeding US Pharmacopeia limits for inhaled products. A strength of this study 

is its comprehensive multi-contaminant design: cannabinoids, pesticides and metals were all 

measured using validated QuEChERS with LC–MS/MS and GC–MS/MS, (alongside ICP-MS for 

metals). This extensiveness provided a toxicological risk assessment that moved beyond 

simple residue detection, linking findings directly to consumer health. Another strength was 

the geographical spread of samples across six Italian regions, which allowed regional 

variability to be explored (Amendola et al. 2021). 
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However, the study also has weaknesses. It examined only legally marketed hemp with THC 

<0.6%, which means the most hazardous illicit cannabis products were excluded. 

Furthermore, the use of surrogate borrowed residue limits (such as chamomile inflorescences 

or tobacco general residue limits) highlights the absence of cannabis-specific European 

benchmarks, which restricts regulatory interpretation (Amendola et al. 2021). 

 

The Austrian investigation by Stempfer et al. (2021) analysed 93 seized cannabis samples using 

a validated non-targeted LC-MS/MS workflow designed to screen for pesticides, mycotoxins, 

and synthetic cannabinoids. Their QuEChERS-based method was benchmarked against 182 

pesticide. When applied to casework samples, 44% tested positive, with residues. A strength 

of this study lies in its non-targeted screening capacity, enabling possible detection of a wide 

panel of contaminants beyond predefined pesticide lists. However, the method showed 

reduced sensitivity and the reliance on only confiscated material limits the samples’ 

representativeness across Austria. Nevertheless, the work demonstrates that pesticide 

contamination in illicit cannabis is both frequent and diverse, reinforcing the public health 

significance of regulatory gaps for cannabis products in the European Union (Stempfer et al. 

2021). 

 

Overall, the literature consistently shows higher contamination in illicit cannabis compared to 

licensed products, across North America and Europe. The methodological agreement around 

QuEChERS + MS/MS strengthens confidence in these findings. However, the differences in 

pesticide panels, validation depth, and regulatory requirements leaves a clear gap.  
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1.7 Research Question 

As already described, the use of pesticides in cannabis cultivation raises significant safety 

concerns, particularly regarding consumer exposure to harmful chemical residues. Licensed 

recreational cannabis is subject to regulatory oversight, with strict limits on pesticide use, 

whereas illicit cannabis is grown without such controls, potentially leading to higher 

contamination levels. Understanding the differences in pesticide residues between illicit and 

licensed recreational cannabis is crucial for evaluating consumer risks and regulatory 

effectiveness. 

 

This study will investigate the extent of pesticide contamination in cannabis samples from 

both illicit and licenced sources in Malta. Specifically, it seeks to answer the following 

questions: 

 

• How do pesticide residues differ between licensed recreational cannabis and illicit 

cannabis samples? 

• Do licensed recreational cannabis samples comply with established safety regulations 

for pesticide residues? 

• Are illicit cannabis samples more contaminated with pesticides than licensed ones? 
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1.8 Aim of the Study 

This study aims to identify the presence of pesticides in illicit cannabis inflorescence, if any, 

and compare these findings with licensed recreational samples sourced from various Harm 

Reduction Cannabis Associations in Malta. 

 

1.9  Objectives of the Study 

The objectives for this study include  

• Determine pesticide prevalence by analysing and comparing the prevalence of 

pesticides in cannabis samples sourced from licensed and illicit sources. 

• Assess regulatory compliance by evaluating whether licensed cannabis samples 

comply with established pesticide regulations and standards, contrasting this with 

pesticide levels in illicit cannabis samples. 

• Establish awareness for potential health risks associated with pesticide contamination 

in recreational cannabis products 

• Identify and compare (if any) the most commonly detected pesticides in both licenced 

and illicit cannabis samples to determine patterns of contamination. 

• Investigate the differences in cultivation practices (if any) between licensed and illicit 

recreational cannabis producers and their influence on pesticide contamination levels. 

• Evaluate the effectiveness of current regulatory oversight in minimising pesticide 

contamination in the licensed recreation cannabis market versus the lack of oversight 

in the illicit market. 
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1.10  Hypothesis 

Licenced cannabis has lower pesticide contamination due to regulatory controls, while illicit 

cannabis has higher and more varied pesticide residues.  
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Chapter 2  

Methodology 
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2.1 Overview 

This Chapter provides an overview of the method adopted in this study for the analysis and 

detection of pesticide residues in cannabis. It covers a comprehensive overview of the 

experimental framework, detailing the materials, equipment, and step-by-step procedures 

used for sample collection, preparation, and analysis. By providing this level of methodological 

transparency, the study may support future replication and contributions to the broader or 

deeper scientific understanding of pesticide contamination in cannabis products in Malta. 

 

As discussed in Chapter 1, in Malta, there is currently no legal requirement for mandatory 

testing of pesticide residues in recreational cannabis flowers prior to their distribution to 

consumers. In late 2024, the ARUC formalised an agreement with the Department of 

Chemistry at the University of Malta (see Appendix 1) to enable this study on licensed 

recreational cannabis, with the aim of generating evidence to support regulatory 

development and strengthen product safety standards in Malta. This study received ethical 

approval from the University of Malta Research Ethics Committee, ensuring that the 

investigation of pesticide residues in cannabis was conducted in accordance with institutional 

and public health standards (See Appendix 2). In addition to the collaboration with ARUC, the 

study required authorisation from the Malta Law Courts to analyse illicit cannabis samples. 

For material obtained through police seizures, formal requests were submitted to the 

Inquiring Magistrate to release a portion of the confiscated samples for research. This 

procedure follows the established legal framework for the use of seized substances in 

scientific investigations. (See Appendix 3). 
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2.2 Research Setting and Design 

Although Malta has recently legalised recreational cannabis leading to the establishment of 

Harm Reduction Cannabis Associations to cultivate and distribute cannabis for recreational 

use, the illicit cannabis market remains a challenge in terms of regulatory compliance and 

public health (Gellel et al. 2024). 

 

This comparative study used a cross-sectional design to assess pesticide residues in illicit 

cannabis inflorescences and licensed samples from Cannabis Associations in Malta. The cross-

sectional approach provided a relatively cost-effective means to analyse samples from 

multiple sources at a single time point. This analysis took place in three laboratories located 

at the Department of Chemistry, University of Malta between February 2025 and April 

2025.  One of the laboratories was used for sample preparation, while the other two 

laboratories were used for analysis (UPLC/MS/MS Laboratory and GC/MS Laboratory). 

 

2.3 Sample Collection 

In order to ensure that the study reflected, as realistically as possible the sources of cannabis 

florets available to the Maltese population, samples were obtained from both licensed 

associations and illicit sources. At the time of sampling, 12 licensed associations were 

registered with the ARUC. In consultation with ARUC, it was agreed that one representative 

sample would be provided from each association, resulting in a total of 12 licensed samples. 

To maintain balance and comparability, an equal number of illicit samples (n = 12) were 
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subsequently requested and obtained through court approval from law enforcement seizures 

submitted to the forensic laboratory. 

 

Confidentiality of the sample sources was ensured through the anonymisation of the source 

of the samples through an intermediary. A letter of acceptance from the intermediary of this 

study can be found in Appendix 4. Thus, no Cannabis Associations or court case can be 

associated with any samples used in this study. This analysis was carried out purely for 

research purposes.  

 

2.4 Apparatus and Reagents 

The following apparatus/laboratory ware was used during the sample preparation process:  

(i) two precision balances (AND FZ-1200i Precision Balance and Sartorius LA230S 

Analytical Balance),  

(ii) disposable weighing boats,  

(iii) 15 mL polypropylene centrifuge tubes,  

(iv) 2-20 L and 100-1000 L micropipettes,  

(v) laboratory blender,  

(vi) high-speed vortex mixer (Stuart Scientific Autovortex SA6), and  

(vii) centrifuge (Jouan C3i).  
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Sample extraction was carried out using a QuEChERS kit obtained from Waters Corporation®.  

The kit consisted of: 

(i) DisQuE 150 mg MgSO4, 50 mg PSA, and 50 mg C18, 2 mL tubes, 100/pk (SKU 

number 186004830), and 

(ii) Graphitised Carbon Black, 25 g Bottle (SKU number 186004835). 

 

For pesticide analysis, two analytical platforms were employed. A Hewlett Packard (HP) 6890 

Series gas chromatograph coupled with HP 5973 mass selective detector (GC-MS) was used 

initially for method assessment. The GC was equipped with a Restek Rxi-5Sil MS column and 

an autosampler.  For enhanced sensitivity and selectivity, UPLC-MS/MS was conducted using 

the Waters® ACQUITY UPLC® System with a TQ-D Detector, fitted with an Acquity UPLC® BEH 

C18 column (1.7 µm). 

 

Ultra-pure water with a resistivity of 18 MΩ·cm was generated using the Elga Purelab Classic 

purification system to ensure minimal contamination during sample preparation and analysis. 

Reagents used specifically for UPLC-MS/MS analysis were of LC/MS grade to ensure reliable 

detection by high-sensitivity mass spectrometry. Pesticide Mixture used for spiking cannabis 

samples for GC-MS preliminary assessment was the LGC Pesticide-Mix 20 (10 μg/mL in 

cyclohexane, 10 mL, Product Code DRE-L18000020CY; Laboratory of the Government Chemist, 

UK). 
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2.5 Sample Preparation 

QuEChERS extraction was applied to homogenised cannabis inflorescence to isolate pesticide 

residues. The protocol used in this local study was adapted from a Waters® application note 

to suit the analytical measures requirements (James et al. 2019). The Waters® application note 

can be found in Appendix 5. 

 

Between 5 g and 20 g of cannabis inflorescence were homogenised using a laboratory blender. 

The photos below were taken during the first sample preparation session done for this study. 

Figure 2.1 shows cannabis flowers as acquired from either illicit sources or licenced cannabis 

associations (not homogenised). Figures 2.2 and 2.3 show the homogenisation process using 

a laboratory blender provided. The final photo Figure 2.4 shows homogenised product ready 

for the QuEChERS sample preparation. 

 
Figure 2.1 Cannabis flower – non homogenised 

 
Figure 2.2 Cannabis flowers in the laboratory 

blender, non-homogenised  
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Figure 2.3 Cannabis flowers in the laboratory 

blender, homogenised  

 
Figure 2.4 Cannabis flowers - homogenised 

  
 

From the homogenate, 0.05 g of sample was transferred into a 10 mL centrifuge tube using a 

glass weighing boat and a spatula as shown in Figure 2.5. 

 

 
Figure 2.5 0.05 g of homogenised cannabis to be transferred to a centrifuge tube 
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5 mL of acetonitrile (LC-MS grade) was added to each tube using a micropipette. The mixture 

was then vortexed for 5 minutes using the Stuart Scientific Autovortex SA6 and centrifuged at 

5000 rpm for 5 minutes using the Jouan C3i centrifuge. Figure 2.5 shows a subset of samples 

(0.05 g of homogenised cannabis) after being added 5 mLs of acetonitrile, vortexed and 

centrifuged. 

 

 
Figure 2.6 Cannabis (0.05 g) in acetonitrile after being vortexed and centrifuged 

 

Following centrifugation, 1 mL of the resulting supernatant was transferred into a 2 mL DisQuE 

tube containing 150 mg MgSO4, 50 mg PSA, and 50 mg C18. To this, 7.5 mg of graphitised 

carbon black (GCB) was added to enhance clean-up by removing pigments and interfering 

matrix components. The 2 ml tube was then sealed, vortexed thoroughly for another 5 mins, 

and centrifuged again at 5000 rpm for 5 minutes under the same conditions. The final extract 

(1 μL) was transferred into either GC-MS or UPLC-MS/MS vials for instrumental analysis. The 

next flow diagram Figure 2.7 illustrates the steps carried out for sample preparation. 
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Figure 2.7 Sample preparation flow diagram  
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2.6 Analytical Procedure 

This study used a methodology that had already been established by Waters® (James et al. 

2019). See  Appendix 5. Their protocol combines QuEChERS extraction with dispersive solid-

phase clean-up and analysis by UPLC-MS/MS and GC-MS/MS. In their validation work, Waters 

reported limits of quantification as low as 20 ppb, recovery rates between 81.7% and 117.6%, 

and relative standard deviations under 20%. These results show that the method meets 

accepted international standards for pesticide analysis and can reliably detect the compounds 

on Health Canada’s cannabis pesticide list (James et al. 2019). 

 

For the present dissertation, the Waters validated protocol was followed with changes to fit 

the instruments and materials available in the local laboratory. While the Waters protocol 

included GC-MS/MS analysis, the local laboratory was equipped with a GC-MS system. This 

meant that detection was limited to single quadrupole capability. The GC oven program and 

column conditions were adapted from the Waters application note. But since only a single-

quadrupole GC-MS was available, MRM acquisition was not possible. The spectra that were 

acquired in EI mode, were compared against the instrument’s internal spectral library for 

compound identification (James et al. 2019). 

 

The essential steps of extraction, clean-up, and detection remained the same. Because this 

project was intended as a preliminary comparison of illicit and licensed cannabis samples, no 

new validation experiments were carried out. The method was applied solely for screening 
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purposes, as the study focused on comparing illicit and licensed cannabis samples rather than 

generating new validation data. 

 

2.6.1 Preliminary Evaluation of GC-MS for Pesticide Detection 

In order to determine the suitability of GC-MS for pesticide residue analysis in cannabis (since 

Waters (James et al. 2019) protocol used GC-MS/MS), an initial screening was performed using 

two illicitly seized cannabis flowers. No pesticide residues were detected in either sample. This 

outcome may be explained either by the true absence of residues or by the limited sensitivity 

and selectivity of the single-quadrupole GC-MS system employed. The absence of GC-MS/MS 

capability, which is typically needed for trace-level pesticide detection in complex plant 

matrices, points to the latter explanation.  

 

In order to investigate this limitation, a spiking experiment was conducted using a reference 

pesticide mixture (LGC Pesticide-Mix 20, 10 µg/mL in cyclohexane; Product Code DRE-

L18000020CY), referred to as working solution 1 (WS1). The mixture contained 17 

organochlorine pesticides, including DDT isomers, aldrin, dieldrin, endrin, heptachlor, 

hexachlorobenzene, and various HCH and endosulfan isomers. A secondary working solution 

(WS2, 1 µg/mL) was prepared by diluting 2 mL of WS1 to 20 mL with acetone, as confirmed 

by the dilution equation (C₁V₁ = C₂V₂). 
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Cannabis homogenate was spiked at four concentration levels (C1-C4). The three lowest levels 

employed WS2, while the highest level used WS1 to minimise spiking volume. Details are 

provided in Table 2.1. Spiked samples were vortexed for five minutes and equilibrated for 30 

minutes prior to QuEChERS extraction. Subsequent GC-MS analysis again failed to detect any 

of the target pesticides, even at the highest spiked level. This outcome suggested that the 

system lacked sufficient sensitivity and/or compound compatibility for reliable pesticide 

detection in cannabis. 

Table 2.1 Spiking experiment to test method performance 
Concentration 
Level Solution 

Solution Used Concentration 
(µg/mL) 

Volume 
[µL] 

Mass spiked (µg 
per 1g of cannabis) 

C1 (LOW) WS2 1 20  0.02 

C2   WS2 1 200 0.20 

C3  WS2 1 400 0.40 

C4 (HIGH) WS1 10 500 5.00 

 

As a final check, a direct injection of WS1 was performed. Under these conditions, only DDE, 

DDT, and dieldrin were detected, while the remaining compounds were not observed. This 

selective response indicated that volatility and thermal stability were a limiting factor under 

the GC parameters applied. 

 

Collectively, these findings demonstrated that the available GC-MS platform was inadequate 

for the scope of this study. The results provided clear justification for transitioning to UPLC-

MS/MS, which offers improved sensitivity, selectivity, and compatibility with a broader range 

of pesticide chemistries. 
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2.6.2 UPLC-MS/MS Analysis 

Given the limitations demonstrated with GC-MS, all subsequent analyses of illicit and 

association-derived cannabis samples were conducted using UPLC-MS/MS under the 

conditions outlined in Section 2.8.2. Sample preparation again employed QuEChERS extraction 

to maintain method consistency. The UPLC-MS/MS method was operated in MRM mode, 

monitoring transitions for 84 pesticide residues spanning major chemical classes such as 

organophosphates, pyrethroids, and carbamates. For each analyte, quantifier and qualifier 

transitions with compound-specific retention times were monitored (see Appendix 5 for full 

transition list in table labelled appendix A). This approach provided superior sensitivity and 

selectivity for trace-level residues in complex herbal matrices and allowed detection of 

thermally labile compounds not suited to GC-MS analysis, therefore offering a more 

appropriate analytical platform for the objectives of this study. 

 

2.7 Instrumentation Conditions  

In order to ensure accurate detection of pesticide residues in cannabis inflorescence samples, 

both GC-MS and UPLC-MS/MS systems were optimised to achieve high sensitivity, specificity, 

and reproducibility. GC-MS was initially applied as a preliminary assessment tool during 

method development, however, due to its limited sensitivity for certain analytes, UPLC-

MS/MS was subsequently adopted as the primary analytical platform. The following 

subsections describe the chromatographic and mass spectrometric conditions used for each 

system in detail. 
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2.7.1 GC-MS Conditions 

GC was performed on an Agilent 6890 Series GC system coupled to an Agilent 5973 mass 

selective detector (MSD). Separation was achieved using a Restek Rxi-5Sil MS column (30 m × 

0.25 mm i.d., 0.25 µm film thickness; Serial No. 1654949), with helium as the carrier gas at a 

constant flow of 1.0 mL/min. Samples (1 µL) were introduced in pulsed splitless mode at 280 

°C, with an equilibration time of 1 min. 

 

The GC oven temperature programme is shown in Table 2.2 and Figure 2.7. The gradient was 

optimised to ensure efficient volatilisation and separation of analytes within the cannabis 

matrix, with a final hold at 320 °C to allow elution of late retained compounds. The total run 

time was 18.35 min. 

Table 2.2 GC oven conditions 
Rate [°C / min] Final Temp [°C] Hold time 

[min] 

- 60 0.45 

18.70 320 3.65 

 
 
 

 
Figure 2.8 Gas chromatographic oven temperature program applied for pesticide analysis 
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Mass spectrometric detection was carried out in electron ionisation (EI) mode. The interface 

(transfer line) was held at 280 °C, with an ion source temperature of 230 °C and a solvent delay 

of 3 min. Data was acquired in EI mode. An autosampler was used for all injections, with three 

needle rinses before and after each run to minimise carryover. 

 

The GC oven temperature program shown in Figure 2.8 was adapted from a validated Waters® 

application note for pesticide residue analysis in cannabis, with modifications to suit the 

available single-quadrupole GC-MS system and column configuration (James et al., 2019). A 

relatively steep ramp rate of 18.7 °C/min up to a final temperature of 320 °C was selected to 

ensure elution of higher-boiling, non-polar pesticide residues within a reasonable analysis 

time, while maintaining chromatographic resolution. 

 

The target compounds assessed by GC-MS during preliminary evaluation consisted primarily 

of organochlorine pesticides and selected organophosphates, which are known to exhibit 

sufficient thermal stability for GC analysis under electron ionisation conditions. 

Organochlorine pesticides such as DDT, DDE, and dieldrin have boiling points above 250 °C 

and are routinely analysed using final oven temperatures of 300–320 °C without evidence of 

thermal degradation (Wylie et al. 2020; Cuypers et al. 2017). Chlorpyrifos and dichlorvos, 

although more volatile, have also been widely reported as GC-amenable compounds when 

analysed using short high-temperature ramps (Evoy and Kincl 2020). 

 

In the present study, no evidence of thermal breakdown, peak splitting, or abnormal tailing 

was observed for compounds detected during direct standard injections, indicating that the 

selected oven program did not induce detectable thermal degradation. Furthermore, the 
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Restek Rxi-5Sil MS column used is rated for continuous operation up to 330 °C, supporting the 

suitability of the final oven temperature selected. 

 

 

2.7.2 UPLC-MS/MS Conditions 

UPLC was performed on an ACQUITY UPLC BEH C18 column (100 mm × 2.1 mm, 1.7 µm 

particle size) operated in gradient mode. The mobile phases consisted of LC-MS grade 

methanol (shown in table 2.3 as %A) and 2% formic acid in reverse osmosis (RO) water (shown 

in table 2.3 as %B). The flow rate was maintained at 0.50 mL/min, with the column 

temperature set to 50 °C. Samples were held at 15 °C in the autosampler, and the injection 

volume was 2 µL. The gradient programme is shown in Table 2.3 

Table 2.3 UPLC gradient program  
Time (min) %A (MeOH) %B (2% Formic acid) 

0.00 2% 98% 

8.00 95% 5% 

9.00 95% 5% 

12.00 2% 98% 

 

 

Mass spectrometric detection was carried out using a TQ-D triple quadrupole mass 

spectrometer equipped with an electrospray ionisation source operating in positive ion mode 

(ESI+). The following parameters were applied: capillary voltage, 1.2 kV; cone voltage, 30 V; 

source temperature, 150 °C; desolvation temperature, 500 °C; desolvation gas flow, 1000 L/h; 

cone gas flow, 50 L/h. 

Multiple reaction monitoring (MRM) transitions for each target pesticide were adapted from 

a validated cannabis multi-residue method (James et al. 2019) and applied to the pesticides 
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targeted in this study. Precursor and product ion pairs, collision energies, and retention times 

are provided in Appendix 5. 

 

2.8  Quality Control Measures 

Quality control measures were added to confirm the reliability of the analyses. Blank samples 

were injected between runs to monitor cross-contamination and carryover. This step 

confirmed that the system remained clean throughout the sequence and that any detected 

signals originated from the cannabis samples rather than residual compounds from previous 

injections or laboratory materials. 

 

As part of the preliminary GC-MS evaluation, cannabis homogenates were spiked at four 

concentration levels (in the range of 0.02-5.00 µg/g) with a reference pesticide mixture. These 

spiked samples were intended as positive controls to demonstrate detection capability. 

However, no pesticides were detected following QuEChERS extraction and GC-MS analysis, 

even at the highest concentration level. A subsequent direct injection of the pesticide mixture 

resulted in detection of only DDE, DDT, and dieldrin, while the remaining compounds did not 

produce distinct peaks (see Figure 3.7 in Chapter 3). The chromatogram instead showed a 

rising baseline after 13 minutes. This pattern indicated that several pesticides were either 

insufficiently volatile to elute as sharp peaks or underwent thermal degradation under the GC 

conditions applied.  
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These findings confirmed that the available GC-MS system lacked suitability for multi-residue 

pesticide analysis in cannabis. While spiking was not repeated for the UPLC-MS/MS analyses, 

the inclusion of blanks in every batch ensured ongoing monitoring of background noise and 

instrument performance during the main study.  

 

2.9  Data Collection and Handling 

A quantitative approach was adopted to determine the presence or absence of pesticide 

residues in cannabis inflorescences. Analytical data were generated using both GC-MS and 

UPLC-MS/MS platforms. In the preliminary GC-MS analyses, compounds were screened by 

spectral matching against the instrument’s internal library. For UPLC-MS/MS, detection relied 

on MRM transitions, which provided higher selectivity and sensitivity for targeted pesticides. 

Data acquisition and processing were carried out using MassLynx v4.1, and results were 

evaluated based on peaks, retention times, and signal-to-noise ratio criteria. 

 

2.10  Disposal of Chemicals 

Cannabis samples were consumed during the extraction and analytical procedures, with bulk 

reference material retained by the laboratory. All solvents and reagents were collected in 

designated organic waste containers and disposed of according to the Department of 

Chemistry’s hazardous chemical waste management protocol (ZRH-007-02) (Katarzyna et al. 

2023). 
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3.1 Overview  

This Chapter presents the findings from the analysis of pesticide residues in cannabis samples 

as outlined in Chapter 2. In total, 24 cannabis inflorescence samples were examined, 

comprising 12 illicit samples obtained through law enforcement seizures and 12 licensed 

samples provided from Cannabis Associations through ARUC. Two complementary analytical 

techniques were employed to screen for a broad range of pesticides, GC-MS and UPLC-

MS/MS. 

 

The GC-MS analysis primarily identified naturally occurring cannabinoids and terpenes 

characteristic of the cannabis plant which included Δ⁹-tetrahydrocannabinol (THC), 

cannabidiol (CBD), cannabinol (CBN), and related metabolites. Pesticide residues were not 

revealed in the unspiked sample tested by this method.  

 

In contrast, the UPLC-MS/MS method provided the sensitivity and specificity necessary to 

detect tract organophosphate pesticide residues (specifically dichlorvos and chlorpyrifos) in a 

subset of illicit samples, while all licensed samples tested negative for pesticides.  

 

The combined results indicate that while GC-MS was suitable for confirming the expected 

chemical profile of cannabis, it lacked the sensitivity to detect trace-level pesticide residues in 

the complex plant matrix. UPLC-MS/MS therefore served as the more effective technique for 

residue pesticide analysis in this study, uncovering contaminants that the GC-MS had missed. 
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3.2 GC-MS Analysis 

Two illicit samples were analysed in order to see if any pesticide peaks were evident. The GC-

MS results were organised into three parts. Section 3.2.1 shows results obtained from 

unspiked illicit cannabis samples to observe any inherent pesticide signals. Section 3.2.2 shows 

results of illicit cannabis samples spiked with a known pesticide mixture to test recovery while 

section 3.2.3 are the results of the pesticide standard solution run as a positive control. 

 

3.2.1 Unspiked Illicit Samples  

Two illicit cannabis samples were analysed by GC-MS without any pesticide spiking. In both 

cases, no pesticide related peaks were observed in the Total Ion Chromatograms (TIC) (see 

Figure 3.1 and 3.2). Instead, the chromatograms showed only typical plant compounds. The 

major peaks identified with spectral library matching, were mainly cannabinoids including THC 

(with its Δ¹⁰-THC isomer), THCV, CBC, CBG, and CBN and terpenes such as caryophyllene and 

related sesquiterpenes like valencene. These identifications confirm the expected cannabis 

matrix composition which was not the focus of this study.  
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Figure 3.1 TIC of illicit cannabis Sample 1 (Unspiked, GC-MS) 

TIC of illicit cannabis sample (Sample 1). Major peaks correspond to cannabinoids including 

CBC/CBL (12.3 min), THCV (12.5 min), THC acetate (13.1 min), Δ⁹/Δ¹⁰-THC cluster (13.4 - 13.6 

min), cannabigerol (13.6 min), and cannabinol (13.7 min). Earlier minor peaks (7.5 - 8.5 min) 

represent terpenes or thermal rearrangement products. 

Minor terpenes / artifacts 
7.5 - 8.5 min 

CBC / CBL ± 
THCV (co-
elution) 

12.3 - 12.5 min 

THC acetate (trace) 
13.1 - 13.2 min 

Δ⁹-THC / Δ¹⁰-THC cluster 
(apex) 

13.4 - 13.6 min 

CBG (putative) 
13.6 min 

CBN 
13.7 min   
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Figure 3.2 TIC of Cannabis Sample 2 (Unspiked, GC-MS) 

TIC of illicit cannabis Sample 2 showing major cannabinoid peaks: THCV (12.5 min), Δ⁹-THC 

cluster (13.4–13.6 min), CBG (13.6 min), and CBN (13.7 min). Minor terpenes and library 

artefacts omitted for clarity. 

CBC 
13.1 min 

 

Δ⁹-THC (main peak) 
13.4 - 13.5 min 

Δ⁸-THC 
(shoulder) 
13.5 min 

Exo-THC 
13.55 min 

Humulene 
(terpene) 

7.5 - 7.8 min 

Sesquiterpenes 
(azulene/guaiol type) 

8.0 - 8.4 min 

THCV  
(minor cannabinoid) 

12.4–12.5 min 
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Table 3.1 summarises the primary compounds detected in the two unspiked illicit samples 

(Illicit sample 1 and 2). As shown, each of these samples yielded almost exclusively cannabis-

derived compounds, and no pesticides could be detected in either sample under the GC-MS 

screening conditions. This table presents the main compounds identified in the two illicit 

cannabis samples by GC-MS. In both samples, the chromatograms were dominated by Δ⁹-

THC/Δ¹⁰-THC isomers (retention time ~ 13.45 min), with very high library match scores of 99%, 

confirming Δ⁹-THC as the principal psychoactive constituent. Alongside this dominant signal, 

several secondary cannabinoids were also detected. These included cannabichromene CBC, 

cannabigerol (CBG), cannabinol (CBN), and tetrahydrocannabivarin (THCV), each with match 

values above 93%, indicating a complex cannabinoid profile. Trace levels of Δ⁹-THC acetate 

were observed in both samples, which may represent a derivative, thermal artefact, or by-

product of processing. 

 

Differences between the two samples were also evident. Sample 1 contained primarily 

cannabinoids, with THCV detected only as a minor peak. Sample 2, however, showed both 

cannabinoids and a detectable terpene fraction. Caryophyllene and valencene 

(sesquiterpenes) were identified with match scores above 90%, which can suggest a more 

complete preservation of the plant’s terpene profile. These differences only show that illicit 

cannabis samples can vary in their chemical composition. 

 

This lack of detection pesticides is likely attributable to matrix effects, as the high abundance 

of cannabinoids and terpenes can suppress trace-level pesticide signals and reduce the 
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sensitivity of single-quadrupole instruments. Full details of the GC-MS library search outputs 

of the two unspiked samples, named green bud 1 and 2 are presented in Appendix 6. These 

runs therefore served as a baseline, where pesticide residues could not be detected in either 

sample. 

 

Table 3.1 GC-MS library identifications from two unspiked illicit cannabis samples 

Sample  Retentio
n time 
(min) 

Compound Identified Class Librar
y 
Matc
h (%) 

Notes 

Illicit 
Sample 1 
 

12.50 Tetrahydrocannabivari
n (THCV) 

Cannabinoid 95 Minor peak 

12.97 Cannabichromene 
(CBC) / Cannabicyclol 

Cannabinoid 93 Co-elution 

13.14 Δ⁹-THC acetate Cannabinoid 99 Trace 
derivative 

13.45 Δ⁹-THC / Δ¹⁰-THC 
isomers 

Cannabinoid 99 Dominant 
peak 

13.60 Cannabigerol (CBG) Cannabinoid 99 Present 

13.68 Cannabinol (CBN) Cannabinoid 95 Present 

Illicit 
Sample 2 
 

7.53 Caryophyllene Terpene 97 Sesquiterpen
e 

8.32 Valencene / related 
sesquiterpenes 

Terpene 90 Minor 

12.40 Cannabicitran Cannabinoid 98 Detected 

12.97 Cannabichromene 
(CBC) / Cannabicyclol 

Cannabinoid 94 Present 

13.14 Δ⁹-THC acetate Cannabinoid 99 Trace 
derivative 

13.45 Δ⁹-THC / Δ¹⁰-THC 
isomers 

Cannabinoid 99 Dominant 
peak 

13.60 Cannabigerol (CBG) Cannabinoid 99 Present 

13.68 Cannabinol (CBN) Cannabinoid 96 Present 
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3.2.2 Spiked Cannabis Samples 

Illicit Sample 1 was re-analysed after spiking it with the pesticide standard mixture at four 

different concentrations. Spiking levels corresponded to approximately 0.02 µg/g for C1, 0.20 

µg/g for C2, 0.40 µg/g for C3, and 5.00 µg/g for C4 of cannabis flower (see Table 2.1 in Method 

Chapter 2 for calculation). Because no method validation was carried out, the exact detection 

limits of the GC-MS for these pesticides in the cannabis matrix remain unknown. However, 

spiking at up to approximately 5 µg/g (C4) represents a concentration well above the 

maximum residue limits typically set for food crops (usually 0.01–0.1 µg/g). Despite these 

additions, no pesticide-related peaks were detectable under the GC-MS conditions. The fact 

that these spiked levels were still not visible supports the interpretation that matrix 

suppression and non-targeted scan severely limited detection capability with GC-MS method. 

 

Library matches results again in cannabis-derived compounds rather than pesticides. The Total 

ion chromatograms (Figures 3.3 – 3.6) for all four spiked runs continued to show dominant 

peaks for cannabinoids such as THC, CBN, CBC, THCV, and CBG, together with terpenes such 

as caryophyllene. This is summarised in Table 3.2. while full library search details of the results 

can be seen in Appendix 7.  

Table 3.2 GC-MS outcome for Sample 1 spiked at four concentrations (C1–C4) 
Spiked run Concentration level (µg/g) Dominant compounds detected Pesticide residues detected 

C1 0.02 Cannabinoids (THC, CBC, CBN, 
CBG), terpenes (caryophyllene) 

None 

C2 0.20 Cannabinoids (THC, CBC, CBN, 
CBG), terpenes (caryophyllene) 

None 

C3 0.40 Cannabinoids (THC, CBC, CBN, 
CBG), terpenes (caryophyllene) 

None 

C4 5.00 Cannabinoids (THC, CBC, CBN, 
CBG), terpenes (caryophyllene) 

None 
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Figure 3.3 GC-MS TIC of illicit Sample 1 spiked with pesticide standard (C1) 

Two small peaks followed the major Δ⁹-THC signal (~13.5–13.7 min). The first (~13.52 min) 

was a trimethylsilyl-derivatised artefact, while the later peaks (~13.6–13.7 min) were 

putatively identified as minor cannabinoids (CBG, CBN). 

Δ⁹-THC  
~13.4–13.5 min 

Terpenes 
7.5 - 8.5 min 

Cannabitriol / THC 
12.4 - 12.5 min 

Cannabicyclol (CBC) 
12.9 - 13.0 min 

silylated 
cannabinoid 
~13.52 min 

CBG and CBN 
3.60 - 13.68 min 
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Figure 3.4 GC-MS TIC of illicit Sample 1 spiked with pesticide standard (C2) 

 
Figure 3.5 GC-MS TIC of illicit Sample 1 spiked with pesticide standard (C3) 

 

 

 

 

 

 

 

 

 

 

 Figure 3.4 GC-MS TIC of illicit Sample 1 spiked with pesticide standard (C2)  
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Figure 3.5 GC-MS TIC of illicit Sample 1 spiked with pesticide standard (C3) 
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Figure 3.6 GC-MS TIC of illicit Sample 1 spiked with pesticide standard (C4)  
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3.2.3 Pesticide Standards (WS1) 

In order to confirm instrument performance, the pesticide working solution (WS1) was 

injected directly into the GC-MS as a positive control. The chromatogram (Figure 3.7) showed 

distinct peaks corresponding to three organochlorine pesticides: DDE, DDT, and dieldrin, with 

retention times between ~8.5 and 11.5 minutes (see Table 3.3). 

 

The appearance of these clear peaks demonstrates that the GC-MS was able to detect 

pesticide residues in a clean solution, confirming that the instrument itself was functioning 

correctly. However, only 3 out of the 17 pesticides in the WS1 mixture were detected. The 

remaining compounds were not observed. This could be most likely because they were either 

insufficiently volatile for GC analysis or underwent thermal degradation. 

 
Table 3.3 Pesticides detected in GC-MS positive control (WS1) 

Retention Time (min) Compound Identified Class Notes 

~8.5 - 9.0 
 

DDE 
(Dichlorodiphenyldichloroethylene) 

Organochlorine 
pesticide 

Clear peak 

~9.5 - 10.0 DDT 
(Dichlorodiphenyltrichloroethane) 

Organochlorine 
pesticide 

Clear peak 

~11.0 - 11.5 Dieldrin Organochlorine 
pesticide 

Clear peak 

 

 

This result highlights a key limitation of single-quadrupole GC-MS. While it can identify certain 

organochlorine pesticides, it lacked the scope and sensitivity to reliably detect a broader panel 

of pesticides. Therefore, the inability to observe pesticide residues in cannabis matrix samples 

cannot be attributed to instrument failure, but instead reflects the combined effects of matrix 

suppression and the restricted detection capability of GC-MS method compared with tandem 

MS/MS methods. 
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Figure 3.7 TIC of the pesticide mixture (WS1) analysed by GC-MS 

Alternative oven temperature programs could have employed slower ramp rates or multi-step 

gradients to further optimise separation of early-eluting volatile compounds. For example, 

ramp rates in the range of 5–10 °C/min are commonly used in food pesticide analysis to 
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5.1 min  

DDT-related compounds 
 (p,p'-DDE, DDT derivative) 

11.6 - 11.9 min  

Dieldrin 
12.0 min 

Cannabinol 
13.7 min  

DDT / analogues 
12.3 min  

Baseline drift  
(column bleed) 
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maximise peak resolution. However, such approaches substantially increase total run time and 

may not significantly improve performance for complex cannabis matrices, where co-elution 

from terpenes and waxes remains a limiting factor. 

In addition, extended exposure of late-eluting compounds to high oven temperatures under 

slower ramp conditions may increase column bleed and reduce signal-to-noise ratios, 

particularly when using single-quadrupole GC-MS systems. Given that the present study was 

designed as a preliminary screening comparison rather than a full quantitative validation, the 

selected ramp rate represented a practical compromise between analytical efficiency, 

compound elution, and instrument limitations. 

Ultimately, the limitations observed during GC-MS evaluation supported the transition to 

UPLC-MS/MS for definitive pesticide detection, where thermal constraints are avoided 

entirely. 
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3.2 UPLC-MS/MS Analysis 

3.2.1 The UPLC-MS/MS method was applied to all 24 cannabis 

samples to provide a more sensitive and selective assessment 

of pesticide residues. This technique enabled detection of 

trace-level organophosphate compounds that were not seen by 

the GC-MS. Full detailed MRM chromatograms showing that no 

pesticides were detected are available in Appendix 9. Samples 

1 - 12 showed the illicit samples results while the rest, samples 

13 - 24, represent the licensed samples from regulated 

associations through ARUC.Licensed Samples 

All 12 licensed cannabis samples tested negative for pesticide residues. No peaks 

corresponding to the target compounds were observed, confirming that these samples were 

free from detectable contamination under the conditions applied.  

 

The MRM chromatograms displayed only baseline fluctuations and non-specific matrix 

signals, with no peaks corresponding to the retention times or transitions of the targeted 

pesticide panel. Within the limits of detection of this UPLC-MS/MS method, no quantifiable 

signals were observed, indicating that the samples did not contain any of the 84 screened 

pesticides at detectable levels. 
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3.2.2 Illicit Samples 

Out of the 12 illicit cannabis samples analysed by UPLC-MS/MS, 5 produced clear signals for 

organophosphate pesticides. Identification of dichlorvos and chlorpyrifos was confirmed by 

matching both retention times (5.89 and 6.47 min, respectively) and their characteristic MRM 

transitions. This dual requirement improves specificity by ensuring that signals correspond to 

the target pesticides rather than unrelated matrix compounds. This also minimise the chance 

for false positives from matrix interferences. 

 

Samples 1 and 2, which had previously been assessed by GC-MS without detectable residues, 

yielded clear pesticide peaks under UPLC-MS/MS conditions. Representative simplified 

chromatograms for dichlorvos and chlorpyrifos are shown in Figures 3.8 - 3.13, illustrating the 

peaks observed in the organophosphate-contaminated samples. Both quantifier and qualifier 

transitions yielded co-eluting peaks at the expected retention times, confirming compound 

identity. 
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Figure 3.8 MRM chromatogram of dichlorvos in illicit cannabis Sample 1, transition 221 - 109, 

retention time 5.89 min 

 

 
Figure 3.9 MRM chromatogram of dichlorvos in illicit cannabis Sample 1, transition 221 - 79, 

retention time 5.89 min 
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Figure 3.10 MRM chromatogram of dichlorvos in illicit cannabis Sample 2, transition 221 - 79, 

retention time 5.89 min 

 

 
Figure 3.11 MRM chromatogram of dichlorvos in illicit cannabis Sample 2, transition 221 - 109, 

retention time 5.89 min 
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Figure 3.12 MRM chromatogram of chlorpyrifos in illicit cannabis Sample 3, transition 350.1 - 97, 

retention time 6.47 min 

 

 
Figure 3.13 MRM chromatogram of chlorpyrifos in illicit cannabis Sample 3, transition 350.1 - 197.9, 

retention time 6.47 min 
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Figure 3.14 MRM chromatogram of dichlorvos in illicit cannabis Sample 3, transition 221 - 79, 

retention time 5.89 min 

 
Figure 3.15 MRM chromatogram of dichlorvos in illicit cannabis Sample 3, transition 221 - 109, 

retention time 5.89 min  
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Figure 3.16 MRM chromatogram of dichlorvos in illicit cannabis Sample 4, transition 221 - 79, 

retention time 5.89 min 

 
Figure 3.17 MRM chromatogram of dichlorvos in illicit cannabis Sample 4, transition 221 - 109, 

retention time 5.89 min 
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Figure 3.18 MRM chromatogram of dichlorvos in illicit cannabis Sample 7, transition 221 - 79, 

retention time 5.89 min 

 
Figure 3.19 MRM chromatogram of dichlorvos in illicit cannabis Sample 7, transition 221 - 79, 

retention time 5.89 min 
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As shown also in Table 3.4, out of the 12 illicit cannabis samples analysed, five (41.7%) were 

found to be contaminated with pesticide residues. Dichlorvos was the most frequently 

detected compound, identified in five samples (Samples 1, 2, 3, 4, and 7). Chlorpyrifos was 

detected in a single sample (Sample 3), which also contained dichlorvos, indicating an overlap 

of pesticide residues in that case. The remaining 7 illicit samples, together with all twelve 

licensed samples, showed no evidence of pesticide contamination.  

Table 3.4 Pesticide detection in illicit cannabis flowers 
Sample ID Source  Pesticide Detected Retention Time (mins) Compound Class 

Sample 1  
 
 
 

Illicit 

Dichlorvos 5.89  

Organophosphate 
 

Sample 2 Dichlorvos 5.89 

Sample 3 Chlorpyrifos + Dichlorvos 5.89, 6.47 

Sample 4 Dichlorvos 5.89 

Sample 5 
None detected 

Sample 6 

Sample 7 Dichlorvos 5.89 Organophosphate 

Sample 8  
 

None detected 
Sample 9 

Sample 10 

Sample 11 

Sample 12 

 

The bar graph below Figure 3.15 illustrates the number of contaminated samples (both illicit 

and licenced) with pesticides. 

 
Figure 3.20 Pesticide contamination in illicit vs licensed cannabis samples 



80 
 

The next pie chart Figure 3.16 illustrates the percentage of contaminated samples comparing 

illicit and licenced samples. 

 
Figure 3.21 Contaminated vs not contaminated samples in percentage 

 

The analysis identified pesticide contamination exclusively in illicit cannabis samples, with 

licensed samples remaining free of residues. Statistical testing confirmed this difference to be 

significant. These findings form the basis for the discussion in the next chapter, where their 

implications for public health and regulatory practice are considered.  

 

3.3 Statistical Analysis 

In order to evaluate whether pesticide contamination differed between illicit and licensed 

cannabis samples, a contingency table was prepared (see Table 3.6). Fisher’s exact test was 

selected instead of the Chi-square test because of the small sample size and the presence of 

a zero value in the licensed group. 
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Table 3.5 shows a general contingency table with the letters representing the numbers are 

explained further below. 

Table 3.5 General contingency table 
Group Contaminated Not Contaminated Total 

Illicit a b a + b  

Licensed c d c + d 

Total a + c b + d n 

 
Where: 
a = number of contaminated illicit samples 
b = number of uncontaminated illicit samples 
c = number of contaminated licensed samples 
d = number of uncontaminated licensed samples 
n = a + b + c + d = total number of samples 
 
The next contingency table, Table 3.6, shows the true values of the explained general table 
above Table 3.5. 
 
Table 3.6 Contingency table showing contaminated vs non contaminated samples 

Group Contaminated Not Contaminated Total 

Illicit 5 7 12 

Licensed 0 12 12 

Total 5 19 24 

 

Since this study compared proportions of contaminated vs non-contaminated samples 

between two groups, the Chi-square test (χ²) would work for categorical data (presence vs 

absence), but with the small sample sizes (12 vs 12) and especially a zero cell (licensed = 0 

positives), χ² assumptions may not hold. A better choice for this study is the Fisher’s exact test 

which is designed for small sample sizes and will give an exact p-value for the difference in 

contamination between illicit vs licensed cannabis (Kim 2017). Fisher’s exact test was 

performed using GraphPad QuickCalcs (GraphPad Software, San Diego, USA).  
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The Null hypothesis (H₀) states that there is no significant difference in the proportion of 

pesticide-contaminated samples between illicit and licensed cannabis groups. The Alternative 

hypothesis (H₁) states that there is a significant difference in the proportion of pesticide-

contaminated samples between illicit and licensed cannabis groups. If p value is less than 0.05 

the null hypothesis can be rejected and the alternative hypothesis showing statistically 

significant difference can be adopted. 

 

Figures 3.17 and 3.18 shows 2 screenshots taken from the online free tool used to get a p 

value from Fisher’s exact test. Figure 3.16 shows p-values of one-sided results while figure 

3.17 gives two-sided value which is the recommended by the tool and has stronger results. 

 
Figure 3.22 Results of one side Fisher’s exact test from contingency table 
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Figure 3.23 Results of two-sided Fishers exact test from contingency table 

 

Fisher’s exact test demonstrated a statistically significant difference in the presence of 

pesticide residues between illicit and licensed cannabis samples (p < 0.05), with 

contamination observed exclusively in illicit sources. The test was significant on both the two-

sided analysis (p = 0.037) and the one-sided analysis (p = 0.019), confirming that illicit cannabis 

was more likely to contain pesticide residues.  

 

Even with the limited sample size, it could be determined that illicit cannabis was more 

contaminated than licensed cannabis. The 95% confidence interval (calculated to be 13.8%–

69.6%) shows that the true difference is unlikely to be zero, confirming that the effect is real 

rather than due to chance. 
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Chapter 4 

Discussion and Conclusion 
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4.1 Overview 

As discussed in previous Chapters, this present study set out to compare pesticide 

contamination in illicit cannabis inflorescences seized by Maltese law enforcement with 

licensed samples obtained from Cannabis Associations regulated by the ARUC. Twenty-four 

samples were analysed in total, which were evenly split between illicit and licensed sources 

(n = 12).  

 

Using a QuEChERS extraction protocol followed by GC-MS and UPLC-MS/MS analysis, residues 

of dichlorvos and chlorpyrifos were identified in a subset of illicit samples, while none were 

detected in the licensed material. Statistical analysis confirmed a significant difference 

between groups (Fisher’s exact, two-sided p = 0.037). These findings represent the first 

Maltese dataset directly comparing pesticide residues across illicit and licensed recreational 

cannabis. The discussion below provides an interpretation for these findings, compares them 

with international literature, and considers the broader public health and regulatory 

implications. 

 

4.2 Interpretation of Findings 

The key outcome of this study is that 41.7% (5/12) of illicit cannabis samples were found 

contaminated, whereas 0% (0/12) of licensed samples contained detectable pesticide residue. 

Among positives, dichlorvos was detected in all five contaminated samples, and chlorpyrifos 

in one.  
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This directly addresses the central hypothesis that stated that illicit (unregulated) cannabis 

would carry a higher burden of pesticide residues, especially banned or hazardous 

compounds, when compared to regulated cannabis. Our results confirm this expectation. 

Organophosphate pesticides residues were detected exclusively in illicit samples, while none 

were detected in the licensed samples. This exclusive presence of organophosphates in illicit 

cannabis strongly supports the hypothesis that regulatory oversight leads to safer, cleaner 

products. In practical terms, it suggests that Malta’s regulatory frameworks and the adherence 

of Cannabis Associations to this regulation, have effectively prevented the use of certain high-

risk pesticides, whereas illicit cultivators, operating outside these controls, resorted to these 

pesticides.  

 

Organophosphates are commonly employed to control insect pests due to their broad-

spectrum efficacy and low cost. This pattern of using opportunistic pesticide is common in 

unregulated cultivation (Taylor and Birkett 2020). It is important to emphasise that this 

outcome of this study shows that the type of pesticide found (organophosphates) is significant 

given its toxicity. This highlights how regulation filters out the worst offenders.  

 

Dichlorvos and Chlorpyrifos are widely restricted in the European Union due to of their 

neurotoxic potential, but they still remained accessible in informal agricultural markets 

(European Commission 2012; European Commission 2020). 
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Chlorpyrifos and chlorpyrifos-methyl were withdrawn from approval under Regulation (EC) No 

1107/2009 following the European Commission’s decision not to renew their authorisation, 

with effect from 31 January 2020 (European Commission, 2020). This decision was informed 

by the European Food Safety Authority’s conclusion that a safe exposure threshold could not 

be established. 

 

EFSA identified consistent evidence of neurodevelopmental toxicity, particularly affecting 

children, alongside concerns regarding the genotoxic potential of chlorpyrifos. Additional 

uncertainties related to possible endocrine-disrupting effects further contributed to the 

overall risk assessment. In the absence of a demonstrable safe level of exposure, and in line 

with the hazard-based approach adopted within EU pesticide regulation, chlorpyrifos was 

therefore considered unsuitable for continued approval (European Commission, 2020). 

 

Dichlorvos was subject to earlier regulatory restriction under the EU Biocidal Products 

Directive (98/8/EC), where it was ultimately not included in the list of approved active 

substances. As a consequence, the placing of dichlorvos-containing biocidal products on the 

EU market was prohibited from 1 November 2012 (European Commission, 2012). This decision 

was based on evidence that dichlorvos posed an unacceptable risk to both human health and 

the environment. 
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Regulatory assessments identified acute cholinesterase inhibition in applicators, alongside the 

compound’s high volatility, which significantly increased the potential for inhalation exposure. 

Additional concerns were raised regarding its ecotoxicity towards non-target organisms. As an 

organophosphate insecticide, dichlorvos exerts its toxic effects through inhibition of 

acetylcholinesterase, disrupting normal nerve transmission. Although this mechanism is 

effective for pest control, the narrow margin between pesticidal efficacy and adverse effects 

in humans rendered its continued use incompatible with EU safety standards (European 

Commission, 2012). 

These findinds are notable because they include both older organophosphate compounds 

associated with high acute toxicity (such as dichlorvos) and more recently restricted 

compounds (such as chlorpyrifos), reflecting different regulatory histories but similarly 

unacceptable toxicological profiles. This targeted discussion of dichlorvos and chlorpyrifos 

directly supports the study’s objective of assessing whether regulatory oversight reduces 

exposure to high-risk pesticide residues in recreational cannabis. 

The persistence of these chemicals in illicit cannabis samples in Malta therefore suggests that 

unregulated cultivators may be sourcing not only pesticides in general, but specifically 

substances that are banned within the European Union, which are outdated or illegally traded, 

either through informal agricultural supply chains or cross-border leakage. This not only 

contravenes EU pesticide policy but also re-introduces compounds that regulators have 

already deemed too hazardous for any approved agricultural use.  
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It may also be possible that some contaminated illicit cannabis in Malta is imported from 

North Africa or other nearby regions where regulatory controls are weaker and banned 

pesticides remain in circulation. Investigations show that pesticides banned in the EU are still 

manufactured and sold in parts of Africa, often due to lax enforcement, weak regulatory 

capacity, or informal markets. If this is the case, it complicates efforts to mitigate 

contamination because domestic regulation alone cannot address imported illegal or unsafe 

supply chains. 

 

Moreover, the presence of these banned pesticides in cannabis, which is a product consumed 

predominantly through smoking or vaping, increases the risk of toxicity when compared to 

risks associated with ingested food products, because inhalation provides a direct and efficient 

exposure route for neurotoxic organophosphates (Sullivan et al. 2013).  

 

The complete absence of residues in licensed samples demonstrates that ARUC’s regulatory 

framework is effective in preventing pesticide contamination. If such compounds had been 

used, our analytical methods would have detected them given their sensitivity. Under ARUC 

Directive 1.2 (2023), associations must declare the absence of chemical pesticides and rely 

instead on integrated pest management, organic nutrients, and biological controls (ARUC 

2023a; ARUC 2023b). The clean laboratory findings suggested that these measures are 

functioning as intended.  
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The statistically significant difference between groups, though based on a modest sample size, 

supports the hypothesis that illicit cannabis poses a greater toxicological risk to consumers. 

Importantly, the contamination rate observed here (41.7%) is within the range reported 

internationally for illicit markets, which often varies between 20% and 60% depending on 

jurisdiction. This suggests that Malta’s illicit supply chain is not unique but reflects wider 

patterns of unregulated cultivation through the European Union.  

 

4.3 Comparison with International Studies 

Our findings align with, and reinforce, trends observed in other international studies, 

highlighting that the contrast between regulated and illicit cannabis is not unique to Malta.  

 

Gagnon et al. (2023) reported a very similar pattern in Canada after recreational legalisation. 

The Canadian study, screened 327 pesticides in cannabis, found that illicit samples contained 

multiple residues at far higher frequencies than licensed products. Only 6% of licensed 

cannabis samples contained any pesticide residues and then only at trace levels, whereas a 

staggering 92% of illicit samples were pesticide-positive. Moreover, the Canadian illicit 

cannabis contained 23 different pesticide active ingredients (averaging approximately 3 - 4 

different pesticides per sample). These pesticides also included organophosphates like 

chlorpyrifos, compared to just two low-level pesticide detections in the legal products. This 

mirrors our result that shows how organophosphates, and other hazardous pesticides 

proliferate in illicit supply chains but are effectively absent under licensed cultivation. 
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Craven et al. (2021) provide further evidence. They performed environmental wipe sampling 

at two cultivation sites and found 41 different pesticides present at the unlicensed (illicit) 

grow, compared to only six (and at very low levels) at a licensed facility. This dramatic 41 vs. 6 

difference in pesticide use between an illicit operation and a regulated one, echoes the core 

of our findings. Illicit cultivation tends to be chemically intensive and uncontrolled, whereas 

licensed cultivation, under compliance requirements, is far more judicious in pesticide 

application. The consistency of this theme across regions strengthens the interpretation that 

regulation universally curtails pesticide contamination. It is notable too that even when 

regulated growers do use pest control, they appear to favour compounds that either degrade 

before harvest or remain at negligible residual levels. By contrast, illicit growers may apply 

pesticides without adherence to pre-harvest intervals or approved lists, leading to persistent 

residues (Craven et al. 2021). 

 

In Oregon US, post-legalisation surveillance of dispensary products revealed residues of 

myclobutanil, bifenthrin, and abamectin in illicit or unlicensed cannabis, while licensed 

products consistently complied with state standards (Evoy and Kincl 2020). Similarly, California 

data show that illegal market products frequently contain organophosphates and carbamates, 

whereas regulated dispensary samples rarely breach limits (Dalmia et al. 2021). In Malta, 

dichlorvos and chlorpyrifos were detected, similar to findings in the US with regards to 

organophosphates. However, the US illicit market resulted in a wider range of pesticides 

detected. 
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In Europe, similar concerns have been documented. Cuypers et al. (2017) in Belguim, analysed 

illicit indoor cannabis plantations in Belgium and found pesticide residues in approximately 

64% of sampled plants. In total, they identified 19 different pesticides spanning various 

chemical classes, including insecticides and fungicides commonly encountered in illicit grows 

such as imidacloprid, propamocarb, propiconazole, tebuconazole, and others. This extent of 

pesticide types in Belgian illicit cannabis aligns with what we observed in others studies and 

in Malta’s illicit samples which shows a broad, and often unregulated, use of agro-chemicals. 

Although Cuypers et al. did not explicitly highlight organophosphates in their summary, the 

prevalence of insecticidal and fungicidal residues reinforces the same core issue: illicit 

cultivation environments are characterised by extensive chemical. The overlap in commonly 

detected substances like imidacloprid, a neonicotinoid insecticide, appeared in the Belgian 

study and was also among those found in other jurisdictions’ illicit cannabis. This suggests that 

certain pesticides have become go-to solutions for illicit growers across different countries. 

These are often pesticides that regulated industries would avoid. Cuypers et al. ’s findings, 

point out that even without legal access to cannabis, illicit production which is often in 

clandestine indoor setups, introduces significant pesticide-related health risks to consumers 

and even to those handling the plants like law enforcement or cleanup crews. 

 

Even in quasi-legal contexts, a lack of strict regulation can yield high pesticide contamination 

rates. Amendola et al. (2021) examined so-called “light cannabis” inflorescences which are 

low-THC hemp flowers legally sold in Italy as herbal products. They discovered that 87% of 

samples contained pesticide residues. They quantified a range of fungicides and insecticides 

at levels from 0.01 up to 185 μg/g, with spinosad (an insecticide derived from bacterial toxins) 
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and cyprodinil (a fungicide) being the most frequently detected compounds. Importantly, 

these Italian hemp products were outside food and tobacco regulations at the time, effectively 

forming a lightly regulated or grey market because they lacked formal pesticide standards. The 

high positivity rate reported by Amendola et al. highlights that without explicit pesticide 

regulations and oversight, even supposedly legal cannabis/hemp markets can become 

chemically contaminated (Amendola et al. 2021). 

 

In our study, by contrast, the Cannabis Association samples showed no organophosphate 

residues or any other pesticides residue, hinting that Malta’s requirements, or at least the 

culture of compliance among licenced growers, may be stricter than the situation Italy had for 

hemp. Nonetheless, the Italian data can serve as a warning for Malta and Europe: they 

highlight how crucial it is to establish and enforce pesticide limits in all cannabis markets, 

whether medical, recreational, or hemp, to avoid exposing consumers to potentially harmful 

substances (Amendola et al. 2021). 

International evidence from North America and Europe shows the same pattern: illicit or 

weakly regulated cannabis is heavily contaminated, while regulated products are far cleaner. 

Collectively, the Maltese results are not an outlier but instead reinforce a consistent 

international trend. The slight difference lies in the narrower range of pesticides observed in 

Malta, which may reflect the small scale of cultivation compared to larger producer nations. 
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4.4 Toxicological and Public Health Implications 

The detection of dichlorvos and chlorpyrifos has serious toxicological implications. Both 

belong to the organophosphate class, which act as irreversible acetylcholinesterase inhibitors. 

This causes accumulation of acetylcholine at synapses which leads to cholinergic 

overstimulation (Jameson et al. 2022). Acute exposure can trigger nausea, respiratory distress, 

seizures, and in severe cases death. Chronic low-dose exposure is associated with 

neurodevelopmental deficits, endocrine disruption, and increased risk of certain cancers 

(Mnif et al. 2011). 

 

Inhalation is a particularly concerning route of exposure. Unlike dietary ingestion, where 

residues may degrade or be metabolised, combustion or vaporisation of cannabis flowers 

delivers pesticide residues directly to the pulmonary system, bypassing first-pass metabolism. 

Studies have shown that up to 70% of pesticide residues present on cannabis plant material 

can transfer into smoke or vapour (Sullivan et al. 2013). Thus, the health risk to consumers of 

contaminated cannabis is magnified compared to foodborne exposure. 

The implications are especially acute for vulnerable populations, including adolescents, 

pregnant women, and individuals with pre-existing neurological conditions such as epilepsy 

(Taylor and Birkett 2020). For regular users, chronic low-dose exposure may accumulate over 

time, which then increases health risks. Importantly, cannabis users often perceive the plant 

as “natural” and therefore safer, which can obscure awareness of pesticide hazards (Wylie et 

al. 2020). 
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The absence of residues in licensed samples underscores the importance of providing safe 

alternatives. If consumers migrate from the illicit to the regulated market, population-level 

exposure to neurotoxic pesticides could be substantially reduced. This is a central harm 

reduction argument for regulation. 

 

4.5 Regulatory Implications 

From a regulatory standpoint, the results enforced ARUC’s framework and emphasised its 

necessity. All licensed cannabis samples analysed with our method showed no detectable 

pesticide residues, showing that regulatory declarations and inspection processes are not 

merely bureaucratic but have real toxicological benefits. This positions Malta as an early EU 

case study demonstrating that non-profit cannabis associations can provide clean, safe 

products to consumers. 

 

However, the persistence of contaminated illicit cannabis highlights ongoing challenges. 

Despite the 2021 reform, illicit supply chains remain active, driven partly by the slow rollout 

of licensed associations and unmet demand (Muscat et al., 2025). Consumers unable to access 

licensed cannabis may still turn to the illicit market, thereby exposing themselves to harmful 

residues. 

 

Internationally, the Maltese findings provide support for harmonised EU pesticide standards 

in cannabis. Currently, only Canada and some US states maintain comprehensive multi-residue 
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testing regimes (Gagnon et al. 2023; Dalmia et al. 2021). The EU has not yet standardised 

cannabis pesticide limits, leaving member states to devise their own rules. This study 

demonstrates that without regulation, harmful organophosphates enter the supply, while 

effective oversight keeps them out. The regulatory implication is clear, cannabis markets 

require the same pesticide surveillance as food products. 

Furthermore, these findings can inform future ARUC policy. As the Maltese cannabis club 

model matures, regulators may consider mandatory third-party laboratory testing, routine 

audits, and publication of pesticide monitoring results to enhance consumer trust. This could 

parallel the transparency standards already seen in Canada and several US states. 

 

4.6 Limitations of the Study 

While this dissertation provides the first systematic comparison of pesticide residues in illicit 

and licensed recreational cannabis in Malta, several limitations must be acknowledged. 

 

The dataset consisted of only 24 samples in total, evenly split between illicit and licensed 

sources. Although Fisher’s exact test indicated statistical significance, the small sample size 

limits generalisability. Larger sample sets across multiple seasons and associations would 

provide greater confidence in prevalence estimates and strengthen inferential statistics. 
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The analytical method focused on detecting pesticides through retention time matching, 

rather than screening a broad multi-residue panel. By contrast, international studies such as 

Gagnon et al. (2023) employ screening of hundreds of compounds simultaneously. It is 

therefore possible that other pesticide residues were present but undetected. 

 

This study reported binary detection (present/absent) without concentration values. Without 

quantitative levels (e.g., µg/kg), toxicological risk characterisation remains limited. Even trace 

detections could be clinically relevant if above inhalation reference doses, but this cannot be 

established here. 

 

Licensed samples were obtained directly via ARUC, ensuring traceability and regulatory 

compliance. Illicit samples were obtained from seizures by law enforcement. While these are 

representative of what reaches consumers, seizure bias cannot be excluded. Samples may 

reflect cultivation practices of certain suppliers rather than the broader illicit market. 

 

Cannabis is a highly resinous, cannabinoid-rich matrix, which presents challenges for 

extraction and clean-up. Despite following validated QuEChERS adaptations, matrix effects 

such as ion suppression may have influenced detection sensitivity (Lozano et al. 2012b).  

 

Another limitation of the present study is the lack of tandem MS couples with GC, which 

restricts both sensitivity and compound coverage, particularly for non-volatile or thermally 
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labile pesticides. This constraint may have led to underestimation of certain residues. Future 

work employing GC-MS/MS or non-targeted LC-MS/MS is recommended to validate and 

expand upon the present findings.  

 

This dissertation represents a preliminary comparative investigation; therefore, full validation 

procedures (e.g., determination of LOQ, recovery studies) were outside the scope of this 

study. Instead, reference to previously validated protocols (Appendix 5) ensured 

methodological reliability, while the focus remained on identifying relative differences in 

pesticide contamination between licensed and illicit samples. 

 

This study was limited by the absence of replicate analyses and spiked recoveries during the 

UPLC-MS/MS phase. While blanks confirmed the absence of contamination, additional quality 

control measures would have strengthened precision and recovery estimates. Future work 

should incorporate these steps to strengthen the assessment of method performance. 

 

This study did not include replicate analyses or continuing calibration verification, which 

would have strengthened the assessment of instrument precision and stability. Future work 

should incorporate these measures to provide a more complete evaluation of method 

performance. 
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Acknowledging these limitations is essential for contextualising the results. They do not 

undermine the finding that illicit cannabis carried detectable residues while licensed cannabis 

did not, but they temper the strength of broader generalisations. 

 

4.7 Recommendations 

Based on the findings and limitations of this study, several recommendations can be given for 

practice, regulation, and future research.  

 

Mandatory multi-residue testing for cannabis. Licensed Cannabis Associations should undergo 

routine testing using expanded LC-MS/MS and GC-MS/MS panels, covering at least 200–300 

pesticide compounds. This would align Malta with Canadian standards and set a precedent 

within the EU (Health Canada 2023). Transparency measures can include routine publication 

of testing results. This could strengthen consumer trust and encourage migration away from 

the illicit market. 

 

Another recommendation is for stronger enforcement against illicit cultivation. Since 41.7% 

of illicit samples contained banned pesticides, seizures could be accompanied by chemical 

analyses including pesticides. Public reporting of the findings can help to highlight the risks to 

consumers. 
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Adoption of integrated pest management (IPM). While ARUC guidelines already mandate 

pesticide-free cultivation, associations should be supported with IPM training, including use 

of beneficial insects, controlled humidity, and organic nutrients. Third-party audits provide 

independent verification of cultivation practices. This can further demonstrate compliance 

and pre-empt regulatory breaches. 

 

Consumer education campaigns which messaging should stress that illicit cannabis not only 

carries legal risk but also poses higher toxicological risks due to pesticides. This reframes 

regulation as a health protection measure rather than merely a legal restriction. 

 

Future Maltese studies should analyse larger, longitudinal sample sets and incorporate 

quantitative pesticide residue analysis. Cross-jurisdictional comparisons by collaborative 

research with other EU states could support development of harmonised standards. 

 

Toxicological modelling by conducting simulation studies that estimate inhaled doses under 

realistic smoking or vaping conditions would allow a deeper risk assessment which can be 

tailored to Maltese consumers. 
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4.8 Conclusion 

This dissertation added new evidence to Maltese cannabis research. It suggests that Cannabis 

Associations provide cleaner cannabis than illicit suppliers achieving one of the central aims 

of legalisation which is harm reduction. At the same time, the persistence of contaminated 

illicit cannabis revealed the unfinished nature of reform. Until regulated products are widely 

available and affordable, consumers will continue to rely on illicit sources, sustaining their 

exposure to harmful residues. Policymakers must therefore expand legal access while 

maintaining pressure on unregulated markets. 

 

The study also highlighted the analytical and regulatory challenges of pesticide testing in 

cannabis, from matrix complexity to inconsistent international standards. Despite these 

hurdles, even a small-scale investigation can yield insights when carefully designed and 

interpreted. 

 

By comparing 12 licensed samples with 12 seized illicit samples, this work found 

organophosphate contamination (dichlorvos and chlorpyrifos) in five illicit samples (41.7%), 

but none in licensed products. Statistical testing confirmed this difference was significant. 

These results mirror international findings that illicit cannabis is more prone to pesticide 

contamination, with serious public health consequences given the neurotoxicity of 

organophosphates and the risks of inhalation exposure. 
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While the sample size was modest and the pesticide scope limited, the findings validate 

ARUC’s regulatory approach and underline the consumer protection benefits of oversight. 

Future research should broaden pesticide screening and enlarge the dataset, while regulators 

should embed routine monitoring across all associations. 

 

The key message is simple: regulation protects, the illicit market endangers. Malta’s early 

cannabis association model offers a chance to build pesticide safety into its regulatory 

foundations and set an example for other European countries.  
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