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ABSTRACT 
 

 This review paper highlights the recent concerns about the possible contaminations of Cannabis products with pesticides, fungicides, insecticides, 
heavy metals, microbial pathogens, and carcinogenic compounds during the cultivation, manufacturing, and packaging processes which must be addressed 
to ensure the safety of consumers. These contaminants are usually introduced during Cannabis cultivation and storage of Cannabis products. Growth enhancers 
and pest control chemicals are the most common risks to both the producer and the consumer. These contaminants are imminent threats that directly impact 
public health and wellness, particularly to the immunocompromised and pediatric patients who take Cannabis products as a treatment for numerous human 
disorders including cancer patients and those suffering from epileptic seizures. For the safety and welfare of all Cannabis users, both medicinal and recreational, 
there is a necessity for a standardized set of guidelines for cultivation and testing of Cannabis products. This will help to improve the quality based Cannabis 
products in the market and safe zone for the consumers. 
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INTRODUCTION 
 

 Cannabis is a multi-purpose crop plant with diverse 
agricultural and industrial applications ranging from the production of 
paper, wood, and fiber, to potential use in the medicinal and 
pharmaceutical industries (1-10). However, the Cannabis became 
controversial owing to some psychoactive components (Δ9-
Tetrahydrocannabinol (Δ9-THC) that have adverse effects on human 
health (1-10). Cultivation and use of Cannabis plants for recreational, 
medical, and industrial use were strictly banned and severely limited 
the scientific research in the field (1-10). Owing to strict legal 
regulations, the plant remained unexplored for its incredible potential 
in drug discovery for an extended period until it was legalized for 
medical use first in California, USA and later in many countries 
around the globe (1-10). Cannabis legalization fuelled the scientific 
research in Cannabinoid compounds for potential use in medicinal, 
pharmaceutical, and neurological applications (1-10). With recent 
legalization in  many more countries are beginning to question the 
rationale behind criminalizing Cannabis (16, 17). However, many 
issues have arisen concerning the lack of Cannabis cultivation 
standards and overall quality control of Cannabis products (11-48).  
 It has been reported that Cannabis derived products are 
often contaminated by microbes, heavy metals, pesticides, 
carcinogens, and debris, which must be addressed to ensure the 
safety of consumers (11-25). These contaminants are imminent 
threats that directly impact public health and wellness, particularly to 
the immunocompromised and pediatric patients who take Cannabis 
products as a treatment for numerous human disorders including 
cancer patients and those suffering from epileptic seizures (10-25). 
Therefore, there is an urgent Wake up Call to remind hemp  
 
 The major issue is  inaccuracy in labeling  
phytocannabinoid content (11-45). Mislabeling of phytocannabinoid 
profiles in Cannabidiol (CBD) products is one of the major concerns  

producers, manufacturers, medical professionals, and legislators to  
recognize this risk and establish regulatory measures to educate the 
public and reduce the adverse effects caused by the contaminants in 
Cannabis, particularly in Cannabidiol (CBD)-based products (10-25). 
to consumers has been reviewed and updated by Montoya et al., 
2020 and Dryburgh et al., 2018 (16, 17, 25, 26, 27, 37). There are 
also concerns for edible Cannabis products (e.g., gummies, cookies, 
etc.) containing under and over reported phytocannabinoid content, 
specifically Δ9-Tetrahydrocannabinol (Δ9-THC) (16, 17, 26, 27). 
Currently Cannabidiol (CBD)- and Δ9-Tetrahydrocannabinol (Δ9-
THC) are the only Cannabinoids required to be labeled, including the 
profile of acidic forms of Δ9-Tetrahydrocannabinol (Δ9-THC) and 
Cannabidiol (CBD) and some minor cannabinoids such as 
cannabigerol (CBG), cannabichromene (CBC)   on these labels (16, 
17, 26-37). These minor cannabinoids are shown to have some 
therapeutic effects that could be enhanced in combination with other 
major cannabinoids (16, 17, 25-27). 
 Cannabis is associated with various types of microbes 
including moulds that have been shown to harm 
immunocompromised patients, as well as bacteria and viruses that 
have the potential of causing harm to humans (10-48). Previous 
studies have identified several fungal organisms in dispensary-
produced Cannabis including Penicillium sp. (P. paxilli, P. citrinum, P. 
commune, P. chrysogenum, P. corylophilum, P. citrinum, and P. 
steckii), Aspergillus sp. (A. terreus, A. niger, A. flavus, A. versicolor, 
A. ostianus, and A. sydowii), and Fusarium sp. (F. oxysporum) (16, 
17, 28-31). Both Penicillium sp. and Aspergillus sp. have been known 
to produce aflatoxins (e.g., aflatoxin B1) while Fusarium species 
produce other mycotoxins such as fumonisin (16, 17, 28, 29). 
Cannabis infected with Aspergillus, Penicilium, or Fusarium can 
severely affect human health as these toxins can all be 
carcinogenic, hepatotoxic, neurotoxic or nephrotoxic (16, 17, 28, 
29, 30). In addition to pathogenesis in humans by these fungi, 
Penicillium, Aspergillus, and Fusarium sp. are known to produce both 
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aflatoxins and mycotoxins that become especially problematic while 
drying and storing Cannabis products in humid environments (10-35).  
 Further, bacterial contamination has also been reported, 
reviewed and updated by Montoya et al., 2020 and Dryburgh et al., 
2018 (10-36). These bacteria contaminate include various species of 
Pseudomonas, Cellvibrio, Oxalobacteraceae, Xanthomonadaceae, 
Actinomycetales, and Sphingobacteriales in the examined 
microbiomes (10-35, 36, 44, 46, 48). While dozens of bacterial 
species found to be present in Cannabis plants, E.coli, Salmonella, 
and Clostridium are a few  common potential human pathogenic 
species shown to be associated with Cannabis (10-35, 36, 44).  
There are also concerns for the contamination of Cannabis food 
products by potentially harmful bacteria including Listeria (10-35). 
Viruses found to be associated with Cannabis are purely plant 
pathogens, and it is not assumed that these could cause human 
related diseases (10-35, 36, 44). Most of the microbial contamination 
occurs during the improper preparation and storage of cannabis 
products. wet, drying and storage under wet, humid conditions can 
lead to fungal infections such as powdery mildew and botrytis, and 
budworm or mite infestations (10-48). The carcinogenic load of non-
medicinal Cannabis, particularly when consumed via smoking, is 
significant (16. 17). 
 A variety of heavy metals have been found in Cannabis 
plants and products made with Cannabis (e.g. tinctures and oils) 
including cadmium, lead, magnesium, copper, and mercury (14- 
17, 38, 42, 49). Cannabis plants which are used to produce industrial 
hemp, medical marijuana and Cannabidiol (CBD) oil, among other 
products have an inherent ability to absorb heavy metals from the soil, 
making them useful for remediating contaminated sites (10-48). But 
this ability to soak up toxic metals may also make Cannabis dangerous 
for consumers who ingest it (10-35). A new meta-analysis, led by 
researchers at Penn State, USA examines the ability of Cannabis 
plants to absorb heavy metals and discussed the resulting health 
impacts on consumers. Furthermore, many heavy metals have been 
shown to have fatal effects in humans when exposed both acutely or 
chronically, causing a plethora of diseases, such as, cancers and 
neurological disorders (10-42). Smoking is the most common 
recreational consumption technique and involves the combustion of 
Cannabis and other compounds (10-48). The application of sufficient 
heat to Cannabis causes decarboxylation of Δ9--
tetrahydrocannabinoic acid (THCA) to its active form THC but, 
concomitantly, the process of pyrolysis transforms some 
contaminants into more toxic forms (10-48). Heavy metals such as 
cadmium and arsenic and some pesticides are highly volatile and 
become carcinogenic under pyrolytic conditions (10-49). 
 While many claim  that Cannabis is naturally a pest 
resistant crop (1-45), there is still abundant use of various types of 
pesticides to provide protection, including insecticides, fungicides, 
and plant growth regulators (14 - 19,  33, 43). As many of these 
pesticides are lipophilic, they are soluble in the solvents used for 
extraction of Cannabinoids, including Cannabidiol (CBD) oils and 
other products using extracted Cannabinoids (1-45). Naturally, this 
leads to concerns about contamination of Cannabis with pesticides 
and the potential health risks that would accompany concentrating 
these pesticides in an extract (10-43). In addition to this, two 
commonly identified insecticides (Bifenazate, and Abamectin) found 
on Cannabis products that are known to be harmful to mammals (10-
43). Several fungicides have been reported in samples of Cannabis 
all over the world including known endocrine disruptors and hepatoxic 
compounds like imazalil and and myclobutanil (10-43). These 
fungicides should not be considered safe to use for any Cannabis 
cultivation, and their application should be avoided to protect the 
health of the consumer (10-43). The toxicity of plant growth regulators 
(Daminozide and paclobutraxol) are also commonly found in 
Cannabis, including carcinogens and compounds that have been 

shown to be detrimental to mammals (10-43). Polycyclic aromatic 
hydrocarbons (PAH) are ubiquitous environmental pollutants usually 
generated by the incomplete combustion of organic materials are also 
found  in some Cannabidiol (CBD) oils and may come either from 
uptake by the plant during growth or from contaminated carrier oils 
during product preparation (16, 17). Polycyclic aromatic hydrocarbons 
(PAH) (benzo anthracene, chrysene, benzo fluoranthene, benzo 
pyrene) are known to be hazardous, deemed as carcinogens, and 
can found in Cannabis products worldwide (16, 17). Other debris 
such as metal fragments, hairs, dusts, machine oils, or insect parts 
can be found in some Cannabidiol (CBD)  oil products as is seen in 
other foods or food products (10-48). 

 
CONCLUSION 
 
                The emerging interest in Cannabis, and Cannabis products 
is increasing throughout world. However, concerns have  arisen about 
the possible contaminations of hemp with pesticides, heavy metals, 
microbial pathogens, and carcinogenic compounds during the 
cultivation, manufacturing, and packaging processes. For nearly a 
century, Cannabis has been stigmatized and criminalized across the 
globe, but in recent years, there has been a growing interest in 
Cannabis due to the therapeutic potential of phytocannabinoids. For 
the safety and welfare of all users, both medicinal and recreational, 
there is a necessity for a standardized set of guidelines for cultivation 
and testing of Cannabis products. The lack of a comprehensive 
evidence base suggests that the study of cannabis contaminants is 
an emerging field of clinical pharmacology. Unfortunately, the 
classification of Cannabis as a schedule 1 drug throughout the world 
makes the development and implementation of nationwide standards 
impossible at the moment. Thus, it is imperative to develop universal 
standards for cultivation and testing of products to protect those who 
consume Cannabis. International consensus is needed to establish 
quality control and product standardization. The development of the 
requisite analytical standards for quality testing of global medicinal 
cannabis preparations requires a more comprehensive evidence base 
of the contaminants of cannabis. 
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