KNOWLEDGE SYNTHESIS
Contamination of Cannabis Products for Human Consumption

What is the issue?
Due to reports in the popular media of contaminants in cannabis, there is increasing public and
regulatory concern about products from not only the black market (e.g., “Black market B.C.
weed tainted with pesticides, contaminants, testing show” 1 ), but also licensed (legal) producers
(”Pre-rolled joints recalled over contamination concerns, Health Canada says” 2 ). Due to the
multiple forms in which cannabis is produced and consumed (smoked, vaporized, concentrates,
oils, tinctures, etc.), policing its quality and safety can be difficult. At the same time, it is critical
that cannabis users be protected from unintended, adverse effects from contaminants,
particularly those who are using cannabis for medicinal reasons. 3 For example, in several
jurisdictions, cannabis is authorized for the treatment of seizures and movement disorders;
however, Pinkhasova et al. report that some insecticides that may be used in cannabis
production can affect genes important in signaling pathways linked to seizures. 4
Surveys suggest consumers may have concerns about the contamination of cannabis products
(e.g., about 28% of Australian adults believe that due to greater potency and the risk of various
contaminants, hydroponic cannabis may be less safe than cannabis that is grown “naturally”). 5
It is important that cannabis marketed to humans conform to high production standards to
ensure its safety, particularly if it is to be used as a form of medical treatment. This includes
testing for four main categories of possible contamination: 1) microbes, 2) plant growth
regulators (fertilizers and pesticides such as fungicides and insecticides), 3) heavy metals, 4)
solvents and 5) other contaminants. 6 7 This rapid review will summarize published reports, as
well as governmental regulation that have been implemented to control contamination in
cannabis products sold legally in the Canada and the United States.
1) Microbes
As described by Russo, the risk of bacterial and insect contamination is probably greatest for
illegal, indoor operations, less for cannabis grown in greenhouses, and least for outdoor
cultivation.6 Although many molds may be relatively harmless, others such as Aspergillus,
which has been reported in cannabis samples in various jurisdictions, may present a health
threat when inhaled, particularly for those who are ill or immunocompromised. 8 9
A non-systematic literature review by Montoya et al. found three cannabis contaminants that
can result in pulmonary infections (Aspergillus and Penicillium species, as well as Fusarium
Oxysporum), one associated with epidermal infections (some Penicillium species), and three
associated with enteric infections (Escherichia coli [E. coli], Salmonella, and Clostridium). 10 In
addition, Seltenrich points out that potentially carcinogenic mycotoxins can be produced by
certain molds common to cannabis.3 For example, aflatoxin B1, produced by Aspergillus flavus
and A. parasiticus, is known to be carcinogenic and to suppress growth and immune system
functioning. 11
Vujanovic et al argue that biological and chemical contaminants in cannabis can not only
threaten the health of other crops (e.g., through the spread of unwanted fungal species in
agricultural regions), but can provoke “serious physical, mental, behavioral, and social health
consequences in humans”. 12 In humans, cannabis contamination can result in fungal
sensitization and infections, particularly in people who are immunocompromised. 13 14 15 Health
consequences can affect not only consumers but also those working in commercial cannabis
production, storage and processing. 16 Case reports have described life-threatening or serious
cases of pulmonary aspergillosis, including a bone marrow transplant recipient, a colorectal
cancer survivor, and two patients smoking cannabis for medicinal reasons (e.g., pain relief). 17
18 19

Current practices to limit bacterial contamination focus largely on “clean” horticultural practices.
In some jurisdictions, gamma-irradiation has been utilized to sterilize harvested material,
although its safety and effects on the terpenoid content of cannabis are questionable.6
Under Canada’s Cannabis Regulations, legal producers must have each lot or batch tested by
an independent laboratory using validated methods for the following: total yeast and mold
(TAMC), total aerobic microbial count (TAMC), bile tolerant gram negative (BTGM), E. Coli, and
Salmonella. Reference values must be drawn from appropriate international standards laid out
in Schedule B of the Food and Drug Act (e.g., from the European Pharmacopoeia [EP] or the
United States Pharmacopoeia [USP]). In addition to testing, the Cannabis Regulations describe
production practices that should be taken to avoid contamination and on-going reporting
requirements. 20 However, there is no requirement to report microbial test results on product
labels.
Due to the lack of national guidelines, in the U.S. there is variation between states in standards
for microbial testing and control.
In Oregon, producers are required to test for only two
organisms: E. Coli and Salmonella. Instead of testing for other microbes, the state requires
produces to limit water activity (Aw) to less than 0.65, on the grounds that this should prevent
microbial growth. 21 As described by Seltenrich, this policy does not conform to the
recommendations of a white paper on microbial testing by the independent Cannabis Safety
Institute.[3] Although the Cannabis Safety Institute recommends limiting water activity during
curing processes (to <0.6), in addition for testing for E. Coli and Salmonella, it proposes testing
for four species of Aspergillus (A. flavus, A. fumigatus, A. niger, and A. terreus). The white
paper does not recommend testing for aflatoxins, on the ground that they would be at least
partly degraded by the heat of smoking or decarboxylation. 22 It also notes solvents used for
creating concentrates may have a sterilizing effect; as a result, testing requirements should be
specific to the cannabis form.22
In California, testing requirements vary according to whether it is inhalable cannabis, an
inhalable cannabis product, or other cannabis products. 23 For all products, testing is required for
E. Coli, Salmonella and mycotoxins. For inhalable products, tests must be conducted for four
Aspergillus species, but producers have the liberty of choosing between three testing methods:
live culture, polymerase chain reaction [PCR] to test for DNA of the target strain, or quantitative
PCR. Unfortunately, as described by Seltenrich, all three methods have both strengths and
weaknesses.3
Montoya et al. report that their searches found no reports of human pathogenic viral
contamination of cannabis. However, as other crops have demonstrated contamination by
various noroviruses, rotavirus, and enteroviruses, the possibility cannot be ruled out.10
2) Plant Growth Regulators
A variety of agents are used during cultivation to encourage growth and reduce pests, including
fertilizers and pesticides (a category that includes fungicides and insecticides). A 2021 review
by Pinkhasova et al. argue that pesticide exposure can trigger serious adverse neurological
effects, particularly in people with (probably unknown) genetic susceptibilities.4 Protecting
consumers from pesticide exposure is particularly important for those who are using it to treat or
ameliorate medical conditions.
In Canada, Health Canada has produced a separate document outlining the mandatory
pesticide testing that must be conducted by legal cannabis growers and producers. 24 Testing
must be conducted by an independent, licensed laboratory using validated methods on a
representative sample of each lot or batch for all pesticide active ingredients with an establish

limits of quantification (LoQ) standard. An accompanying List and Limits document specifies the
96 active ingredients that should be tested for and, where applicable, LoQs for fresh cannabis
and plants, dried cannabis, and cannabis oil. 25 In addition to testing and reporting, producers
must have an integrated plant management plan to reduce the reliance on pest control products
and ensure only those 17 pesticides approved by Health Canada for cannabis are used.
However, there is no requirement to report testing results on cannabis labels. 26 Furthermore,
vigilance is required. A 2017 study of 144 samples from licensed cannabis producers found 26
(18%) showed the presence of unauthorized pest control products. 27
As is the case for microbial contamination, requirements for plant growth regulators vary
between American states. In Washington state, screening for unapproved pesticides is required
for medical cannabis but implementation of testing requirements for recreational products has
been delayed by the COVID-19 pandemic. 28 29 In Oregon, there is mandatory testing for a list
of 59 analytes generated by working groups of experts, each with an action level based on the
highest laboratory LoQ multiple by a factor of two.21 In California, cannabis testing is part of the
state’s Pesticide Residue Detection Program. As summarized by Valdes-Donoso et al, in
California, all batches of legal cannabis must be tested for 66 pesticides, of which the tolerance
for 21 is zero. 30
3) Heavy Metals
The cannabis plant is a hyperaccumulator, which means it is proficient in taking up metals that
may be present in the soil or growing medium or from phosphorus-based fertilizers. Cannabis
may also be cross-contaminated by metals during processing or, in some cases, by metal
components of vape pens and other electronic vaporizers.3 31 Fortunately, uptake during
growth typically occurs in specific areas already contaminated with metals and thus is seldom
widespread. 32 Metals that have been found in cannabis and/or cannabis products include
cadmium (a carcinogen), lead (a neurotoxin), mercury (a neurotoxin), and arsenic (an endocrine
disruptor and carcinogen).
Control of heavy metal contamination is critical in protecting the health of cannabis users. In
2007, the presentation of 35 adults to Leipzig, Germany, hospitals because of lead poisoning
led to the study of locally-available cannabis. Of 597 people tested, 27.3% had blood lead
concentrations requiring treatment and another 12.2% had levels indicating the need for
monitoring. 33
In Canada, testing of cannabis products for heavy metals falls under the mandate of Schedule B
of the Food and Drug Act, the same guidelines that are used for the production of
pharmaceuticals.20 The limits set out in Schedule B for cadmium, lead, arsenic and mercury
were not developed specifically for cannabis, but are based on existing (USP or EP) guidelines
and applied to inhaled cannabis goods. 34 As is the case for plant growth regulators, there is no
requirement to report test results on products labels.
There is considerable variation in testing for metals between various American states. The
Oregon guidelines address only microbes, pesticides, and solvents and there is no discussion of
heavy metal contamination.21 In California, there are different limits for the four metals for
inhaled and other cannabis goods, while Connecticut, Maryland, Nevada and New Mexico do
not distinguish between mode of administration but provide recommendations in the form of
amount per kilogram of body weight per day.34
4) Solvents
Solvents may be used to extract cannabinoids from the cannabis flower and are the basis of
creating cannabis concentrates. In the USP, 59 solvents are considered permissible to be used

in manufacturing herbal medicines and other drug products. However, there are limitations to
the USP data: a) long-term data on toxicity and carcinogenicity are lacking for many permitted
solvents, and b) solvents used by illegal operations, such as butane and propane, are missing.3
The issue of solvent contamination is particularly important for products such as dabs, cannabis
concentrates that are volatized on a hot platform and vaporized through a water pipe. 35 A
number of small studies have reported high rates of solvent contamination in commercial
concentrates, including those sold for medicinal purposes.35 36
In Canada, between October 2019 and 2020, Health Canada had a list of residual limits (in
parts per million) for cannabis oil products for 31 solvents. 37 As of 2021, however, producers
were referred to Schedule B of the Food and Drug Act.20 Limits vary according to the type of
product and its intended use (e.g., topical, inhale or edible).
As with other contaminants, standards for solvent residuals vary between American states. In
Oregon, for example, action levels are listed for 45 solvents while Maryland tests for 8, and New
York allows only supercritical fluid extraction (e.g., CO2).12 38
5) Other Contaminants
If good practices are not followed, a variety of plant, metal or other materials can be introduced
to cannabis during the time of growth, storage, or production (e.g., machine oils or parts, insect
parts, rodent droppings, ash, etc.).10 In some cases, foreign matter may be deliberately added
by unscrupulous, illegal operators. For example, in the UK, tiny glass beads were added to
make the cannabis heavier and mimic the crystalline resin typical of a high-THC content. This
“grit weed” was associated with a number of potential harms, including mouth sores and ulcers,
persistent coughs, and chest tightness.31
Cannabis contamination with other psychoactive drugs is possible but appears to be rare. For
example, at this point there are have been no laboratory-confirmed reports of cannabis
contamination with the high-potency opioid fentanyl or other narcotics. 39 A more common
concern is contamination of cannabidiol (CBD) products with unreported or unexpectedly high
levels of psychoactive tetrahydrocannabinol (THC). 40
Conclusions
Contamination of cannabis takes numerous forms and can be a significant health concern,
especially for individuals with health problems or compromised immune systems. Deliberate
contamination of cannabis product should occur only in the black market, as legal operators are
under the obligation to conform to state or national safety standards utilized for food and drugs.
Nonetheless, there are gaps in safety standards and the standards are only as strong as the
level of enforcement. In Canada, there is a national testing and reporting system, which should
ensure limited contamination and consistency between provinces/territories, although violations
are documented. Thus, vigilance is nonetheless required to ensure cannabis producers meet
the mandated standards and minimize contamination.

Footnotes
1

Little S. Black market B.C. weed tainted with pesticides, contaminants, testing show. Global News.
Posted June 9, 2021; updated June 10,2021. (article)
2
Canadian Press. Pre-rolled joints recalled over contamination concerns, Health Canada says. Posted
July 11, 2021; updated July 13, 2021. (article)
3
Seltenrich N. Cannabis contaminants: regulating solvents, microbes, and metals in legal weed. Envir
Health Persp 2019;127(8): 082001-1-083001-6 (article)
4
Pinkhasova DV, Jameson LE, Conrow KD, Simeone MP, Davis AP, Wiegers TC, Mattingly CJ, Leung
MCK. Regulatory status of pesticide residues in cannabis: Implications to medical use in neurological
diseases. Curr Res Toxic 2021;2:140-8 (article)
5
McLarent J, Swift W, Dillon P, Allsop S. Cannabis potency and contamination: a review of the literature.
Addiction 2008;103;1100-9 (article)
6
Russo EB. Current therapeutic cannabis controversies and clinical trial design issues. Front Pharmacol
2016;7 (article 309): 1-19 (article)
7
Sarma ND, Waye A, ElSohly MA, Brown PN, Elzinga S, Johnson HE, Marles RJ, Melanson JE, Russo
E, Deyton L, Hudalla C, Vrdoljak GA, Wurzer JH, Khan IA, Kim N, Giansaspro GI. Cannabis inflorescence
of medical purposes: USP considerations for quality attributes. J Nat Prod 2020;83:133401351 (article)
8
McPartland JM. Microbiological contaminants of marijuana. J International Hemp Association 1994;1:4144 (article)
9
Verweij PE, Kerremans JJ, Voss A, Meis JFGM. Fungal contamination of tobacco and marijuana. JAMA
2000;284: 2874. (link)
10
Montoya Z, Conroy M, Vanden Heavel BD, Pauli CS, P S. Cannabis contaminants limit
pharmacological use of cannabidiol. Front Pharmacol 2020;11 (article 57):1-10 (article)
11
Di Nardo F, Cavalera S, Baggiani C, Chiarello M, Pazzi M, Anfossi L. Enzyme immunoassay for
measuring Aflatoxin B1 in legal cannabis. Toxins 2020; 12 (265):1-10 (article)
12
Vujanovic V, Korber DR, Vujanovic S, Vujanovic J, Jabaji S. Scientific prospects for cannabismicrobiome research to ensure quality and safety of products. Microorganisms 2020;8:290 (article)
13
Kagen SL, Kurup VP, Sohnle PG, Fink JN. Marijuana smoking and fungal sensitization. J Allergy Clin
Immunol 1983;71:389-93. (article)
14
Kurup VP, Resnick A, Kagen SL, Cohen SH, Fink JN. Allergenic fungi and actinomycetes in smoking
materials and their health implications. Mycopathologia 1983;82:51-4 (link)
15
McHardy I, Romanelli A, Harris LJ, Opp G, Gaudino R, Torres A, Polage CR, Tuscano JM, Thompson
GR 3rd. Infectious risks associated with medicinal cannabis: potential implications for
immunocompromised patients? J Infect 2018;76:500-501 (link)
16
Couch JR, Grimes GR, Green BJ, Wiegand DM, King B, Methner MM. Review of NIOSH cannabisrelated health hazard evaluations and research. Ann Work Expo Health 2020;64(7):693-704 (article)
17
Hamadeh R, Ardehali A, Locksley RM, York MK. Fatal aspergillosis associated with smoking
contaminated marijuana, in a marrow transplant recipient. Chest 1988;94:432-3 (link)
18
Cescon DW, Page AV, Richardson S, Moore MJ, Boerner S, Gold WL. Invasive pulmonary
aspergillosis associated with marijuana use in a man with colorectal cancer. J Clin Oncol 2008;26:2214-5
(link)
19
Gargani Y, Bishop P, Denning DW. Too many mouldy joints – marijuana and chronic pulmonary
aspergillosis. Mediterr J Hematol Infect Dis 2001;3:e2011005 (article)
20
Government of Canada. Good Production Practices Guide for Cannabis, Requirements under part 5 of
the Cannabis Regulations. Date modified: 29/10/2019. Available online at
https://www.canada.ca/en/health-canada/services/cannabis-regulations-licensed-producers/goodproduction-practices-guide.html
21
Farrer DG. Technical Report: Oregon health Authority’s process to determine which types of
contaminants to test for in cannabis products, and levels for action. Oregon Health Authority, 2015.
(report)
22
Holmes M, Vyas JM, Steinbach W, McPartland J. Microbiological Safety Testing of Cannabis. Cannabis
Safety Institute, May 2015. (report)
23
Bureau of Cannabis Control, California. Required testing for all cannabis harvested on or after 1/1/2018
and all cannabis products manufactured on or after 1/1/2018. (chart)

24

Government of Canada. Mandatory Cannabis Testing for Pesticide Active Ingredients. Requirements.
Published August 30, 2019. Cat: H14-270/2-2019E-PDF (report)
25
Government of Canada. Mandatory Cannabis Testing for Pesticide Active Ingredients. List and limits.
Published August 30, 2019. Cat: H14-270/1-2019E0PDF (report)
26
Health Canada. Packaging and labelling guide for cannabis products, Requirements under the
Cannabis Act and the Cannabis Regulations. Government of Canada, Ottawa: 2019. Cat: H134-8/2019EPDF (link)
27
Moulins JR, Blais M, Montsion K, Tully J, Mohan W, Gagnon M, McRitchie T, Kwong K, Snider N, Blais
NS. Multiresidue method of analysis of pesticides in medical cannabis. J AOAC Int 2018;101:1948-1960
(article)
28
Washington State Department of Health. Medical Marijuana. Product Compliance; Pesticide Testing.
(webpage)
29
Schaneman B. COVID-19 delays mandatory pesticide testing for Washington state recreational
cannabis. MJBiz Daily. Published May 14, 2020. (webpage)
30
Valdes-Donoso P, Summer DA, Goldstein R. Costs of cannabis testing compliance: Assessing
mandatory testing in the California cannabis market. PlosOne 2020;15(4):e0232041 (article)
31
Dryburgh LM, Bolan NS, Grof CPL, Galettis P, Schneider J, Lucas CJ, Martin JH. Cannabis
contaminants: sources, distribution, human toxicity and pharmacologic effects. Br J Clin Pharmacol
2018;84:2468-2476 (article)
32
Allsop S. Cannabis potency and contamination: a review of the literature. Addiction 2008; 103:11001109 (article)
33
Busse F, Omidi L, Timper K, Leichtle A, Windgassen M, Kluge E, Stumvoll M. Lead poisoning due to
adulterated marijuana. NEJM 2008;358:1641-2 (link)
34
Hineman A, Purcell-Joiner R, Astill T, PerkinElmer Inc, Anresco Laboratories. Digestion, Testing and
Validation of Heavy Metals in Cannabis. PerkinElmer website (report)
35
Raber JC, Elzinga S, Kaplan C. Understanding dabs: contamination concerns of cannabis concentrates
and cannabinoid transfer during the act of dabbing. J Toxicol Sci 2015;40(6):797-803 (article)
36
Alzghari SK, Fung V, Rickner SS, Chacko L, Fleming SW. To dab or not to dab: rising concerns
regarding the toxicity of cannabis concentrates. Cureus 2017; 9(9):e1678 (article)
37
Health Canada. Limits for Residual solvents in Cannabis Products. Date modified: 8/11/2018.
(webpage)
38
Labs W. Cannabis testing is an exact science – regulations are not. Food Safety Magazine. June 2019.
(website)
39
Mitchell I, Walsh Z. Narcotics in cannabis edibles? There’s no need for naloxone. CMAJ 2020;192:E1-2
(article)
40
Lachenmeier DW, Habel S, Fischer B, Herbi F, Zerbe Y, Bock V, de Rezende TR, Walch SG, Sproll C.
Are side effects of cannabidiol (CBD) products caused by tetrahyocannabinol (THC) contamination?
F1000Research 2020;8:1394 (article)

