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Determination of pesticides in cannabis facilities is increasingly important as medicinal
and recreational uses of cannabis products expand rapidly. We report a method involving
wipe sampling, liquid chromatography separation, and tandem mass spectrometry, which
enables determination of 82 pesticides out of the 96 regulated by Health Canada. To demon-
strate an application of the method, we sampled and measured pesticides in two cannabis
growing facilities, representing a non-certified and a certified site. We detected 41 pesti-

cides in surface wipe samples at the non-certified site and 6 at the certified site. This study
provides the first evidence showing pesticide occurrence on common surfaces in cannabis

growing facilities and points to a need for routine monitoring and strict control of pesticide

use in cannabis facilities.

© 2020 The Research Center for Eco-Environmental Sciences, Chinese Academy of

Sciences. Published by Elsevier B.V.

Introduction

Cannabis has been used historically for a variety of pur-
poses, the most common being medicinal and recreational
(Andre et al., 2016; Zuardi, 2006; Mercuri et al., 2002;
Touw, 2018). Medicinal benefits are primarily pain manage-
ment and appetite stimulation, while the psychoactive com-
ponents of cannabis have been used recreationally. Follow-
ing the illegalization of other drugs like opioids in the 1800-
1900's cannabis became a banned, or controlled, substance in
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many regions of the world. Nevertheless, the diverse medici-
nal properties of cannabis, like the seeds being used as a laxa-
tive, meant its use prevailed in several countries (Zuardi, 2006;
Ashton, 2001; Baron, 2018; Borgelt et al., 2013; Walsh et al.,
2013). In recent years, many regions and nations have decrim-
inalized or legalized cannabis use. Notably, cannabis use be-
came legal in Canada in October 2018.

Increasing legalization and decriminalization of cannabis
has dramatically increased recreational use over the last
decade. While global numbers of cannabis users have re-
mained stable, from 2007 to 2017 the number of recurring-
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users increased by about 70% in the United States and daily
users more than doubled (UNODC, 2017; UNODC, 2019.In 2018,
it was estimated that there were 188 million global cannabis
users, placing it as the most widely used drug in the world
(UNODC, 2017). Numerous reports have indicated high preva-
lence of pesticides on illegal crops or medicinal crops, lead-
ing to strict requirements for quality assurance and quality
control (QA/QC) of cannabis products to ensure the health
and safety of consumers (Stone, 2014; Dryburgh et al., 2018;
Moulins et al., 2018). New regulations in Canada stipulate
that all active ingredients and contaminants present in the
final product need to be reported and must be below max-
imum allowable levels for product release. Regulated con-
taminants of concern include pesticides, heavy metals, mi-
crobials, and in some regions, residual solvents (APHL Guid-
ance, 2016; Government of Canada Law, 2018; Craven et al.,
2019; Tran et al., 2018) . Health Canada has released a watch
list of 96 pesticides with a maximum allowable level in the
range of 0.01 - 1 pg/g for each class of cannabis product: fresh
plant, dried plant, or oil (Government of Canada Law, 2018;
Craven et al., 2019). However, because of the speed at which
legalization occurred the released regulatory values are in-
complete, as a few pesticides are missing some, or all, of the
maximum allowable level for each product type (denoted by
asterisks in SI Table S8) (Government of Canada Law, 2018;
Craven et al., 2019).

Similar to the control of pesticides in food products, the
control of pesticides in production of cannabis products is reg-
ulated under the Pest Control Act of Canada (Government of
Canada Law, Pest Control Products Act S.C. 2002, c. 28). All
materials used from seeds to the final products must be
certified and documented. The strict QA/QC for pesticide
residues is necessary because of their potential adverse health
effects (Tran et al,, 2018; EN 15662 Method; Barcelo, 1993;
Damalas and Eleftherohorinos, 2011). These include carcino-
genicity, mutagenicity, and other toxic effects, some of which
may be lethal at sufficient exposure (Stone, 2014; Barcelo, 1993;
Damalas and Eleftherohorinos, 2011; Mostafalou and Abdol-
lahi, 2017; Derbalah et al., 2019; Fu et al., 2018; Mostafalou and
Abdollahi, 2013; Ye et al., 2017). Additionally, some pesti-
cides are persistent pollutants and can remain in the environ-
ment long-term (Damalas and Eleftherohorinos, 2011; Arias-
Estevez et al., 2008; Peterson et al., 2017). While the require-
ments for cannabis products are clear, there are no regula-
tions or guidelines for acute or chronic occupational exposure
within the growing facilities. Research on the presence of pes-
ticides in cannabis growing facilities and growers’ exposure to
pesticides is scarce. Therefore, we investigated the occurrence
of pesticides in one certified and one non-certified cannabis
growing facility.

To assess pesticide occurrence in cannabis growing facili-
ties, we developed a new high-performance liquid chromatog-
raphy tandem mass spectrometry (HPLC-MS/MS) method for
the analysis of 82 of the 96 pesticides listed by Health Canada.
We also implemented a simple sampling method for monitor-
ing pesticides in these facilities. The wipe sampling procedure
was used to investigate the presence of pesticides. The non-
certified site has protocols and guidelines still under review
and was awaiting their license at the time of sampling. The

certified facility has a license to grow cannabis and has estab-
lished proper protocols and guidelines for all workers.

1. Experimental section
1.1. Chemicals and materials

Formic acid (FA) and syringe filters (PVDF, 0.22 pm) were pur-
chased from Sigma-Aldrich (St. Louis, MO, USA). Optima wa-
ter, methanol (MeOH), acetonitrile (ACN), and pesticide stan-
dards (listed in Appendix A Table S1) were purchased from
Fisher Scientific (Fair Lawn, NJ, USA). The HPLC column was
purchased from Restek (Bellefonte, PA, USA). Internal stan-
dards were ordered from Toronto Research Chemicals (TRC;
North York, ON, USA). Polypropylene centrifuge tubes were
purchased from Fisher Scientific (Fair Lawn, NJ, USA).

1.2. HPLC-MS/MS analysis of pesticides

The HPLC-MS/MS method was first developed and validated
with standards in our laboratory at the University of Alberta
using a Shimadzu (Kyoto, Japan) HPLC system with a 5500
Sciex MS system (Sciex, Concord, ON, USA). A Restek biphenyl
column (100 mm x 3.0 mm, 4.5 um particle size; Bellefonte, PA,
USA) was used for the separation and kept at 40 °C. The mo-
bile phase included solvent A consisting of water containing
0.1% FA and 5 mmol/L ammonium formate, and solvent B con-
taining MeOH with 0.1% FA and 5% water (mobile phases pre-
pared V/V). The mobile phase was at a flow rate of 0.8 mL/min.
The HPLC system was equipped with an autosampler and the
injection volume was 3 pL. The optimized gradient elution
was detailed in Appendix A Tables S2 and S3. The optimized
method was used to determine LOD and extraction efficiency
from the kimwipes in the University of Alberta laboratory.

The validated method was transferred to the Molecular Sci-
ence Co (MSC) mobile laboratory equipped with a Shimadzu
(Kyoto, Japan) HPLC system with a 6500+ Sciex MS system
(Sciex, Concord, ON, USA). The same type of column, Restek
biphenyl column (100 mm x 3.0 mm, 4.5 um particle size; Belle-
fonte, PA, USA), and the same composition of the mobile phase
was used for the analysis. Injection volume was 3 pL. To in-
crease the sample throughput, we increased the flow rate to
1.0 mL/min and the column temperature to 50 °C. The gradient
program was re-optimized and is described in Appendix A Ta-
bles S4 and S5. The method was re-validated by analysis of the
standards to provide consistent results with those at the uni-
versity laboratory. All samples collected from the non-certified
and certified site were analyzed using the HPLC-MS/MS (Sciex
6500+) method in the MSC mobile laboratory.

Multiple reaction monitoring (MRM) mode was used to de-
tect and quantitate pesticides and internal standards for both
methods. The MRM transitions for individual pesticides and
the selected internal standards were presented Appendix A
Table S1. Confirmation and identification of pesticides in the
samples were achieved based on the match of retention time,
detection of both MRM transitions, and theirion ratios to those
of the commercial standards. Detailed information about the
method is available in the Appendix A.
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1.3. Control experiments for wipe sampling tests

First, two types of sampling surfaces were tested for extrac-
tion: a polypropylene and a glass surface, each approximately
930 cm?. This was to evaluate feasibility of the wipe sampling.
Each surface was washed four times, with 5 mL each of MeOH
followed by ACN, water, and finally MeOH. Surfaces were left
to dry fully after each wash. 1 mL of a 500 pg/L pesticide mix
was deposited onto the surface. In total, there were six sur-
faces tested for recovery, 3 plastic and 3 glass. After drying, a
Kimwipe (21 x 11 cm) was used to thoroughly wipe along the
surface. The wipe was then placed into a new clean tube (that
is sterile 50 mL-polypropylene centrifuge tube). A volume of
10 mL of MeOH was added into the tube to extract the pesti-
cides on the wipe. The tubes were sonicated (in a water bath)
for 10 min. Liquid samples were collected from the tubes and
filtered through a 0.22 pym PVDF 13 mm diameter filter unit
(Merck Millipore, Burlington, MA, USA). The procedures of the
extraction are described in Appendix A Fig. S1.

1.4. Sample collection

Samples were collected from two different growing sites in
British Columbia, Canada, where we got permission to access
through the collaboration with Molecular Science Co. These
sites will be referred to as non-certified and certified. Sam-
ples were taken from common surfaces, though the certified
site had more extensive sampling done because of longer time
for the access. Common surfaces included door handles, light
switches, plant pots, metal stems for plant containment, and
other similar surfaces. The non-certified site had additional
swabs taken from the water sprayer nozzle and the water
reservoir. The certified site involved a greater number of indi-
vidual swabs of different apparatus such as the HVAC screen,
dry room screen, twister trimmer, dry room, solvent wash,
doors, and handles.

Inequal access to the two growing facilities resulted in dif-
ferences in the number of samples and sample types obtained.
As many surfaces were sampled as possible within the lim-
ited facility access and sampling time constraints at the non-
certified site. At the certified site, permission was granted to
collect samples without time restriction, therefore samples
covered the entire facility. At both sites, all of the surfaces were
sampled with a wipe, then stored in new, clean sterile 50 mL-
polypropylene centrifuge tubes. A schematic of the sampling
procedure is described in Appendix A Fig. S1. The area wiped
was estimated for the swabs and values are reported in pg of
pesticide/square centimeter of area wiped (Appendix A Table
S7).

1.5. Extraction

Stored wipes were extracted using the same liquid extraction
method described in Section 1.3. To extract pesticides, 10 mL
of MeOH was added to each of the 50 mL-polypropylene tubes
and spiked with the internal standards each at 10 pg/L final
concentration. The sample vials were thoroughly shaken (by
hand) for 5 min. Following, samples were filtered through a
0.22 pm PVDF 13 mm diameter filter unit. Additional details
are provided in Appendix A Fig. S1.
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Fig. 1 - HPLC-MS/MS chromatogram of the 82 out of the 96
standard pesticide mix. Gradient separation performed
with a Restek biphenyl column at 40 °C at the university
laboratory.

2. Results and discussion
2.1. HPLC-MS/MS method

We have successfully developed a novel, accurate, sensitive,
and fast HPLC-MS/MS method for the detection and quanti-
tation of 82 of the 96 Health Canada pesticides using an op-
timized and scheduled MRM approach. Fig. 1 shows the sep-
aration of the pesticide standards at 50 pg/L. This method
achieves an instrument limit of detection (LOD at S/N = 3)
in the range of 0.02-5 pg/L for all but six pesticides. Methyl
parathion, permethrin, cypermethrin, MGK-264, azadirachin,
and daminozide, had LODs (at S/N = 3) of 6, 9, 15, 20, 37, and
93 pg/L, respectively (Appendix A Table S8).

Of the remaining 14 pesticides on Health Canada’s watch
list, seven were detectable but not quantifiable using the
LC-ESI-MS/MS method. The seven non-detectable pesticides
were abamectin, endosulfan (alpha and beta) sulfate, etridi-
azole, fenvalerate, kenoprene, phenothrin, and quintozene
(also known as pentachloronitrobenzene). These seven pes-
ticides are not readily compatible with LC or ESI-MS, so they
are not detected. However, other methods, including APCI-MS
or GC-MS, have detected these seven pesticides (Craven et al.,
2019; Alder et al., 2006; Dalmia et al., 2018). Next, we further
demonstrated the application of our method for environmen-
tal studies by screening two cannabis growing facilities that
we got permission to access.

2.2.  Swiping sampling and extraction

We investigated the occurrence of pesticides in two cannabis
growing facilities because no study has yet to report on this.
To rapidly screen the facilities, we used a modified wipe sam-
pling method based on the United States Pharmacopeia (USP)
method for inspecting contamination of hazardous drugs in
healthcare settings (USP, 2017). Appendix A Fig. S1 shows the
procedures of sampling and extraction schematically.
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Fig. 2 - Estimation of the amount of pesticide per square centimeter detected at the non-certified growing facility. (a) Shows
the mid-range of pesticides from 2.8e5-9.0e~5 pg/cm?. (b) Shows the highest range of pesticides detected, detected greater
than 9.0e~% ug/cm?. The secondary y-axis represents pyrethrin I and pyrethrin II, which were detected at higher

concentrations than the other pesticides.

The sampling method was designed to be simple and suffi-
cient for qualitatively inspecting facilities, as the USP method
intended. As shown in Appendix A Fig. S4, the estimated av-
erage recoveries from the simulated sampling method ranged
from 1% to 126% on glass and plastic surfaces because of the
vast differences in the physicochemical properties of the 96
pesticides. Further details on the simulated sampling method
is described in Appendix A Fig. S4 and Table SO.

2.3.  Pesticides in two growing facilities

Two cannabis growing facilities at different stages of licens-
ing, non-certified and certified, were sampled with the wipe
sampling method. Sampling at each location was dictated by
the level of access provided by the facility, and each wipe
was extracted in 10 mL MeOH. Fig. 2 shows the estimated
amount of pesticides per square centimeter of area wiped at
the non-certified site: 13 pesticides at 2.8e™> - 9.0e~> pg/cm?
(Fig. 2a) and 9 pesticides greater than 9.0e~> pg/cm? (Fig. 2b).
Additional data for the pesticides detected at less than
2.8e~> ug/cm? are provided as Appendix A Figs. S2 and S3. In

the 10 mL extracts, Pyrethrin I and II were estimated at 0.01
and 0.1 pg/cm?, respectively, which were orders of magnitude
higher than any of the other detected pesticides.

Fig. 3 shows the estimated amount of pesticides per square
centimeter detected throughout the certified site. A total of
41 pesticides were detected at the non-certified site. This
is in stark contrast to the certified site, where a total of 6
pesticides were detected, all at estimated amounts below
0.0000002 pg/cm?. Although we only received access to screen
two sites, the results highlight the occurrence of pesticides
in growing facilities and the workers’ exposure. Therefore, it
is needed to regularly screen the facilities to eliminate pes-
ticides. The results indicate the need to screen the materials
(e.g. seeds, soil, water, and nutrients) used to grow cannabis.
It is necessary to establish strict protocols for QA/QC and per-
sonal safety throughout the facility, supported by the fact that
the certified site has significantly less pesticides detected. For
example, proper personal protective equipment, watering and
spraying, and thorough cleaning of various apparatus as well
as the growing rooms was enforced and regularly performed.
The non-certified site had incomplete or fewer protocols in
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Fig. 3 - Estimation of the amount of pesticide per square centimeter detected at the certified growing facility.

place at the time of sampling. The simple wipe test developed
for this study can help growers improve their protocols to en-
sure safe working conditions for workers in the facilities as
well as better QA/QC for cannabis products. In fact, follow-up
communication with the non-certified growing facility regard-
ing these results helped the site to actively clean up and im-
prove the protocols within the facility.

3. Perspective

The results of this study highlight the need for proper moni-
toring of pesticides in cannabis growing facilities, not just in
the final consumer product. The simple wipe sampling proce-
dure with HPLC-MS/MS analysis demonstrated the occurrence
of these pesticides at two different cannabis growing facili-
ties. This is the first study of its kind to highlight the need
of routine monitoring of these pesticides in farming facilities
to eliminate the pesticides in final products, as well as to re-
duce workers’ occupational exposure. The routine screening
will lead to a clean product, which is important to the finan-
cial outcome of the producers and health safety of the con-
sumers and workers. The screening method is also useful for
monitoring pesticides in other produce and food production
facilities.
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