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Cannabinoid’s Wingman?

Determination of Flavonoids in Hemp by Reversed-Phase HPLC

Flavonoids are found in many colorful fruits, leafy greens,
vegetables, and citrus. They are generally associated with
the defense system of the plant and protect the plant from
hungry herbivores and disease. There are over 5,000
various forms of flavonoids identified throughout the world
which are generally found in the leaves, roots, and stems.
In cannabis, the highest concentrations are present in the
leaves, stems, and pollen.1 There are approximately twenty
flavonoid compounds found in cannabis including two that
are wholly unique to the plant, cannflavin A, and cannflavin
B. The flavonoids exhibiting the highest concentration in
cannabis include kaempferol, quercetin, apigenin, luteolin,
vitexin, isovitexin, and orientin. Cannabis research involving
flavonoids has indicated activation of both CB1 and CB2
receptors2 in addition to playing a role in the THC metabolism
pathway. These discoveries indicate that flavonoids
competitively bind to both the CB1 and CB2 receptors3
and provide a more therapeutic experience. Adding to
the entourage effect is not the only positive attribute of
flavonoids. They also contribute a wide range of overall health
benefits including anti-cancer, anti-aging, DNA repair, and
anti-inflammatory4 qualities just to name a few.
As consumers of cannabis become more aware of
the full capacity of the plant, analysis of the entourage
compounds associated with the various strains should
become commonplace. In an effort to provide the end
user with a more complete experience, Hamilton Company
has developed a method to confirm the 7 most common
flavonoids found in cannabis utilizing the PRP-1 5 µm HPLC
column. The polymeric stationary phase used in the PRP-1
column yield good peak shape while adding value to the
identification. Sample preparation is kept to a minimum with
only a 15 minute sonication extraction using ethanol:water
3:1. After centrifugation, the sample is injected. There is no
need to filter the sample, allowing faster analysis with the
dilute and shoot sampling protocol while still maintaining
consistent results. This method utilizes tetrahydrofuran
and formic acid as mobile phases and provides baseline
separation for all the components in under twelve minutes.
Author: Adam L. Moore, PhD
©2020 Hamilton Company. All rights reserved.
All other trademarks are owned and/or registered by Hamilton Company in the U.S. and/or other countries.
Lit. No. L80114 — 10/2020
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6. Quercetin
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3. Vitexin
7. Kaempferol

Column Information
Packing Material

PRP-1, 5 µm

P/N

79444

Chromatographic Conditions
Gradient

0.0 – 1.0 min 5% B
1.0 – 1.5 min 5 – 30% B
1.5 – 8.0 min 30% B
8.0 – 13.0 min 30 – 65% B

Temperature

35 °C

Injection Volume

5 µL

Detection

UV at 360 nm

Dimensions

150 x 4.1 mm

Eluent A

10 mM Formic Acid

Eluent B

Tetrahydrofuran

Flow Rate

1.0 mL/min.

1)
2)
3)
4)

Flores-Sanchez, I; Verpoorte, R. Phytochem Rev (2008) 7:615–639.
Barrett, M; Scutt, A; Evans, F. Experientia. (1986) 15;42(4):452-3.
Pollastro, F; Minassi, A; Luigia-Grazia, F. Curr Med Chem . 2018;25(10):1160-1185.
Seelinger G, Merfort I, Schempp CM. Planta Med. 2008 74(14):1667-77.

For more information on Hamilton HPLC columns
and accessories or to order a product, please visit
www.hamiltoncompany.com or call (800) 648-5950
in the US or +40-356-635-055 in Europe.
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cannabis news focus
Top Cannabis Innovators Combine
to Launch US Cannabis Council
By Madeline Colli

IN A RECENT press release (1), the formation of the largest coalition of its kind was announced—the US Cannabis
Council (USCC), a 501(c)4 nonprofit organization. The USCC
will strategically align and unify its members’ views collectively to continue to advance cannabis reform. USSC is compiled of some of the top cannabis businesses, associations,
and advocacy organizations residing in the US.
Through this impressive alliance of individuals, businesses, and organizations, they plan to bring an end to the federal cannabis prohibition, work on securing federal reforms that
will assist in the fight for social equity, and promote safe, fair,
and well-regulated markets throughout the nation as states
legalize cannabis.
“USCC is a unified voice advocating for the descheduling
and legalization of cannabis,” said USCC Interim CEO Steven
Hawkins, a leader in civil and human rights who also serves as
Executive Director of the Marijuana Policy Project, a founding
member of USCC (1). “Legalization at both the state and federal level must include provisions ensuring social equity and
redress for harms caused to communities impacted by cannabis prohibition.”
By uniting together, USCC seeks to raise ethical standards
within the cannabis industry, help get justice for the communities that were disproportionately impacted because of
misguided federal and state policies, and build an inclusive
well-regulated cannabis industry that includes financial, environmental, and social benefits partaken by all.
In Washington, D.C., congressional leaders are already eager to begin working with the USCC. The newly formed coalition plans on becoming a leading resource in the US so that
it has stronger ability to influence policy change occurring at
both the federal and state levels.
“As founder and co-chair of the Congressional Cannabis
Caucus, I’ve seen first-hand that our most successful cannabis wins have been secured by a team,” said U.S. Rep. Earl Blumenauer, D-Ore (1). “That’s why I am glad to see this first-ofits-kind alliance. We have a unique opportunity in the 117th
Congress to advance cannabis reform, but we must remain
united to create the change we know is possible. I look forward to welcoming the United States Cannabis Council to
Washington, D.C. and working together toward meaningful
policy change in the months and years ahead.”
“Today the cannabis industry has mobilized to make our
message clear—we must deschedule and legalize cannabis, and it is critical that it is done the right way,” said Christian Sederberg, USCC’s Acting Board Chairman and a partner

8

cannabis science and technology ®  |   vol. 4 no. 2

at national cannabis law firm Vicente Sederberg, a founding
member of USCC (1). “After so many years working towards
meaningful reform, it’s inspiring to see the diverse group of
partners who have formed this collective voice, and together, we are hopeful that true, meaningful federal cannabis reform is within reach.”
The founding members of the USCC exemplify some of the
most influential business and policy organizations in the cannabis industry. For every five board appointments, the USCC
will reserve an additional board seat for members that represent specific areas of focus, such as, diversity, equity, and inclusion (DEI) as well as other environmental concerns.
Founding members of the USCC consist of multi-state and
standalone associations, businesses, and advocacy organizations located throughout North America (1), including:
• A
 creage Holdings
• A
 kerna Corp.
• A
 merican Trade
Association of Cannabis
and Hemp
• A
 ssociation for
Cannabis Health Equity
and Medicine
• B
 ellRock Brands
• B
 uckeye Relief
• C
 annabis Trade
Federation
• C
 anopy Growth
Corporation
• C
 olumbia Care Inc.
• C
 resco Labs Inc.
• C
 ronos Group
• C
 ulta
• C
 uraleaf
• D
 NA Genetics
• E
 aze
• F lowhub
• G
 lobal Alliance for
Cannabis Commerce
• G
 ood Chemistry
• T he Grove Cannabis
Dispensary
• H
 eadcount’s Cannabis
Voter Project

• H
 usch Blackwell
• i Anthus Capital
Holdings, Inc.
• J ushi
• K
 eef Brands
• L ightshade
• L ivWell Enlightened
Health
• M
 arijuana Policy
Project
• M
 edicine Man
• M
 edMen
• N
 ative Roots Cannabis
Co.
• 1 906 New Highs
• P
 AX Labs
• P
 harmaCann
• P
 roKure
• R
 aw Garden
• S
 chwazze
• S
 cotts Miracle-Gro
Company
• U
 rbn Leaf
• V
 eterans Cannabis
Project
• V
 icente Sederberg LLP
• V
 ireo
• W
 ana

If you are interested in becoming involved with the
USCC or for more information, please visit www.uscannabiscouncil.org. The website also contains a full list of the USCC
organization members (2).
REFERENCES
1) https://www.businesswire.com/news/home/20210208005220/
en/Top-Cannabis-Businesses-Associations-and-AdvocacyOrganizations-Join-Forces-to-Launch-U.S.-Cannabis-Council.
2) http://www.uscannabiscouncil.org/members.
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cannabis news focus
CannaCareers: A Collective Partnership Helping
to Educate, Employ, and Promote Diversity and
Inclusivity in the Cannabis Industry

MexChriss / stock.adobe.com

By Madeline Colli

FORMED IN EARLY 2020, CannaCareers was created by a collective partnership
with the Brookyln, New York-based 501c3 nonprofit Women of Color in Cannabis (WOCC), Quality Control Analytics, THC Staffing Group, and Joint Venture & Co.
The CannaCareers program is comprised of a skill-building Webinar Series, Office
Hours, and a vetted Job Board.
WOCC wanted to establish a place with professional development resources for
individuals who may be unemployed, experiencing reduced hours at work, or others who wanted to use their free time to learn more during the COVID-19 pandemic.
This program features a network of resources for people interested in embarking
into the cannabis industry but who might be lost on where to begin. The organization resources were vetted and tested to ensure safe environments for black, indigenous, and people of color (BIPOC) folx inquiring about ways to engage in the cannabis industry. CannaCareers also provides those already involved in the industry
to use the program as a means to leverage themselves and move up in the field.
“Our CannaCareers program is a one-stop-shop for the cannabis inquisitive at
any part in their career journey,” said Shaloma “LoW” Wagstaffe, WOCC cofounder.
“This program was crafted with both the novice and professional in mind, and enriched opportunities for the BIPOC and gender-fluid communities. Our Module Sessions provide a deep dive suitable with a low to moderate level of understanding in
cannabis whereas our Office Hours program allows for beginners to work on their
resumes and ask basic questions. More experienced folx can use these 1:1 Office
Hour sessions to ask detailed questions or fine-tune a resume for an opportunity they had in mind. Our CannaCareers program also includes our vetted Job Board
that promotes safe work environments for all.”
The program will feature live monthly modules that take an in-depth look at a
skill or role in the cannabis industry to teach attendees everything they need to
know about entering into the part of the industry being discussed. Each module will
be led by a subject matter expert.
“CannaCareers was an important initiative for WOCC to create because education should not be yet another barrier for POC to enter the industry,” said Wagstaffe. “We wanted to provide FREE resources so they were accessible by marginalized communities. We understood that if we wanted to change the data of the
cannabis industry and create a diverse and equitable market, that it starts with
employment and representation at the highest level in cannabis companies. To do
so people need to be educated and hired; we decided to create these job preparedness resources to do just that. And as all good leaders know, you get farther together. To ensure this program was successful and provided actual resources that
could support program attendees we knew we needed to partner with other organizations doing the work to get the job done. We decided to work with these
trusted, female-owned and operated businesses to create an initiative that provides resources that are safe, tested, and vetted to support BIPOC and gender-fluid folx in cannabis.”
Learn more about the CannaCareers program at

wocc.world/cannacareers.

cannabissciencetech.com

New Hemp Refinery
Facility Unveiled by
Hemp Processing
Partners and United
Precision Engineering
By Madeline Colli

HEMP PROCESSING PARTNERS in
partnership with United Precision Engineering announced a new state-ofthe-art hemp refinery facility. The establishment is able to handle 15,000
pounds (lbs) per hour of dried hemp.
The process starts with isolating seed
and flower from the stalk of the plant.
From there, the stalks are fed into a
vertical decordification mill.
After these processes, the size and
product choice can be decided. These
hemp refinery facilities have been developed to be a central hub for hemp
processing for numerous areas in
the market. The facilities can also be
adapted to any geographical climate
with their large-scale drying system.
“We ensure quality throughout the
process by using computerized process control equipment as well as
RFID tracking through every phase
of production,” said Drew Pritchard,
Consultant/Engineering Tech of Hemp
Processing Partners. “Each custom
facility has a unique SOP written for
them as well as training and continued support for their systems.”
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cannabis analysis

Hemp Testing Insanity III:
This Time It’s the USDA!
By Brian Smith

T

he United States Department of
Agriculture (USDA) recently released their final rule entitled
“Establishment of a Domestic
Hemp Production Program" (1). This was
preceded by an Interim Final Rule (IFR)
(2), all in support of the 2018 Farm Bill
establishing the legality of hemp production in the United States (3). In regards
to hemp testing, in conjunction with the
final rule the USDA issued a “Laboratory Testing Guidelines for U.S. Domestic
Hemp Production Program” (4).
The Final Rule is the result of nationwide hearings and more than 5000
comments submitted by hemp industry
stakeholders. My own involvement is I
held in person meetings with the head
of the USDA Hemp Program, and his
technical staff, and submitted a number
of comments based on my own discussion of hemp testing problems and solutions from earlier columns (5–8). Given
the number of comments, the passion
of the commenters, and the high scientific level of many of the comments,
I was hopeful that the final rule would
establish guidelines for a robust and effective hemp testing program based on
sound science. After perusing the ponderous 301 page tome that is the final
rule (I can’t quote page numbers because the PDF issued did not include
them), I am bitterly disappointed. Rather than listening to the scientific community and important industry stakeholders, the USDA doubled down on
most of the mistakes promulgated in
the IFR. This column, and perhaps future ones, will point out where I think
they went wrong and how to fix it.

10

No Establishment of
an Accuracy Standard
The Final Rule keeps the definition of an
“acceptable hemp THC Level” (2). This
quantity is calculated by taking 0.3% total
tetrahydrocannabinol (THC) and adding
the margin of error for a given method. For
example, if the margin of error for a given
laboratory’s determination of total THC in
dried ground hemp is ±0.05%, the acceptable hemp THC level for that laboratory
is 0.35%. Any hemp sample tested by this
laboratory whose measured total THC level
is 0.35% or lower would be legal (2).
The establishment of an acceptable
hemp THC level is good because it takes
margin of error into account. However, the Final Rule does not establish the
minimum margin of error a method must
have to be considered appropriate for determining legality. For example, if a laboratory develops a method with a margin
of error of ±0.1% total THC, samples with
readings of 0.4% or less as measured by
this laboratory are legal based on the USDA’s formula. This puts us in the absurd
situation that if the true total THC value
for a sample is 0.37%, one of these laboratories would say the sample is non-compliant and the other would say the sample
is compliant. This is absurd.
Leaving out an accuracy standard
was not an oversight. The USDA defends
its actions by stating a specific accuracy number would dissuade laboratories
from developing more accurate methods.
The federal government promulgates accuracy specifications for many analytical methods, such as allowed pesticide
residue in foods. Why can't the USDA
specify an accuracy standard for the
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determination of total THC in hemp? Regardless of what the law might say, people in this industry laboratory shop. Laboratories with less accurate methods will
pass more samples than laboratories with
more accurate methods. This will not go
unnoticed by the industry, and laboratories with a reputation for passing samples
will garner more business than laboratories with better methods. Heck, why not
develop a method with a total THC accuracy of ±1% and pass all tested hemp samples! The owner of that laboratory will be
laughing all the way to the bank, and the
Final Rule as written has no teeth to shut
down such a laboratory. The Final Rule
does the opposite of what was intended.
It incentivizes laboratories to keep using
inaccurate methods and provides no reward for increasing accuracy.

Chromatography
Gets a Free Pass
The USDA made a mistake by calling out
specific analytical methods as being acceptable while excluding others. By endorsing
specific technologies, the USDA is favoring
some instrument companies over others,
which goes against the government’s job of
being neutral in cases like these.
To evaluate an analytical method as
fit for purpose, the criteria of accuracy,
speed, cost, and the ability to perform
representative sampling should be considered, as I discussed in a previous column (9) and as illustrated in Figure 1.
Given these criteria, the reality is that no
one analytical method analyzes all things
in all samples well. As I like to say when I
teach analytical chemistry training courses, and Star Trek fans may be the only ones
cannabissciencetech.com
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who get this reference, the Tricorder will
not be invented for another 300 years (10).
Because there is no one size fits all analytical method, our laboratories are full of
spectrometers, chromatographs, and other
instruments. Analytical chemists need the
right tool for the right job, hence the need
for a large toolbox.
With these facts in mind, we must
wonder why the USDA has limited the
size of our toolbox for hemp total THC
determination. The Final Rule calls
out gas chromatography (GC) and high
performance liquid chromatography
(HPLC) as being acceptable methods,
while any other potency measurement
technology must jump through hoops
to be accepted (1). No justification was
given for the free pass given to GC and
HPLC. No peer-reviewed papers were
cited supporting the automatic acceptance of these technologies. Why?
To the best of my knowledge, the only
two technologies available with the ability to accurately measure 0.3% total THC
in dried hemp are chromatography (12)
and infrared (IR) spectroscopy (9). Because of this, in the following discussion I will pose IR spectroscopy as the
only alternative to chromatography in
this application. If any readers are aware
of other technologies up to this task,
whose accuracy is supported by peer-reviewed data, please let me know. Given
that the use of IR spectroscopy to analyze hemp is supported by peer-reviewed
data (9), why didn't the USDA give this
technique a free pass? I hope it is not because the USDA thinks IR spectroscopy
isn't quantitative.
If I had a dollar for every experienced
chromatographer who told me that IR is
not quantitative I would be a rich man.
IR uses the same phenomenon, the relationship between the amount of light
absorbed and concentration known as
Beer’s Law (9,11), as the ultraviolet-visible (UV-vis) detection scheme that
HPLC systems use to analyze for cannabinoids in hemp and marijuana (12). In
cannabissciencetech.com

Figure 1: The Golden Rectangle
of chemical analysis showing the
criteria of accuracy, speed, cost, and
representative sampling.
Accuracy

Cost

Speed

Representative
Sampling

the derivation of Beer’s Law (11) no assumptions are made as to the wavelength
of light being absorbed. This means in
principle the relationship between absorbance and concentration works at any
wavelength. Why then would anyone
who routinely uses Beer's Law for quantitation with UV-vis light claim that using
IR light is not quantitative? This is a decidedly unscientific stance.
Another falsehood I hear about the
quantitative ability of IR spectroscopy
is that it only works on spectrally isolated peaks. This was true back in the
1970s but is not true today. Since the
1980s advances in the field of chemometrics, the application of statistical algorithms to chemical data, now mean that
even spectra of complex mixtures can
be quantified (11,13–17). For example, IR
spectroscopy is used to provide quantitative analyses of agricultural products such as hay, grain, forage, fabrics,
pharmaceuticals, polymers, dairy products, petrochemicals, beverages, and
wood (13,17). Work by myself and others has clearly shown that IR spectroscopy provides quantitative information
on MCT oil tinctures (18), cannabis distillates (19), extracts (20), and cannabis plant material (21–24). The proven accuracy of IR spectroscopy for the

/
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determination of total THC in dried,
ground, hemp is ±0.04% (9,21,24),
which is more than sufficient to determine whether a sample is above or below the 0.3% legal limit.
What justification then does the
USDA have for excluding IR spectroscopy, or any other scientifically proven
technique, as being unacceptable? Is it
because chromatography is widely used
in pharmaceutical and forensic laboratories? So is IR spectroscopy (13,17,25). Is it
because there are Association of Official
Analytical Chemists (AOAC) certified
methods for chromatography? There are
for IR spectroscopy as well (26). As an
analytical technique, spectroscopy is not
any more or less trusted than chromatography. The proper analytical chemistry approach then is to use the right tool
for the right job. Sometimes that will be
spectroscopy, sometimes that will be
chromatography, and sometimes it will
be both. By favoring some techniques
over others, the USDA is doing us all a
disservice by shrinking our analytical
chemistry toolbox.
In its blind acceptance of GC and
HPLC the USDA has completely ignored
the disadvantages of these techniques
for hemp analysis. My own work and
that of others has clearly shown that inter-laboratory variation is a big problem in cannabis analysis (19,27,28). The
problem is caused in part by the lack
of standard methods and matrix reference materials (27,28). Solutions have
been proposed (28), but have not yet
been implemented industry wide. My
own experience is that no two chromatographs in this industry give the same
results on the same samples.
Given what we know, it’s not enough
to say “use chromatography” and assume that solves the problem. Whose
method should one use? There are
a number of published methods
(12,29,30) and a number of unpublished
methods in use. Additionally, standards
organizations such as the AOAC (31),
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American Society for Testing Materials (32), and the United States Herbal Pharmacepoeia (33) are all developing chromatographic cannabis potency
methods. I guarantee that these methods will produce different numbers on
the same samples. How then can we use
chromatography to determine the legality of hemp samples?
To truly sample a hemp field in a representative manner requires analyzing
tens or even hundreds of samples depending upon the size of a plot (5). Given
the slowness and expense of chromatography, it is not up to this task. Whereas,
it has been shown that IR spectroscopy
can accurately analyze for total THC in
hemp in 2 min with little sample preparation (21,24). At minimum, IR spectroscopy should be used as a screening tool to
weed out legal samples so that the time
and expense of chromatographic analyses is only invested into samples that are
more than likely illegal.

What the USDA
Should Have Done
During my career in cannabis analysis I
have had the opportunity to advise the
state of California and the USDA on how
to write cannabis testing regulations—
and in both cases they ignored my advice.
My ignored advice was to never call out
a specific technology, but simply state
what the accuracy for the determination
of an analyte in a matrix needs to be, and
then state what set of matrix reference
materials will be used to determine that
accuracy. Given that we need to measure
0.3% total THC, promulgating an accuracy standard of ±0.05% is reasonable in
that it will provide an accurate picture of
a sample, and is achievable with existing
technology (12,21,24,29,30).
What standard reference samples
should we use? Under normal circumstances we would look to the National
Institutes of Standards and Technology
(NIST) for these. However, while NIST
is busily working to come up with hemp
standards (34), they have not yet issued
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standard hemp matrix reference materials. Fortunately, as I have pointed out
in a previous column (6), the University of Kentucky has issued a set of four
hemp standard reference materials that
have been analyzed by 60+ laboratories
across the country (35). The certificates
of analysis that come with these samples contain the average of the weight
percent total THC measured by these
laboratories. This is, as far as I know,
the best set of hemp standard reference
samples available to the industry. The
USDA should require use of these samples as industry standards until NIST
comes out with their own standards.
Let me be bold enough then to suggest
the USDA rule on hemp testing be rewritten quite simply as follows:
“The accuracy of the determination
of total THC in dried, ground hemp
samples for any method used to ascertain sample compliance with the law
shall be ±0.05 weight percent as determined by comparison to the total THC
in the standard reference sample set
issued by the University of Kentucky
(UKY). Accuracy shall be determined
as the Standard Error of Prediction between the total THC values as stated
on the UKY certificates of analysis and
the values as measured by the proposed
method. If and when the National Institute of Standards and Technology issues hemp matrix reference materials,
the accuracy of any method used for
compliance testing shall be determined
with these samples.”
One simple paragraph, putting the
onus on hemp analyzer manufacturers
to prove their equipment works with
no bias for or against any specific technology or instrument company. This
one paragraph could have spared the
dozens of pages in the final rule trying
to justify what was done.
In my opinion, problems with the
USDA’s suggested testing regimen,
along with other problems in the final rule such as the proposed sampling regimen, will not help establish
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a healthy domestic hemp industry but
will damage it.

Conclusions
The new USDA final rule for hemp
testing does not include an accuracy standard, which encourages the
development of inaccurate methods.
By biasing the rule towards chromatography and ignoring other scientifically
proven methods, the USDA condemns
us to slow, expensive testing that will
not provide enough sample throughput
for true representative sampling. The
answer to the problem is to specify a
required accuracy level for the determination of total THC in dried, ground
hemp, state the reference sample set to
use in this determination, and then let
the testing industry do its best to develop the appropriate methods.
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cultivation classroom

How LED Light Recipes and
Controls Can Improve Quality and
Yield for Cannabis Producers
By Gretchen Schimelpfenig

Learn the ways light energy from different parts of the action spectrum can affect plant expression, harvest
structure, and quality characteristics and how light-emitting diode (LED) light fixtures can be controlled to
modulate light intensity and spectral distribution to produce different effects.
Light is the primary nutrient used for photosynthesis and gives plants the energy needed for growth and
development; the amount of photons from various wavelengths received by plant canopy influences yield and
secondary metabolite expression. Cannabis has historically been grown with one kind of spectral distribution
commonly provided by high intensity discharge (HID) lighting solutions such as high pressure sodium (HPS) or
metal halide (MH). LED horticultural lighting offers broad spectral distribution, meaning any amount of photons
of diverse wavelengths can be produced by one light fixture. LED lighting products also provide customizable
spectral recipes and greater controllability than HID lighting products. Understand how LED light fixtures and
spectral “recipes” stimulate plant responses like photosynthetic action and secondary metabolite production,
areas of study, and the latest research.

The Influence
of Light on Plants

T

he major factors influencing
a plant’s growth and development are genotype and the energy provided by light, along
with environmental factors such as
fertigation, and grow room environmental factors such as CO 2 , temperature, and humidity.
Electromagnetic radiation—light energy—is a stream of photons, with each
photon containing a certain amount
of energy. Ultraviolet light waves have
more energy than visible light, which
means they bump into more things and
can cause more damage the shorter the
wavelength (1). Within the visible spectrum, photosynthetically active radiation (PAR) describes the wavelengths
that drive photosynthesis with wavelengths of 400–700 nm. Wavelengths
outside of the PAR range (such as ultraviolet [UV] and far red) affect plant
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development and phenotype, the set of
observable quality characteristics resulting from the interaction of its genotype with the environment.

Light Intensity Matters Most
Light intensity—the quantity of
photons—is most important to plants;
wavelength of the photons comes second behind intensity. Photosynthetic
photon flux measures the total amount
of PAR that is produced by a lighting
system each second, and photosynthetic
photon flux density (PPFD) describes
the amount of photons in the PAR
range (photosynthetically active photons) that actually hit a given surface
each second.
In cultivator studies comparing
cannabis grown with light-emitting
diode (LED) and high pressure sodium (HPS) light fixtures in the flowering stage, plants respond similarly in yield if given the same PPFD.

cannabis science and technology ®  |   vol. 4 no. 2

This is possible because, unlike humans, plants detect and react to
changes in light intensity more finely than changes in spectral distribution. Light intensity can also be the
solution to adverse morphological impacts of spectral treatments, when
too much of some photons can be a
bad thing.
LED light fixtures are capable of
producing more light than high intensity discharge (HID) or fluorescent
light fixtures, allowing plants grown
with LED to receive higher PPFD levels, meaning cannabis can be grown
in high-PPFD environments unattainable with other lighting technologies.
Some LED fixtures may have higher PPF than the best performing double-ended HPS fixtures and can be
mounted closer to flowering canopies
than HPS lights to increase PPFD.
Many LED products are also
dimmable, allowing for crucial
cannabissciencetech.com

lighting recipes

modulation capability to limit output
to match target PPFD without physically moving light fixtures, ramp up
light levels while plants grow, and
raise and lower intensity for smooth
sunrise and sunset transition periods. A few LED manufacturers produce spectrally tunable lights that
can modulate the amount of photons
from different wavelengths.

/
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Figure 1: Wavelengths of the electromagnetic radiation spectrum.
Figure courtesy of Fluence by OSRAM.

Emerging Data
Establishing LED Efficiency
and Productivity
Cannabis PowerScore is Resource
Innovation Institute's (RII) voluntary
resource benchmarking platform that
gathers confidential facility information
about energy use, production output,
and cultivation methods, and provides
operators with a competitive performance ranking relative to the aggregate
Ranked Data Set. The PowerScore
Ranked Data Set is analyzed to inform
governments, utilities, and industry
leaders on how—and how much—energy and water is being used across
various cultivation environments. In
2020, RII evaluated the energy use of
84 indoor cannabis cultivation facilities
and found that facilities using LED
lighting were more energy efficient and
productive on average than facilities
without LED lighting (2).
RII’s analysis found that indoor operations using LED lighting for flowering growth stages achieved 34%
better electric energy efficiency (unit
of electricity per square foot of flowering canopy) and 80% better productivity (grams per unit of electricity)
than indoor facilities using double-ended (DE) HPS lighting for the
flowering growth stage.

Understand Light
Recipes for Plants
Light recipes are polychromatic spectra
produced by an array of different
LEDs on a light fixture, resulting in
cannabissciencetech.com

unique ratios of spectra such as red/
blue ratio and red/far red. HPS has a
polychromatic spectra that is fixed.
Spectral quantum distribution plots
illustrate the distribution of photon
flux per photon wavelength over the
photosynthetic and far-red range
wavelengths for a given light fixture.
LEDs provide a wide range of customizable spectral quantum distributions. LED light fixture manufacturers
can provide unique light recipes targeting specific plant responses, including far-red and UV spectra that HID
options cannot offer. Broad spectrum
LEDs provide light treatments delivering photons from a lot of or all of the
wavelengths across the PAR range, allowing for a greater proportion of blue,
red, and far red photons to influence
plant growth and development in beneficial ways. The impacts of changes to
ratios between blue/red and red/far red
are crucial for growers to understand to
maximize the benefits of LED solutions.
Action spectrum graphs show the
rate of biological effectiveness plotted against wavelength of light, usually related to the absorption spectrum
of many systems. Phototransduction
pathways—how plants receive light and

use it for multiple systems in the plant
such as those that regulate vitamin C,
photosynthesis, photomorphogenesis
(the physical effect of light on plants;
shape, appearance, color, aroma), and
leaf expansion—are very dependent on
how light is captured and used. An action spectrum is a way of looking at a
constant photosynthetic response rate
based on individual wavelengths making up that constant response. Looking
at constant response over a wavelength
interval, results can show them to be
additive (when adding up multiple
wavelengths together, 1+1 = 2), sub-additive (1+1 = 1.5) or super-additive, like
with the Emerson effect (1+1 = 4).
Manufacturers of LED lighting solutions run tests on their light fixtures
and their array of diodes producing
many wavelengths at once, which does
not allow for growers to yet understand how each individual wavelength
of light affects plant growth and development. Manufacturers can only describe polychromatic light, and until
spectral distributions are broken into
constituent parts by wavelength, we
still do not yet know which parts of a
spectrum are additive, sub-additive, or
super-additive.
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Light Quality
Impacts Plant Qualities
Literature review of studies by and
interviews with researchers at the
National Aeronautics and Space
Administration (NASA) Plant Biology
and Bioregenerative Life Support,
the US Department of Energy’s Solid
State Lighting R&D Program, the
Lighting Research Center at Rensselaer Polytechnic Institute, the Crop
Physiology Laboratory at Utah State
University, and the Sustainable Crop
Production program of the Department of Horticulture at Michigan
State University have established some
key findings that RII can share with
cannabis growers to use to create the
optimal spectral treatments for their
plants (4–8).
Cannabis secondary metabolites are
complex; they can be broken into two
basic families of compounds:
1)cannabinoids, of which tetrahydrocannabinol (THC) and cannabidiol (CBD) are just two of more
than 100; and
2)terpenes, a large family of compounds associated with aroma
and taste.
Geranyl pyrophosphate (GPP) is a
building block in the biosynthesis
of cannabinoids and monoterpenes;
studies by lighting manufacturers
have shown that GPP can be manipulated with light treatments, and they
are actively researching the relationship between secondary metabolite
expression and light spectra. Some
growers working with them have found
that light quality can influence these
branching elements that affect THC
and CBD content as well as terpene expression. Some academics disagree and
feel that the effects of spectral quality
on cannabinoids is small, finding no effect of spectral quality on CBD or THC
concentration when comparing light
treatments by changing light recipes.
Ranging from low to high
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wavelengths, different quantities of
photons in the different portions of
the light spectrum affect other aspects of plant expression in both good
and bad ways. Years of study by researchers and in cultivator facilities across the world have established
some key findings that cannabis
growers can use to create the optimal
light treatment for their plants.

Ultraviolet:
UVC, UVB, and UVA

High-energy UV (100–400 nm) photons induce stress responses in the
plant, and can suppress or inoculate
plants against pathogens such as
powdery mildew. Pigments are both
aesthetic and chemical; UV can increase purpling of leaves and flowers,
which is induced by greater presence
of anthocyanin pigment.
There is a popular perception that
UV can increase cannabinoid content
like THC, but manufacturers working
with cannabis cultivators have not
proven that strategy to be substantially effective.

Blue

Blue (450–485 nm) is the wavelength
with the greatest effect on plant quality
factors such as secondary metabolite
expression. Blue light also can influence pigmentation and chemical
content of shoots, leaves, and flowers
including terpene production. Research
is continuing to determine which terpenes are most influenced by blue light.
More blue photons can result in
enhanced expression of plant quality factors, but at the expense of lower yields. Blue wavelengths are suppressive of stretch and can counter
elongation effects of other light spectra, producing bushier plants, shorter stems, and smaller leaves. A more
compact plant can be good, but
broader plants can get more airflow through the canopy. Blue stretch
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suppression can be mitigated in young
plants by lowering light levels to limit PPFD and considering blue to red
ratio. Blue to red ratio impacts plant
yield and photomorphogenesis.

Red and Far Red

Red (625–700 nm) LEDs were developed the earliest and are the most
efficient at converting energy into photosynthetic photons than blue diodes;
far red (700-800 nm) LEDs perform
even better. An LED light fixture with
a lower blue to red ratio may be more
energy efficient than one with a higher
proportion of white diodes (which are
used to produce blue wavelengths).
Red can be seen as the counterpoint to blue light; greater proportion
of red photons can improve yields but
adversely impact quality by influencing photomorphogenesis. Red and far
red can also influence phytochrome
metabolic pathways that fuel terpene
production
Red drives photosynthesis and impacts plant yield; wavelengths 680 nm
and higher increase the rate of photosynthesis via the Emerson Effect. As
wavelengths approach 700 nm, plants
respond to create larger leaves, which
results in higher yields because bigger
leaves are bigger collectors of photons;
more photons collected can be used to
generate more biomass. Far red wavelength doses during the day can induce
leaf expansion, but can also stretch
and elongate plants, which is not usually a desirable quality characteristic for cannabis. Increase light intensity (PPFD) to provide plants with more
energy to limit elongation and keep
plants short while using far red spectral treatments.

Infrared

Although heat energy and light are
different, thermal energy produces
CONTINUES ON PAGE 23
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Quality Control Checkpoints
in Cannabis Processing
By Lo Friesen

The cannabis industry within the US has yet to experience federal quality
control regulations. The best thing we can do as industry members is to
apply best practices from state regulatory agencies in combination with
federal best practices from similar industries. In this article, we review
general state standard quality control checkpoints and how companies
can go above and beyond by applying federal requirements to their
businesses. This is a great way to prepare for future legalization as well
as a marketing asset.

T

he United States Federal Government has rules, regulations, and best practices established for all industries.
However, the cannabis industry is
considered federally illegal. The Cole
Memorandum was rescinded in 2018,
leaving only the Farm Bill to offer
the cannabis industry clarity on the
federal government’s stance on cannabis and how to ensure consumer safety. The US Food and Drug Administration (FDA) has deferred the
responsibility to states for creating
regulations and guidelines that ensure cannabis products are subject to
sufficient quality control and quality
assurance measures. What are those
measures and are they sufficient?

Current Good
Manufacturing Practice
The FDA has established systems that
assure proper design, monitoring, and
control of manufacturing processes and facilities based on the type
of consumer product (for example,
drugs, supplements, and food)
The FDA defines current good
cannabissciencetech.com

look to the federal CGMPs and the
Code of Federal Regulations (CFR)
provided by the FDA. A few important guidelines from the drug and
food CGMPs are listed below.

Personnel
■

■

manufacturing practices (CGMPs)
for a drug product and production
of food as:
■ M inimum requirements for the
methods, facilities, and controls used in manufacturing,
processing, and packing of a
drug product.
■ A ppropriate personal hygienic
practices, design, and construction of a food plant and maintenance of plant grounds, plant
equipment, sanitary operations,
facility sanitation, and production and process controls during the production of food.
Most state regulations simply affirm that companies are required to
produce, process, and package cannabis products using “good manufacturing practices.” Regulators are inspecting and auditing for security
and traceability compliance and not
as focused on methods or sanitation.
This leaves companies up to their
own discretion as to what constitutes
good practices. For more clearly defined best practices, companies can

■

■

 ygienic practices to prevent
H
microbial contamination from
sick or infected personnel
P ersonnel policies to mitigate
risk of physical, biological, or
chemical contamination
S upervisor and quality control
accountability
R ecord keeping requirements

Physical Plant and Grounds
■

■

■

■

■
■

■

 anitation requirements of comS
pany grounds and sanitation
schedule
S anitation and maintenance
equipment
S anitary waste handling and
disposal
Physical plant sanitation requirements and safe handling of
cleaning chemicals
Pest control requirements
D esignated water supply for production versus hand washing
R ecord keeping requirements

Equipment
■

■

R
 egular sanitation and maintenance practices and schedules
of equipment and utensils
R egular calibration procedures
and schedules of equipment
and utensils
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■

■

■

/

quality control

 xplicit requirements for specifications of equipE
ment and utensils to mitigate safety risks of equipment and utensil use
E stablished guidelines and procedures to ensure
equipment and utensils are employed for their
intended use
R ecord keeping requirements

Processes and Procedures
■
■

■
■

D ocumented standard operating procedures
 ocumented training program for processes and
D
procedures
D ocumented record keeping practices
D ocumented specifications for equipment, processes,
and final products

product. So, looking to the most applicable CGMP guidelines
is integral for operators in either category. CGMPs cover a lot
of ground but, because the nature of each business can be different, they are written for operators to be able to customize
them for their operations. As cannabis operators, CGMPs and
the CFR are both robust sets of policies and procedural guidelines for the cannabis industry to immediately create practices in production voluntarily as opposed to when federal regulations are imposed. This is not only for best practices now, but
also to be prepared for the future.
Current established quality control checkpoints for operations after the plant has been harvested are discussed below.

Biomass

V
 isual inspection of biomass to check for quality
A
 nalytical testing of dried and cured biomass for
required metrics and ensure safety
R
 egular audits of processes and procedures to ensure best practices are being used and followed

■
■

The above list is only a small sample of CGMP requirements
and yet it is clear that CGMPs are expansive in reach. Cannabis
across the US is produced as both a medicinal and recreational

■

Extraction and Refinement

V
 isual and physical inspection of input material to
mitigate risk of contamination
A
 nalytical testing of input material for confirmation of product quality and calculate final output
efficiency
V
 isual and physical inspection for quality of extract
at crude and refined stages
A
 nalytical testing of intermediate and final extract
product for quality, calculating efficiency, and final
product formulation
R
 egular audits of processes and procedures to ensure best practices are being used and followed

■

■

■

■

■

Final Product and Formulation
■
■
■

■

■

V
 isual inspection of all ingredients
V
 isual inspection of finished product
A
 nalytical testing of finished product for required and
voluntary testing measures
Q
 uality control sampling of product to ensure target
quality and effects of product are met
R
 egular audits of processes and procedures to ensure
best practices are being used and followed

Company Foundation
■
■

■
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E
 mbedding quality control in company culture
C
 reating and maintaining policy, procedure, and
training program documents
R
 egularly self-auditing company grounds, operations, and documentation
cannabissciencetech.com

quality control

■

E
 stablishing routine quality
control audits completed by a
third party auditor

Quality Control Testing
Most states require final products to
be tested for the following measures:
■ F
 lower:
P
 otency of THC and CBD
M
 icrobial
M
 ycotoxin
F
 oreign matter
M
 oisture content
■ C
 oncentrates and infused
products:
P
 otency of THC and CBD
M
 ycotoxin
F
 oreign matter
R
 esidual solvent

■

■

●

●

●

●

●

●

●

●

●

Some states, such as California, require expansive cannabinoid and terpene analysis along with pesticide and
heavy metal testing. As more is understood about the cannabis chemicals that should be tested, analytical
testing requirements will be added, subtracted, and refined. Unfortunately, there are waves of distrust between cannabis companies and the
analytical testing laboratories due to
a lack of standardized testing methods among the analytical laboratories.
The result is inconsistency between
tests, laboratories, and batches which
naturally leads to distrust.

Weaknesses in
Quality Assurance
and Quality Control
Several problems have led to weaknesses in quality assurance and quality
control, including:
■ P
 oor enforcement of laboratory standards—There have been
reports of testing laboratories being suspended for falsifying test
results generating results that report high cannabinoid content or
cover pesticide use.
cannabissciencetech.com

■

I nsufficient expertise at the regulatory level for robust audits at
the production, processing, and
laboratory levels.
S
 elf-sampling—Relying on companies to self-sample and adhere to
the “required” sampling methods is
a major weakness in most current
testing practices. In states where a
third party, such as a laboratory,
is the responsible party for collecting samples there is far more credibility with respect to the accuracy
of the final test results.
A
 uditing final product testing—
Governing bodies should be spot
checking testing accuracy of final
products on retail shelves to ensure
that manufacturers and laboratories are using best practices and
supplying accurate results. Only a
few states regularly test products
directly from retail shelves.

As operators continue to innovate
and new products reach consumers,
manufacturers should be hyper-vigilant of ingredients and methods of administration. The cannabis industry
has now seen multiple waves of realization around pesticides, residual solvents, mold and mycotoxins, and inhaled additive risks and consequences.
There are little to no long-term scientific references for cannabis products and their effects on the human
body, so it is vital for consumers and
the longevity of the market to produce products with minimal risk and
in a manner that mitigates risk for all

/
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parties. The general public is increasingly aware of these product risks and
are becoming more skeptical of brands
and products. Going above and beyond
with quality control and quality assurance measures becomes a valuable asset as a brand in the face of increasingly competitive marketplaces.
The cannabis industry is still relatively young with many milestones
ahead. In no way is this article exhaustive, but it is meant to inspire and
motivate industry members to seek resources that may already be available
to utilize for establishing and maintaining best practices. Most often, operators are far more informed on the
safest methods for cultivating and
manufacturing cannabis goods. In the
interest of consumer safety, it is important for operators to look out for
consumers and hold the industry to a
higher standard than what may be dictated by local regulators.
Resources
1) C ode of Federal Regulations - Title
21: https://www.govinfo.gov/app/
collection/cfr/2020/title21
2) C urrent Good Manufacturing
Practices - Drugs: https://www.
accessdata.fda.gov/scripts/cdrh/cfdocs/
cfcfr/CFRSearch.cfm?fr=210.1
3) C urrent Good Manufacturing Practices
- Food:https://www.fda.gov/food/
current-good-manufacturing-practicescgmps-food-and-dietary-supplements/
good-manufacturing-practices-21stcentury-food-processing-2004-studysection-1-current-food-good
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cannabis as a medicine and to enter the emerging industry. She joined
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Building Community Around Cannabis
Science and Medicine on a New Social
Media Platform: The Clubhouse App

T

here’s a new social media app
on the market called Clubhouse and it’s making waves
worldwide. The Clubhouse app
is an exclusive, invite only, voice audio chat (great for those of us who
have gotten used to all day pajamas)
where users can connect with each
other in real time. The best way I can
describe the Clubhouse experience is
that it is a combination of a conference panel, interactive podcast, and
talk radio all wrapped into one app.
An interesting thing to note about
the Clubhouse app is that the content
you have access to is populated based
on the people and clubs that you follow as well as the interests you select
when you first join. When users login to the app they see a list of rooms,
or their “hallway” with varying topics
from cannabis, comedy, social issues,
climate change, and the always popular celebrity welcome rooms.
You may have become used to “the
new norm,” which includes spending several hours each day on Zoom,
Skype, Teams, and other video confer-

20

encing programs. If you are like me,
you may be experiencing fatigue from
constant online video conferencing
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and informing people that their mute
is on. Likewise, many existing social
media platforms have become, well,
boring. In many ways the new Clubhouse app has become a refreshing
change of pace and a great way to network with others who share similar interests. I have thoroughly enjoyed the
conversations and connections that I
have made on this new app and I have
connected with some amazing people
including doctors, nurses, researchers,
music industry producers, actors, and
even a crown princess or two.
For this installment of “Cannabis Crossroads” I wanted to explain
Clubhouse and invite you to join a
new cannabis-relevant Clubhouse
club, Cannabis Science & Medicine,
that I started in January 2021. To
best describe this new platform, I
have decided to feature a few of the
leading voices I’ve had the pleasure of
sharing space with. For those of you
that just want to dive right in you can
download the Clubhouse app on your
Apple iPhone or iPad (note: there is no
access for Android users at this time).
cannabissciencetech.com
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The Cannabis Science
& Medicine Club . . .
And Beyond!

Clubhouse is an entirely new experience that comes with a learning curve
and its own lingo. You will hear terms
like “resetting the room” (a frequent
refreshing of a room to accommodate
new attendees), “pull to refresh” or
“PTR” (a downward swiping action that
is used to refresh the attendee placement on the stage and can be used to
change a user’s avatar to illustrate a
reference) and “dropping gems” (a term
of endearment reserved for knowledge
bombs being shared in rooms). After
being on the Clubhouse app for just
one week I applied for and started my
own club focused on cannabis science
and medicine education. I followed the
link in the settings from my Clubhouse
bio to the FAQ/Contact Us section and
filled out the form to start the Cannabis Science & Medicine club. It took
approximately two weeks for my club
to be approved. Each user is allowed to
apply for up to two clubs but you have
to host three rooms on the proposed
club topic before you can submit a new
cannabissciencetech.com

club for approval. One important thing
to note is that the app is still in beta
testing phase and that the Clubhouse
staff is small, but growing.
My Cannabis Science & Medicine
Club has been active for a little over
two weeks at the time of writing this
article and already has more than 6000
engaged members and followers. Currently, we are hosting a weekly meetup
on Tuesdays at 4 pm EST that typically
has well over 100 listeners. We’re in
the process of adding more administrators that can host their own weekly
or bi-weekly shows centered around
specific topics, such as analytical testing,
extraction, cannabis nursing, pediatric
care, and much, much more. Our club
also had the opportunity to host Ricki
Lake, Abby Epstein, Tracy Ryan, and Dr.
Bonni Goldstein for a filmmaker and
cast discussion panel about their Netflix
documentary Weed the People.
Clubhouse has proven to be a great
tool for me in building on existing relationships from the real world. Below are
some comments and advice provided by
three Clubhouse friends and collaborators: Dr. Lakisha Jenkins, Nurse Heather
Manus, and Sheila Gibson.
Dr. Lakisha and I had been following
each other’s journeys in cannabis on
other social media platforms for quite
some time, but our paths had never
directly crossed in person before. Now
on Clubhouse you will see us co-hosting and co-moderating rooms about
medical and scientific cannabis topics.
Dr. Lakisha is a traditional naturopath
and master herbalist and has been on
Clubhouse since mid-December. She
uses the app primarily for information
sharing and she is passionate about
educating on the benefits of traditional
medicine and the endogenous cannabinoid system. Clubhouse allows her to
reach a much wider audience. I asked Dr.
Lakisha if she had any tips on navigating
the app and she replied, “My advice for
using the Clubhouse app is to be real!
The Clubhouse listeners appreciate

cannabis crossroads

authenticity and vulnerability. This is
what creates authentic connections and
a more rewarding experience on the
app.” Dr. Lakisha has been a huge part of
the development and expansion of the
Cannabis Science & Medicine club. We
also enjoy teaching new users how to
navigate the app while simultaneously
sharing best practices and etiquette.
I asked Dr. Lakisha what her most
memorable moment on Clubhouse so
far was and she shared the following
story. “The most memorable Clubhouse
experience so far is being awarded my
two clubs, Cannaladies and Dr. Lakisha’s Natural Path on my birthday! I
woke up to it and it was a real birthday present," she said. "The Cannabis
Science & Medicine Club is a wealth
of credible information and consists
of many high value professionals that
Joshua has been able to assemble from
his personal network. I love sharing the
stage with the professionals and learning information that helps to enrich
both my personal and professional life.”
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Nurse Heather Manus is another
great ally and friend of mine on the
app who has been instrumental in the
development of the Cannabis Science
& Medicine Club as well. Manus is a
registered nurse and founder of the
Cannabis Nurses Network. She has
worked with the Cannabis Science
Conference to curate our cannabis
nursing panels at our shows. Manus
uses Clubhouse to connect with people
in a way that has previously not been
possible with other virtual platforms.
“It’s been a joy to share information
and gain knowledge from this incredible global community," she said.
"Clubhouse is a meeting of the minds
and has taught me to listen more than
I speak. The purpose of Clubhouse is
to create community, elevate voices,
and establish relationships that can be
taken into the real world. Follow up is
key… I’m still working on that part.”
In addition to her role as an administrator of the Cannabis Science
& Medicine club, Manus is also the
founder of the Cannabis Nurses club
on Clubhouse. “Clubhouse has allowed
me to connect with nurses and begin
planting seeds of knowledge regarding the endocannabinoid system," she
explained. "The ability to enter rooms
full of nurses and discuss the National
Nursing Guidelines for medical marijuana has proved to be a beneficial
approach to reducing stigma and raising awareness about cannabis science.
Spending time on Clubhouse has also
resulted in membership growth for
the Cannabis Nurses Network. WinWin! The level of expertise that can
be on one stage at the same time is
unparalleled and highly valuable. It’s
wonderful to learn and share in such a
supportive and loving environment.”
Sheila Gibson is another great friend
I’ve had the pleasure of connecting
with on the app and she is a medicinal
plant IP/patent and trademark attorney based in California who joined
Clubhouse on December 28, 2020.
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Gibson shared the following advice:
“My best tip is to be curious and don’t
discount what you bring to the conversation. Jump into rooms and when you find
one that sounds interesting, listen in and
find ways to contribute to the conversation. I am often in rooms with people
who have been in the industry far longer
than I have and who know so much
more about cannabis science than I do.
I am naturally quite shy but I learned
quickly not to discount my voice and the
individuality of the message I bring to
any conversation I’m in. The unique experiences and expertise that each person
brings to the Clubhouse conversations
are what make them truly magical. I’ve
seen people solve problems they’ve been
working on for years in a single conversation on Clubhouse.”
When asked how Clubhouse has
impacted her career, Gibson explained
that she has been able to connect with
people from around the country whom
she never would have had the opportunity to even meet otherwise—let
alone while in her pjs sitting on her
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couch. “I believe the ability to strip
every part of an interaction down to
voice allows people to connect more
authentically,” she said. “I’ve been
able to connect on a deeper level with
existing contacts and clients, and
meet new and future clients. I’ve also
been invited to speak about cannabis
IP at events and on podcasts, as well
as invited to be featured in magazines.
I’ve grown my following on every platform and people are connecting with
me on social media in more meaningful ways. Clubhouse has amplified my
voice beyond measure.”
If you’re interested in joining
Clubhouse, here are some important
tips on getting started. Current users
of the app get two initial invitations
to share with friends and then obtain
more invitations as they interact in
conversations. Reaching out to friends
who are already on the app to see if
they have any extra invites is a great
place to start. Also, you can download the app and register your handle
and then you’ll be put into a virtual
cannabissciencetech.com
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waiting room. Anyone who has your
registered phone number saved in
their iPhone’s contacts will be alerted
when you sign up and has the option
to let you onto the app. One important
thing to note is that anyone you share
your invites with or let onto the app
will have your photo and bio linked
at the bottom of their profile for the
foreseeable future.

Closing Comments
on Clubhouse

hosted Elon Musk and many other
celebrities. Since it is in beta testing
and is still a fairly young platform,
there is an ongoing evolution and it is
difficult to tell where it may ultimately go. After being on Clubhouse for
only a short time, however, I feel like
open discussion on an increasingly
wide range of topics is bringing us
closer to a true collective consciousness. Like its social media platform
predecessors, the initial intrigue and

I have personally received great value
from Clubhouse and have enjoyed the
conversations I’ve had the opportunity to engage in. Clubhouse appears to
be growing very quickly and recently

/
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excitement coupled with ultrafast
adoption could potentially lead to a
variety of concerns and criticisms—
everything from privacy concerns and
security threats to its potential negative impact on our democracy. Will
Clubhouse remain an engaging voicebased social media platform ideal for
networking? Will it give in to advertising and profits? Will it be copied and
replicated on a million other similar
platforms? Only time will tell.

A BOUT THE COLUMNIST
JOSH CROSSNEY is the columnist and editor of “Cannabis Crossroads”
and a contributing editor to Cannabis Science and Technology magazine.
Crossney is also the president and CEO of Cannabis Science Conference. Direct
correspondence to: Josh@JoshCrossney.com

CULTIVATION CLASSROOM CONTINUED FROM PAGE 16

radiation via infrared light waves (800–1000 nm), which are
outside of the visible portion of the light spectrum. Every light
fixture emits infrared light to some extent, but the warmer the
light, the more infrared it emits. High-intensity discharge, high
pressure sodium, and metal halide light fixtures run hotter,
and LED light fixtures generally run cooler.
However, if LEDs are used in a high-PPFD scenario, heat output of the light fixture may increase. Some growers use fixtures
with onboard cooling fans, or choose liquid-cooled lighting solutions to maximize PPFD while minimizing heat from lighting in
grow rooms. Check manufacturer specification sheets for heat
output in Btu per hour. The DesignLights Consortium’s Horticultural quality products list (QPL) also shows maximum ambient
temperature of listed light fixtures along with SQD plots (which
illustrate the distribution of photon flux per photon wavelength
over various wavelengths and convey the specific light recipe of a
light fixture) and other technical information (3).

Benefits of LED Lighting Solutions
LED can do anything HPS can do, better. LED products can
offer light recipes and high-PPFD light intensities not attainable by HID lighting solutions and can incorporate unique capabilities such as continuous dimming and spectral tuning to
produce various light intensities and recipes with one fixture.
Consider tailoring LED light fixtures and controls to create
light treatments for optimal plant growth and development.
It is possible to achieve similar or better yields and quality
characteristics with LED, and understanding how to modulate
light intensity and spectral effects is key.
cannabissciencetech.com
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The Big Four Heavy
Metals in Cannabis:

Sample Preparation and Analysis
via ICP-MS
BY S T E P H A N A LT M A I E R

V

ARIOUS COUNTRIES HAVE legalized or
decriminalized cannabis, thus a new and
constantly growing cannabis industry came
into being. This industry is marketing a vast
amount of products covering numerous customer needs
in the area of food and beverages, cosmetics, and personal care products. Dispensaries focus on high tetrahydrocannabinol (≥ 0.3% THC) consumables such as marijuana
flowers, capsules, vaping cartridges, tinctures, gummies,
chocolates, or soda, while grocery stores offer an extended range of products that contain cannabis with less than
0.3% THC (for example, cereals, cookies, or pasta). In addition, a strong trend towards goods such as oils, creams,
or tinctures containing high amounts of cannabidiol
(CBD) is visible.
Cannabis is a plant genus that consists of three different species (Cannabis sativa, indica, and ruderalis—
also referred to as strains, varieties, or subspecies). All of
these are known to accumulate heavy metals such as arsenic, cadmium, lead, or mercury in parts of the plant
(roots, leaves, seeds, and so forth). Due to this ability,
cannabis has been used for the remediation of contaminated soil (phytoremediation and phytoextraction) (1–4).
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On the other hand, this inclination can hinder the use
of cannabis in the food or medical industry. As a consequence, all plant material utilized in either food or pharmaceutical products needs to be tested regarding its
heavy metal content.
As of October 2020, 24 US states and Canada issued
regulations for the testing of heavy metal content in cannabis, and all of them provided limits for arsenic, cadmium, lead, and mercury (those metals are referred to as the
“big four”). In addition, several states set limits for one or
more of these metals: chromium, barium, silver, selenium,
antimony, copper, nickel, and zinc (limits not shown).
Dried cannabis plant material is a very inhomogeneous
matter that consists of leaves, buds including resin, stems
of various thickness, and seeds. Figure 1 displays images
of cannabis leaves, seeds, and stems from one single bud.
All of these plant parts accumulate heavy metals to a
different extent. As it was shown in numerous studies, the
heavy metal uptake depends on both the plant part and the
element analyzed (1,5,6). In addition, uptake is influenced
by external factors such as fertilization and liming (1), ultimately causing an uneven distribution of metals throughout the plant. Hence, if the focus of studies is on the overall
cannabissciencetech.com
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The legalization of cannabis in various countries has created a hype around the plant and resulted in the
commercialization of cannabis and numerous cannabis-containing products in the food and beverage,
cosmetics, and personal care products markets. This development made testing of products for their levels
of cannabinoids, pesticides, or heavy metals necessary to prove they are harmless to consumers. This work
describes an inductively coupled plasma-mass spectrometry (ICP-MS) method for the analysis of various
heavy metals in cannabis sativa plant material. Cannabis is known to accumulate metals in various parts
of the plant to a different extent. As a consequence, several protocols for the homogenization of cannabis
buds were developed. For comparison, cannabis buds were separated into seeds, stems, and leaves and the
plant parts were subjected to ICP-MS analysis.
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Figure 1: Cannabis sativa “Santhica” separated into (a) leaves, (b) stems, and (c) seeds.

heavy metal content of cannabis, the
material needs to be thoroughly homogenized before sample analysis. The
recommended process for this sample
breakdown is grinding. Various milling
techniques exist, differing in their technical complexity: mills (knife, cutting,
rotor, or ball mill), mortar and pestle,
and rolling pin.
The above-mentioned grinders can
be discriminated in terms of their milling speed, feed quantity (and therefore
sample representation), and final sample fineness. It can be advantageous to,
for example, combine knife mills and
ball mills for a quick premilling step
for coarse homogenization and subsequent fine grinding, respectively.
No matter what type of grinding
method is chosen, because of the sticky,
smearing appearance of cannabis resin it is recommended to freeze samples
prior to milling. Freezing can either be
accomplished at -20 °C in a refrigerator,
or by using dry ice (-78 °C) or liquid nitrogen (-196 °C) as a cooling agent.
The setup of any grinder must be
performed according to the target analytes. For the analysis of the “big four”
heavy metals, stainless steel tools can
be used, no matter what type of grinder is chosen for sample preparation.
The advantage of this approach is its
high speed and often high throughput
(high feed quantity). In contrast, if the
abundance of additional metals such as
Cr or Ni in a sample is of interest, knife
mills with titanium blades or mills
with grinding tools made of ZrO2 or
polytetrafluoroethylene (PTFE) need
cannabissciencetech.com

to be selected. As these tools are normally smaller in size, the milling process will be more time consuming.
Cannabis seed is the plant part that
is most widely used as a food additive,
for example, in cereal mixtures, chocolate bars, or pasta. In this case, inductively coupled plasma-mass spectrometry (ICP-MS) analysis of heavy metals
must focus on seeds only and a homogenization of the entire plant sample
prior to analysis is undesired.
In this work, four different grinding methods were applied for the milling of three different Cannabis sativa
strains. ICP-MS was used to determine
the heavy metal content of the samples
and the homogenization efficiencies of
all approaches were compared based
on the results.
In a second set of experiments one
cannabis variety was separated into
seeds, leaves, and stems and ICP-MS
was utilized to identify possible variations of heavy metal concentrations in
the different plant parts.

Experimental
Sample Homogenization
and Milling

Three different Cannabis sativa varieties
(“Finola”, “Felina,” and “Santhica”)
purchased from a German drugstore
were analyzed. All of them were industrial hemp (according to German regulations THC content <0.2%) and were
sold as “hemp flowers” in 25 g batches
of dried buds.
The experiments for the analysis of
the homogenization efficiency were

performed by applying four different
grinding methods to each sample. Four
aliquots of each variety were prepared
and underwent the grinding processes described below. The milling techniques utilized were:
• Rolling pin (RP)
• Mortar and pestle (MP)
• K nife mill (KM)
• C ryo ball mill (CM)
All four procedures are very different in terms of their speed, throughput, and ability to provide homogeneous samples in a reproducible way.
Some vendors of grinding equipment
offer mills that allow for permanent
cooling of the sample during grinding with (cold) water or liquid nitrogen, for example. The advantage of this
setup is it’s consistency and the ease of
chopping a cold and brittle material. In
contrast to other techniques, sample
temperature is maintained low during
the milling process and loss of sample components by evaporation (such
as terpenes) or change of sample composition because of thermal decomposition (such as decarboxylation of
cannabidiolic acid [7,8]) can be eliminated. Sample precooling or intermittent grinding are alternative, but comparably tedious procedures.
The detailed proceedings for each of
the milling techniques applied are described in the following sections.

Rolling Pin

Approximately 10 g of dried buds were
weighed into an airtight zip bag and
cooled in a refrigerator at -20 °C for 1 h.
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Subsequently the bag was placed on a
hard support and cannabis was ground
using a wooden household rolling pin.
After 3–5 min no further sample breakdown was observed and the process was
stopped. Cannabis stems needed to be
broken into shorter pieces of approximately 10 mm length by hand. An image
of the final sample revealed rather large
pieces of stem segments and undamaged seeds in an overall inhomogeneous
material (Figure 2).

Figure 2: Cannabis buds “Finola”
after a 3 min grinding process using
a wooden rolling pin.

Solvents, Reagents,
and Preparation of
Standard Solutions

Mortar and Pestle

Approximately 10 g of aliquoted, dried
buds were weighed into an airtight
zip bag and cooled in a refrigerator at
-20 °C for 1 h. Then one or two buds
were withdrawn from the bag, placed
in a china mortar and ground for 5 min
utilizing a porcelain pestle. The resulting coarse powder still contained large
pieces of rigid cannabis stems, which
needed to be broken by hand to obtain
shorter pieces of approximately 10 mm
length. The entire process was repeated
until a 10 g sample had been prepared.
This method leads to a material comparable to the one obtained after rolling
pin grinding, but with seeds broken up.
Rather large pieces of stem material
were visible in the otherwise homogeneous, final sample.

Knife Mill

This mill can be utilized to quickly
grind a large sample batch and to
produce a representative sample. The
resulting sample can subsequently be
subjected to cryomilling.
For knife milling, 18 g of cannabis
buds were placed in a mill equipped
with titanium blades and ground
for 30 s at 4000 rpm (one cycle) or
10,000 rpm (two cycles), respectively (Figure 3). The first setup resulted
in a sample that looked similar to the
sample obtained utilizing the rolling
pin. It contained large pieces of stem
segments and intact seeds. In contrast, the milling process generated a
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different plant parts (see also Figure
1). These samples were directly subjected to digestion (without a preceding grinding step) and then analyzed
by ICP-MS.

coarse powder comparable to ground
coffee beans and no single plant parts
could be discriminated any longer.

(Cryo) Ball Mill

One cannabis bud (approximately
2.5 g) was manually broken into pieces
and filled into a 50 mL stainless steel
milling beaker. A 25 mm stainless steel
milling ball was added and the sealed
beaker was mounted to a cryo ball
mill equipped with a liquid nitrogen
filling system for permanent coolant
supply. The grinding parameters were
as follows: precooling at 5 Hz, two
cycles of 90 s at 30 Hz and 30 s at
5 Hz (for intermediate cooling). This
process resulted in a very fine powder
with a sample particle size of 100 µm
or smaller. Depending on the sample
properties, one cycle or two cycles
with reduced grinding time can be
sufficient to obtain identical results.
As an alternative, for example, 25 mL
zirconia milling beakers and 15 mm zirconia milling balls can be utilized. This
setup leads to decreased throughput because of limited sample capacity and increased milling times.

Unmilled Samples

For a second set of experiments, the
cannabis variety “Santhica” was manually separated into seeds, leaves, and
stems to identify possible variations
of heavy metal concentrations in the
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All solvents, acids, and reagents were
Suprapur or Ultrapur quality and
were obtained from MilliporeSigma/
Supelco. Ultrapure water was tapped
from a Milli-Q IQ 7005 ultrapure water purification system. Single element standards for ICP Certipur and
TraceCERT and various certified reference material (CRM) heavy metal mix TraceCERT standard solutions
were purchased from MilliporeSigma/
Cerilliant.
To compensate for sample matrix
effects, a standard addition approach
utilizing various CRM heavy metal mix TraceCERT standard solutions
was applied for the preparation of all
calibration curves. The final calibration curves were comprised of four
data points (three standard addition
solutions plus sample solution).
Alternatively, standard solutions
were also prepared by using single element standards for ICP Certipur and
TraceCERT (data not shown). Indium
was utilized as an internal standard in
all experiments. For accuracy reasons,
the composition of addition solutions
1–3 was adjusted to the heavy metal concentration in each of the three
samples. In detail, the standard solutions were prepared as listed in Table I (for further information please
also see reference 9).
The calibration curves for As, Cd,
Hg, and Pb reveal an excellent linearity over the entire calibration range
(exemplary for As in Figure 4, variety “Finola”). All standard addition
solutions were prepared utilizing
heav y metal mix TraceCERT VIII
standard solution.
cannabissciencetech.com
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Table I: Preparation and composition of all standard solutions utilized in the
ICP-MS analysis of cannabis samples
Standard
Solutions

Compounds

Indium standard
solution, 100 mL

3 mL nitric acid 60%, 1000 µL of indium ICP standard
(1000 mg/L), fill up to 100 mL with ultrapure water. Final
concentration 10 µg/mL.

Blank solution,
50 mL

3 mL nitric acid 60%, 1 mL H2O2 31%; after digestion and fill up
to 50 mL with ultrapure water.

Sample solution,
50 mL

50 ±1 mg ground sample, 3 mL nitric acid 60%, 1 mL H2O2 31%;
after digestion + 50 µL indium standard solution and fill up to
50 mL with ultrapure water.

Addition
solutions 1-3,
50 mL each

50 ± 1 mg ground sample, 3 mL nitric acid 60%, 1 mL H2O2
31%, different volumes of a CRM heavy metal mix TraceCERT
standard solution; after digestion + 50 µL indium standard
solution and fill up to 50 mL with ultrapure water.
Heavy metal concentrations in final solution 1–20 µg/g for
initial sample weight of 50 mg. The resulting sample was
subsequently subjected to ICP-MS analysis.

Figure 3: (a) Cannabis buds “Santhica” after grinding in a knife mill for 30 s at
4000 rpm and (b) cannabis buds “Felina” after grinding in a knife mill for 30 s
at 10,000 rpm (two cycles).

Equipment

The following equipment was used:
-M
 icrowave digestion system
turboWAVE, MLS (Germany)
-T
 hermoFisher Element 2 or
Element XR

Digestion and
ICP-MS Conditions

The conditions applied for sample digestion and ICP-MS analysis are shown
in Table II.

Results and Discussion
The recovery rates for the big four
heavy metals are listed in Table III. The
cannabissciencetech.com

determined recovery rates for all heavy
metals were excellent and within the
range of ±10%.

Milling Methods

The heavy metal contents of three
cannabis varieties, that were subjected
to the different milling processes, are
listed in Table IV.
The mercury content of all samples
was below the limit of detection (LOD),
and only one out of 14 samples displayed
a cadmium level above the detection limit (0.1 µg/g). For arsenic the results were
similar, with five samples containing As
close to the LOD (0.1 µg/g). The findings
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for lead were a bit different, and detected concentrations ranged from 0.3 to
1.0 µg/g. It is noteworthy, that these values do, in part, exceed the limits of various US states and Canada by a factor
of 2–3 (depending on the intended use).
The analysis of the “big four” elements
was reproducible and except for one deviation (Pb content of cannabis “Felina”
ground with mortar and pestle) the milling technique did not affect the detected
heavy metal concentrations.
Cryo milling was performed utilizing stainless steel equipment and resulted in the detection of elevated levels
of chromium in all cryo-ground samples. Though nickel is also a content of
stainless steel alloys, increased amounts
(compared to rolling pin and mortar and
pestle milling) were only found in the
cannabis “Finola” sample. The cause of
this result can be a difference in grinding time. Some US states (as of now MI,
MD, MO, and NY) issued regulations
that make the analysis of chromium in
cannabis necessary. In this case, it is essential to utilize a cryo milling approach
and zirconia or PTFE grinding equipment to avoid sample contamination.
In contrast to cryo milling, knife milling was performed using titanium blades
and therefore did not affect the Cr (and
Ni) content of cannabis samples.

Plant Part Analysis

The heavy metal content of stems,
seeds, and leaves of the Cannabis sativa
variety “Santhica” and the respective
recovery rates are listed in Table V. All
results except the lead content of seeds
are in line with the data shown in the
previous section. This finding corresponds to results published in various
publications, that also reported the
Pb concentration in seeds being lower
than in other cannabis plant parts such
as leaves, stems, flowers, or roots (5,6).

Conclusion
This work demonstrates a comprehensive ICP-MS workflow, using the
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Table II: Conditions for sample digestion and ICP-MS analysis
Digestion
Digestion program

Nitric acid digestion at 280 °C

Microwave vial

Quartz glass

Basic load

110 mL ultrapure water and 5 mL nitric acid or 115 mL ultrapure water

Charging pressure

40 bar

Deflation rate

5 bar/min (from T < 80 °C)

Vessel cooling

Yes (> 40 °C)

Program Parameters
Time (h)

Microwave
Output (W)

Temperature 1 (°C)

Temperature 2 (°C)

Pressure (bar)

00:03:00

700

70

60

100

00:15:00

1000

180

60

120

00:30:00

1200

280

60

120

After digestion the obtained solution was clear and particle free. Above-mentioned conditions can be adapted in order to enable
complete sample digestion.

ICP-MS Conditions
Plasma output

Approx. 1300 W

Plasma gas flow

Approx. 16 L/min

Assist gas flow

Approx. 1 L/min

Nebulizer gas flow

Approx. 1 L/min

Sample delivery

Peristaltic pump (or equivalent), delivery volume approx. 1 mL/min

Nebulizer

Quartz spray chamber (or equivalent) / Meinhardt nebulizer (or equivalent)

Mass resolution

4000 + 10000

Calibration

Standard addition

The analysis was performed in the sequence: Blank, sample 1 – x, additions.
Table III: Recovery rates for three cannabis varieties (RP and MP grinding
was applied to each sample) using CRM Heavy Metal Mix TraceCERT standard
solutions I, II, or III
Cannabis Finola
Element

Cannabis Santhica

Cannabis Felina

RP Mix I
(%)

MP Mix I
(%)

RP Mix II
(%)

MP Mix II RP Mix III
(%)
(%)

MP Mix III
(%)

As

104

102

98

99

104

98

Cd

98

97

99

94

102

100

Hg

90

91

108

110

100

97

Pb

94

95

96

102

98

99
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standard addition calibration method,
for the determination of heavy metals
in Cannabis sativa plant materials.
Critical elements in the process include
homogenization of samples and use of
accurate traceable CRM mixes, that are
tailored to state specific regulations for
heavy metals in cannabis. Reproducible
samples were prepared by grinding
cannabis with different mill types and
techniques. Samples were then digested
utilizing a specific digestion protocol
optimized to provide clear digestion
solutions. The resulting solutions
were subjected to ICP-MS analysis.
cannabissciencetech.com
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Table IV: Heavy metal content of three cannabis varieties as determined by ICP-MS. Four different grinding procedures
were applied. Roman figures indicate the use of a specific CRM Heavy Metal Mix TraceCERT standard solution (III to VIII)
for the preparation of respective addition solutions.
Cannabis Finola

Cannabis Santhica

Cannabis Felina

Element

RP
(µg/g)

MP
(µg/g)

CM-VII
(µg/g)

CM-VIII
(µg/g)

RP
(µg/g)

MP
(µg/g)

KM
(µg/g)

CM-V
(µg/g)

CM-VI
(µg/g)

RP
(µg/g)

MP
(µg/g)

KM
(µg/g)

CM-III
(µg/g)

CM-IV
(µg/g)

As

0.1

0.1

0.1

0.1

< 0.1

< 0.1

< 0.1

< 0.1

< 0.1

0.1

< 0.1

< 0.1

< 0.1

< 0.1

Cd

< 0.1

< 0.1

< 0.1

<0.1

< 0.1

0.1

< 0.1

< 0.1

< 0.1

< 0.1

< 0.1

< 0.1

< 0.1

< 0.1

Cr

0.3

0.4

12

12

0.2

0.3

0.3

3.6

2.5

0.3

0.5

0.6

3.7

4.3

Hg

< 0.1

< 0.1

< 0.1

< 0.1

< 0.1

< 0.1

< 0.1

< 0.1

< 0.1

< 0.1

< 0.1

< 0.1

< 0.1

< 0.1

Ni

0.8

1.1

2.0

2.1

0.4

1.7

0.4

0.7

0.6

0.5

0.6

0.6

0.7

0.7

Pb

0.6

0.7

0.7

0.7

0.3

0.5

0.5

0.4

0.4

0.5

1.0

0.5

0.5

0.5

Table V: Heavy metal content of cannabis “Santhica” stems, seeds, and leaves
as determined by ICP-MS (duplicate determination) and respective recovery
rates (RR) using CRM heavy metal mix TraceCERT standard solution II. No
grinding was performed prior to digestion.
Stems
Element

Seeds

Leaves

#1
(µg/g)

#2
(µg/g)

RR
(%)

#1
(µg/g)

#2
(µg/g)

RR
(%)

#1
(µg/g)

#2
(µg/g)

RR
(%)

As

< 0.1

< 0.1

99

< 0.1

< 0.1

96

< 0.1

< 0.1

99

Cd

< 0.1

< 0.1

100

< 0.1

< 0.1

98

< 0.1

< 0.1

102

Hg

< 0.1

< 0.1

96

< 0.1

< 0.1

103

< 0.1

< 0.1

100

Pb

0.4

0.4

97

< 0.1

< 0.1

101

0.4

0.4

99

were consistent for all samples and
revealed an As, Cd, and Hg concentration of <0.1–0.1 µg/g. The detected lead
content of the three cannabis varieties
ranged from 0.3–1.0 µg/g.
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The Science of Cannabis and
Hemp Edibles

W

ith cannabis and cannabidiol (CBD) use permitted in some
form across all but six states, the cannabis-edibles flood gate
is wide open. How else can one explain the forecasted CAGR
for the edibles sector of 22.3% globally from 2020 to 2027 (1)? Thus, it’s
critical to understand the mode of action for tetrahydrocannabinol
(THC) and CBD-infused products for informed consumption. Here,
Cannabis Science & Technology (CST) sat down with Ben Armstrong,
PhD, laboratory director at Juniper Analytics LLC, to talk about the
science behind cannabis and hemp edibles and why analytical testing
of such products tops the to-do list of any serious cannabis brand.
CST: How are marijuana and hemp both similar and different?
ARMSTRONG: While both recreational marijuana and hemp are part
of the genus Cannabis, the 2018 Farm Bill defined hemp as having
less than 0.3% THC. Hemp plants usually produce mid- to high levels
of CBD, ranging in percentage from the single digits into the teens.
By contrast, recreational marijuana is a variety of cannabis that
produces high levels of THC and low levels of CBD.
There are many strains of both, and you can find varieties that span the
entire spectrum of THC, CBD and other cannabinoid expression. In fact,
THC and CBD are two of over 100 cannabinoids that have been identified.
These naturally occurring compounds are produced by the cannabis
plant in their acidified forms (i.e., the delta-9-tetrahydrocannabinolic acid):
THCA and CBDA. While these molecules have some very low-level binding
affinities for receptors in your body, they must be decarboxylated to THC
and CBD to produce their psychoactive effects.
CST: What does it mean to decarboxylate THC and CBD?
ARMSTRONG: Decarboxylation is the chemical reaction that removes
a carboxyl group from that molecule, turning THCA or CBDA into
its neutral forms: THC or CBD. THCA, CBDA, and other acidified
cannabinoids have very low binding affinity for cannabinoid (CB)
receptors within the endocannabinoid system. Therefore, THCA won’t
produce the intoxicating psychotropic effects that you get with THC,
and CBDA won’t bind to CB receptors to produce medicinal benefits.
For effective and efficient binding to those receptors, these molecules
must undergo decarboxylation through heat.
CST: How does consuming cannabis as an edible differ from
consuming it via other delivery methods?
ARMSTRONG: Inhaling cannabis through smoking or vaping results
in a very fast onset of effects—usually within minutes. The duration of
the high, if you're using it for recreational purposes, will usually last one
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Laboratory Director
Juniper Analytics LLC
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to two hours. It takes much longer to feel the effects
with edibles—usually 45 minutes to two hours—and
the effects last much longer because of how delta-9THC is processed in the body.
When you're smoking or vaping, delta-9-THC enters
the bloodstream and the vast majority crosses the
blood brain-barrier to bind to CB1 or CB2 receptors.
This happens very quickly, and that’s why the high
you get from smoking is almost instantaneous.
Edibles are processed through the digestive system,
and the liver converts delta-9-THC into 11-hydroxyTHC. Importantly, this molecule has an even greater
binding affinity for those CB receptors, and so while
it may take longer to feel the effects, they will last
much longer and potentially be more intense.
When smoking, some delta-9-THC is converted
to 11-hydroxy-THC, as well; it just isn’t the same
amount as if it were ingested. So while both forms
of consumption result in the same metabolites
producing psychotropic effects, the high from THC
edibles is also usually more of a full body feeling
whereas smoking is often more cerebral.
CST: What is an appropriate dose of THC or CBD to
deliver via an edible?
ARMSTRONG: It varies from person to person.
Everybody’s bio-makeup is slightly different, and it
also changes dramatically whether you’re a firsttime or an experienced THC consumer. As a rule of
thumb, the recommended starting dose for THC
edibles is 5–10 mg. At that dose, some experienced
regular cannabis users may not feel much of an
effect, while that dose in others may produce a very
significant psychotropic high.
CBD is different. While it binds to CB receptors, it
doesn’t have a psychotropic effect and won't produce
the high you get with THC. For medicinal purposes,
some people take doses as high as a couple hundred
or even a 1,000 mg of CBD. Again, this molecule works
slightly differently on your CB receptors, which can
change dramatically depending on your experience.
So, start at a low dose and work your way up.
CST: Why do the effects of edibles differ so much
from person to person?
ARMSTRONG: Scientists are working to understand
this. In short, it’s mostly because cannabinoids
interact with CB1 and CB2 receptors. They’ve also
been implicated in binding, or in influencing the
binding, at many other receptors in the body. Each

person's metabolism and bio-makeup is distinct,
and the experiences you’ve had throughout the
day—the food you’ve consumed or how much water
you’ve had—can influence the effects that one
person may feel versus another.
CST: Do terpenes impact the effects of an edible?
ARMSTRONG: Substantial evidence suggests that
terpenes influence the effects of consumed edibles.
Much of the evidence is anecdotal and needs more
research, but one thing that we can talk about
is the “entourage effect,” which are effects from
cannabis compounds other than THC. In addition to
THC, CBD, and other cannabinoids, cannabis plant
expresses huge numbers of terpenes, flavonoids,
and other molecules. When these compounds are
captured through a low-heat extraction and put into
coconut oil or canna butter for an edible product,
those compounds are ingested. They can then work
synergistically to affect many different receptors
and downstream pathways within the body that
contribute to the effects that a person feels.
Some products are even marketed to contain specific
subsets of terpenes such as more citrus ones like
limonene that may give you more of an awake and
uplifting feeling versus myrcene, which is known to
have more of a calming and sedating effect.
CST: In the end, why is it important to test edibles?
ARMSTRONG: The analysis of edibles is important for
many reasons. To allow for consistent and accurate
dosing, for example, it’s ideal to know an edible’s
cannabinoid profile or potency. For safety purposes,
it’s also important to test edibles—or the oil or canna
butter used to make them—for pesticides and heavy
metals. Cannabis is an agricultural product and is
exceptionally good at sequestering heavy metals
from the soil, so performing pesticide residues, heavy
metals, and microbials analyses is important to
ensure that the products are safe for consumption.
For very experienced users, it can be helpful to know
the terpene profile of the flower they’re using or
the edibles they're ingesting. This goes back to the
entourage effect, where there are more contributing
factors than just the dose of THC that may help
provide that recreational effect, or the medicinal
benefit that you expect to get from these products.
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Why Does Leaf
Temperature Matter
in a Commercial Grow Room?
BY R O B B I E B AT T S A N D S A M U E L B U R G N E R

This article series takes a deep dive into some of the more technical aspects of cannabis
cultivation that growers should understand in order to run their businesses more efficiently
and more profitably. Part I explores the concept of balancing leaf temperature to optimize
plant growth. Many growers try to maximize temperature to influence growth rates, but a
variety of factors must be in careful balance to determine optimum leaf temperature.

W

HY SHOULD LEAF temperature matter
to you as a cannabis cultivator? There are
many reasons to consider, but the answer
starts with a solid grasp of the basic concept of temperature.
Heat is a form of energy and temperature is a measure of
that energy. When you are outside and feel the warmth of the
sun on your skin, it’s not the same as standing around a fire
absorbing the heat it emits. The sun releases large quantities
of infrared radiation, which is a form of electromagnetic radiation better known as light. Infrared radiation on its own
is not “hot,” but when it intercepts objects like your skin or a
plant leaf, it is absorbed. This causes the molecules to vibrate
at a higher frequency (more energetic), generating heat and
consequently increasing the temperature.
This is why you can feel intense warmth when standing in
the sun and then instantly feel cold when a cloud covers the
sun. The radiative infrared light source has been intercepted
by clouds (water), which absorb infrared very strongly.

Plants and Infrared Radiation
Plants are full of water, so they are very susceptible to absorbing infrared radiation. When you cook food in a microwave,
water molecules in the food absorb the microwave radiation,
making the molecules more energetic and generating heat to
cook the food. This is similar to how infrared radiation causes
plants to become warmer.
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It is important to understand the different molecules that
make up a cannabis plant to grasp the influence of infrared
exposure. The majority of carbon matter in a cannabis plant
(such as cellulose, the fibers that make up most cell walls and
structures like stems and leaves) does not effectively absorb
infrared radiation, nor can it retain much heat. However, water molecules in plants strongly absorb infrared, creating an
energetic stream of fluid moving through the stems and vascular tissue.
Water has a high capacity for absorbing heat, meaning that it
takes a lot of energy to raise the temperature. Water also tends
to absorb heat from warmer objects in its immediate surroundings because of this intrinsic property. Consider the difference
in temperature between a slab of concrete sitting in the sun versus the puddle of water that has collected from recent rainfall.

How Plants Use Heat
Heat is moved into a plant in three primary ways: conduction,
convection, or radiation. Let's explore those more below.
● Conduction is when heat is transferred by touching. When
an object is hot, it conducts heat into the air immediately
near it. In horticulture, the impact of conduction is primarily in the root system where the plant is physically
touching something else (soil, water, and so forth). This
is why rootzone heating is so effective—water in the soil
absorbs the heat energy and disperses it throughout the
cannabis plant.
cannabissciencetech.com
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called ribulose bisphosphate carboxylase oxygenase (RuBisCO).
This enzyme is responsible for capturing carbon dioxide gas using energy produced by photosynthetic
light absorption. RuBisCO can bind
carbon dioxide and oxygen. If the
temperature is too high (oxygen solubility increases), the enzyme becomes prone to binding oxygen instead of carbon dioxide. This ends
up burning the plant’s stored energy to carry out this process, resulting in slower growth. This process,
known as photorespiration, is totally dependent on leaf temperature as
opposed to room temperature.
Figure 1: A macro shot of a stomata—the pore that opens and closes to regulate
how much moisture is released from a plant.
Convective heating is when air
containing heat energy is moved
around, transferring its heat energy to cooler air and objects in the
room. Picture a high-pressure sodium (HPS) fixture with a fan directed at it. The air in the room would
conduct heat from the HPS fixture and generate a convective current as that heat energy in the air is
moved throughout the room (technically called forced heat convection).
The convective heat is contained by
the air molecules, which are then
moved by the fan, resulting in a net
increase in temperature in the room
as more of this heat energy is emitted by the HPS fixture.

● 

Most of the heat in a commercial
cannabis grow room comes from
radiation emitted from the light
source and all surfaces. All of this
energy is constantly released and
absorbed by objects or plants in the
room at the speed of light as infrared radiation. This matters most
when the lights are turned off in
a grow room and the room is kept
warm by radiating surfaces until

● 

cannabissciencetech.com

enough energy has been lost to drop
the temperature below setpoint. At
this point, the climate control system will need to provide heat.
All objects emit infrared radiation
when they are above absolute zero
temperature and if the temperature
is high enough, they will emit visible light—like coals in a fire. Unless
airflow in the room is very high or
rootzone heating is being used, most
of the heat energy absorbed by a plant
will be in the form of radiation.

Plants’ Tolerance Range
for Temperature Swings
All plants have range of heat tolerance
based on a variety of factors.
● Cannabis

transpiration rates will
increase if the canopy temperature increases because the energetic state of the water in the plant is
higher, making the molecules move
more quickly and increasing vapor
pressure within the leaf (this will
be covered in our next article).
Most of the protein in a cannabis
plant’s leaf tissue is in an enzyme

● 

All of the contents of a plant are
confined in its cells using fat-based
membranes. As we know, some fats
are solid at low temperatures, while
others remain liquid. Those that remain liquid can become extremely fluidic at high temperatures. The
fats that make up the cell membrane
will change in response to temperature to ensure that a solidifying
fat is not used at low temperatures
(which would “crack” the membrane as its movement slows, making the cell leak), or that a very fluid
fat is not used at high temperatures
(which would become too fluid and
also result in a leak). When temperature changes, it can take several days for the plant to alter its cells
to deal with these changes and each
genotype is limited by its capacity to alter these membrane structures. This is part of the reason we
have seasonal crops. If the environment shifts rapidly and frequently,
the plant does not have enough time
to adapt and can be damaged.

● 

These factors constitute the tolerance range plants have for temperature swings. Fortunately for cultivators, cannabis plants are quite adept at
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Figure 2: Transpiration is the movement of water through a plant and out of
the leaves.

Aside from keeping the leaf inflated,
the water has done its job and room
conditions outside of the plant promote or inhibit its ability to escape the
leaf at a healthy rate without smothering or drying the plant.

Leaf Temperature
and Plant Growth

making up for this stress. Stomata, the
pores found primarily on the underside of leaves, release water from the
inside of the plant into the atmosphere
and can open and close to regulate
how much moisture is released from
the plant. Plants take up water in the
rootzone, which is then moved through
the vascular tissue and into the stem,
which eventually enters the leaf cells
where it accumulates on the outside of
the cells in the intercellular air space.
Once it reaches this point, water evaporates into the leaf air space, where it
can exit the plant through the stomata.
What is the mechanism that causes

34

this evaporation and what are some of
the consequences? When water evaporates, it takes the heat energy with
it, resulting in a net cooling effect for
the object from which it came—in this
case, the leaf. As water moves through
the vascular tissue in a plant, it also
absorbs heat from its surroundings.
By the time water reaches the leaf, the
energy provided by the lights plus the
pull on the liquid surface imparted by
the atmosphere will provide the last bit
of energy needed to change its state.
At this point, water becomes vapor and
shifts into a dynamic with the atmospheric conditions outside of the plant.

cannabis science and technology ®  |   vol. 4 no. 2

Respiration rate is another plant
growth process that provides most of
the energy-rich compounds cannabis
plants need to grow and also what
the plant needs to survive when the
light source is gone. A large portion of
respiration occurs in the roots, where
plants tend to store captured photosynthate. If the temperature of the leaf or
root is too high, the growth respiration
rate may be higher, but the amount of
energy the plant will spend on maintenance respiration might outweigh any
potential gains. This is part of the reason many growers choose to use cooler
temperatures at night.
Leaf temperature also impacts leaf
expansion, which is critical for ensuring light capture. As the temperature rises in the plant, pressure builds
up and forces the cell walls to stretch
and grow. If the leaf temperature is too
high, however, the plant will focus energy on cooling itself by opening its
stomata, increasing transpiration rates
and leading to a pressure drop that reduces the amount of expansion. By
providing a slightly cooler temperature
and a higher humidity level at night,
roots can build up additional pressure. This forces water into the tissues
of the plant, leading them to grow and
evenly distribute nutrients to both mature and developing tissues.
Plant tissues can be at different temperatures within the same grow room.
The roots, stems, and leaves can all vary
in temperature, and this difference is
exacerbated by proximity to the light
source and access to air movement.
CONTINUES ON PAGE 38
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Qualitative
Versus Quantitative
Hemp Testing:
The Limitations of Current Law
Enforcement Field Tests
BY R O N FA Z I O, C H R I S T I A N W E S T R I N G , A N D C H A R L E S S T E E L E

Licensed hemp acreage has reached more than 465,000 acres across 47 states since the
2018 Farm Bill passed, yet most law enforcement utilizes field tests that are not able to correctly distinguish
between hemp and marijuana. Even qualitative chromatography laboratory tests only reveal the presence of
delta-9-tetrahydrocannabinol (THC), which hemp is legally allowed to contain if less than 0.3%. This article
focuses on the technology being used in new rapid field tests that combine one-time-use color testing with a
colorimetric panel—much like a pH test—that provides an identification and semi-quantitation of THC and
tetrahydrocannabinolic acid (THCA). The significance of this is that cost effective rapid field tests will lessen the
number of false arrests and allow crime laboratories to focus on more critical public safety testing.

Y

OU MAY NOT realize it, but there is a forensic
problem with hemp. Due to the recent Drug Enforcement Agency’s (DEA) ruling and the 2018
Farm Bill, hemp and hemp products have become
ubiquitous in the United States. In fact, hemp flower can be
easily purchased online and in many retail stores. Many smoke
hemp or use its derivatives for a wide variety of perceived
medical benefits, or simply for recreational enjoyment.
For the forensic scientist, the problem is that legal “hemp”
is the same plant (Cannabis sativa) as “marijuana.” The difference between them is that hemp is only allowed to contain
less than 0.3% delta-9-tetrahydrocannabinol (THC). To date,
the commonly used forensic field tests are unable to quantify delta-9 THC levels. The field tests used by most law enforcement agencies are perception based, evaluating the look
or smell of the substance. Examples include one-time-use
color tests such as the “Duquenois-Levine” presumptive test
kits. This test produces a visible color development in the
cannabissciencetech.com

presence of delta-9 THC, but it does not indicate its concentration. Therefore, this test and others like it will not distinguish between legal hemp and marijuana.
This poses a significant problem for law enforcement. Possession of a hemp product will still mean a positive result in
presumptive marijuana tests. As a result, people growing and
transporting legal hemp have been arrested. Though they are
largely able to resolve the legal confusion, they often spend
time and money before they can do so. Individual consumers
are at risk too.
All across the country, in all walks of life, people have
been arrested for marijuana possession when they were actually in possession of hemp-based consumables. Even cannabidiol (CBD) users are at risk. Studies are showing that
as many as 50% of the CBD products on the market contain
trace amounts or greater of delta-9 THC. These products will
therefore produce a positive result on the current presumptive tests. Although further laboratory testing can identify
march 2021  |   cannabis science and technology ®
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hemp versus marijuana, the test often takes weeks (if not months) and
requires significant resources and
generates substantial costs.
Clearly, the traditional methods of drug testing for marijuana
are no longer sufficient for the current needs. Law enforcement needs
a practical, cost-effective field test.
The test needs to be able to quickly quantify delta-9 THC at roadside
stops, therefore helping to prevent
unnecessary investigations and elevated costs.
Fortunately, Hemp Synergistics
has developed a field test based on
patent pending work done at Purdue University Northwest. The
field test, called the THC Recognition Unit (TRU), is a low-cost,
easy-to-use kit that anyone can use
to distinguish hemp from marijuana in less than 5 min. Expanding on
the existing chemistry used in the
Duquenois-Levine test, the TRU test
utilizes the differences in concentration based spectral absorptivity.
As mentioned above, the traditional tests based on the Duquenois-Levine reaction produce a visible reaction. Specifically, the tests
produce a chromophore with a blue
or purple shade. However, the reaction is not specific to delta-9 THC.
There are many known compounds that will produce a colored molecule when coupled with the
Duquenois-Levine reagent. Some
of them are very similar in visible color. In this context, “color” is
the perception by the observer of
the photons that reach the photoreceptors in the eye. The human eye
only has three types of cones that
each respond to a different range of
photon energy. What the brain interprets as color is the net effect of
all the energy. As a result, different combinations of photons can
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Figure 1: Two different blue dyes that produce similar visible colors.

produce the same net energy and be
perceived as the same color.
Figure 1 shows absorption curves
for two different blue dyes that are
used in window cleaners. The graph
represents how many photons of each
specific wavelength are absorbed by
the samples. Despite the differences in
the absorption curves, each produces
a similar blue shade. These are not exactly the same. However, they are similar enough that the average consumer
does not notice the difference.
Duquenois-Levine type tests encounter a similar obstacle. Using the
CIELab scale, the average person will
not notice a color difference (DE) of
less than 1–1.5. So, when evaluating a
single color, people will likely not notice if a color is not exactly right. In
forensic applications, if we are differentiating two colors, the differences can be accentuated by changing
the ambient light so that only specific wavelengths are present. If light
only at 700 nm was shone through the
samples in Figure 1, only one of the
samples would absorb it. Another approach is to use an optical filter that
blocks colors coming to the eye. If the
observer were only looking at photons
between 680 and 700 nm, they again
would only see one color.

cannabis science and technology ®  |   vol. 4 no. 2

Neither of these options are available with the standard Duquenois-Levine type tests. Therefore, the traditional tests introduce an additional
chloroform extraction step that has
been shown to be specific for the
chromophore produced with delta-9
THC. When the extraction occurs, the
presence of delta-9 THC is indicated.
Unfortunately, chloroform is acutely toxic, carcinogenic, and highly volatile. When ingested or inhaled it can
harm the eyes, skin, liver, kidneys, and
nervous system. So, the technology in
TRU replaces this extraction step with
a spectral comparison.
Like the traditional Duquenois-Levine tests, many compounds will react with the reagent formula used in
TRU. However, none have been found
to have the same absorption spectrum.
(See Figure 2.)
The shape of the absorption curve
can be used to compare the identity
of the produced chromophore to the
known absorption curve with the reaction product with delta-9 THC.
TRU capitalizes on this by utilizing a comparison of the reacted sample with an artificial color scale produced to have the same absorption
spectrum. In this way, TRU can separate the chromophore produced by the
cannabissciencetech.com
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Figure 2: Absorption spectra of the chromophore produce in the DuquenoisLevine test in ethanol.

reactions with delta-9 THC from other reaction products like the traditional Duquenois-Levine tests.
Because we don’t know all of the potential absorption spectra that TRU
users may encounter, we cannot use
narrow wavelength restrictions as described for Figure 1. Fortunately, in
practice, the available light does not
need to be that restrictive. This is because the net color is the effect of the
ratio across the entire spectrum, and
significant change or restriction will
cause a difference in the resulting
visual shade. This effect is referred to
as metamerism.
When evaluating metameric effects,
it is common to examine two samples right next to each other with varied light. While people will not tend to
notice color differences, when they are
side by side, differences become more
obvious. This is similar to the color
difference a homeowner sees when
they use a different batch of wall paint
on one part of the wall. With TRU,
the user can match the color formed
specifically to the color expected to
cannabissciencetech.com

indicate the presence of Delta-9 THC.
TRU then carries the comparison a step further. According to the
Beer’s-Lambert law, the amount of
light absorbed by a sample is linearly proportional to the concentration of
the sample being tested. Simply stated,
doubling the amount of a sample will
double the amount of absorbed light.
TRU uses this relationship by comparing the test sample to a colorimetric
panel that has been prepared to emulate absorption at the appropriate concentration ranges.
The chemical reaction used by the
TRU system is designed so that the
limiting factor is the amount of delta-9
THC. Because of this, the intensity of
color development is only dependent
on the delta-9 THC level. With a universally calibrated test vial then, the
user can yield many different color intensities. The user can compare the intensity of the reaction to a known colorimetric panel that will correspond to
the amount of Delta-9 THC.
The final critical element in the product is the patent-pending disposable
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grinder and sampler, which allows for
the rapid homogenization and sampling
of herbaceous material, for a consistent
sample, even when used in the field.
Putting all of this together, TRU is
an elevated presumptive test that enables users to more appropriately sample hemp and marijuana products. Users are able to sample a calibrated
amount of material to yield a color development that can be compared to a
known colorimetric panel to both indicate not only the presence of delta-9
THC, but the percent amount. This determination will improve the ability
of law enforcement to correctly access
the probable cause for arrest.
While TRU is easy to use and can
quantify the amount of delta-9 THC in
a sample, it should not be used to replace full laboratory testing, when required. Rather, by providing a field result of the amount of delta-9 THC,
TRU can differentiate what samples require full laboratory testing and what
samples can be ignored. This is expected to eliminate up to 50% of the laboratory submissions.
In laboratory forensic drug analysis (also known as controlled substance testing), the differentiation between hemp and marijuana requires a
quantification that identifies the percentage of delta-9 THC to the total dry
weight. Since field tests are susceptible
to subjective interpretation, mis-use,
and other noncontrollable issues, they
should only be used to provide probable cause for further investigation or
to triage suspected samples. TRU is designed to fulfill both for any law enforcement agency. Backed by university research, TRU can allow any law
enforcement agent to identify, in minutes, if a suspected marijuana sample is actually legal hemp. Considering that full laboratory testing takes
weeks to months and can cost hundreds of dollars, TRU is positioned to
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Employing cutting edge advances
in method development and
manufacturing, scientists at the
center have been working with
collaborators at Hemp Synergistics
to develop a rapid and affordable
solution to current market THC
quantitation needs.
save agencies thousands of dollars.
Further, by reducing the total number of suspected marijuana case submissions to the crime laboratories, forensic scientists will have more time to
devote to other controlled substance
cases, such as methamphetamine, heroine, and opioids.
Hemp and CBD products come in all
shapes and sizes. From raw botanicals
to highly-formulated OTC products,
there is literally no end to the types of
products that can contain hemp-based
ingredients. Considering that most
are made by small boutique companies
with little or no quality control, the US

market has been flooded with “hemp”
or “CBD” products that contain an illegal amount of delta-9 THC. Understandably, law enforcement struggles to
identify what is legal, compliant hemp
and what is controlled marijuana.
Public attitudes about marijuana and
hemp products have shifted. The laws
are following, and more products will
be on the market. This means that there
is a need for products like TRU at multiple levels of use and restrictions. The
science behind the TRU test was developed in collaboration between researchers at the Center for Crime and
Criminalistics at Purdue University

Northwest. The Center for Crime and
Criminalistics is a multidisciplinary
center that brings together recognized
leaders in forensic science, criminal justice, and industry partners. Employing
cutting edge advances in method development and manufacturing, scientists
at the center have been working with
collaborators at Hemp Synergistics to
develop a rapid and affordable solution
to current market THC quantitation
needs. Through these efforts, scientists
at the Center for Crime and Criminalistics and Hemp Synergistics aim to promote the advancement of drug detection science for a variety of industrial
and law enforcement applications.
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CONTINUED FROM PAGE 34

With plant tissues at different temperatures, maintenance
respiration rate, growth rate, and expansion can all vary.

Conclusion
By grasping the concepts discussed in this article, cultivators
will have a better understanding of how to balance the temperature of cannabis plants to reach maximum growth rates.
The optimum leaf temperature changes depending on how
much light intensity and carbon dioxide are supplied to the
plant. Light intensity and carbon dioxide are captured at faster
or slower rates depending on the temperature of the proteins
involved. All factors must be in careful balance to determine
the optimum leaf temperature.
Our next article in this series will dive deeper into water
movement in plants, primarily focusing on the concept of vapor pressure deficit (VPD) and VPD control.
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How to
Distinguish Hemp
from Marijuana

with Mid-Infrared Spectroscopy
BY M A D E L I N E C O L L I

Mid-infrared (IR) spectroscopy has been around for a long time, but spectroscopists continue to
apply this technology to new markets, such as hemp testing. We recently spoke to Brian C. Smith, PhD, founder,
CEO, and Chief Technical Officer at Big Sur Scientific, about his work with mid-IR spectroscopy to test for total
tetrahydrocannabinol (THC) and other cannabinoid levels in hemp and marijuana plant material, his plans
for future developments, and more.

Can you tell us in detail how mid-infrared
spectroscopy distinguishes the chemical
differences between hemp and cannabis?
Brian Smith: Mid-infrared (IR) spectroscopy used
infrared light, or heat, to examine samples. The wavelengths absorbed are unique to each individual molecule, which is
how we determine what cannabinoids are present. The amount of
light absorbed tells us the concentration of each cannabinoid.
Current Federal law states that legal hemp contains 0.3% or less
total tetrahydrocannabinol (THC), while illegal marijuana
contains more than 0.3% total THC. This means that to legally
distinguish hemp from marijuana, a total THC value must be
measured. The hierarchical total THC algorithm we use,
discussed in our peer-reviewed paper recently published in
Cannabis Science and Technology (1), classifies cannabis plant
material as hemp or marijuana with a high success rate.

Q:
A:

Can you tell us how you were able to
achieve 99+% discrimination (qualitative)
accuracy for this method?
Smith: The key to our success is use of mid-IR
spectroscopy combined with a Hierarchical Total THC
Classification algorithm. The challenge with classifying
cannabis plant material as hemp or marijuana is the broad total
THC concentration range present in these materials, anywhere
from 0.1–30%. Our method first uses a global total THC
calibration to classify cannabis plant material samples as high or
low total THC. High total THC samples are classified as
marijuana and the analysis ends. Low total THC plant material

Q:
A:

cannabissciencetech.com

may be legal hemp. In this case, a special high accuracy low total
THC calibration is applied. Samples measuring 0.3% total THC
or below are classified as hemp and samples containing more
than 0.3% total THC are classified as marijuana.
What algorithm do your analyzers use to
determine potency in samples?
Smith: The Global Total THC model and the low Total
THC model were created using the partial least squares 1
(PLS-1) algorithm. These were incorporated into the Hierarchical
Total THC algorithm. The first decision point in the Hierarchical
algorithm determines whether a cannabis plant sample contains
5% or more total THC. Samples below this value are passed on to
the next decision point, where it is determined whether the
sample is above or below the 0.3% total THC legal limit.

Q:
A:

How is accuracy measured on these
machines to ensure the data is correct?
Smith: There are two figures of merit required for
determining the accuracy of hemp and marijuana classification. The accuracy of the marijuana/hemp classification was
calculated as a percent success rate. The algorithm was then applied
to a set of validation samples known to be hemp or marijuana and
the number correctly classified was divided by the total number of
samples to determine the percent successfully classified.
The accuracy of the spectroscopic total THC calibration
models used was determined as a standard error of prediction
(SEP). In this calculation, a model is applied to a set of validation samples that were not included in the calibration but

Q:
A:
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whose total THC values are known via
high performance liquid chromatography (HPLC). This gives a set of total
THC values as predicted by mid-infrared spectroscopy, and set of known values. The standard deviation between
the known and predicted total THC values gives the SEP.
How does this method
compare to other testing
methods currently in use?
Smith: As pointed out in our
article (1), for an analytical
technique to be used to distinguish
between hemp and marijuana per
Federal law, it must produce a weight
percent total THC value. Methods that
have been touted in this application,
such as color tests, genetic testing, and
Raman spectroscopy, do not produce a
total THC value and hence, should not
be used in this application.
Gas and liquid chromatography can
be used to accurately measure total THC
levels in cannabis plant material. However, these techniques involve significant
sample preparation, expensive solvents
and consumables, and require a degree
and significant training to be used properly, take 20+ minutes to produce a result, and are not portable. Therefore,
chromatography is not practical for field
analysis of cannabis plant material.
Our mid-IR spectroscopy analyzer is portable, pre-calibrated, features push button operation so anyone can use it, requires little sample
preparation, and also gives accurate
results in two minutes. It is ideally
suited for use by law enforcement for
on-the-spot classification of cannabis
plant material, and by forensic labs for
screening samples.

Q:
A:

Q:
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Will mid-IR spectrometers
ease the confusion for law
enforcement so that fewer
legal hemp shipments are
confiscated and fewer
individuals are arrested?

Smith: Yes, that is why we
developed our analyzer. Mid-IR
spectroscopy can be used roadside by
police officers to determine whether
suspect cannabis plant material is legal
hemp or illegal marijuana. If a sample
tests as legal, no action is taken. If a
sample tests as illegal, it should be
forwarded to a forensic laboratory for
confirmatory analysis.

A:

How will mid-IR
spectroscopy benefit
state departments of
agriculture and forensic
laboratories that are
tasked with determining
the legality of cannabis
plant material?
Smith: Given the speed and ease
of use of mid-IR, state department of agriculture agents can analyze
plant material samples themselves in
the field to determine legality. Samples
that test illegal should be forwarded to a
certified laboratory for confirmatory
analysis. Field testing of samples by
mid-IR will reduce the load of legal
samples being sent to forensic laboratories, saving time and money.
Similarly, forensic labs can use midIR to screen incoming plant material samples and weed out the legal ones,
saving the time and expense of analyzing samples that didn’t need to
be analyzed.

Q:

A:

How do you anticipate
this instrument will help
hemp farmers during the
growing and harvesting
seasons?
Smith: Hemp farmers have to
tread a fine line between
minimizing total THC levels to stay legal
and maximizing total cannabidiol (CBD)
levels to stay profitable. Our analyzer
accurately measures total THC and total
CBD in dried ground hemp (see our
paper in the December 2019 edition of
Cannabis Science and Technology [2]).

Q:
A:
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Our analyzer allows hemp farmers to
optimize their grow and know when to
harvest to stay both legal and profitable.
What type of
representative sampling
methods are required for
accurate analysis of
cannabis grows?
Smith: Cannabis is a naturally
variable, inhomogeneous
material. Research has shown that
adjacent plants, and cuttings from the
same plant, vary significantly in
cannabinoid concentration. This
means taking one or a few cuttings
from a grow and analyzing them will
not give representative results, known
as sampling error. This error is
dangerous because you can be misled
into thinking your grow is legal when it
isn’t. The way to minimize sampling
error is to test as many samples as is
practical from a cannabis grow. In a
recent column in Cannabis Science and
Technology (3), I discussed my representative sampling plant for cannabis
grows. To achieve the best compromise
between sampling error and sample
load, I advocate that we as an industry
commit to analyzing 1 plant per 1000.
Mid-IR can analyze a cannabis plant
sample in two minutes and is able to
handle hundreds of analyses per day.
This technology is up to the task of
handling the sample load required for
true representative sampling.

Q:
A:
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Around the World:

Canada’s Footprint on the Cannabis Industry
BY M A D E L I N E C O L L I

As cannabis legalization ramps up in the United States it’s important to look to other countries and check how
they are handling the new age of cannabis legalization and learn from each other. Our neighbor to the north,
Canada, has taken a strong approach with cannabis legalization. In this article, we take a closer look at the
cannabis industry in Canada and speak to several Canadians involved in the industry.

C

ANNABIS LEGALIZATION IS sweeping the nation. States throughout the US are beginning
to see the benefits of both the medicinal properties and economic growth that the cannabis
plant provides. As of the November 2020 election, 14 states
have legalized recreational use and 35 states have legalized medical use. In early December 2020, the US House of
Representatives passed the Marijuana Opportunity, Reinvestment, and Expungement (MORE) Act and the Medical
cannabissciencetech.com

Marijuana Research Act (1). Currently, those bills are sitting in the Senate, waiting for their turn in the legislation
process. With the rise in legalization, the US should look to
other countries around the world for guidance.
In this installment of "Around the World," we focus in
on Canada which has become known as the most cannabis-friendly country in the world as chosen by The Weed Blog
(2). Looking at the Great White North, we will explore the
intimacy of Canada’s cannabis legislation.
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Canadian Legalization
of Cannabis
Cannabis in Canada first began in the
form of hemp. In 1801, the Lieutenant
Governor of Upper Canada began
distributing hemp seeds to farmers, in
an effort to help stimulate the economy
(3). From there the industry grew until
it was constituted as illegal in 1923, after
the Narcotics Drug Act Amendment Bill
brought in the Act to Prohibit the Improper Use of Opium and Other Drugs,
which added cannabis, opium, cocaine,
and morphine to the list. It wasn’t until
2000–2001 when cannabis was allowed
for medicinal use in the Marihuana for
Medical Access Regulations (MMAR),
the country’s first rendering of a medical
cannabis law. Through various battles regarding the constitutionality of
their laws, the Government of Canada
proposed the Cannabis Act in 2017 to
legalize adult-use cannabis, which went
into full effect in 2018, placing Canada as the second country in the world
(following Uruguay), to legalize the
possession, consumption of cannabis,
acquisition, and cultivation of cannabis
and its by-products (4).

Delving into Canada’s
Cannabis Laws
With the Cannabis Act passed, a regulatory and legal framework was created
to control the production, distribution,
sale, and possession of cannabis (5).
The new law shared responsibility to
be implemented through the federal,
provincial, and territorial governments.
This meant that depending on the province or territory, each area would have
their own set of restrictions. In Canada,
there are 10 provinces: Alberta, British
Columbia, Manitoba, New Brunswick,
Newfoundland and Labrador, Nova
Scotia, Ontario, Prince Edward Island,
Quebec, and Saskatchewan. Aside from
having 10 provinces to govern, Canada
also consists of three territories named
the Northwest Territories, Nunavut, and
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Yukon. Through the Cannabis Act, provinces and territories constructed precedents of how cannabis could be sold,
locations of stores, how those stores
needed to operate, who was allowed
to sell the plant, and were granted the
flexibility to add further restrictions such
as, increasing the minimum age, lowering possession limits, restricting where
cannabis could be used in public, and
setting added requirements on personal
cultivation (6). To determine if a cannabis product is legal and who has paid the
excise tax to the Canada Revenue Agency
(CRA), each territory and province has
their own excise stamp plastered onto
cannabis product packages prior to being
sold in Canada (7). Medically prescribed
cannabis, products intended for export,
and low tetrahydrocannabinol (THC)
products are exempt from receiving an
excise stamp. Similar to Canada, the US
has left it up to their own 50 states to
decide on the regulations of both recreational and medical cannabis.
Let's take a closer look at the various rules in each province and territory in Canada.

Provinces

Alberta
P L egal consumption age:
18 years old
P W
 here to purchase: Privately licensed in-person or government-operated online store
P P
 ublic possession limit:
30 grams (g) of dried cannabis
or an equivalent
British Columbia
P L
 egal consumption age:
19 years old
P W
 here to purchase: Government-operated in-person and
online stores or private licensed
in-person stores
P P
 ublic possession limit:
30 g of dried cannabis or an
equivalent
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Manitoba
P L
 egal consumption age:
19 years old
P W
 here to purchase: Private
licensed in-person and online stores
P P
 ublic possession limit: 30 g of
dried cannabis or an equivalent
New Brunswick
P L
 egal consumption age:
19 years old
P W
 here to purchase: Government-operated in-person and
online stores
P P
 ublic possession limit: 30 g of
dried cannabis or an equivalent
Newfoundland and Labrador
P L
 egal consumption age:
19 years old
P W
 here to purchase: Private
licensed in-person stores or government-operated online store
P P
 ublic possession limit: 30 g of
dried cannabis or an equivalent
Nova Scotia
P L
 egal consumption age:
19 years old
P W
 here to purchase: Government-operated in-person and
online stores
P P
 ublic possession limit: 30 g or
dried cannabis or an equivalent
Ontario
P L
 egal consumption age:
19 years old
P W
 here to purchase: Private
licensed in-person stores or government-operated online store
P P
 ublic possession limit: 30 g of
dried cannabis or an equivalent
Prince Edward Island
P L
 egal consumption age:
19 years old
P W
 here to purchase: Government-operated in-person and online stores
cannabissciencetech.com
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P P
 ublic possession limit:
30 g of dried cannabis or an
equivalent
Quebec
P L
 egal consumption age:
21 years old
P W
 here to purchase: Government-operated in-person and
online stores
P P
 ublic possession limit: 30 g of
dried cannabis or an equivalent
Saskatchewan
P L
 egal consumption age:
19 years old
P W
 here to purchase: Private
licensed in-person and online
stores
P P
 ublic possession limit: 30 g of
dried cannabis or an equivalent

Territories
Northwest Territories
P L
 egal consumption age:
19 years old
P W
 here to purchase: Government-operated in-person and
online stores
P P
 ublic possession limit: 30 g or
dried cannabis or an equivalent
Nunavut
P L
 egal consumption age:
19 years old
P W
 here to purchase: Government-operated online store or
by phone
P P
 ublic possession limit: 30 g or
dried cannabis or an equivalent
Yukon
P L
 egal consumption age:
19 years old
P W
 here to purchase: Private
licensed in-person stores or
government-operated online
store
P P
 ublic possession limit: 30 g of
dried cannabis or an equivalent
cannabissciencetech.com

Medical Cannabis:
A Constitutional Right
Although both medical and recreational cannabis are legal, this was not
always the case, as we’ve seen. Prior
to the Cannabis Act, the MMAR’s first
rendition enacted in 2001, granted
only medical cannabis in its dried form
and could only be accessed through
Health Canada (which is responsible
for national health and various other
health-related agencies), self-production, or a designated producer
(8). With the MMAR signed into law,
Canada became the first country in the
world to legalize medical cannabis. By
2014, MMAR was replaced by the Marijuana for Medical Purpose Regulations
(MMPR), which assisted in speeding
up the process for obtaining medical
cannabis paperwork and allowed for
the decision to use medical cannabis as
a treatment for health conditions to be
between a patient and their healthcare
practitioner. The federal government
also established a Licensed Producer
(LP) regulated program, which required
Canadians to access medical cannabis
through mail from an LP. Under the
MMPR, personal-use production licenses were suspended, and all medical
cannabis patients were required to
register with an LP.
In 2016, new updates were going to
be made to the regulations in Canada.
Nanaimo, British Columbia resident,
Neil Allard, began to question the constitutionality of the MMPR (9). On
March 21, 2014, he challenged the provisions of the MMPR through the Supreme Court filing of Allard v. Her Majesty the Queen in Right of Canada (10). With
this motion, Allard disputed that the
MMPR was an attack on his personal health and infringing on Canadians’
right to reasonable access to cannabis
for medical purposes. Through MMPR,
he would have been unable to afford
cannabis through the new LP system.
The Federal Court of Canada ended up
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ruling in Allard’s favor stating that the
MMPR was unconstitutional. Not long
after, in 2016, the government rectified another new revision to Canada’s
medical cannabis laws called, Access to
Cannabis for Medical Purposed Regulations (ACMPR). The biggest reform
introduced was the provision allowing
Canadians who required medical cannabis were now allowed to cultivate a
limited amount themselves or designate a third party grower to propagate
for them.
Nick Trueman, Founder and Principal Consultant of ErieRest Cannabis Solutions, a global cannabis consultancy firm that provides a variety of
consulting solutions to applicants and
existing license holders as well as specializing in operations consulting related to cultivation, processing, and compliance (11), said that cannabis is fairly
more accessible now than it was before.
“A medical document (basically a
prescription) from Health Canada is
required to purchase medical cannabis from a licensed producer. Many
family doctors were initially very hesitant to prescribe medical cannabis so
medical cannabis clinics sprung up all
over Canada,” said Trueman. “These
are clinics that have doctors and nurse
practitioners that specialize in prescribing medical cannabis and they
have become the main method for Canadians to obtain a medical cannabis
prescription. There is no official list
from Health Canada in terms of qualifying conditions, so doctors have basically been left on their own to determine if a patient is eligible for a
cannabis prescription.”

Testing and Quality Control
on the Canadian
Cannabis Landscape
When the Cannabis Act went into
effect in 2018, aside from the laying
out the framework for managing the
distribution, production, and sale
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of cannabis, the act established
controls for the safe production of
cannabis-derived products, such as
extracts, topicals, and edibles. One of
this momentous law’s objectives was
to regulate quality control and the
cannabis supply chain to create legal
and safe cannabis products. Cannabis growers cultivating the plant for
sale need to be authorized by Health
Canada and may also need to obtain
a license from the Canadian Revenue
Agency (CRA) to sell cannabis with an
excise stamp, which indicates that the
product was produced legally (12).
Due to Canada’s provinces and territories having the ability to regulate
cannabis as their own entities, cannabis laws differ from one another.
Overall, the Cannabis Act oversees
the practices of LPs.
Before the bill, LPs cultivating medical cannabis were complying to requirements from the ACMPR, which
required observing good production
practices (GPP). Using GPP, it necessitates LPs to guarantee cleanliness of
their equipment and facility. LPs are
mandated to have a quality assurance
program that enlists someone who is
not linked to the production process to
check for quality assurance (QA). These
steps are crucial requirements of good
manufacturing practices (GMP).
The impartial QA individual allows businesses to have checks and
balances. Products being checked are
put on hold until the safety and quality testing has been completed. Test
results are then interpreted to see if
the product is ready to be released for
sale. By creating this role, the QA individual is separate from the establishment, so they are able to formulate decisions that may not always be
in the best financial interest of the
producer. The choices made during
QA are meant to be for the best interests of the consumer and in compliance with regulations.
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GPP regulations are constantly being replaced with updated governance, but they still require testing for
cannabis and its other forms (fresh
cannabis, dried cannabis, cannabis
extracts, and so on):
P C
 hemical contaminants, such as
pesticides, heavy metals, and solvent residues
P M
 icrobial contaminants
P P
 otency testing for delta-9 THC,
delta-9-tetrahydrocannabinolic
acid (THCA), cannabidiol (CBD),
and cannabidiolic acid (CBDA)
These are the same testing requirements that can be found in GMP,
which ask for additional testing in:
P E
 nvironmental monitoring for microbial, biological, and chemical
contaminants on the equipment
and in the facility
P T
 esting of packaging and all other
materials that the product comes
into contact with
P V
 alidations of operating procedures and test methods
P B
 ioburden testing and validation
to establish safe limits of microbial inhabitance
Jeremy Melanson works as the
Team Leader in Organic Chemical Metrology for the National Research Council Canada (NRC), which
is the primary national research and
technology organization (RTO) of
the Government of Canada (13). The
NRC serves as Canada’s metrology
institute, analogous to the National Institute of Standards and Technology (NIST) in the US. Melanson
mentioned that the NRC had already
starting formulating cannabis testing
methods and reference materials in
2017, in anticipation of the shift in legal framework surrounding cannabis
in Canada.
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To ensure quality of the product,
Melanson said, “Canada has specific regulations for pesticides in cannabis currently consisting of a list of
96 banned pesticides with associated
limits. As opposed to maximum residue limits, these limits refer to minimum performance limits for the
method used, where laboratories need
to demonstrate that their method can
achieve limits of quantitation at or below these limits. For contaminants
such as heavy metals or mycotoxins,
Canadian regulations typically refer
to US Pharmacopeia documents.”
Currently, Canadian regulations
do not specify standardized testing
methods, but state that validated testing methods must be used. Melanson
further explained that as more standard test methods become available, it
is presumed that testing laboratories
will implement them instead of taking
the time and effort to validate methods themselves. Many stakeholders in
Canada, working in the government,
cannabis industry, or testing laboratories are heavily involved in the development of standard testing methods through organizations such as the
American Society for Testing and Materials (ASTM) International, Association of Official Agricultural Chemists (AOAC) International, and the
United States Pharmacopeia (USP).
Although Canada’s cannabis regulations are meant to assist those in
the industry, not all of their guidelines are a breeze to work with. Melanson discussed how the pesticide
testing requirements in Canada are
in his opinion, his greatest challenge
“due to low limits of quantitation required combined with the prospect
of new pesticides or revised limits
over time.”
“In some cases, multiple mass spectrometry techniques are required to
handle the wide range of volatilities and
ionization efficiencies of the pesticides,”
cannabissciencetech.com
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said Melanson. “In addition, when detecting pesticides at the low parts-perbillion level, interference from the large
background of cannabinoids becomes
one of the greatest challenges.”

Cannabis of the Future
The cannabis industry in Canada has
experienced its own growing pains from
childhood to adolescence. To reach
maturity, the general consensus in the
cannabis industry wish to see development in a more standardized approach
to how products are tested, manufactured, and distributed. Through federal
legalization, LPs received a head start
and exceptional opportunity to create
a leadership role in the global cannabis
industry. The innovative supply chain
management technology currently in
use may also help lead to further international expansion (14).
Trueman believes that we will see
consolidation as well as continued
growth in the Canadian cannabis industry in the coming years. “The new wave
of craft producers and processors coming online will place an even heavier demand on large licensed producers to
produce high quality products that will
compete with the craft market,” he said.
Known as “Cannabis 2.0” products
(15), infused products such as infused
beverages, topicals, edibles, vape cartridges, and other concentrates are expected to be on the rise and continue
to expand in diversity and availability.
Currently, stores have been experiencing shortages of cannabis-infused beverages and edibles. To keep up with the
growing demand of interest in cannabis, outdoor cultivation is experiencing
a boom, thus increasing regulated production. With outdoor cultivation gaining momentum, hopefully it will help
growers lower production costs and
create cheaper inputs for cannabis-derived products—an important key for
attracting consumers who are focused
on affordability.
cannabissciencetech.com

While the future is always unknown, Canada will definitely take
any opportunities that come its way
to continue revolutionizing the cannabis industry, whether that is in cultivation, production, medicinal research, or testing methods.
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Quality Matters: A Chat with

Keystone Labs President, Jodi McDonald
By Greg Kozadjian

Keystone Labs is an accredited testing facility with a good manufacturing practice (GMP) establishment
license. Jodi McDonald, president and founder of Keystone Labs, based in Edmonton AB, Canada discusses their
role in the industry.

J

odi McDonald is President and Founder of Keystone Labs,
founded in 2005 and based in Edmonton AB, Canada. Keystone Labs is an accredited testing facility with a Good Manufacturing Practice (GMP) establishment license. Keystone
Labs offers a full array of analytical and microbiological testing
services for pharmaceutical, biotechnology, medical device, nutraceutical, cannabis, and related industries.
Can you give us a brief overview of how you
became involved in this market?
Keystone Labs opened its doors in 2005. We’re a
third-party test laboratory based in Canada, supporting testing for regulated health products, including cannabis.
When the regulations began to shift from people being able to
grow their own product, to looking at commercially available
products, we started to get calls from folks who were growing
cannabis for people who, under our legislation at the time,
weren’t able to grow it for themselves. We were getting
between 50 and 100 calls a week, asking if we would support
the testing that they were going to be required to do to enter
the commercial legal system being rolled out in Canada.
After about eight months I could almost script the calls as
they came in. Under our older pharmaceutical facing model, if somebody approached us and asked us to do testing for
their specific product, we would charge back all of the method development and validation work to each individual client. But these folks, who were growing plants in their basement, couldn’t afford the cost of doing method development
and validation work. What they really needed was an off-theshelf product—a pre-packaged testing service. So, I ran some
math and decided that as long as I could make back the investment on our side for developing a method and doing validation work, then that was something that we should think
about doing. So, it was probably early 2013, and we began the
license application process here in Canada. It took us almost
a year and a half to navigate the whole licensing framework
to get our license to do medical cannabis testing. And we haven’t looked back since.

Q:
A:

48

cannabis science and technology ®  |   vol. 4 no. 2

When you decided to move forward, were there
many other testing laboratories up and running at
the time?
No, I don’t think there were. There were no legal
testing laboratories available across the country. And
I’m sure it would be similar to what’s going on right now in
the US, or even five years ago, pre-Colorado. There were
laboratories who could give people an idea of what potency
looked like, but that’s really all anybody was worried about,
before cannabis started moving into a legal space. There were
a couple of laboratories across Canada who were doing legal
testing, but they were closely associated with the federal
program.

Q:
A:

Q:
A:

Where are the company’s current operations?
Keystone Labs is a Canadian company and our headquarters are here. But we also have a US partner with a
number of labs in Oregon and another lab in California.

Is the idea to have a U.S. partner because the US
is beginning to open up?
You would think the strategic answer to that would
be yes, but it’s actually no. About two years ago,
Health Canada was becoming more heavily regulated
regarding the requirements for safe products in Canada. And
that meant upgrading our testing capabilities. So, we needed
to look at strategic ways to expand our test capabilities,
expand the footprint of our current laboratory, and increase
our staff. Our US partnership allowed them a footprint in
Canada, which helped us grow as well. It was a strategic win
for both of us.

Q:
A:

You have a lot of Agilent instrumentation in your
lab. Is there a reason why in the beginning you
looked at Agilent? Did you look at others?
In my experience as a third-party laboratory, we look
at every opportunity to maximize our capabilities. So,
when we were looking at the instrumentation requirements

Q:
A:
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analytical testing

for ensuring we could meet all Health
Canada’s requirements for testing, it
was Agilent that had the most comprehensive offering. They were able to help
us outfit our new laboratory with all of
the required equipment for Health
Canada, whereas if we had gone with
other vendors, we would’ve ended up
with capability gaps, and would’ve had
to fill them with different vendor
instrumentation. I’ve also had a long
and trusting relationship with Agilent,
the support that we receive, remotely
and onsite, is second to none. We’re
only making money when we’re
running tests, so if the equipment goes
down, we need to be able to get it back
up and running very quickly.
What are the opportunities in
the US as the cannabis
market grows?
Currently in the US, cannabis
remains illegal at the federal
level. Each state that has legalized
cannabis either for medicinal or
recreational use has its own set of
regulations and requirements. Even our
US partners that operates in several
states have to look at each state
individually. There may be lessons
learned from each state, but the
regulations for licensing are different.
Until there is a cohesive regulatory
framework in the US, probably our best
opportunity for growth, for Keystone,
would be into the European marketplace, and also potentially Australia and
New Zealand.

Q:
A:

Keystone has a good
manufacturing practice (GMP)
establishment license. As
GMP protects quality in a
proactive manner, how do you
see this evolving as the
industry grows?
GMP may be a little
heavy-handed for the recreational market, but there are elements
of GMP that, should a company be

Q:
A:
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willing to commit to a GMP culture—to
produce products that are safe and
consistent—would be more efficient in
terms of production and quality control
over the long term. The companies that
are focused on consistency and product
safety, are the ones who are setting the
bar, and they’re the ones who have
clients return over and over.
What do you see as the
best practices for GMP, and
how does Agilent contribute
to that?
Agilent provides many
different products that are
available for different entry levels. But
in regard to testing specifically, Agilent
absolutely supports a GMP approach,
in particular their technical support.
The whole premise of GMP is you do
the same thing over and over again, and
when something doesn’t turn out the
way you expect, you start breaking it
down in a systematic way to figure out
what’s gone wrong. Agilent has the
technical expertise and capabilities to
help with that kind of troubleshooting.

Q:
A:

There is GMP and EU-GMP.
For quality to be maintained
worldwide, do you think that
there needs to be a universal
standard for cannabis?
That’s an interesting question
because GMP is about process
and so, even the small differences
between GMP and EU-GMP don’t
address the fundamental problem that
the cannabis industry is seeing, and
that’s how do we define what a quality
product is? If we use the pharmaceutical framework as a way to look at
what’s working well, and what may be
missing on the cannabis side, in the
pharmaceutical model we have a
monograph that describes the product
quality. If you’re outside of the
specifications, the quality standard may
not be met. Currently in the cannabis
industry, that monograph for product

Q:
A:
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description is missing. There are
groups working on standardizing what
a cannabis monograph would look like,
and that would include methods being
used, or what the criteria for a validated method might look like. That is
missing worldwide, we also don’t have
that in Canada, and obviously not in
the US. The Netherlands do have a
monograph that some European
countries refer to, so that’s a start.
How do different GMP
standards affect import/
export?
From a test perspective there
are a couple of big differences.
One, the different pharmacopeias have
different quantity requirements for
testing. That definitely plays into decision
making for the production facility, but it
also changes how the laboratory handles
product as it comes through for testing.
And then the specifications in some cases
are easier or more difficult, depending on
the pharmacopeia requirements being
addressed. In Canada, the federal
government allows the choice about
which test standard to follow, or which
specifications will be used to release your
product. Some of what we’re seeing at the
moment is a patching together of the best
choices for each product facility. So,
sometimes it’s a blend of European
pharmacopeia requirements with US
pharmacopeia requirements. In the
future, if there were to be universal
integration of GMP standards for
cannabis testing, this would most likely
improve global trading procedures, and
help the industry leap forward.

Q:
A:

This interview was edited for length and
clarity. To read the full piece, please visit:
https://www.cannabissciencetech.com/
view/quality-matters-a-chat-withkeystone-labs-president-jodi-mcdonald.
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ANALYTICAL TESTING LAB SPOTLIGHT

Accelerate Your Cannabis Testing
AS THE CANNABIS market
grows, the demand for higherthroughput testing services is
increasing dramatically. Pall
Laboratory’s AcroPrep™ 96-well
filter plates with water-wettable
PTFE membranes offer fast and
easy sample prep for HPLC and
LCMS analytical workflows. For
qPCR testing, AcroPrep 96-well
and 24-well 30-40 µm filter plates
with PP/PE membranes rapidly and efficiently remove plant
debris before processing. Plus, Pall’s AcroPrep Advance
NAB 96-well Long Tip Filter Plate are ideal for nucleic acid
isolation and extraction. Whether analyzing samples for
potency, pesticides, or microbial contamination, Pall’s
filter plate portfolio unlocks the power of high-throughput
processing for cannabis testing workflows.

ANALYTICAL INSTRUMENTS

Parker Nitrogen Generators
for Pharma Testing
REDUCE TOUCH POINTS and
contamination from deliveries by
outside vendors with a Parker nitrogen
generator. These complete systems
transform standard compressed
air into nitrogen at safe, regulated
pressures, on demand, without the
need for operator attention. The purity
level of the nitrogen stream is defined
by the user and may range from 95%
to 99.5%. Onsite nitrogen generation
eliminates the need for costly,
dangerous cylinders in the laboratory
and Parker’s compact design frees up
valuable floor space. Recommended, certified, tested,
and used by all major LC/MS instrument manufacturers,
Parker nitrogen generators have become the industry
benchmark for quality and reliability.
PARKER HANNIFIN
CORPORATION
(800) 343-4048
www.parker.com/labgas

PALL LABORATORY
25 Harbor Drive
Port Washington, NY 11050
www.Pall.com/Lab

ANALYTICAL INSTRUMENTS

Cannabis Profiling
Automated classification and confident identification of
terpenes and terpenoids is one of the benefits of using
our "Cannabis profiling" product package to analyze
complex extracts in this emerging field.

THE CHALLENGE
•C
 omplex profiles lead to co-elutions using 1D GC
separation, causing abundances of important
components to be overestimated.
• T he structural similarity of many terpenes and
terpenoids makes them difficult to identify with
confidence.
• L ow confidence in data quality hinders product
development.
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THE SOLUTION
• I NSIGHT® GC×GC flow modulation resolves co-elutions
between terpenes and terpenoids.
•B
 enchTOF™ mass spectrometers provide reliable
identification of terpenes and other aroma-active
compounds (such as esters).
• T andem Ionisation® for BenchTOF™ simultaneously
acquires both "soft EI" and regular 70 eV mass
spectra, for another dimension of information about
challenging compounds, such as isomers.
•C
 hromCompare+™ software provides fully automated
sample comparisons for easy visualisation of trends
and differences across cannabis strains.
THE BENEFITS
•E
 nhanced confidence: Robust quantitation provides
improved precision in terpene profiling.
•M
 ore analyte detail: Additional information about
isomeric terpenes allows a better understanding of the
product’s composition.
•C
 ompetitive advantage: Improved flavour interpretation
enables innovative product labeling strategies.
SEPSOLVE ANALYTICAL
4 Swan Court, Cygnet Park, Peterborough,
PE7 8GX, UK +44 (0) 1733 669222
chem.sepsolve.com/cannabis
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Separation of Eight Cannabinoids
With the recent legalization of both medicinal and recreational marijuana in the United States, analysis
of individual cannabinoids has captured the public’s interest at a new level. As such, many new cannabis
products are now available, i.e., edibles, vaporizers, and extracts to name a few. The increased marketability
of the product has incited consumers to take a greater interest in the quality and craft ability of the products
being sold. Through the quantification of individual cannabinoids, the consumer can make an informed
decision about the possible effects they could expect from the products they purchase. Therefore, the
need for accurate, robust, and affordable analysis tools are of the upmost importance.
With health, safety, and edibles dosing as the primary motivation, Hamilton Company developed
an HPLC method that isolates eight major cannabinoids. The HxSil C18 (3 µm) column provides
an accurate, cost effective, and robust solution that can be used in any HPLC system.
Column Information
Packing Material

HxSil, 3 µm

Part Number

79641

Separation of Eight Cannabinoids
6

Chromatographic Conditions
0–10 min, 78–92% B
10–15 min, 78% B

Temperature

Ambient

Injection Volume

5 μL

Detection

UV at 230

Dimensions

150 x 4.6 mm

Eluent A

20 mM NH 4 COOH pH 3.5

Eluent B

Acetonitrile

Flow Rate

1.0 mL/min
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Compounds:
1: Cannabidivarin (CBDV)
2: Cannabidiol (CBD)
3: Cannabidiolic Acid (CBDA)
4: Cannabigerolic Acid (CBGA)

5: Cannabigerol (CBG)
6: Cannabinol (CBN)
7: ∆-9-Tetrahydrocannabinol (∆-9-THC)
8: ∆-9-Tetrahydrocannabinolic Acid
(∆-9-THCA)
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Blending Quality and Value
ROSS builds the world’s finest Ribbon Blenders to support
customers across many industries. With five manufacturing
plants in the U.S., we can meet virtually any blending
challenge, on any scale — and we can often deliver
immediately from stock.
Engineered for applications from cannabis edibles to
biopharmaceuticals, in sizes from 1 to 500 cu.ft.,
ROSS Ribbon Blenders also have the BEST prices
anywhere. Optional spray bars and complete control
packages are available.

Try our free online Knowledge Base & Product Selector
web app at mixers.com/web-app.

www.mixers.com/cbd • 1-800-243-ROSS

